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Plot1 Plot2 Plot 3 (control) Plot 4

Original density (trees/ha) _ * . 7900 8300 8600 8000
Density after thinning (treestha) 2800 3400 8600 1500
Diameter (¢cm) 10 cm above ground
Before thinning 27 2.36 2.89 273
After thinning 4.42 3.26 — 3.99
After one year 4,65 3.61 3.09 435
Height (m)
Before thinning 1.09 1.02 1.31 1.19
After thinning TLB2 1.54 — 1.71
After one year -1.85 1.60 .37 1.73
Basal area (cmzj Cah )
Before thinning 616.16 454.46 731.29 563.73
After thinning 47243 31510 — 205.53
After one year 52546 381,27 756.85 241.80

el ellly ol Sl pdl orgta sy (YY) 5,y
Ao V0 X Ve sl s syl Colophospermum Mopane s s
- adl Al B B i s sha] e et VY gy S



tav

ST T 44 MG B =
Pl P2 Patt Platd
Canol 8900 Vedt/a Thinred 1 3400 traehn mwmmmmmsmum

T s 2 Oismatw FEEEEEY macal e

st Aol doLlly Jylally (5l gadt 3 il e (N8) 3, S
dilsbw Ut oai =2 Colophospermum mophane i
Botswana 4 Boteti idlau 4

B o8 bl wladl ol olii b andll Gloganadl oy
Hedgerow J| ool wlod! gy o b

2Vl 1 o gty Ll Jongs 3 gl il el g™ g
by gy Je Laleaf Sz detad ot Yl e o2 ol ol sV,
ot Ll ) AWy Lan gl Al o 2kl Jf Gl
o Thar G gl g oy Ly pllall el b Aol s 005G of
Lh s ey Syom M) il o Jpaaondl Sy 2 Ll 41 i)
il sl oo g U L g das ot rnled S )
: = Las atl el
JUIRIFE P vlji
Sl ol e JelSTy nade o o L

Sy oo by (81 3 3 O oy A Slagnall ol o Soa Ly,



toA

=t Y

. Jan.-:llj ;J.g_,?d.i QL'.'J—' ¢ Jhll :.=J J—:.? Oil_’ : CL‘.L' N .,;;L.‘,ly -

Lgzall oy Wlsay ooy 2 bl sl ¢ Jmi¥l 8 Slaghes —
o U5 A ety g gl i ol - g il ol g lall o2
Sl godl S a5 il gyl s o o el Jylall S
gty Gyl SBYL Gl degldl! B s — ol V)

NP TP FOR I RSP I WSS PR IYRIE |t DY AR
ifanSly andall

ot gl Ll - pndly et sbase et ool e Sladas -
- o Bl eyl B sy il

Sl 2 2l 2l Ryl g el g (V0D ) Sy
oo 8 el Al O o 4 Bl Jeslone 2y (B Al el

.J:‘YE).L;U.'QJA.!

o

4M ALLEY TREATMENT ___BM ALLEY TRCATMERT 2M ALLEY TREATMIN'
[ ] ' [ [ ' [ [ Py lbrprrrpor g
[ |||| 1y |;| ;': 'll,lf l||=: l:l A I N
11 [ A N L ' lllll lll\ll
[N I O A AN N IR AR A A A B o
1l Iyt I ll,'llI l1:ll :l|II :|| I 1 i [
HEHBHEHEHEEE
! [ [N [ 1 11 | I
SRR RN RN RN RN RN NN R |
N N L L I R R I bty -
11 [ 11 11 T I trat [ R N
]
1 o tr o bl LI I I O I I A B L I A A T B ' | [
UARD
4———-CROP NET PLOT ——pr #———e CROP NET PLOT —— «——— CRCP NET PLOT
12M 12M 129
i B e ———— ] B e —
HEDGE NET PLOT BM HEDGE NET PLOT GM HEDGE NET PLOT 1

(Ve) o, IS
o oo Bhyy b 8 el atled! o] Slaendd (b T geatd
Double hedgerow b3l
wasd ol p it DIOKS N (6 4l b st Ul ada
St e ove _Ter oo plotd ibes Jis ¥ O o apa



tod

B om o dlane 85 oy - atedl Alesdl i e oo L 1A oS
J'la-'—{-l'! o LgJ:'-T C\JJL_ Lgzel s ug“Ji Carl ql.p..!lj'b,..‘.f )JL-:,-..;.\H oS
Tl el Lakedt oYkl ol o alols Labaia ey 3,55 oy
S sl i Sl o)) el o) oy ST s
25 e ity ey 5 33 Y g wandl pdi ol ool Aol
A LES sl 5ot o) lles elr) Lo ) 3 sl
SN Al e A 1s oS e st el Lty Joasldl o
. q,‘Jlg iJ_,a,—_,.U A4 J..al:a.h

Lol sl o i 8y peanal o sy (V) o JSC)y
ol ol e IS 5B (39 0 (W)« (V) ‘.U)T'JK.;'Ya o Lat
SOV (Y Sl Ll i Gk ottty asdl glasd

DOUBLE HEDGEROW PLOTS

O

00000000000 0O

A RE R LR RE A RR
AR RERAERER L ¥t

0
o
o
0
s
0
0
Q
O
o)
o
o]

HEDGE TREATMENT 1 HEDGE TREATMENT 2

I —
HARVEST AREA  BORDERS HARVEST AREA
(DISCARD)

Gy PJJJQ



vazuiiiyﬁnii* -

Focd crop Forest fallow Foad crop

Forest fallow

Shifting cultivation
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Taungya system (another type)
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Crop rields from a series of agroforesiry trials with Leucaena leucocephala (K8)
ct the Indian Grasstand and Fodder Research Institute, Jhansi. India.
Most trials were under wrrigation,

Yield Under Yield as Sole Relative
Crop Trees (t/ha) Crop (t/ha) Yield (%)
Wheat (UP 115) 19 3.7 105.6
Sorgham (green fodder) 823 97.2 84.0
Maize 2.0 26 76.9
Sugarcane 444 59.8 74.2
Groundnut 1.1 1.5 71.9
Pigeorpea (rainfed) 0.6 0.8 68.4
Sesam= {rainfed) 04 0.7 614
Sunflower 04 0.7 52.7
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Aniewdiom eacelsum
Astnoma suregalensis
Artacsupus haterophyiius
e papaya

Gocos nuciferg

thug poathinus
Eriobolrya japonica
Ficus palnata

Inga uduiis
Atangilera indica
Aforus atba

A sapiestun
ki brglotisa
Passilfora edulis
Persea amenpana
Poiguebia sedcea
Syeygivar cumini
Tunarindus ingica
Founnalia amazua
Vitex doniana
2iziphus mawitiana
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. The relationship betwesn the environment, trees and crops

Environment Tree species Objective Spacing Crops
Sandv scils, strong winds  Pawlownia spp timber close vegetables
Sandy soils, abandoned same timber and medium wheat, fruits and
farmz, strong winds crops vegetables
Heavier more fertile same crops wide wheat, corn and
soils, light winds cotton
Sandy soils, light winds  Ziziphus spp crops medium wheat and peanuts
Flood plains, windy chinese ash timber and medium to  wheat, peanuts and
crops wide soybeans
Rich soils, protected mulberry shrubs  silkworm very clese  vegetables
areas leaves
Sama same tool handles medium vegetables
Samz persimmon fruit and crops  wide all
Rich scils, vafley land Pogulus spp wood close wheat and soybean
Sama same timber and medium same
crops
Rich, ‘meadow’ type same crops wide same

soils, protected areas

Tree spacing: close ~ 200+ trees/ha, medium = 160-195 treestha, wide = 50-60 treesha
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I Month
t

Windapeed
February
March
April
May
Average

, .
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; % Reduction 15.0 360 ; ) 25.0 ‘ 270 ety

Windspeeds (metres per second} and percentage reduction at different
distances on the leeward side of windbreaks, averaged over two years.
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Planting traes of different heights makes c more effective windbreat, according to some researchers.
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Multiples of the height (h) of the windbreak
Windbreak Speed compared with the free wind (in %)
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20-40 60-80 =100

Redaction of windspeed around a windbreak of moderate permeability (after
GLoYNE, 1955)
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WINDBREAK DESIGN

WINDBREAKS vUsT BE
SEMI-PERMEABGLE.

PREVAILING wWIND

- PROTECTED LROPLAMND
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N 3 ‘ Al e Ty SN W s i L e ST L
sE DEWSE WINL BREAKS CREATE STRONG

THE WINDBREAK MUST HOT BE oo DEY AIR CURRENTS THAT DAMAGE CROPS

IF THE WIND IS BLOCEER AMD PROMOTE SOILERCSION !
COMPLETELY, 1T WILL CARUSE

TURB ULENCE 0VER CROPS.
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Aug 92 - .

Jan 91

Harvest dates

Aug 90

-60% 0 +60%
. ¥ield of maize 1g m" of row) averaged over four

adjacent rows, on both sides of the tree line, for three seasons
{(kabanyolo, Uganda)
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% 0 T 160%

Yield of beans (g m" oOf row) averaged over five adjacent
rows on both sides of the tree line over three seasons (Kabanyolo,

Uganda}
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. . Maize vields (g m" of row) by row averaged over three
seasons at Kabanyolo, Uganda
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Growth data of tea seedlings

Specification Age H W, G, L L

' tyr) (em}  (em)  {em) {cm) (cm?)
Mixed cropping system
plctne 12 1 33.0 0.4
plel ne. 2 2 62.1 76.2 1.5 156 24.6
Monoculture
pictno, 1* 1 20.6 03
plet no. 2° 2 54.5 73.4 1.6 273 18.4

a investigation date is October 1988

b investigaticn date is Decembes 1989
H height of tea plant

W_width of the crown

G, ground diameter

L,, leaf layer thickness

L, average single leaf area
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An experimental fayout an alley cropping at Machakas where sole-crop
treatments @ are well separated from the tree treatments (O o minimize tree
root interference between plots
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Details and crop response in the long-term trials
Site Tree : crop Pruning  Biomassof  Crop response  Plat
species frequency prunings alley crop : size
perseason (tha*yri)  control {m)
tbadar, leucaena : maize  2-3 4.2 1.7-2.0° 95x4
Nigeria
La Moatana, erythrina, gliricidia ; 1 6.7-8.6 097-1.71
Costa Rica maize, bear
Hyderabad, leucaena: pearl 2 5.4 0.58 6x11
India millet, pigeonpea, 10x 11
groundnut 156x 11
Yurimzaguas, Inga cajanus : 1 8-11.2 0.57 4x7
Peru rice, cowpea
Machaos, cassla : maize 2 1.8-2.2 0.52-0.91 36x 72
Kenya
Clavera, gliricidia, senna 2 2,5-3.2 1.43-3.69 Sx50
Philippines {cassia} : rice, maize I5x50
Kasama, leucaena, gliricidia, 2-3 2,2 1.55-1.08 Bx12
Zambiz flemingia : maize,

coybezn
* Contsol is ailey crop with mulch removed
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Plantiny Number of Month of Forage Yield

Year Cuttings Cutting {tka)

I 1 November 2.2

2 4 May-October 13.1

3 3 July- September 10.1

4 3 May-Seplember 7.6

5 4 July-October 13.5
Tetal 15 - 46.5

*Leptochloa was ploughed under and other useful fodder crops were planted.

Green forage yield of fodder crops grown in association with prosopis.

(Ya) ‘.3) JJJ‘.?-

Fodder crop Forage yield
(t/ha)
Trifolium resupinatum 23.1
Trifolium alexandrinum 213
Medicago sativa 10.3
Medicago denticulata 8.0
Avena sativa 22

" Performance of fodder species
grown as intercrops under prosopis
.after leptochloa was ploughed under,
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Soil Praperty

pH

Soi. depth: 0—15 ¢

Soi” depth: 15-30cm
Electrical conductivity (dS/m)

Soi’ depth: 0—15 cm

Soi’ depth; 15-30cm
Orgznic carbon (%)

Soi depth: 0~15cm

Soi. depth: 15-30 cm
Available nitrogen (kg/ha)

Soi. depth: 015 cm

Soi. depth: 15-30 cm
Available phosphorus {kg/ha)

Soii depth: 0-15 cm

Soil depth: 15-30 cm
Available potassium (kg/ha)

Soil depth: 0—15 cm

Soil depth: 15-30 cm

Water irtake (cm/48 hours)

Original
Soil

10.30
10.30

2.20
1.50

0.18
0.13

79.00
73.00

35.00
31.00

543.00
490.00

240

Prosopis
Only

9,70
9.50

0.66
0.78

0.30
0.19

100.00
10.00

42.00
$2.00

528.00
478.00

4.20

Prosopis +
Leptochloa

9.40
9.80

0.42
0.63

0.43
0.21

139.00
104.00

22.00
19.00

402.00
412.00

5.40

Effects of a prosopis-leptochloa agroforesiry system on an abandoned
alkali soil 52 months after planting, measured at two soil depths.
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L
il sty Nomadie cultivation 10
5t wls 3l Recurrent cultivation
syl iyt e long cycle 7-10
B e I medium cycle 57
e iy short cycle 3-5
b 4= i Semi-permanent cultivation 2.5-3
i~ L, permanent cultivation 2
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Physical and biolegical processes causing desertification: problems and solutions
- NB - Agroforestry practices are indicated by AF in the solutions column {after UNCOD, 1974)
Factor Prablems Causes Sulutions
Water searcity low rainfall improving water supply
erratic rainfall distribution conservation
poor irrigation management AF: improved infiltration by increasing deep
overesploitation of surface and underground o0t systems
reservoirs reducing evaporation by multi-pirpose woody
uncontrolled evaporation losses plant windbreaks
peor  management lack of rainfall Mow control, cultural techniques,
of dry soil agricul- irregular distribution soil consecvation
ture uncontrolled (low AF: contour woody plants acting favourably on
i other crops
poor irrigation man- use of too much water improved irrigation methods
agement defects in drainage system drainage systems
tmperfect levelling salinity control
inadequate water distribution guaranteed water supply
imprecise debit measure AF: reduction of evaporation by multi-purpose
poor irrigation methods woody plants (including screening, hedges,
micro-windbreaks)
floods irregular rainfall distribution flash-flood control
violence of precipitations AF: flow hait by alignments of woody plants in
unconirolied flow strategic positions
Soil erosion reduction of plant cover soil conservation
{water and wind) uncontrolled flow soil humidity conservation
sedimentation and alluviation vegetation planting
depgradation of soil structure vegetation conscrvation
inadequate tillage methods fertilizing
high winds AF: multi-purpose woody plont windbreaks,
reduced profile thickness hedges, screen sheler, mlero windbreuks;
loss of water retention capacity contour trees, micro-bowls oround trees
planted on slopes, nitrogen-(ixing trees, trees
providing iarge amounts of organic matter




Plants

Animals

Energy

soil salinity
waterlogging

reduced production

reduced production

scorcity and bad use
of fuel

channe! afluviation
waterlogging
poor water quality

poor drainage, poor water purification
poor irrigation water management
defective drainage systems

floods

bad land clearance

bad plant management

over-cultivation
over-grazing

invasion by undesirable plants
uncontrolled wood gathering
over-exploitation of [orests

uncontrolled fires
drought

water scarcity

lack of fodder cultivation and {ood reserves

health and nutrition
overpopulation

uncontrolled wood gathering
poor use of available energy sources

control of irrigation water salinity
reguiarity of water supply

contro} of soil salinity
drainage

vegstation planting
plant conservation
flow management
cementation of ditches
AF: windbreaks along ditches, salt-resistant
woody plants like tamarisk, improved value of
saline land by halophyte grazing

B

irrigation, [low contro}

water supply

soil conservation

vegetation planting

plant management

AF: improved wooded fallow fand for multi-
purpose use, hedges, planting in avenues, for-
age trees, tree vigour

water supply

water control

management of grazing land

stock control

soil conservation

plant productivity

improved strains

plant conservation

pest control

wild animal ranching

AF: forage trees and shrubs, reserves of stand-
ing groxing, proteinuich waaidy planta

reforesiation, solar energy, wind cnergy, ener-
gy conservalion, biogas

AF: use of woody plants valued as firewood or
charcoal




The hyperarid zone (A) is characterized by a ratio P < 0.03

Etp
. P
For arid zone (B) 0.03 < Etp < 0.02
For the semi-arid zone (C) 0.20 < E_IZE < 0.50
For the sub-humid zone (D) 0.05 < EL:E <0.75

In each of these zones there are sub-zones defined by the average
winter temperature t,; (in degrees Celsius)

1 hot 20 <ty <30
2 temperate 10 <t, <20
3 cool 0<t; <10
4 cold th< 0

Then, distinctions are made according to the average temperature t, in
t1e hot season {in degrees Celsius)

a  veryhot <t
b hot 20<t, <30
c temperate 10 <t < 20

By combining these features, types of aridity identified by three fea-
tures are obtained. In the ACP countries affected by desertification, the
following situations are not found: A1b; A2c; Ada; Blc; B2¢; B3; B4; C2a,
e; C3a and ¢; Cd; D2¢; D3a and c; D4.

The situations that are found are given in Tabte II.
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Distribution of arid regions in the ACP countries of Africa

Hyper-Arid

Arid

Semi-Arid

Semi-Humid

Ala

Ala AZb A3b

Bla

Blb B2a B2 | Cla

Clb C2b C3b

Dla

DIb D2a D2b D3b

Angola
Benin
Botswana
Burkina Faso
Cameroon
Cape Verde
Central Alfrica
Chad
Djibouti
Ethiopia
Gambia
(hana
Guinea
Gunea Bissau
Ivory Coast
Kenya
Lesotho
Madagascar
Mali
Mauritania
Niger
Nigeria
Reunion
Rwanda
Senegal
Somalia
Sudon
Swaziland
Tanzania
Togo
Uganda
Zaire
Zambia
Zimbabwe
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+
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Sume features ol agrolotestry systems in the arid and semi-arid zones of Africa

(after Nalr. 1985

. udapted)

System Sub-systems and
practice

Socio-
economic
production

ype

Main woody species

Relerences

MPTS on crops

Dn_::o -energy

Windbreaks &
screen shelters

Bank protection

Food. forage, [uel,

Svil conservation,
sustained production

Wouody plant strips
on terraces, food,

Firewood, n_._E.nom_

031 protection,
scoa production

sthsistence

ﬁn_._:.__ >_:nu subsistence

subsistence

subsistence

AZ. ?.oi_a&

Z.mo_. ;\_um. subsistence

Ruiyrospermum Paradoxum
Purkia biglobosa

Adeunsomia digitera
Balanites acgyptinca
Rorassus acthiopum

Kenya (Ma- u__cm_ﬂn:nn
chakos Dis-

Cajanus cajan
Balanites aegyptinca
Prosopis juliflora
Acacia spp.

Acacin toriilis
Acacia spp.

Tamarix nh}win
Prepopis juliflora

bu:._nwnn_fn indica
Acacia scorpioides
A. Seyal

Prosopis juliflora

...fzc:. 1982

vON MAYDELL,
1984

w_n:;cm 1985

Soil conservation mixed Encalyptus camuldulensis BAuMER ef al..

nasts, fircwood (JMRDP)" 1985
Silvopastoratism Live hedges Crop protection. fire- subsistence Acacia mellifera BAUMER et al.,

wood, beekeeping, (JMRDP)* Balanltes aepyptlaca 1985

forage. fruit, fire- i mixed Commiphora africana

Zizvphts mucronata
_ Lusthnrhin Tiewegpits




wnacnnm 222 ex- Kenya
penditure for hedges,
reduction in watch-

man requirements

Crop Protcction food, h.:SEét:
Jirewood, fodder {Mounis Man-

Mived hedges

m:cm.ﬂ.n:nn

Acacia spp.
Eucalvpius gomphocephala

Parkinsonia HoEexsTRAT al.,
Commiphora africana 1985

dara) subsistence Zizyphus nauritiana Cassia
Siamea Acacia Sp, pl.
Waady h,.n:: \.«:. Farage reserve Suhel subsistence Acacia toreilis Faidherbio al- T
grazing land bida Tamarindus indica
id. Rn&.ﬁ subsistence u.waehn hazin Faidherbia  HOEKSTRA el

albida Zizvphus sp. al., 1984
Buriunites aegyptiaca

Agro-silvipastoralism MPTS on ficlds Forage. soil fertitisa-  Sahel Sudan  subsistence Faidherbia athida
grazed after har-  tion, irewood. and
vest with associated farm-
ing
id. Chad commercial 1:.5: n_u pl. .wa.:n&a,_.n per- N

ﬁ::: production. for-
age, firewood in rota-
tion with crops

gum gardens

sistence
Sudan (Kor-
dofan)
Mauritanisa
Senegal

Annual harvest cq _u:gn_.. :_nun.:__. Kenya (Ma-
forage on grazing  gquality, avaitability)  chukos Dis-
kand and field trict)

vitury

“IMBRDE = Jebel Marrn Rural Development Projuect

:.:Lurr,_.ﬂ

rr_ ur ﬁ.__u

sica Combretus sp. pl. Com-
hretaceae

\_naea m«_:.mn\

subsistence

Prosapis palfide Leucaena
leucacephala Acucia saliyna
Siviosanthes scahra Hegrrtna of

al., 1984
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Potentiat of agroforestry regarding the environmental risks inherent in increased plant production

Technology

Main environmental risks

Paicntial of agroforestry

A. Trrigation,  es-

pecially of des-
erts and arid
zoncs

. Use of suitable
species and vari-
eties

1. Pussible climatic changes (the ¢consequences of changes
in the albedo, which would be very impostant here, are
little known)

2. Possible risk to fauna, e.g. if a dam destroys swamps that
may be necessary to the reproduction of certain fish, for
example, or that act as a feeding ground for migratory
birds

3. Soil salification, especialy by too rapid evaporation, or
by use of saline, carbonated gypseous water

4. Development of rertain human and animal diseases,
water-borne or from waoter-loving insects: malana,
onchocerciasis (African river blindness), [ilariasis,
bitharzia

Risk of erosion

W

6. Danger of water wastage

1. Danger of uncrontrolled introduction, especially.of self-
propagating plants or harmful invasive colonizers

2. Danger of loss of valuable genetic potential by mono-
cropping, crop clearing or destruction of biotopes

Tree, shrub & bush tops reficet less than bare soil
Essential role of multi-purpose tree windbreaks

Well planned & well distributed clumps of trees, even iso-
lated bushes, can shelter wild game which could well be
considered a resource and exploited rationally

Use (notably for forage and fuel) of woody plants which
‘pump’ salt, e.g. the Tamarisk and halophytic shrubs
Inctensed numbers of woody plants used against these dis-
eases or carrices in indigenous medicine

Planting of suitable woody perennials.

Avoiding where possible woody plants which consume large
amounts of water (willows, poplars, eucalyptus) . . . which
are recommended, however, for drainage

There are cases (on hyperarid ground, for instance) where it
would be good to find useful colonizers (Opumiia, Prosopis)

Using mixed species wheiever possible. Agroforestry con-
tributes o keeping genetic variety

. Use of [ertilizers

Risk of water pollution. Potential depressive effect.
Danger of acidiflication. atkalization or toxicity

Use of nitrogen-fixing shrubs, that do not have these draw-
backs. Use of woody plants to purify water (Jahn, 1985)

. Control of prod-
uctivity-reduc-
ing pests

1. Risk of toxic accumulations in the soil, water, plants and
food

(8]

Depressive or lethal effect at certain doses or certain use
frequencics, reducing germinating ability, growth or
fruit formation (particularly seeds) or fibres (colton,
jute, raffia)

Use of the woody plants with insecticidal properties. such os
neem

. Reduction of
waste  products
and utilization of
wiasle

Risk of soil and water pollution by certain waste products

Agroforesity advoeates composting of organic waste

. Protection of ex-
1 1

Endangered species
-

I tnwed hinknnnr

In agroforestry, it is expressly indicated to use endangered
species in species mixtures. and agroforestry can help to
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Potential of agroforestry regarding the environment risks inherent in increased animal production

Technology

Main environmental risks

Potential of agroforestry

Pratection of spe-
cies

Use of suitable spe-
cies and varieties

Feed improvement
and use of growth
stimulants

Pest control and
other factors reduc-
ing productivity

Reduced  produc-
lion of waste and use
of waste

Special case of Man
Security and quanlity
of life
Satisfaction of basic
needs

Risk of permanent extinction of some wild or domestic
species; to be consideted particularly [or their importance in
balancing ecosystems and their economic importance:
aguatic estoary mammals, birds of prey. crocodiles and tur-
tles in the water, and on the land greater ungulates, reptiles
and . . . useful microbes

Conservation of animal genetic potential and especially rare
or disappearing domestic species, Better adaptation ol spe-
cies and varieties of animals to the environment: avoidance
of calastrophic introductions; selection for hardiness and
adaptation.

Risk of animal tissue changes, especially fats, by using un-
suitable feed and hormones. with serious dangers to bumans
at the end of the food chain.

Risk of toxic accumulation in water. but also in the soil and
animal tissue, by unconsidered use or misuse of certain pest
controls.

Risk of pollution from certain waste.

Some, however, is very useful and has many purposes: ma-
nure, slurry, opotherapy products, bonemeal, dried blood,
hortn and shell. hides and skins, etc.

Numerous

Shelter role of trees, copses and forests

Contribution to safeguards by maintaining or creating ap-
propriate ecotopes.
Importance given to wildlife, which is ecologically adapted.
Preference given to indigenous species when their produc-
tion is satisfactory.

Qualitative and quantitative increase in potential forage
(including food for bees).

Insecticide properties of some woody plants.
Provision of shade and temperature reduction.
Improved humidity of the air.

Contribution to production of food, (uel. logs and timber,
modigines. fibrea, dyca. tnnnina, reaing, gums, civ,
Establishment of stabie svstems of production,
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Arrangement in time of the components of agrolorestry systems

(according to Nair, 1985}

Temparal arrangement

Schematic illustration

Exatnples

cuincident

concomitant

intermiticnt

{predominantly spatial)

interpolated (predominantly

spatial and temparal}

overlapping

relay

coffee trees vader shade trees
taungya

annual crops

under coconut palms
household gardens

hevea and pepper plant

bush [allow

woody plant component
ssssemmmomsenees pon-woody plant component
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One can also base the classification on the kinds of components in the
systems. Figure  shows such a classification of systems and sub-systems.
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Classification of agroforestry systems and sub-systems according to the nature of their
components {accarding to Nair, 1985 adapted).

.m) ob J$s



oy Y

Such systems of classification help in the planning of forestry opera-
tons. This is how the various roles that woady pereanials could play in
some types af soil utifization in the Zalingei region of Darfur (Sudan) were
dassified: the recognized types of utilization were:

Al Wadi Azum valley irrigated and sometimes flooded

A2 - irrigated but not flooded

A3 " non-irrigated although on alluvia
b1 plateau with Balanites aegyptiaca and crops

E2 .- without crops

F grazing land
M  mountainous area

(ii)(,j“_b,;.?

Rule of woody perennials Al A2 Al Bl B2 R M
tmproved lertility + ++ +

Swil conservation ++ + + +
Demdro-cnergy + + +

Logs +
Timber + + + *

Fornge s

Fruit and food + ++ + + +
Feneing + ++ + ++ + +

Textile {ibres + +

Medicines + + 1+

By way of example. Table 4% shows the principal features of some
agroforestry systems in arid or semi-arid zones of Africa.
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Woody agroforestry specics for the dry zones of Alfrica

(1} 2) (3) S} (5)
Applications Principal
Uses
Latin Name Habiiat Agroforest- | Mixed | Fire- |Protein |House- [Hedges|Erosion|Shelter | Stabil- | Trees/ | Trees! 1Soil imA
ry system | crop- { wood [ banks | hold |or rows|control| or |ization | Fields Pasturey prove-
ping eardens Shade ment
Acacia ataxacantha hedges, fresh alluvial AS . + . M
sands, Southern, Western,
and Eastern Alfrica
Acacia holosericea Australia and arid zones  |SP + - F.E
East of Lake Chad to the
Arab pzninsula
Acacia laeia from Mali 10 the Red Sea |SP . + G.M.F
Acacia macrosiachya Sahelp-Sudanian and AP . + N.F.M
Sudano-Sahelien zones
Acacia meflifera from Loke Chad to the ASP + . AEFZ
Arabian Peninsula AS . + -
Acacia nilotica Adrica and the Indian AS . + B.G,AT.S
peninsula sP - +
Acacia pennata Africa, semi-arid and sp + AMF,T
homid
Acacia polvacantha sub-humid and semi-arid  |SP + . . 5,TM,C
Africa on cool soils
Arcacia sofigna Australia SP - + F.E
Acatin Senegal typically sahelian but atso | ASP + : . + . G.FFiD.E,
Eastern and Sauthern se . + AS
Adrica AS + .
Acnacia Seval semi-arfd, particulariy on |AS + . . - + E.F.A.G.S
clay sP +
ASP +
Acacin sicheriana semi-arid, cooler areaqs 5P + . . A5M.B
Acoeta tartilis s1p, raddlana (dry arens of Africa even  |SP . + - S,F.M.E
Nacth of the Saharn
Acecia tortilis ssp. tortills  arid and semi-arid Alrica, |SP . + ' s, T.F.M.E
and Arabian peninsuln AS * .
Adansonia digitata sub-humrid and semi-arid [ ASP . + N.Fi.M.F A
Alfrica, other species of the
genus in Madagascar
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Adenium obesum dry, hardened. storny soils | ASP + MV
|Afzelia cuanzensis) dry Southern Africa AS + E.H
Albizzia Chevalieri Sudanian, sub-humid 5P T.N.Fi.Z
Albizzia Lebbeck scmi-anid and sub-humid  |SP T.G.VK.FZ
AS
Anacardiwmn vccidertiale Nexible for climate, soft or |AS N.E,T.M
permenble soils ASP +
Annorna senegalensis semi-arid to semi-humid | SP MMN.F.5
AS
ASP
Anageivsus leiocarpis wide distribution but pre- |SP T5.CN.GM
fers cool soils
Azadirachia indica grown in many villages, of [ ASP : VM.F0.Z
Indian origin AS
Balanites aegyplica arid and semi-arid zones, |ASP F.NTS.0M
usually decp clay SP
AS '
Bauhinia rufescens Sahelian and Sudanian sP - F.EFi,T.V.M
Bombarx cosintun Sudanian AS Fi.NM,F
Borassies aethiopium semti-arid and sub-humid | AS NFL5,.B.M
troopical Alfrica
Boscia sp.pl. Sahelo-Sudanian SP NFE
ton Boscia senegalensis, c.f
Baumer, 1981b)
Butyrospermum Parkii Sudanian and Sahelo- AS N.B.E.C.M
Sudanian
Cadzsba sp.pl. dry Africa, Arabia. India |SP F.N.M
Calligndra macrothyrsa pp ASP - F.ESZ
{Calorropis procea) around all arid zones and/ [ASP + Fi.G.M.N (fer.
o7 damaged seils in Africa. ments) E
Arabia nnd India
Capparis sp.pi. Sahel, East Africa SP EM.IF
(Cassia Siantea) Southern [ndia, Burma, ASP . E.V
Sti Lanka, adaptable in
sub-humid zancs
Casuarina equisetifolia Australia, Pacific. South | AS - ZEBC
East Asia
Celriy integrifelia Arahia and from 37 to 15° {AS N.F,M.Fi
fat N and Africa
Combreium gculrarm Sahelian and even Sohelo- [SP . F.E.N.M

Saharian. but also Sahelo-
Sudanian
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Woody agroforestry species for the dry zones of Africa

(1) @ (3) {4) 5
Applications Principal
Uses
Latin Name Habitat Agroforest | Mized | Fire- |Pmtein|Hrne [Hedges Erosion)| Shelter | Stabil- | Trese | Troca/ [Soil im
rysystem | crop- | wood | banks | hold lor rows|control| or lization | Fields Pastureq prove-
ping ardens Shade ment
Combretumn glutinosim ¢t |Sahelian zone up 1o the SP + B.E,CM,G
C. cordofanum Nile
Combrerum micranthim very common in Sahel ASP . . + N,E.S.FiM
Combreium nigricany Sudanian and Guinzan ASP + N.EM
Commighora sp.pl. tropical dry Alrica SP + . . GS.FM
Cordia sp.pl. Sub-humid Adrica ASP . + B.E
Crataeva Adansonil Sahclo-Sudanian sr + F.5.NM.G
{Croton megalocarpus) tropical Sub-humid Altica |AS + - EM
Dolbergia melanoxylon dry Africa, humid soils 5P + . . B.S.M
Dichrostaxhys cinerea semi-humid Sudanian zone | ASP + . ZNA
and up to Southern Alrica
Dobera gizbra savanna anhd pseudo-step- |SP + . N.E.F
pe in East Africa
Entada africana dry zones of Africa, par- [SP . + F.Fi,T.M
ticularly North of the
Equaior
Ervthrina <p.pl. widespreadin ail dry Africa| ASP + . M.E
Euphorbia balsamifera Canaries; acclimatized in  |AS + , M
the Sahel
Enphorbia Tirucalli India and tropical Africa |AS . 1o+ M
Faidherbia olbida Sencgal, Sudan, Mali, ASP . . + - - F.Z.AM
Niger. drv Alrica
Feretia apodanthera Kenya, Sudamian Africa  [SP + . N.M.F
{Ficrns Thonningii} tropien! semi:humid Africn | ARP * Fi.M
Grewia bicolor India, senvi-arid and sub- [ASP + . . N.E.F.M
humid Africa
Grewia flavescens India. semi-ard and sub- |ASP . + M.N.E
humid Africa
Grewia mollis Sudanian zone and East  |SP + . . N.Fi.N
Adfrica
Grewia fenax circum-snharian zone, sp . . + F.FIL.N
Tran, Arabia, India
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Grewia villosa

Guirra senegalensis
Hyphaena thebaica
Jatropha Curcas

(Khaya sensgalensis)
Leucoena leucocephnia

Maerua sp.pl,
(Mangifera indica)
Mimpsa pennora

Mimosa pigra
Mitragyne inermis
Moringa ofeifera
Parkia biglobosa
Parkinsonia aculeata
Phoenix dactylifera

Piltostigma reticulata
Prosopis africama

Prosapis juliflora

Psidium Goyava
(Prerocarpus lucens)
Salvadora persica

Sclerocarya Birroea
Sesbania grandiflora
(Sterculia setigera)
Stereopermum kunthiartum

{Tamanndus indica)
Troriv rp gl
Terminalia sp.pl.

Ximenig americana
Zizyphus sp.pl.

West Alfrica and dry East
Alfrica

from Senegal to Niger
dry Alfrica

India, acclimatized in all
dry Africa

Senegal and Sahel
tropical America and West
Indies

dry Aflrica

indian sub-continent
sub-humid and also semi-
erid Africa

sub-humid Africa

dry Alrica but humid areas
Tndia, Arabia

Sudonian zone

dry tropical America
tropical and Mediterra-
nean regiens

from Sahel to East Africa
semi-arid, sub-humid West
and East Africa

West Indies and tropical
America

tropical America
Sahelo-Sudanian

Sahel, East and Southern
Africa, India, Arabia,
semi-arid zong

Sahelian zone

Pacific

Sudanian zone

Eastern and Western dry
Adfrica

Madagascar and East
Africa

very 10ge oiiginal habitat
(cf. Baum, 1978)

dry Africa

tropics

Africa and dry India

5P
AS
AS

AS
ASP

SP
AS
SP

5P
SP
ASP
A3
SP
ASP

SP
SP

AS
SP
Sp

SP
ASP
5P
SP

AS
AJ
L4

5P
ASP

N.M.Fi.F

M.F.N.E.A
Fi,N.S.E.M
M.X

B.X.M.F
E,F.NA

FNMY
N.E.A.VW
F.AT.M

M
M.B.F.ACEi
N.FAM
N3,V
FEM
N,BFi.A

E.Y.C,MF
B.E.T.F.M,A,

FEAZ

N.M
N.F.M.E
FMS.E

N,Fi,G,M.B,§
N.V.AZ
E.G.N.M.Fi
AMB,V

NF.BMAV
M.E
BM.CF

N.F.ES.M
NLE.A.F




vy

(£0) o3y Jobr 3yay el

Woody agroforesiry species for the dry regions of Africa

Below is a non-exhaustive list in table form of woody species for inclusion in the
composition of the three main forestry system groups for the dry regions of Africa:

A3  agro-silvicultural
ASP agro-silvo-pastoral
SP silvo-pastoral

These systems are indicated in column {3). The names in brackets indicate that
the species are not very common in agroforestry.

In column (4) the form of agroforestry where the woody species is mest used is
marked with a cross: a dot indicates slightly less frequent use:

Column (5) indicates various uses:

A apiculture M medicines

B timber N food

C dyes NF nitrogen-fixing
3 soil conservation O oil

E dendro-energy P trituration wood
EV green manure T tannins

F forage v omamental

Fi fibres X control of plant
G gem, latex, resin pests and diseases
H hedges
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Recommended pre-treaiments for the seeds of some dry zone acacias (from the *Guide to the sceds of dry zone!

acacias, FAQ, 1983, by Doran et al.)

-

Civer

furnesiang

matare sccds can be treated like A. aneura.

Soak in cuncentrated sulphuric acid fos 120 mn-
Utes,

Sonk in concentrated suiphuric acid for 40-120
minutes. The opumum time varies with each batch
of seeds.

Species Recommendations! References

A aneusa Plunge seeds in hoiling water for 5-30 seconds. or | Preece (1971)
pour boiling water onto them and leave in the | Hall er al. (1979)
water until it cools to the ambient lemperature Tarnbull (unpuhl.)

A Cumsugei Fresh sceds often need ne pie-treatment: more | Hall ez af. (1975)

Galleguillos  {comm.
Turnbull (unpubl.)
Kumar & Purkayashta {1972).
Turabull (unpubl.)

pers.).

A. holo.erica Treat as for A. aneura, Delwaulle (1978),
Turnbul] (unpubl.)
A omdotea Fresh weods with soft integument nced no pre- | FAOQ(1974a). NAS (19R0), Turn-
treatment  Immersion in buding water as for A, | hall (unpubl.)
aneyra is sulficient. but if the seeds are hard. soak-
g in concentraled sulphuric acid for 60-120 mim-
utes 1s recommended.
A. pruinncarpa Treat as for A, aneura Hall et al. {1981b)
A, Semezol Fresh sceds with soft integument need no pre- | Kaul & Manohar (1966)
treatment. More mature sceds can be immersedin | Cheema & Qadir (1973)
concentrated sulphuric acid for 3-15 minutes, or | Giffard (1975),
plunged into boiting water for 5 seconds. NAS (198m),
Turnbuli (unpubl.)
A. torii.is Soak in concentrated sulphuric acid for 20 minutes. | Karschon {1975),
The optimum time vaties with different batchesof | Carr (1976), Pathak er af. (198D,
seeds, Immersion in boiling water as for A. aneura ' NAS (19R0), Turnbull (unpubl.)
can also be effective. !
A. Vicroriae Treat as lor A. anera Hall e af. (1981 a)
Acacin albida Fresh seeds with soft intepument need no pre- | West {1950)
= Furdherbin al- | treatment, or may be soaked in cold water for 23 | Wickens (1969)
bidu hours before planting. More mature seeds can be | Giffard (1971)
soaked in concentrated sulphuric acid for 2060 | FAQ (19742, 1974h)
mimates?, Elamin {1975) and
Turnbull (unpuhl.)

(1) Mannal searification is the most elfective pre-treaiment for oll specics.

(2) “The pre-treatment methods fvund in the literature for A. afbida are contradictory, The resson for ths
seems to be that the state of development of the integument bas a great cffect on the relalive success of ary
treatmenz given lor this species. Clearly, the age of the subject i3 also crucial,
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Characteristics of certain legumes commonly used as understorey crops in agroforesiry

Habit Variations Ecology
Perind
erect
annual | perennial climbing cycles alti- ltemper-| sensi= | rainfall soft pH
trailing (daysy | tude | ature [ tivity | {mm)
bush (m} {(°C) |[to frost A

Vigna unguicrlata (1.} - 60-240 various if well-drained
Walp. = V. sinenss + + o+ o+ + | ormore |< 1500 20.32 [ + + |500-15007 and not {looded, idea

blnck-eyed pen, pH 5.5-6.5: poor draj-

cowpen nage on heavy fertile

50l

Vigna radiata (L..) Wilczek + + + RO-120 { <1800 | 30-35 | + + [750-1000| very varied, even

= Phaseolus radiatus L. or more inc. 400 | clayey, but well-

= " aureus Roxb, during | drained and not

mung bean growing | flooded

period

Cajants Cajan (L) + + 130-220 | <2000 [ 18-30 + SO0 very varied, but nei-

Hillsp. = C. indicus ther too poor in cal-

Spreng cium nor flooded;

cajan pea prefers deep lonms

wlith pH 3-7
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Some uses of four agrolorestry trees in dry zones
{after BauMeg, 1983 b and von MavoguL. 1983)

Naome I'runk or stem Leaves Fruits Bark or fibres Seeds Branches and Others
terminal bud
Gum tree Excellemt fire- Forage Forage Decoctions for Furage Gum arabic
{Acacig Senegal) | wood. excellemt | 6.8-7.5 DM/kg ol | 4-5 MK/kg ol gisstnc infections (food,
charcoal DM with 10-13% | DM, 20% CP agrofeeding.
DP and 0.12- and 15% DP and pharmacy.
0.15% 0.12-0.14% P cosmetics,
chemistry,
textile & met-
allurgy indus-
tries,
photographic
paper).
nectar plant
Improves and
fixes soil
African locust Not very hard or | For buins and Edible pulp For colic. vomit- | Vegetable Shade
(Parkia durable but easy | haemorrhoids Refreshing fer- ing, diarrhoea, cheese, Soil improve-
biglobosa) to wark menied drink sterility, bron- Seasoning for ment by the
Flour chitis, leprosy, sauces leaves

Bad as fuel

venereal disease,
pneumonia.
caries, filarinsis,
Guinea worm,
ocdema, rickets
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Date Palm Very durable. te- | Plaited into mats. } Delicious long- Brushes, brooms | Softened or Palm cabbage, Essential

(Phoenix dac- sislant; columns. | baskets, fences, | lasting food of crushed give: palm wine shade for

iylifera) rafters. water ropes great value, 100 1. an oil oasis crops
conduits, kg/tree/year 2, fodder ornamental
bridges. fuel date syrup

Tamarind Hardy, hard, du- | Valuable but un- | Excellent nutri- | Lotions & com- | Eaten grilled or | Branches Pharmaceuti-

(Tamarindus in- | rable, coloured: | dervalued fodder | tional value, pre- | presses [or open | fried in ftour favouriie food of | cal industry

dica) wheels. hubs, Eaten in soups & | servative in wounds & skin Eaten by cattle elephants (fruit leaves,

tools, gears. mot-
tars., boat plank-
ing. toys.
furniture. panels
Good [uvel, excel-
lent charcoal ash
for hair removal
and tanning

sauces
Red dye

Infusion for asth-
ma. gingivitis &
eye inflamma-
tions

Juice against
haemorrhoids
and liver com-
plaints

various foods
(Worcester sau-
ce)

Refreshing drink
Laxative (Intesti-
nal infections.
biliary infec-
1Hons).

Poison antidote.
Antiscorbutic.
Heart toner
Gargle.
Anti-diarrhoeal
ash.

eruptions

Dressing for
wool, jute. pa-
per, printing,
plue

Oil

bark)
Infusion of
Toots for res-
piratory ail-
ments and
leprosy
Nectar plant
Ornamental






