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ABSTRACT

Use of leguminous trees to provide shade, especially in percnnial crops,
would appear to be an ancient agricultural éractice. probably coinciding with
the domestication of perennialé sugh as teca, coffee, and cocoa, Lleguminous
trees can also be found in association with annual crops, in pastures, uand
in situations such as living fenccposts, where shade is not clearly being
provided to an associated species., The factors which might influence the
choice of leguminous as opposed to non-leguminous trees to provide shade in
such situations are considered., Various such associations are described in
some detail, in an attempt to elucidatc some of the ecological interrelation-
ships that are probably reflected in truditioﬁal agroforestry practices. It
is concluded that not only the possibility of improving nitrogen nutrition
but also other characteristics such as type of shade, coppicing ability, and
ease of husbandry might have favored the selecion of leguminous trees for
shade, Many of these areas would appear to merit considerably more research
with the objective of obtaining more quantitative data than is presently

available. .

l/nead of Department of Rencwable Ratural Resources, Soil Management Specinlist
and Forester respectively, Centro Agrondmico Tropical de Investigacion y Fn-
senanza, CAT1E, Turrialba, Costa Rica.
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1. INTRODUCTION
A shade tree could be defined as one used to reduce radfation (light
and héat) to some part of the environment. Due to the fact that a tree
rather than’ some “inanimate object is used to produce shade and thdt the en-
. i R SRR % B :
vironment uqually includes broulng plants and aninals. a Lowplca intcraction
S .

is set up between the tnvironmcnt. the shade trees, and the shac(d speries

which extends far beyond the mere reduction of heat and light (Willey, 1975)

We shall first'bricfiy:dgscfibe the ¢ffects of shade per sv‘ﬁnd then pro-
ceed to a discussion of how ihu situation is altered wheﬁ a tree is used to
produce the shade. Finally. we shall ‘consider the special case whfch isl;hé
object of the present discussion-- the effect of using a leguminous tree for

shade.
11. THE EFFECTS OF SHADE
Considering first the environment when no 1living species is associated

with the shade, the primary result of the shade will be to reduce soil ' and

ambicnt temperatures. Reduced temperature will rceduce evaporation:from the

1/ Conqubuthn from the Departments .of Renewable Natural Resources and Crop
‘Productzon, CATIE (Tropical Agricultural Research and Traxning Center)
Turr;alba Costa Rica. o TR EREV LIS TR
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2/ Head of Department of Renewable Natural Resources. Soil Management
Specialist, Crop Production Department; and Forest Management Specialist,
Department of Renewable Natural Resources, respectively. CATIE, Turrialba,
Costa Rica.



surface and increase the relative humidify of the environment. Reduced tempe-
)
ratures will reduce the reaction rates of physical and biological processes

at or below the soils surface (Willey, 1975).

When‘plants or animals are placed in a shaded environment,. the effects
of reduced temperature become more complex. Reduced temperatures will reduce
stress for animals in hot climates, especially those unadapted to such clima-
tes. ‘They will also probably induce a modification in activities. However,
the increased relative thidity brought on by reduced temperatures may have

adverse effects.

Shading will obviously reduce the 1light available to plants. The
effect of shade on plant growth has been the object of numerous experiments,

reviewing which Grime (1979) reached the following conclusions:

1. In response to shade, the majority of plants produce less dry matter,
retain photosynthate in'the shoot at the expense of root growth, devel-

op longer internodes and petioles, and produce larger thinner leaves.

2, SPeciés differ considerably both with respect to tﬁ? magnitude and
rate of 'these responses. However, the capacity to maximize dry:
matter production in shade through modification of the phenotype is '

. most appare;t in species characteristic of unshaded or lightly shaded
“r - .environments while plants normally ?ound'ip deeé shade ;énd:tq,gfouA
.';lowly ana to show muéh ]es# pronounced norphogénic responses‘ to

shade treatment (Crime, 1979).

z .



.

Economic plants mest commonly grown under shade are coffee (Coffea-

arbica L.), tea (Camellia sinensis L.), cocoa (Theobroma cacao L.), black"

pepper (Piper nigrum L.), vanilla (Vanilla planifolia L.), the species of the

Zingeberaceae (ginger, cardamom, and turmeric) as well as tobacco (Nicotiana
tabacum L.)!fot cigar wrappers. As expected, in the wild state, all of these
species with the exception of tobacco, occur as understory plants in a tropicél
forest environment (Purseglove, 1968). 1In iobacco. the proauction are large.v
thin leaves as a c;nsequence of shade is a desirable characteristic for cigér‘
wrappers (Willey, 1975). Willey (1975) reviewed several investigations in
which coffee and cocoa leaves were to some degree able to compensate for the
reduced light produced by shading by reflecting less light.Lincreééing the
chlorophyll content, reorienting the chloroplasts to give less ;ranshission
and better utilfzation of incident light, and increasing the number of stomata
per unit of leaf surface. Reduced light.has been shown'£o reduce the intensity,
if not the duration, of "flushing" in cocoa. Changes in the chemical composi-
tion of leaves due to shading is of special importance in‘tea, Qh;re the leaf

is the harvested product. Recent work has shown that ‘shade might adve}sely'

affect tea quality (Hiltom, 1974).

While most researchers agree that reduction of light iﬁtens;ty bv
shade reduces photosynthsis and probably yields, reduction in léaf ;émpera—
ture and especially reduction in the diurnal variation of leaf ten?é}giure
caused by shading is generally accepted as beneficial in‘cocoa; ééffeedand o

tea (Willey, 1975). The benefits of reduced soil temperature may be of ad-

ditional importance at the seeding or establishment stage but no experimental



evidence was found by Willey (1975). Increased relative humidity occasioned
by reduced temberéthreéfappears to improve water balancesw(Fordham. 1971) by

reducing transpi}htioh.

]

Before considering the difference in the situation where the shade is
produced by trees, two consequences of reduced light intensity should be men-
tioned. Firstly plants that grow less due t; reduced photosynthesis will
yield less but will also take up smaller amcunts of essential nutrients. At .
low nutrient levels, shaded cocoa (Murray and Nichols, 1966) and tea (Wight,
1958) may even qutyield nonshaded plants. Other workers have found higher
yields for non-shaded cocoa even without fertilizer (Willey, 1975) but this
will depend on the fertility level of the soil involved. 1In any case, shading
can ﬁeep the yield level down to a level that the fertility status of the soil
can maintain (Hardy, 1962). 1In coffee, shading also egéh]izes yields over
years of overbearing and subsequent dieback (Hu;lgy. 1970). Thus,. for farmers
without access to high lcvels of mineral fertilizers, shade can be of conside-

rable value (Becr, 1982).

Secondly, shade will alter the ecological balance between theAcrop
and its associdted pests, weeds,,and diseases (Willey, 1975). In some cases,
this alteration has been shown to be of benefit to the crep as in the case of
the cocoa capsid the coffee leaf miner, and various weeds in pastures. In

]

other cases, shading may favor certain pests and diseases. - . - - ¢



ITI. .TREES FOR SHADE

When shade , is provided by trees, the selection becomes complex,

mos;ly because one.isdbgling with a plant that is photosyntﬁesizing and trans-
Piring re;ber than merely providing shade. . Since they are photosynthesizing,
’shade trees will}affe;t,the quality as well as the quantity of transmitted
vlight. Iultransmit(ed light, i.e. that which. actually passes through leaves
of tbe shade tree, most of the wevelengths used in photosynthesis are filtered
|ou;:by the:phloro}lasts of the leaves of the shade species’(willey1~l925)1
Tﬁus, ;he understory crop will depend to a great degree on the light wﬁich .
pssses through thevshade tree leaf canopy without being used for photosynthesis.
The dis;iucthn pften made in the literature between light and heavy shading
thus'takes on eouside;able significance although it is rprelyispecified as
whe;her'"lighg shedlng" means a fairly uniform sparse . leaf canopy or a small
number of widely spaced but very large shade trees (Willey, 1975). .The. leaf
architecture (size and dispersion) of the shade tree should have a great effect
ofi ‘how much radiation is tfansmitieddwith lossvef quality end.ﬂou{much is sun-
flecks, {.e. light which comes through the shade with little or no reduction'
44 quality. Other complicating ‘factors will be wind speed. cumulus clouds.
and the dffect bn photoperiod of the ligbt of altered quality (Allen. anclair,

and Lemon. 1976). It would seem that a so—cslled "dappled" shade, with abundant

gz srhn oeedl o0

sunflecks, wvhich change with movement of the shade tree leaves would be of
!

greatest benefit to the shaded crop since the other benéfits'df’éhading“uould

be maintalined (Willey, 1975). . - = R R



Whether transpiration by the shade tree increases water stress to
the associated species is oné of tﬁe most‘coﬁtroversial aspects of the use of
shade trees (Willey, 1975). Again..the:effect canhot re#diiy be ;epgrated‘
from the reduced cvaporafion and transpiration in the associated étop iﬁdﬁcéd
by the shade. In véry”ﬁumid environments, such as those ftequenfly used:fﬁé
the production of cocoa and tea,“the transpirétion of the shade tree iéiﬁ}oba-
bly of little effect and the tranﬁpiratibn of the shade tree may eveﬁ reﬁ;;e
excess moisture 15 lok—lying, Bigh water tablé aréas (Cadi&a and Alvi;; 1967).
When moisture is more limiting, there are frequent reports of shade trees in-
creasing moisture stress (Frangé and Inforzato, 1951). Willey kl975).pﬁts.'
considerable emphasis on the mass and distribution of roots 1n‘the sha&e ana
shaded species. Deciduous shade species or prunihg sﬁade trees.in the dry‘
season would reduce moisture loss in the dry season.”but Ehe other benefits )

1

of shading would also be lost in this périod.

 Evaluation of the effect of shade trees of nutrient availability is

complicated by the fact, pointed out earlier, that shade reduces gro%th and:
. ¥ B 3 : : ¢ '

nutrient requirements of the associated species. . The benefits of t}e :abundant
. . . A ' . i

(up to 5000 kg ha l/yr 1).of leaf litter generally produced by most shade spe-

cies is generally recognized although Willey (1975) makes some qualifications:
to thesgquxangaggs; . » : e S S

. ..1. The benefits to so0il' température and' ercsion control of the' litter

are less critical in an environment which isnalrébHS shaded. '



2. [Except for the case wherg the-shade trees bring up:nutrients from
lower levels or fix nitrogen, the leaf litter merely recycles nu-
trients which theoretically should have been available to the associa-

ted species, if over a longer time period.
3. Most of these benefits could also be obtained by mulching.

It would appear to these authors that these qualifications have more
theoretical than‘practical significance. The nutrients: in the litter are much
more readily available to the associated crop than dispersed in the soil where
they can be readily lost by leaching. Mulching requires the added expense of

transporting the mulch material and in any case, the effects of shading :are

lost.

Some other effects of shade trees which were endmerated by a series

i

of papers by Budowski (1959, 1981a, 1981b, 1981c, 1982) and Beer (1982) include:

1. Damage to the understory crop by falling or pruned branches of the

tree shade (Purseglove, 1968).
PRI |
2. Effect of shade trees on wind velocities, reducing evaporation from

the leaf surfaces of the shaded species, but also perhaps promoting

condensation which may be of value in dry periods.. . = . ,
!
3. The shade trees may produce an economic product, which might resylt

in spreading labor use over a longer period.

4. Reduction of damage due to hail and heavy rain.



5. Concentration of ‘raindrops, increasing erosion hazard, which should
be offset to some degree by the effect of trees on reducing raindrop

-impact. P

6. Difficulties in harvest, especially mechanized harvest, occasioned

by the presence of a shade tree in the associated crop.
7. . Use of shade: trees results in a more complex environment, more dif-
ficult to:study and manage efficiently (Budowski, 1981b).
1 -

IV. . LEGUMINOUS TREES FOR SHADE

In considering the special case, in ‘which shade is provided by a
member of the Leguminosae, four different uses of shade will bé discussed se-
parately, depending upon the type of fauna and flora associated. Some of the
considera;ions diécussed uﬁ#er one use ;111. in hany_cases. also be of relevance

for another use.

The categories we have chosen are as follows: .

a. Shade for perennial crops

X . e e s Lo . - ,
| SR SR AR . !

b{' éppdq,for‘gnimals and/or pasture species 1., .., :-

P

. . € T RS TRt :f‘f‘-'."' T y!
c. Association with annual c%ops. including alley cropping
!
LAl R 2rhe IRt R A PR a 3
“d. situations in which there {; no obvious associated species.

These would include the prétision 6f éhé&é as ah amenity, and the use

of leguminous trees fo: wingreaks._fitgbreaks . and living fences.



8. Shade for perennial crops
Most of the tree species used for shade in perennial crops are

legumes. 'All but one of the species Iisted by Purseglove‘as shade for tea
are legumes. 0f the six genera’ listed for cacao shade, four are legumes.‘
Although only four of the nine general listed as permanent Céffée ;haﬁe ;f; |
legumes, most of these are used in East Africa. while in the.Americas.viegﬁmi-
nous shade species predominate.’ All of the five genera, Pursegiﬁvelists ésv
temﬁorary‘Shades ate legumes. In the case of black pepper, it is most common
to plant the vines in existing plantations of other economic‘SPeéies; Qhéréj R
shade. treées .are planted espetial]y'for the pcpper; legumlnoﬁs tréés.;re S;f
nerally used. Where pepper production has been introduccd b;.ériéﬂtal ihmigf;ﬁts
as in Malaysia ‘and Brasil, more intensive, unshaded production has pr?d;ﬁiAaiéd
resulting .in higher yields, but also rapid so0il dégradatioﬁ in Maiaysi; o

<

(Purseglove, 1968).

ooty When confronted with shch evidence, the averégé agronomist would

con¢lude that leguminous trees have been chosen for their nitrogen fixing
HE. Eer Yo
ability. "It ‘would probably be wrong ‘however to conclude that this was the

' ) i

only, 'if indeed ‘the major, cons1deration ‘used in chooszng these trees by

NREEst PR EvD R

ancient farmers in widely separated parts of the g]obe.

Certafnly, these farmers could not have been aware of the nitrogen—
fixing ability of these trees since even now, evidence for such fixat:on is
poorly documented and mostly based on cxrcumstancial evidence (hair, 1982

Orchard and Darb, 1956; Salinas and Sanchez, 1981; Pak et al., 1977); Felker,

1978; Radwanski, and Wickens, 1969; Enriquei; 1983), the exceptipn being
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actual measurement of acetylcne reduvtion by Inga junicuil in association with .
coffee (Roskoéki. 1982). Leguminous trees were probably an important constuent
of the forests in.uhich cocoa, coffee, cinnamon, and tea occur naturally, 1In
selective cutting of these forests,‘statistical considerations might account
for a iarge proportion of leguminous trees being left for shade even if no
selection were ﬁade. Another‘argument against nitrogen-fixation as a criterion
for Selecti;n of 1eguminous trees for shade is the low nitrogen requirement of
cropé sucﬁ as co}fee. cocoa, tea (sanchez. 1976) and cinnamon, especially when
grown under shade (Willey, 1975). Furthermore coffee and tea were domestiqate&
and associatéd with leguminoug trees at high elevations in the tropics where,
soils of volcanic origin often have high organic matter contents and nitrogen
ié unli#ely to be é limiting element. Even at lower elevatioﬁs in.the tropics,
soiis of volcanic oriéins show considerable N-supplying power (Kass, Quinlan,

and Russo, 1983).

Evidence for benefits of leguminous as oppqsedptp non-leguminous
trees'for Shadé‘of'cocoé was obtained by Enriquez ()983) in Costa Rica.and pre-
sented in f;blé i. .It is iﬁpéssible.to tell, of course, whethq; the increase
is due to nitrdéén supplied bybthg 1egﬁmin;u§ trees or dpe to one qf the other

factors enumerated above.

Roskoski (1981, 1982) has shown nitrogen fixation rates of 35-

1

40 kg- ha-l yr-l ﬁy Inga jinicuil Schlechter as measured by acetylene redug-

tion when used as é coffee shade in Mexico. No evidence of fixation»wgs found

for Inga vera H.B. and K. while coffee yields associated with the Inga jinicuil

vere 37% higher than those associated with 1. vera. This study also pointed..

.
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out that not all leguminous trees bear nodules and {ix nitrogen. It would thus

be difficult to explain the widespread use of Inga vera as a coffee shade on

Eﬁe basis of its supposed N-fixing ability.

Table 1. Production and pod index of Cocoa in four years with shade of
Cordia alljodora and Erythrina poeppigiana (means of 3 varieties

of cocoa
System ) Year Cocoa Yield Pod index

(kg/hafl) (pods per kg
of dry cocoa)

Cocoa + Cordia’ 1979 83.25 18.2

1980 468.73 23.4

1981 371.50 24.5

1982 708.36 25,0

Mean 407.96 22.8

Cocoa + Erythrina 1979 162.75 20.5

1980 631.70 20.9

1981 ; 979.11 18.1

» 1982 | 924.43 32.1

Mean | 674.50 20.7

From Enriquez; 1983 -

There are six reasons, other than nitrogen fixation that legumes

might be favored for use as shade trees in perennial crops.

These includes



1. Production of valuable products
2. Abundant litter production (which might be related to N fixation)

3. Ease of husbandry. Most leguminous trees reproduce readily from

stakeé or large cuttings.

4. Good coppicing ability while this might be related to nitrogen
fixation, it is belied.by the fact that several non-legumes also

. coppice well,
5. A canopy structure that permits a desirable type of shade.
6. Drought resistance:non-competitive root structure.

The leguminous genera commonly used for shade do not produce any
ﬁarticulatly véluable products. Neithér Albizia, Erythrika, Gliricidia, or
Inga are prized for their timber; and one participant in a CATIE sponsored
agroforestry seminar recommended replacing Inga with cgdar and ;;££§; in4Meiié;A
coffee plantations (Fuentes, i979). All of theseoépecies, with the exception
of Eryfhriha, can be used for fuelwood, however, (National Academy of Sciences,
1980)«96110 Er&thrina aﬁd Inga produce edible products. Inga pod pulp, Erythrina
floqgrs;‘ﬁnd wood from Ciifigidia'and Albizia miéﬁt have been more important

to the people who first used these trees for shade than they ap{ear~téday to

an economist.
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Qb;le‘}ittex p;oductiop,g;der leguminous trees used for shade is
considé;éﬁlg,‘ﬁog too mucb dataAis,available for comparison of leguminous and
non-leéuminous t?ees for shade.  Russo (1983) obtained .a figure 'of 4200 kg/ha/
yr of dry matter for lcaf fall from Erythrina poeppigiana in a ‘coffee planta-
tiou. Hgdfjelq (1963) quoted by Willey (1975) gives a figure of 5000 kg/ha/yr
for tea shades, which are presumably legumes; for, with the exception of

Grevillea robusta A. Cunn., use of non-legumes as tea shades is rare (Purseglove,

-

1968) Lye (1961), and Greenland and Kowal (1960) give somewhat higher figures
(10,500 to 12,590 kg ha -1 yr ) for tropical rainforest but they were probably' )
dealing-with giéher density of larger trees than would be found in a coffee |
or tea plantation. A comparison of litter production by Cordia and Erythrina
was made in the experiment of Enriquez (19839 but the data are p;ésenglyvbeingu
analyzed as part of a doctoral thesis. As we shall soon see ;hat.copficing .
ability is an almost universal attribute 6[ leguminous‘trees: figures fo:zligger

production may be more than quadrupled if the biomass of material pruned annualy

is included (Russo, 1983).

W

The four'genera we have mentioned as the most common coffee,’ cocod ' °

Sagt,

and tea shades are all fast growing and easy to reproduce (NAS, 19795 'NAS, 1980Y

ML

This attribute might have favored their use as shade-trees especially“as we
have seen that Roskoski (1982) was, unable to :find nodules orvevidence of N
fixation in Inga vera. a widely used leguminous cof fee shade 'in Mexico angd R

Central Amerlca, which is noted for its rapid growth (NAS, 1980).
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A fairly good argument can probably be made for coppicing ability .
as a desirable characteristic that leguminous trees commonly used as s;ede
trees share--.in fact, there would ‘appear to be very few legumes that do not
coppice well (NAS, 1980). There are several non-legumes such as Eucaifpcns.
which do coppice well, but good coppicing ability would seem to be much more

common among the legumes. Interestingly, some non-legumes which do not coppice

well such as Grevillea robusta, have recently been favored3fof shadei';PErhaps

increased labor cost has made: pollarding a less common practice and provision
.of a light shade that can be readily maintained might be more conductive to
higher yields .at moderate fertilizer levels:(ﬁlom. 1980). B |
Tnis brings us to anpther attribpte of‘the leguminous trees which
mighc noche relateedto nitrogenvfixation: the provision of a desirable type
of snade. The light shade provided by.Gleditsia (NAS, 1979)., Giricidia (NAS,
1980) and the non-leguminous Grevillea (NAS, 1980) are often mentioned ~but
the authors were unable to find any data with the exception an. M S. thesis- -

by Daccarett (1967) who measured light interception by three leguminous species

and Cordia alliodora. Unfortunately,’ populations of the trees in.the study

. varied so that the data are only comparable for Erzthrina goeggigiana and

’A\

Gliricidia sepium, two legumes, which do ‘howéVer have differing types of
. ‘ g
crowns, No evaluation of light quality was made. ‘The data, however. are given

ey T
0w "
. !

in Table 2 as similar data are -not readily!availabie.



-y
‘

-15-~,;

Table 2.. Light. interception by')erying populations of different species.
in four different directions from trees (10 observations per
‘~direction) .(Daccaret, 1967) : : '

Light interception;z.sﬁi}om tree

. » . Population ‘ _ z o
Species' o R tress ha -1 north east south west  mean
Erythrina poeppigiana C 2% 53.83 '49.82 56.21 62.57 55.60
Pithecolobium saman’ ' - 20 9.02, 10.37 27.36 ° 28.47 18:80
Gliricidia sepium' - ' S 2% 24.53 25.73 32.56 54.90 .34.44
Cordia alliodora: ' 8 0.95 '1.14 -2.86 19.36  6.08

.-

It would seem to the authors that pinnate leaves of the type so
comnon‘in tne.]egumes might produce 5 more favorable type of shade. There
wou1d1appeer to be very little informetion available on this subject although
Norman, Millet:end Tanner (1971) compared gap;size and light intensity distri-

butions below canopies of sunflower (Helianthus annuus L.) which has simple

leaves and sumac (Rhus t)plina L.) which has compound leaver., A type of canopy

permitting good light penettation has been cited as a positive attribute of
. 0 ' Jt. D S A1)

species such as Leucaena (Brewbaker and Hutton. 1978) and Gliricidia sepium
ERRETN DI B . Y

(National Academy of Sciences. l980) but no quantitative data is presented.

¢

PPN . . o3 ’ P

It would seem to be an area meriting further rccearch.
. f'\'

Rooting habit of leguminous trecs is another area of much specu-

lation and little factual data. Again, Leucaena is supposed to have a deep
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taproot and few lateral roots, thus favoring its use in alle} cropping
schenes. (Dijkman, 1950; Blom, 1980). Kang, Wilson, and Sipkens (l?Bll
indeed showed that Leucaena root mass drops off considerably betweem 20 . -
and 75 cm from a nedge row but no comparative data for other species was
presentedr Daccaret (l967) found more roots of Erithrina goeggigiana and

Gliricidia sepium than of the leguminous Pithecolobium saman and of the non-

leguminous Cordia alliodora at a distance of 1 m from the respective trees.

in a treevpasture association. For some reason the pasture species had a
larger proportion of their roots in the upper 20 cm under Erztnrina than under
any of the other species.or in the control. 1t would appear that there might
be intra - as well as inter-family differences with regard to rooting habit

among shade species.

In conclusion, it would appear that there is some evidence that

nitrogen-fixing ability might not be the onl; attribute of leguminous trees
which has favored their use for shade. There is, however, hardly enough data
to draw many conclusions about these attributes because even nitrogen fixation
has not been demonstrated in many leguminous species used for shade. Some

of the chpracteristics considered here, such as litter production. pruning

nanagement and coppicing ability. amount and type of shade. rooting habit, as

N ': !

well as nitrogen fixation would appear to nerit a considerable research effort

1

to see 1f differences do exiat. not only for legumes as a group but also among

different leguminous speciea.
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b. Shade for animals and/or pasture species
The practice of letting seedlings from natural forest regene-
ration thrive in pastures is ye}l kno;n in Costa Rica and other regions
(Budégski. 1981a; Lagemann and ngveldop. 1983). The benefits.of shade
tregs in pastures are cqnsiderable; and acc?rding to Budowski (1982), it is
necessary to consider both biological and sociological aspects to evaluate
advantages and dYisadvantages of silvopastoral associations. The main biolq-

gical aspects are:

A better utilization of the vertical space is achieved and
to a certain extent, naturel ecological models are simulated

in regard to form and structure of vegetation.

" = There is greater resistance against adverse rainfall condi-

tions (both water excess and deficiency).
- Temperature extremes are mitigated at ground level.

- = A large amount of biomass returns to the soil as organic

matter through fallen leaves, fruits, flowers and branches.

- Tree roots can reduce compaction and improve infiltration.

(4

The above advantages would apply 'to both leguminous and non-
leguminous species. With leguminous trees, there should be additional advan-
tages such as higher nitrogen content of the litter and foliage which can
be used as feed or browse(Blom, 1980; Felker and Bandurski, 1979). Table

3- shows the nutritive value of the foliage of four leguminous tree species
'
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as compared with other forage legumes and grasses cormonly u§gd in the humid

tropics.

As shade speciés. leguminous trees have sometimes been reported
to have a favorable effect on the grass growth beneath them. Accoidihg to
Daccarett and Blydenstein (1968), the protein content of grasses growing be-

neath Erythrina poeppigiana was higher than that of grasses growing beneath

non-leguminous trees. Currently, at the Centro Agronémico Tropical de Inves-

-

tigacion y Ensefianza (CATIE) in Turrialba, Costa Rica, evaluation of production

Pennisetum purpureum associated with Erythrina goeggigiaﬁa is being carried

out (Benavides, 1983a). Another study concerns the grass Cynodon plectostachyus

associated with Erythrina poeppigiana, Cordia alliodora, or no tree species

(Bronstein, 1983). Some preliminary results are shown in Table 4. Finally,
Table 5 shows several leguminous trees commonly found in péstures in Costa

Rica and some of their uses.

Mention should also be made of Alnus acuminata, a nitrogen-fixing

non-lggume commonly found in pastures at the higher elevations in Costa Rica
(Beer, 1980). Effects of the trees on pasture production have not been measured;
but the frequency with which the association is encontered should imply some

benefit.
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Table 3. Nutritive values of 4 legume trees, compared with other forages, .
legumes and grasses. '

C.P. D.M. IVDDM - ME. -
() - % (%) (Mcal/kg DM)
| Erz.thrin_a poeppigiana ' - 23.2a36.4 23.6a261. 56.6. 2,00
'.g. berteroana 24.3 27.8 1.97
Gliricidia sepium -/ 24.8 a 27.6 23.1 a 35;9 | -
Leucaena leucocephala : 25.2 a 35.6 25.9
Cajanus cajan ‘ 24.2 25.0
Manihot esculenta - leaves . 15.8 a 32.1 27.9 l,?}‘”\g
Ipomea batatas - leaves 15.3 16.4% A
Dolichos lablab 20.2 ' 20,4, .. - 2.58, ¢
Musa spp. var. pelipita-lcaves 13.5 22.2 . 1.58
Panicum maximum e '10.7 lg.S 'Sa;i“ i.95‘
Pennisetum purpureum 10.9 16.7 1.98

C.P. = Crude.protein (2); D.M. = Dry Matter X; IVDDM = In vitio digestibility
of dry matter; M.E. = Metabolisable energy (Mcal/kg DM)

Sources: Benavides.l9835; Franco, 1983; Moreno 1982; Roldan, 1981; Russo, 1983.
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Table 4. Grass biomass production (kg/ha) with and without shade of
Erythrina poeppigiana trees*

.Vikh trees * ﬁithout trees
Cynodon plectostachyusi/ 5,786 kg/ha/6 months*** 2,126 kg/ha/6 months
Pennisetum purpureum2/ 6,390 kg/ha/4 months 5,590 kg/ha/4 months .

l/Unpublisl'ted data, Rranstein, 1983. Personal communication

z/Unpublished.data. Benavides, 1983a. Personal communication
* Both without fertilizer

** Trees planted 6m x 6m

*** One-year old trees planted 3m x 2m and 3m x 1lm
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‘€. Associations with annual crops
| Associations ofwoody legumes with annual crops do not eppear to
be very common in traditional agricultural systems, the exceptions being le-
guminous tress in association with various annual crops in the;Sahelian zone

of Africa/ (Nair, 1982) and the use of living stakes of Gliricidia sepium as

a support for Dioscorea vams in the forest zone of West Africa. Felker (1978)

reported increased millet and peanut yeilds near Acacia albida Del., trees

in Senegal wh11e~increased wheat yields near the same species were reported
from the Sudan (Radwanski and Wickens, 1981). Charreau and Vidal (19655Are-
ported higher levels of soil'nitrogen. organic matter, Ca, Mg.é&; Na, ané

available PO, close to Acaeia albida trees in Senegal than inAsoil outside

2°5

the tree canopy.

While most of the associafions of leguminous trees'aod annual
crops occur in the semiarid tropics, with the exception of the Glificidia—yam
association, most efforts at improving the system have been ceh;er;d in the
humid tropics (Steiner, 1982; Kang et al., 1981). The bulk of the research
effort witb alley cropping has been at the International Institote for Trop-

ical Agricpltﬁre. in the forest zone of Nigeria (IITA, 1982, 1981), utilizing

Leucaena leucocephala Lam., Tephrosia candida (Roxb) DC, Cajanus Cajan (L)

Millsp., and Gliricidia sepium (Jacq) Steud Recently a prograL has begun

at d&TIE in Tutrialba. Costa Rioa. using Gliricidia sgpium and Erythrina
i

|
po pgigiana (Walpers) 0 F. Cookuas alley crops (Kass, Russo. and Quinlan. 1983).

Although Steiner (1982) saw little prospect for alley cropping in the humid
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tropics due to the higher cloud cover, exacérbating effects of shading, ‘

efforts in the drier areas have often come up against problens'of competi-
. B kS . : : : . o

tion for water and slow growth of the leguminous species under these condi-

tions (1ITA, 1981).

We assume that the speakers from I1ITA will cover their research
activities. At CATIE, we have found that in the first year, i.e. of alley
crop establisiment, total dry matter production of a maize-cassava-bean crop-

ping system was increased by the introduction of both Erythrina and Gliricidia

alley crops. Nitrogen recovery of the entire system was increased by 73 and
34 kg ha -1 y;*l by the introduction of Erythrina and Gliricidia respectively

as alley crops.

Another situation where legf:mes may be used for shade for both
annuals and perennials is the home éarden. Species féund in such gardens
in Costa Rica, Haiti, the Philippines and Singapore have been ennumerated by
Price (1982). While there ig no quantitative data on the relative importance
of the diff%{ent species, very few of the trees reported by Price were legumes.
Oof 38 sbeqigs»gf trees found in Costa Rican home gardens, only-3 were legumi-
nous. Of }5 tree species in a Haitian garden, five were legumes. Of 52 .
tree species in the Singapore -gardens, only eight werg.legunel.~-lt may: be
in such situations where many‘fréit trees are grown, and - there is considera-
ble input of organic matter from household trash, leguminous trees: may not
offer too many benefits. It should be remembered, however, that numbers of -

plants of each species were not reported.
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a;, Living fenceposts and other npn-associatiﬁe uses

, Usgwpfal;ving g:g?§ and hedges as fences is a common practice in
tbg;tropigs (Bopg. 1944; Sauer, 1979; Baggio, 1982). Plants are most frequen-
tly established from cuttings and can subsequently be pruned back to produce
moré cuttings, fuelwood, green manure, or fodder for animals in the case of
nontoxic épgciég. " The Eoﬁparative advantage; and disadvantages of this practice
have been summarized by Bbdbwski.(l981a). Surveys of the practice in'Costa
Rica (Sauver, 1979; Baggio, 1982; Lagemann and Heuveldop;-1983) and Nigeria
" (Bond, 1944) hévé shbﬁﬁ that considerable management skill exists among loc;l
farmers which contributes considerably to their success with the practice.
Researchers attéﬁptihg to emulate local practices'héve often had less succeé§

{
in establishment of such living fences that traditional farmers.

The existing data cannot give a clear indication of Qhether legu-
minous trees are favored for living fence posts; Sut coppicing ability, rapid
groﬁﬂp, and ease of husbandry discussed earlier would certainl& ge of impor-
tance in detetmining the suitability of a particular species for living fences.
In the National Academy of Science sur§ey of firewood species (National Aéademy
of Sciences, i980), vhere rapid production of biomass suitable for fuel is the

"major ‘eriterion for recommendation, 32 of the '62 recommended species ;are 'i:e”gumes

' while another five are of the genera Alnﬁg, Cisbariha; and:Treﬁh, for which

Fesligtdy g ! Lt R : S i) a2 -
nitrogen fixation has been demonstrated. In Costa Rica, where only eight of

..
Sa

the 55 species mentioned by Sauer as fencepost species are legumes, of the

thfee most commoniy used gené;év(5¥§thrina, Gifricidia; and'Bﬁrsera).dthev

first two are legumes (Sauer, 1979).




Anzqttribute of many legumes which was of more value before the
introduction of barbed wire which favored their use as li§1ng fences was

thorniness (Sauer, 1979). Acacia albida (Bond, 1944) and Pithecollobium

dulce (National Academy of Sciernces, 1980), have been cited as valuable for

keeping cattle out of undersirable places.
In the provision of shade as an amenity, leguminous trees are

often favored in the tropics. ‘In addition to type of shade and ease of mana-

gement mentioned earlier, the showy flowers and value as a bee forage for . !

honey production are prized in genera such as Calliandra, Erythrina, Glirdci&ia.

and Inga (Nitiomal Academy of Sciences, 1980).

V. CONCLUSIONS ’

In the present‘éaper. we haié reviewed. the use of leguminous trees fo:
shade in four different contexts: with perennial crops, in pastures, with
annual crops, and in liQing fence posts and other non-associat%ve uses, We
have noted a tendency for leguminous trees to be favored over non-leguminous
trees in all these contexts although the use of nonlegumes for these pusposes
is often.quite widespread. , Emphasié was placed on whether legumes offered
any particulgr benefits oier noﬂlegumes as shade trees, which would justify
their widespread use and a research effort to increase their use as shade
trees. In general, it was found that while leguminous trees ﬁ##e many |
atttibutes which fa&of their use éé shade trees, many of these.attributes

~ are not exclusive to the legumes. There are nonleguminous trees, which are

easy to establish, coppice readily, produce a desirable type of shade, have
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showy flowers, and produéé abundant litter. Even nitrogen fixation, the
factor often cited as a reason for fa&oring legumes, can be found in non-

leguminous genera such as Alnus, Casuérina. and Trema, which are prized as

shade trees (National Academy of Sciences, 1980).

The literature was searched with special reference to situations where
leguminous'a;d nonleguminous shade species ;ete compared as to their effects
on the shaded species and/or the environment. Very few such comparisons have
been documented although there are certainly more such cqmparatiVe studies ‘//
which have either not been published or published where the authors were unable
to consult them. Results of one study with perennial crops (Enr1qﬁez, 1983)
and two studies with pasture species (Daccarett, 1967; Benavides, 1983a) are
given. All of these studies shgw benefits from using leguminous as opposed
to nonleguminous shade species. 1In the case of a study with annual crops,
the shade species were cut back previous to pianting maize and cowpeas so the
effect of shade would be minimal. The benefits to the crop wece greater with

a legume (Gliric¢idia sepium) than a nonlegume (Acioa batteri) but the differences

were not statistically significant (IITA, 1982)., With living fenceposis. ;o
comparison of leguminous Qetsus nonleguminous species appears to have been

documented.

There is obviously a great scope for a larger use of leguminous trees for
shade. Foremost among the reasons is the need for reforestation with trees
that restore soil fertility while binding the soil with their roots and allowing

better water infiltration (Blom, 1980). The greatest need is for reforestation
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of marginal lands that have Seen degraded and compacted'and are presently
being eroded (National Academy of Sciences, 1980). The use of large stakes
or cuttings offers a means of producing a crown in relatively little time;:
and it has been suggested that trees like Gilricidia could readily be. used
to eradicate persistent grasses like Imperata by shading them out (Framco,

1983).
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THE FUTURE OF LEGUMINOUS SHADE TREES

There is ob;iously a great scoée for a larger use of legumes. But perhaps
the greateét scope of legume.trees resides in the use in agroforestry éystéms
involving associations withbgrasses for pasture or animal or perennial créﬁs
that benefit from such association by taking advantagé of the litter, the
better microenvirommental and soil improvemént. The fact that many useé can
be derived from‘the large number of leguminous trees to benefit human needs

directly or indirectly provides unequalled opportunities for research.

Perhaps the greatest need:at this time is information and transfer of

knowledge.

The following example of a little known legume tree Calliandra calothyrsus,

taken from a forth-coming book of thg National Academy of Sciences (3)
illustrates the case:
"In 1936, foresters transported seed in this small Central American
tree from Guatemala to Indonesia. They were interested in Calliandra
and other legumes as possible green manures of shade trees in coffee
planfations. In particular, they wanted an alternative to leucaena,

notably for use at high altitudes where Leucaena did not perform well.

The foresters planted test plots of Calliandra in a few places in East

(3) National Research Council. Innovations in Tropical Reforestation.
Calliandra; a versatile small tree for the humid tropics. Washington,
D.C., National Academy Press. 1983. 44p.
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Java. but Wovld War  II dnd the subsequéht fighting in Indonesia‘inter-
irdptéd’ the 1nvestightions; and for 20 .years the plant remained 1arge1y
forgotten by science..', ) |
The, in the 1960s, administrators of ferum Perhutani, ihe government

- 'férest corporation ;f'Java; notéd that villagers in Eagt Javé -had -
spontaneously adopted Calliandra and were cultivating it for fhéir
firewood needs. The villagers were so successful that:in 1974 Perum

Perhuntani began encouragiég the widespread testing and planting of.

Calliandra. By 1981 the steadily expanding plantations, many planted '

by villagers themsclves. covered almost 2,000 km2 on Java. Today

Javanese cultivate Calliandra widely, often intercropping it with frul;

trees and vegetables. The free has become 8o popular in rural areas that

"Kaliandra" is now a widely used name for children.

However, Calliandra remains essemtially unknown elsewhere, and the

purpose of this report is to recount Java's experience in the hope that

other countries will be encouraged to inQestigate Calliandra's promise
for themselves".

The feport shows that‘Caiiiénde_fixos nitrogen, is an excellent fuelwood,
improves ihe ;oil. proQides gocd shade; cb&ering the soil to prevent runoff
and erosion. It also produces a forage with 222 protein that can be dried,
pelleted, and exported. The flowers produce high qual?ty protein. There are

probably dozens of leguminous trees with a future (and probably several dozens

with a past) similar to Calliandra.
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In Costa Rica, we tested Calliandra for coffee shade, together with

Acacia anguétissima and the Brazilian "braacatinga" (Mimosa scarella). All

these species were readily accepted by the coffee farmers in the San Ramén
area. They asked for more seedlings; and our small nursery was not large
enough to supply the demand. The irony is that Calliandra had to travel to

Indonesia to get recognition in its native Costa Rica.
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