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V. Investigating possibilities of
combining fodder production with
erosion control and agroforestry
in the West Usambara Mountains
of Tanzania
Reinhard Pfeiffer

1. Description of location

Natural conditions. The West Usambara Mountains form part of
Lushoto District {Lushoto: 4°47’S, 38°18E), a tropical highland
area in northern Tanzania. The topography is hilly to mountain-
ous with an elevation of 12802000 m. Predominant soil types
are shown in Table 1. The mean annual precipitation of
600-1200 mm follows a bimodal pattern: short (warm) rains

Table 1: Soil characteristics in the West Usambara Mountains

Source: Compiled from sail surveys conducted In 19791987 (Niemever 1979,
ScHaaFRAUSEN 1981, Ezaza 1985, own data).- °
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from mid—October to mid—December and long {cold) rains from
mid—March to mid—June. Mean annual temperatures range from
16° to 22°C, depending on elevation.

Population and land use. The West Usambara Mountains are
densely populated (180-200 people/kny’). All land legally be-
longs to the state, but the actual tenure system is derived from the
traditional distribution and allocation practices of the Sambaa
people, with a recent tendency toward commercial land trans-
actions. Almost 70% of the total agricultural area is cropped, 15%
is classified as forest reserve, and 15% is pasture or unused land.
Of the cropped area, 84% is devoted to dryland cropping, 11% to
tree crops, and 5% is frrigated (TIRDEP 1977).

Mean farm size is 2.5 ha (range 0.7-5.1 ha) with scattered plots
(mean 54/farm) at an average of 20 minutes’ walking distance
from the homestead. Ca 10% of the cropped area is on hill-
tops, 20% in valleys and 70% on slopes. Average family size is
1011 persons, 5—6 of whom are economically active. As a result
of emigration of male labour, women outnumber men by 2:1 in
the age group 20-30 years.

The major crops grown are maize and beans; minor crops in-
clude potatoes, cassava, wheat, tobacco, vegetables and tem-
perate fruit trees (apples, pears, plums) in higher areas, and ba-
nanas, sugarcane and coffee in lower areas. The major livestock
species are cattle and goats. The stocking rate in the District has
been described by TIRDEP (1977) as 465 TLU/ km® of available
grazing arca; however, cropped areas also provide some animal
feed, e.g. in the form of crop residues.

2. Problem analysis

Human population growth has led to high cultivation density
and shortage of arable land for further expansion. Livestock
grazing has been shifted increasingly to the slopes as intensive
horticulture spreads in the valley bottoms, formerly used for com-
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munal grazing. Deforestation and grazing on the slopes has
caused considerable surface runoff and soil erosion. As a result,
crop yields are decreasing. Methods must be found of in-
tensifying agricultural production yet simultaneously halting land
deterioration.

In 1980, a Soil Erosion Control and Agroforestry Project (SECAP)
was established in Lushoto District to tackle the problem of land
deterioration. The project started by propagating the already ex-
isting technique of planting the perennial Guatemala grass (Tryp-
sacum laxum) along contours. These 0.7 m wide strips of grass
are meant to control soil erosion and, at the same time, provide
animal feed. The steeper the slope, the smaller the distance be-
tween the strips, varying from 5 to 20 m. The strips thus occu-
py 14-4% of the arable land. More than 1200 km of these strips
("grasslines’) have now been established in the project area, and
grass planting material has become a marketable item in several
villages. Thus, the technique of planting permanent fodder grass
along contour lines has been well adopted in the area.

However, a single line of fodder grass does not appear to be suffi-
cient to stop soil erosion. There are always some gaps in the
grasslines which can cause severe erosion as water is channeled
through them. Furthermore, the root system of Guatemala grass
strongly competes with adjacent field crops. -

The vegetation strip was diversified by introducing creeping
legumes, shrubs and trees. As this requires more space, the
contour strip was widened and called a “macrocontourline’. It
has an average width of 2 m, is planted at a spacing of 520 m
(depending on steepness of slope), and thus occupies 40—10% of
the arable land. The macrocontourline is meant to serve multiple
- purposes: above all, to improve erosion control but also to
- reduce border effects between field crops and contour strips and
- to increase land productivity. However, little is known about the
optimal composition of macrocontourlines for different ecologi-
cal conditions.
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Landscape in the West Usambara Mountains, showing severe erosion. Badly
maintained grass contourlines, which are not diversified by fodder bushes and
creeping legumes, might be even worse than no erosion control measures at all.

On account of high population pressure, even very steep slopes are cultivated.
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3. Aims

The main target of SECAP is to raise or at least stabilize soil pro-
ductivity on slopes. Central issues of the present study were to
find ways of improving the macrocontourline and to provide de-
tailed agronomic, ecological and economic data for different
plant combinations. Within the contour strips, grasses should
provide high biomass production, and creeping legumes should
improve forage quality (protein content) and help contro! erosion
by protecting the soil surface. Trees and shrubs should produce
additional fodder, firewood and timber, and should improve the
microclimate between the strips. As they root more deeply than
grasses, they should also reduce competitive effects on adjacent
field crops. As grazing possibilities are steadily decreasing,
supplying fodder has become the most important function of the
macrocontourlines. Screening and selection of fodder plant spe-
cies was necessary to find suitable combinations for different
agroclimatic sites in the project area.

4, Methods

In October 1984, field trials were established in three agrocli-
matic zones of the West Usambara Mountains. The trial sites are
described in Table 2.

Table 2: Agroclimatic parameters of the trial sites’

! Climatic data from October1984 to September 1987,
Due to topography, the trial site at Ubiri recsived only low rainfall although situated inthe -
“humid/warm" agroclimatic zone.
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The research programme consisted of several phases {see Table
3). During the first phase, promising perennials were screened
simply by observing whether or not they grew. The vields of the
12 most suitable species were then compared in an “elimination
trial”. The next step was to compare the productivity of different
combinations of the four macrocontourline components: grass,
legume, shrub and tree (" productivity trial”). The effect of cutting
frequency and cutting height on yield was investigated, as well as
the influence of contour strips with different species composi-
tions and spatial designs on adjacent field crops (root competi-
tion, shading, etc.). In addition, competitive effects of the contour
strips on the field crops between them were studied (" interface
trial”). Adjacent fields without contour strips served as control.
Not only yields and growth habit but also cropping practices in
these fields were recorded.

*Fodder plant combinatiens.

In order to assess the alley effects of the contour strips, ecological
and microclimatic measurements such as stomatal resistance, ra-
diation, evaporation, relative humidity, and soil and air tempera-
tures were made between the macrocontourlines. The yields and
yield—determining factors of the crops nearest the contour strips
were recorded to provide data in support of the above—
mentioned measurements.

in the last phase (“on—farm trials”) the best macrocontourlines
were tested on 45 farms under different ecological conditions
and simultaneously served the purpose of demonstration and
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training. The trials were carried out by SECAP extension workers

in cooperation with farmers who showed interest in the pro-

gramme. Planting material was supplied and contour strips were
planted by SECAP staff.

On all trial fields, soils were surveyed and meteorological data re-
corded. The on—station trials were laid out in randomized blocks
or Latin squares to permit analysis of variance. Processing and an-
alysis of data had not been completed by the time of publishing
this paper. In view of the limited space available, only selected
results are presented in the following. All calculations are based
on a standardized arrangement of contour strips 2 m wide and 8
m apart.

5. Results

5.1 Erosion control

Average topsoil losses on arable land in the West Usambara
Mountains are estimated to be 0.6-1.0 cm/year (BUCH 1983). As-
suming a soil density of 1.25, this amounts to 100 t/ha/year. The
effect of erosion control was studied on a demonstration plot
situated on a lower part of a slope. The data compiled in Table 4
gives a rough impression of erosion control by the macro-
contourlines.

Table 4: Effect of macrocontourlines on erosion control
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In the treatments with macrocontourlines, soil losses of 15.8 mm/
year were measured as compared to 207 ‘mm/year without
contour strips. This represents a 25% reduction but not a com-
plete halt of soil erosion. In the fields without contour strips,
more soil was accumulated at the lower position than was lost at
the upper position, as some of the accumulated soil came from
even higher up the slope. In the fields with macrocontourlines,
by contrast, soil erosion and accumulation were balanced. The
strips form barriers which catch the water and soil coming from
further up the slope.

The lower the position on the slope, the better the fertilizing ef-
fect by accumulated soil and the water harvesting effect by sur-
face runoff. This could be demonstrated in a trial with contour
strips placed at different positions on the slope and studying the
effect of additional compost and fertilizer applications higher up
the slope (Table 5).

On average, the yield at the lowest position on the slope was
over 3 times higher than at the highest position. On the lower
slope, the soil layer was deeper and more fertile as a result of the

Mult]funct:onai perennial Contour[mes are promoted in the West Usambara
Mourttains in order to control erosion.

Table 5: Guatemala grass yields {t DM/ha/year) of macrocontourlines
below dlfferent!y fertlhzed fnelds* )

*Yields per hectare extrapolated from a grassline 0.66 m wide except in the case of slope
position “lower part”, where Guatemala grass grew in a 2'm wide macrocontourling
associated with Desmodium uncinatum and Leucaena leucocephala; measuring period
Nov. 1982 -May 1984; age of contour strips 1.5 years as of Nov. 1982,

Macrocontourline consisting of Guatemala grass (Tripsacum laxum) and the
fodder bush Leucaena diversifolia.
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accumulation of materials eroded from the area higher on the
slope to which compost and fertilizer had been applied. Howev-
er, it must also be noted that the Guatemala grass at the lowest
position on the slope was growing in a mixture with the legumes
Desmodium uncinatum and Leucaena feucocephala, which may
have contributed to the extraordinarily high grass yields.

5.2 Plant ecological effects

The contour strips influence the adjacent field crops in many
ways and it is extremely difficult to measure the effect of single
factors such as soil moisture or relative humidity on crop yield.
Figure 1 illustrates the complexity of these influences and their as-
sumed beneficial or detrimental effects on crop yield.

Soif parameters. As data on soil moisture cannot yet be pre-
sented, it can only be assumed that soil accumulation on the
lower slopes has a favourable influence on soil moisture status.
Competitive effects of neighbouring perennials (Grevillea robusta
and Leucaena leucocephala) are considered negligible as these
are deep—rooting. To the contrary, the shading and the mulching
layer of leaf litter may reduce evaporation considerably and thus
improve water balance. '

Soil nutrients as well as organic matter are influenced by the pro-
cesses of erosion and accumulation. in the vicinity of the upper
contour strips, a slight competition for nutrients but, on the other
hand, a slight increase in organic matter can be expected. Close
to the lower contour strips, soil accumulation results in a gain in
nutrients as well as in organic matter.

Changes in infiltration rate follow the pattern of organic matter,

and infiltration may be better next to the contour strips. With re-
gard to N fixation, & slight increase might be expected at the low-

er field edge, where the pordering perennial (Leucaena) is a
legume. However, data concerning this are not yet available. The
effect of contour strips on erosion has already been discussed in

the preceding section:

Microclimate. As can be seen from the data on microclimate pre-
sented in Table 6, average daily temperature near the contour
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Parameter Field between two macroconiourlines
Upper Upper Middle Lower' Lower
part middle pert niddle part

part part

Soil:

S0il moisture + + o + i

So0il nutrients - [+ + + 4

Organic matter + o o + 4

N fixation o o o o +

Infiltration rate + [+ o + ++

Erosion control + o o + +++

Microclimate:

Radiation - o o [ -
Lower temperature + o o ++
Lower evaporation ++ + ) “+ +t
Lower windspesd ++ + (+) + ++
Water use efficiency ++ + o + kSl
Distance from contourline 1.6m 21m 4.5m 2.1m 1.5 m

agroforestry tree line
grass line
creeping legume line
fodder shrub line

Figure 1; Effect of macrocontourii i |
_ : Effect ¢ ines on soil and mi i
in the fields between them microclimate

Key: + = bem.aficial for field crops
— = detrimental for field crops
o = neutral for field crops
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Table 6: Microclimatic changes between macrocontourlines with trees
4 m tall {Grevillea robusta)

* Dally average, measured 30 cm above ground over one day (8.00—18.00) every 30 minutes.

strips is reduced by more than 1 degree (6%) as a result of
shading by the trees. Radiation is reduced by 18-- 21% next to the
contour strips. A further important aspect which was not in-
vestigated but deserves consideration is the interrelation between
wind speed and evaporation. Lowering of wind speed by the
contour strips may reduce evaporation and thus improve water
use efficiency.

Summarizing the ecological effects of the contour strips on the
field crops between them, it can be stated that the most im-
portant effect lies in the accumulation of soil and soil moisture at
lower parts of the field. Competitive effects between contour
strips and field crops are considered to be rather small on
account of the deep—rootedness of the perennials on the edges
of the contour strips. Competitive effects were measured by
assessing the yield of groundnuts and maize row by row at dif-
ferent distances from the contour strips. The results are presented
in Figure 2.

A significant reduction in groundnut yield {285% and 22.3%)
could be observed in the first row, i.e. at a distance of 30 cm, on
each side of the contour strips. A significant reduction in maize
yield could be recorded only in the case of stalks: 32.8% lower
stalk production in the first row at the upper edge of the field. No
differences were found in maize grain yield.

in comparison with the original grasslines, the macro-
contourlines require more space but compete less  with
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Groundnuts?:

..... unshelled groundnuts
e trial mean
+308
,"'-_'*--__\\
e \\ -
u} ,"* Sy - Tl A\‘\ a’A‘
. A it ‘\' ” Y
L - \‘
LI LA -25.7%
L T
T2 3 4 5 6 71718 19 20 21 22 Z23rw
Maize?: R
+308 DIFFERENCE

FRCM MEAN:

+ not significant

o ,/\\,_ e

~30% o ——— maize staiks

_.3 288 e maize grain

trial mean

1 2 3 4-10 11 12 B s

Figure 2: E'ffect of macrocontourlines on neighbouring crops’:
yield relative to trial mean (%)

! Fertilization: preceding green manure crop (Crotalaria ochroleuca) + 10 t/ha
. farmyard manure.
Groundnuts planted 15 cm apart within rows and 30 cm betwe H i
en rows; average vield
3.97 jl/'ha fresh unshelled groundnuts; least significant difference (5 %) = 25.2"% 7
. R:Aoefﬁclent of variation = 25.3%. ]
aize planted 30 om apart within rows and 60 cm between rows; average grain i
_ i ; ield
7.89 j{/.ha, moisture content 20%; least significant difference (5%) = 2?.2g%g Y
coefficient of variation 31.4%. '
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neighbouring crops. This can be explained by the fact that the
competitive Guatemala grass is enclosed by Grevillea robusta
and leucaena leucocephala, which root deeply rather than
laterally and are thus less competitive. '

The findings suggest that combining fodder shrubs, grasses and
agroforestry trees in the pattern shrubs/grasses/shrubs/trees may
be a solution to reduce the negative effects of contour strips. To
be on the safe side, the border effect of macrocontourlines 2 m
wide and 8 m apart is calculated to require another 0.5 m width.
Thus, in effect, the contour strips occupy 25% of the arable land.
The calculations in Section 54 take this reduction in area into

account.

5.3 Productivity of macrocontourlines

In order to compare the physical and economic performance of
fields with contour strips and those without, i.e. where field
crops are planted in the area otherwise occupied by the strips, it
was first necessary to determine the yield potential of species
most suitable for the contour strips, to measure the biomass pro-
duction of the species mixtures, and to design productive
contour strips. In Table 7, yields of the most promising species are
given. They can be attained in the second year after
establishment in the case of grasses and creeping legumes, in the
third year in the case of fodder shrubs, and after 8-9 years in the
case of trees. The data for trees given in Table 7 represent the first
yields only 5 years after establishment.

For detailed assessement of the macrocontourline production po-
tentials, the fodder values of the perennials mentioned in Table 7
were analysed. Table 8 shows the assumptions which were made
in order to calculate potential milk yields resulting from the
consumption of different fodder plants as shown in Table 9. With
the exception of Canna edulis, all fodder plants analysed were
characterized by low energy content (average 6.9 M)/kg) and high
protein content {average 179% crude protein). As a result,
achievable milk yields per TLU are low (average 0.7 kg/TLU), as
the possible dry matter intake is insufficient. The energy content
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Table 7: Average yvields of different perennials constituting
the macrocontourlines

amontana -

1 DM = dry matier; measuring period 3 years, 4 cuts/yr; from 2™ year onwards 12 m*/ha
biogas sturry was applied to all macrocontourlines. Yield of contour strip component with
width of ca. 0.6 m calculated on per hectare basis. | 1

? Firewood and fodder vields from 1 cut one year after establishment.

3Yields from 5-year-old trees; calculation based on following assumptions: 240 trees/ha,
S-year rotation, 48 trees harvested each year.
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Table 8: Energy and protein requirements for the maintenance of
a dairy cow production unit'

perday peryear.
" metabolizable .. . crude . . metabolizable crude
energy - protein energy ~ protein
. My @ M
ilactatingcow . 449 341 13649 . 104
350 kg bodyweight : : : : R
305dayslactation. - - _ AR
{nonlactatingcow? |~ -=~ B85 -~ 642 S 7312 98
350 kg bodyweight -~ . o e .
tobefed 125days - -
305 days lactation. : L R
0.26 growingheifer® -~~~ 83 1183029 . 41
200 kg bodyweight . T e e
0.2kgdailygain-. » - -
" deduction for non- . _ B
lactating crossbreds™: - S _
" —10%energy:. S o601 TR 9307
—15%protein: ool s 642 o 117
: 1-§'rowi'ﬁg\'rea|ca1f4' S 188 . 1870 0 5652 57
3i0 12 month -1 ' 3 Y T RTRPE
average weight 75kg- -
0.3kgdailygain: - - i RIESER _
Fotal 0 138 . 1170 28653 278
D'aiiy'r'equire'ment' : 2 - P 785 0.76

1 Galculations refer to NAS (1978) o
2125 days on account of 14-month intercalving period; results in 16.6% reduction in annual

lactation yield

® Refer to L. C. KearL (1982). '
4 Fad on roughage and 0.5 kg milk/day from 3% month onwards; 210 kg milk must therefore

be deducted from the lactation yield
— daily dry matter consumption amounts 1o 12.26 kg
— 1 dalry cow production unit consists of 1.9 TLU (1 TLU =250 k)

of some fodder plants did not even exceed maintenance require-
ments {energy content less than 64 MJ/kg). It is therefore of great
importance to include energy—rich plants such as edible canna
or sugarcane in the macrocontourlines.

More important, however, was the question as (© which combi-
nation of species would be optimal to achieve the multiple

9%

S

T %

Table 9: Yield potential of fodder plants along contourlines in the
West Usambara Mountains

Botanical n ME/kg DMiha ~ ME/ha xP/ha milk TLY
name DM Xa- Xd.... Xd {kg)  fed.
: MJ) . {t/ha)  (MI/ha) - (kg/ha) AR
Fodder shrubs: T y S
‘leucaena - - 30 62 43 . 730 32  nil © 10
leucocephata - - ol L T e i gy
Calliandra’ 4 54 164  24256° 71086 nil . 69
calfothyrsus:... - L L T (0UB):
LRI L <14
Creeping legumes: TR S _ - :
Desmodium 4 7.0 39 747 19 258 . 18
uncinatum o SR R (1§
Desmodium © 747 70707 567 10730 28700 0800 24
intortum o R SO {0.2)
- Macroptiium. . 1 59 16 .. 259. 07 .. nibos il
atropurplreum RS A e BRI :
Glycine: 10740 .18 . 355 09 200 7 07
Cowightii e T BT g
'_'Gras-ses:f R R O R T . ":.i
Tripsacum 107 7.80 185003954 54 101 7.9
el e L <20 <16
“Pennisetum . 3 81 144 . 3211 . 49. 80 .61
- purpureum S ey o)
T R '. . PR <1.6>_'_<1_.2>
Pennisetum . 1 75 . 203 3837 57 . 88 . 86
. purpureum X S e ey e
SlPaamericanumr LT T e T T
Cannaedulis . 2 94 74 1853 17 84 24
{opsand . - Sl 0y
“tubars). - - S LT <05

Refer to Table 8.

nil Er:grgy content of fodder <6.4 MJ/kg DM means that all energy is needed to mest
maintenance requirements,

Milk yield just enough to feed a calf (kg/year).

+'{} Yield/ha when planted along contourlines 8 m apart with contourline width of 0.6 m.
- <> Yield/ha when planted alorg contourlines 8 m apart with contourline width of 2.0 m.
: TLU TFropicat Livestock Unit (250 kg).

“'n Number of samples analysed.

- ME Metabolizable energy (MJ/ha and year; MJ/ha and day).

xP  Crude protein (kg/ha and day).
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functions described in Section 3.3. Suitable combinations for the
4 main agroclimatic sites are presented in Table 10.

Establishment of seedlings, biomass production and regeneration
after cutting were the main selection criteria. Calliandra e.md
Bana grass proved particularly successful at the warmer sites
despite the lower rainfall (Ubiri and Mbwei), whereas Leucaena
grew better with higher rainfall (Lushoto). Nevertheless,'as not
only the agroclimatic suitability but also the forage quality was
an important selection criterion, Leucaena leucocephala was
judged to be superior in macrocontourline mixtures: aithough it
was outyielded by Calliandra callothyrsus with respect to dry
matter productivity, its higher energy content results in higher
milk yields (cf. the two mixtures at Mbwei in Table 10}.

Table 10: Yields of fodder plé;mt combinations in macrocontourlines

Site Lushote Ubii = Nywelo Mbwei Mbwei
Fodder . Leucaena - Calfandra Canna = Calffiandra  Leucaena
plant - - leucoc/ ~ callothyr/  edulis/* - callothyr/ leucoc.t-.

combination .. Glycine Desmodium  Desmodium Desmodium Dest'nacﬁum
: © . wightii/. . uncinatum/ intortum - uncinatum/ uncinatum/

: T.laxum -~ Napiergrass T.laxum Banagrass  Banagrass
Drymatter -~ 104 . 88 ~ 145 153 . 90
yield 0 T
{t/ha/year) BT I TR PRI IE e
Metabolizable .~ 7.0~ 7.0 84 : 65 o 7.1
energy- - i ) Lol TP R LTI s
(MJ7kg DM I e
Protein/- .19 24 1128 22
Cenergy ratio® T e
'Ex'pected :__ ey 18 o 11.3_ _ nilm. 2.5
milk yield: - o AR ST TIE P
A/halday)t e
Fuelwood =~ -~ 132~ 128 .. - 128 128"
{t/ha/yn. .~ S R T T e e

i

1 Yield per hectare extrapolated from width of contourline of 2 m.
2 ppetabolizable energy in megajoule/kg dry matter.

3o, crude protein/MJ metabolizable energy per kg dry matter.

4 Refer to Tables 8 and 8.
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Napier grass could not be recommended for Nywelo; although it
grew well, it led to multiplication of the stemporer in an area
where maize is the most important crop. With regard to the
creeping legumes, almost all of them had to be discarded be-
cause of difficulties in establishing them. Only Desmodium unci-
natum grew well and brought high vields.

All fodder combinations have sufficient protein, as the minimum
protein/energy ratio of 1 considered to be necessary for normal
rumen activity (LANTSCH 1984} is exceeded in all combinations.

5.4 Comparison of different cropping systems -

In comparing the yields of crops between contour strips and in
fields without contour strips, two different types of cropping
systems are involved in which several other factors besides the
contour strips also differ. The contour strips not only reduce the
cropping area by 18% (grasslines) or 25% (macrocontourlines).
They also have beneficial and competitive effects on the field
crops, and they provide animal feed which permits the pro-
duction of milk, meat and manure. The manure can be used to
fertilize the fields. The fodder yields of the grasslines and macro-
contourlines are sufficient to feed 0.3 and 1.0 TLU, respectively,
and thus to supply ca 5 t and 10 t farmyard manure per hectare
and year.

A comparison of the physical outputs of traditional cropping
without contour strips (System A) and cropping systems with
grasslines {System B) and macrocontourlines {System C) is pre-
sented in Table 11. The comparison is not based on a field trial
under controlled conditions but rather on many single yield
measurements from various trial fields with contour strips and in
adjacent farmers’ fields without them.

Primarily as a result of the farmyard manure which could be
applied to maize in the main cropping season, yields could be
increased by 64% in System B and 87% in System C. The higher
maize yields despite a 25% reduction in cropping area are quite
impressive, and are due not only to the regular application of
manure but also to better utilization of rainfall: surface runoff is
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Table 11: Comparison of yields of different cropping systems

“Croppingsystem

0 Malze (dt/ ha/yr)
;ff:Beans (dt/hasyn?
- Milk{/hasyn®
Bullcalf (kg mea’t/yr)
- 10-yr-old cow (kg meat/yr)
 Fuelwood (m¥/hayn -

1 Single row of Guatemala grass along contour lines, requiring 18% of arable land;
5 t/ha/yr farmyard manure applied to maize.

2 Strips of grass, creeping legume, shrubs and irees along contour lines, requiring 25 % of
arable land; 10 t/ha/yr farmyard manure appiied 1o maize.

3 Average yields measured on trial fields and nearby farmers' fields.
4 Average milk yields based on all macrocontouriines tested.

reduced by the contour strips to the benefit also of the field crops
between them. However, the fertilizer effect does not appear to
last through to the following short rains: bean yield reductions of
18% and 25%, corresponding to the reduction in cropping area
due to the contour strips, had to be accepted.

With regard to milk production, an average farm in the West
Usambara Mountains with 2.5 ha land can produce 24 [ milk per
day (range 0.8 — 5.6 |/day) with macrocontourlines covering ca
20% of the farm area.

With regard to fuelwood supply, the shrubs and trees in the
macrocontourlines provide an average of 2.8 m? firewood per
hectare. Thus, an average farm in the West Usambara Mountains
can produce 7 m*firewood from the macrocontourlines. This cor-
responds to 95% of the annual fuel needs of the average farm
family (GEISSEN 1984). The production of fuelwood and timber in
macrocontourlines would provide a feasible alternative to
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collecting wood from forest areas, which are presently di-
minishing, and would thus help considerably in reducing envi-
ronmental deterioration.

in Tables 12 and 13, gross margins have been calculated for the
different cropping systems. With respect to productivity of land
(Table 12) it can be seen that gross margin per hectare in Systems
B and C is 59% and 74% higher than in the system without
contour strips. The greatest contribution to this increase is made
by milk production, and the main input needed for this is addi-
tional labour. Labour inputs in Systems B and C are 35% and
34% higher than in System A and are required mainly for the

Table 12: Productivity of land for different cropping systems
{gross margin in Tanzanian shillings/ha/yr)
Groppingsystem - it R o TR B
C e Farmers'fields'. Fieldswith' . Fields®

- without grasslmes with macro-

contourstnps contourllnes

Monetary'outp'ut:' FEen el S
Maize 11000. _ 18204 20757

! Beans Lo 11390 '_-..-9350____-_ 8500
DMK e766 7116
' Meatofbulicalf L TB0 1750
”Meatoﬁo-yr-oldcow S gaB 805
o Fue[wood s T <1<
* Subtotal - LSl 22300 00035895 039117

;'Varlablecosts ; o

' Seedformatzeandbeans RS U R
" manure application, vet. e e
drugs mlneralsand sprays _ 2000: 1. 3460 _3_649

| Grossmargm- i R
Absolute (Tsh/ha/yr) 20390 . 32135 .. .35468

Assumptions: average prices in Lushoto District 198187 (computed from Hanper 1986)
maize 11.1 Tsh/kg, beans 17.0 Tsh/kg, milk 20.0 Tsh/kg, bull calf meat 5000 Tsh/animal,
cow meat 8250 Tsh/animal, fuelwood 70 Tsh/m?; calving interval 17 months.
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livestock sector. As the labour needed for the dairy component is
distributed equally over the year, it does not increase work loads
greatly during labour-intensive periods. Furthermore, it must be
noted that the alternative to stallkeeping - free grazing of
livestock — also requires labour. A labour study carried out by
DUNKEL (1987) showed that only free--grazing herds of more
than 6 TLU require less labour/TLU than stallfed animals under
the overpopulated conditions of the West Usambara Mountains
with only 15% grazing land. As rich farmers — for sociological
and risk minimization reasons — distribute their cattle to poorer
relatives or friends, herds are not usually so large.

In terms of labour productivity (Table 13), Systems B and C are
superior to System A by 19% and 31%, despite the higher labour
requirements. They bring a daily wage of Tsh 127 and Tsh 140 in
comparison with only Tsh 107 in System A.

Table 13: Labour inputs (man-days/ha/yr) and productivity of labour
(gross margin in Tsh/man-day)

Cropping system . A B

. PERE " Farmers'fields Fieldswith'  Fields’
without. . grasslines .~ withmacro-
contourstrips ...+ contourlines

- Labourinputsfor: L o . R

Field crops (maize + beans) 190 " .- 176 - 154,
Contourlines (planting; - = =T
_ maintenance, cutting) .~ .. = T T Q. 15
o Livestock ool e = T B

.thal'iaboﬁif_ii_’lp'u_té:- ' o o .
Absolute (man-days/ha), ~ = = 190 ‘266 " 254
= Relative(%)':_ R 100 135 S 134
~ Absolute(Tsh/man-day) = -~ 107 1270001400
Relative(%) =~~~ =~ 100 = 118 o 181

Sources: Harper 1086, Lupwia 1967, and own calculations.
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Figure 3: Cross section of a macrocontourline as surveyed in the
‘ present study: from left to right, maize plants in the upper
field showing negative alley effect, fodder bush, creeping

legume, fodder grass, tree, maize plants in the lower fieid.

Thus, the improved systems with macrocontourlines (C) offer a
real alternative to cattle grazing for those farm families who own
cattle and presently practise grazing. Not only would their
income be higher, also environmental degradation would be re-
duced. The system with macrocontourlines proves to be the best
in every respect.

6. Prospects

The macrocontourline as a central soil erosion measure delivers
multifarious outputs. Because of its byproducts, it is an economi-
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cally feasible way for the farmers in West Usambara Mountains to
cope with soil erosion and accelerating land degradation. How-
ever, more detailed research is needed into its [ong~term effects,
its management requirements and appropriate designs for dif-
ferent farm situations.

Particularly the multipurpose tree component requires more at-
tention. A basis for further research in this respect has been laid
during the past 3 years, as 24 potential agroforestry trees — most-
Iy indigenous — have been established on trial fields all over the
West Usambara Mountains. They are ready for further evaluation
with regard to their production potential, management require-
ments and interface features.

The macrocontourline, although a central component, is only
one measure to support agricultural intensification. Further at-
tention must still be given to ways of increasing the productivity
of land between the contour strips. Very promising research on
simultaneous green manuring has already been commenced and
needs to be continued within the framework of a detailed farm-
ing systems research programme.
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VI. Multiple cropping with deciduous
fruit trees in the cold tropical
highland of Colombia

Karl M. Miller—Samann

1. Initial situation

The research was conducted in Boyaca Department in the
highland of Colombia. The capital of the Department is Tunja
(5°31'N, 73°22'W), 150 km noith of Bogota. Also outside of the
urban centres, the region given the geographical designation of
Altiplano {highland) Cundiboyacense is relatively densely popu-
lated: 60120 persons/kim’in the rural areas.

The people live primarily from agriculture, which is marked
above all by high altitudes and low temperatures. The study area
includes the municipalities of Tuta, Paipa, Sotaquira, Nuevo Co-
lon and Bovyaca/Boyaca, in which 92% of the agricultural land
lies between the altitudes of 2000 and 3000 m. The mean annual
temperature ranges correspondingly from 12 to 18°C. The mean
annual precipitation of 700-1000 mm is distributed over two
growing seasons (March—july, September—December), per-
mitting year—round cropping. In the months of December,
January and February (rarely in July/August), night frosts occur
and can limit cropping.

On the whole, the soils are rich in humus but — except in the
valleys and some newly cultivated higher areas (Paramos) — only
moderately fertile. This is essentially on account of the low pH—
values {often between 4.2 and 5), which lead to the binding of
phosphate and reduced biological activity, In addition, after only -
a few years of cultivation, most soils tend to harden when dry. Es-
pecially in the plough—pan area, indurations often limit rooting
penetration and water—holding capacity even in soils which are
actually quite deep.
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The dominant form of land use is extensive cattle—keeping by
smallholders, greatly favoured by the spontaneous spread of Ki-
kuyu grass {Pennisetum clandestinum) which now covers 50—~
70% of the agricultural area (ORSTOM 1984). Intensive forms of
dairy husbandry (partly with irrigation) can be found in the
valleys, where night frosts and seasonally high water tables
render cropping difficult.

Most of the fields lie on more or less steeply inclined slopes,
from which the cold air can flow off. Here, cropping has already
resulted in considerable erosion over large areas, and the re-
maining shallow soils are now suitable only for grazing. Table 1
gives an overview of the extent and productivity of dairy farming,
The remaining agricultural area is used for arable cropping and
fruit and vegetable growing, as shown in Table 2.

Table 1: Area of grazing land, stocking rate and milk production {(estimate)

- :NuevoColon;
- Boyaca/Boyaca:.

Source: ORSTOM (1984), adapted.-
Table 2: Percentage of agricultural area under important field,
fruit and vegetable crops

: -Boyacngﬁyaca- : '_
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Evening in the vicinity of Sotaquira. In the landscape characterized by
smallheoldings, fields with mixed crops alternate with extensively managed
natural pastures and fruit gardens near the homesteads.

B : St

Smallholder in his field with maize, potatoes and grain legumes. The integration
of fruit trees into the cropping systems helps stabilize the strongly fluctuating
income from potato growing and gives some protection to the unstable slopes.
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Apart from the facts that the frost—prone valleys are less suited for
cropping, particularly potatoes and maize, and that cereals such
as barley and wheat grow better on the uplands and slopes, the
cultivation of different crops is determined not so much by eco-
logical as by socioeconomic factors. In this regard, farm size
plays an important role. Market—oriented dairy husbandry and
cereal cropping are the domains of the large farmers, whereas po-
tatoes and maize provide subsistence for the smallholders and,
together with vegetables, are also sold. The yields of smallholder
crops are shown in Table 3.

Table 3: Yields of the most important smallholder crops in
Boyaca Department

- Yields{kg/hal

Sources: ' Moreno {1985); OrsTom (1984)
2 Frani (1985), estimates.

The growing of temperate fruits began ca 40 years ago and also
provides cash income for the smallholders, On parcels of 01-0.6
ha, pears, peaches, plums, apples, mirabellas and some tropical
fruits such as curuba are grown, mostly together with undersown
field crops such as potatoes/peas, maize, beans and various vege-
tables.

The importance of smallholdings in Boyaca is clearly shown in
the overview of farm size distribution (Table 4): 80% of all farms
are not larger than 5 ha but cover only 22% of the total agri-
cultural area.
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Table 4: Farm size distribution relative to the total agricultural area
in Boyaca Department {1984)

Saurce: Ceaa{n.d.), quoted in Kevien {1987).

2. The problem and the aims

In the study area, particularly smallholders face serious ecologi-
cal and economic problems. Their incomes are falling as a result
of deteriorating soil fertility and increasing soil erosion, at the
same time as costs of production inputs such as mineral
fertilizers, plant protectants and machines are rising rapidly. This
is illustrated well by developments over the past 10 years in pota-
to—-growing, a characteristic smallholder crop. Potato prices
fluctuate seasonally and cyclically; on account of investment
risks, neither the productivity nor the income from this crop has
risen. To the contrary: corrected for inflation, potato prices have
fallen by about 20% over the last 10 years, while production costs
have risen. This led and is leading to rural impoverishment and
continued outmigration of the rural population to the cities (MO-
RENO & ACOSTA 1987).

Smallholder families constitute not only the largest part of the
population but also the poorest. They are also usually farming in
the poorer locations; their fields are mostly on slopes, ie. are
susceptible to erosion and often have only shallow soils. Never-
theless, many of these farms are intensively worked because land
is scarce, and lack of rotations has led to soil exhaustion and se-
rious erosion. If this successively degrading form of land use
continues for lack of alternatives, the soil fertility decreases even
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more (complete loss of topsoil, disappearance of humus) and
entire slopes can be transformed over the years or decades into
unfertile wasteland grazed by sheep.

From an agronomic viewpoint, biological methods of erosion
control could offer effective remedies. The creation of contour
strips with trees and shrubs, if complemented by improved crop
rotations {undersown legumes in cereals with lupines as subse-
quent crop) and better use of stable manure® and combined with
improved tillage, could almost completely prevent soil losses.
From a farm economic viewpoint, forestry measures are not very
attractive, as the market for wood is satiated by cheap imports
from the lowland. Moreover, the energy needs in the rural house-
holds are covered mainly by coal, which occurs in smali
outcrops of seams throughout the entire region.

In the search for suitable perennial crops, fruit trees offer the best
possibilities. They can already be found in many smallholdings,
where they are grown on small areas with undersown food
crops. This cropping system is considered to be relatively ero-
sion—safe, land—intensive and low-risk. Whereas the under-
sown crops (potatoes, beans, maize, etc.) secure subsistence, the
fruits can be sold and provide cash income. Apples, pears,
peaches and plums command high prices and the domestic mar-
ket — until now supplied almost exclusively from abroad — is far
from satiated. '

it is therefore the aim of a Colombian—German development
project (Caja Popular/GTZ, Tunja, Colombia} to promote
smallholder fruit—growing through seedling production and agri-
cultural extension and credit. The associated research pro-
gramme has the task of investigating the efficiency of existing pro-
duction techniques and developing them further. The first phase
was devoted to identifying the important agronomic interactions
between fruit trees and field crops, and measuring the effects of
these interactions on yield, yield security and farm income.
Particular attention was given to possible competition in the use

Y Stabling is practised on a significant scale only in the case of pigs.
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of light, water and nutrients, as well as the positive effects be-
tween the individual components (e.g. through improved mi-
croclimate).

3. Methods

These questions were investigated mainly on small farms.
Suitable experimental areas were selected in existing pear and
peach plantations and directly adjacent open fields, and simply
designed trials were laid out. For comparisons of efficiency, pear
and peach plantations were selected in which the trees were 30
and 20 years old, respectively. As is ofien the case in trials with
perennial crops, complete randomization was not feasible. A
danger in non—randomized trials is that factor effects are con-
founded by soil differences. In order to avoid this systematic er-
ror, soil analyses and vield measurements were made over the

' Compound fertilizer 17-6-18-2 and triple superphosphate.
2 Compound fertilizer 10-30-10.
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Table 6: Design of Trial Il

Fielderop: p
 Fertilizer':

11 t Thomas phosphate, 1 t compound fertilizer 13-26-8 supplemented with 140 kg K,0
as K;50, and 100 kg P05 as triple superphosphate, P fertilizer as customary inthe area,
N fertilizer reduced, K,O improved.

entire frial plot and on its edges beyond the trees, and soil gra-
dients were recorded. In this way, replication and factor effects
could be separated. The data were subjected to analyses of vari-
ance and regression.

In the following, the results of Trials | {1986 and 1986/87) and 1ll
(1986/87) are discussed. It must be noted that the data are derived
from only the first 18 months of investigations. The present results
can therefore be regarded as only preliminary and must still be
supplemented by data from at least one more growing period.
The design of the trials is described in Tables 5 and 6.

Figure 1: Cross-section of a tree alley planted to maize at time of
ripening (November/December)
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Both trials were located on the farm “Nueva Debrezin” in Sota-
quira Municipality. The plots are on a hillside with 5-10% slope.
Pear trees are planted with 3 m spacing in rows along contour
lines 6.7 m apart. The trees are about 30—40 years old (trunk cir-
cumference 50—60 cm, crown 4-5 m, height 5—-6 m, 3—4 main
branches, half standard}, so that a fully developed cropping
system can be assumed in the comparison of variants (see also
Tables 10—12). Depending on the interrow spacing of the under-
sown crop, strips of ca 14 m are left open for the tree rows. The
area under trees which is not used for cropping thus amounts to
22% of the total field area. Therefore, in the case of all crops un-
der trees, 22% of the calculated yield/ha is subtracted, as the
sown area is actually only 78% of the total field.

4. Results

4.1 Plant ecological aspects

Erosion control. As the trial plots were on slopes and the trees
planted along contours, an attempt could be made to investigate
the question of erosion control. On all fields with rows of pear
trees, a distinct soil gradient was evident: removal of sediment
from the upper part and accumulation of sediment in the lower
part of the cropping strip. This is clearly reflected in the vyield
data {see Table 7). The differences are considerable, above all in

Table 7: Influence of position on terrace and soil quality on undersown crops

T Not determined.
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the case of the dry—season crop barley: its yields were 78% high-
er in the lower than the upper part of the terraces. In contrast, the
differences in maize were smaller, presumably on account of its
greater root penetration and the better water supply during the
growing period.

The east/northeast to west/southwest arrangement of the trees
rows also resulted in somewhat greater partial shading in the
lower than the upper part of the terraces.

Yields, With respect to the efficiency of intercropping, three
questions were of primary importance:

@ To what extent do the trees influence the yields of the under-
sown crops?

® s the yield reduction on account of loss of land (22% for
the rows of trees) aggravated by competitive effects (nu-
trients, water, light), or can it be offset by more favourable
growth conditions in the mixed stand?

® How do the pear trees react to the presence of an under-
sown crop?

The influence of the trees on crop vields is shown in Table 8.
With the exception of maize, yields were reduced by 7-38% un-

Table 8: Influence of pear trees on the yield of undersown food crops

" Relative

(without trees=100)-

1Yields per hectare relative to total ares, i.e. vield per hectare harvested minus 22% loss
of land for the rows of trees. -

2 Trees fully foliated.

8 Trees predominantly ieafless during the growing seasan,

i16

Growing maize and field beans in a fruit tree stand: once the plants have
emerged, the pear trees have dropped most of their leaves and thus permit good
development of the understorey crops (experimental field, 20 May 1987).

s iy : gl £ o ol T p

Growing barley in an only slightly shaded pear tree stand near Sotaquira in late
May. As the cereal competes relatively strongly with the trees, this form of
cropping is not very common and is also not recommended.
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der trees. If 22% is subtracted from this to account for the re--

duction in planted area, the resulting vield differences relative to
the actual area planted with field crops are +15% in the case of
oats and -16% in the case of potatoes”, i.e. the growth
conditions and, thus, the yields under the pear trees were partly
better, partly worse than in the open field.

Numerous factors influence the vield. The trees alter the mi-
croclimate: the reduction in air circulation and light intensity af-
fects temperatures, temperature fluctuations and relative air hu-
midity in the stand (e.g. light freezing of maize and beans
occurred only in the open field). This, in turn, directly affects the
yield physiology of the undersown crops and, in the long run
(both directly and indirectly), also soil characteristics, particularly
humus balance (cf. JAGNOW 1967).

A further complex of factors comprises the reciprocal effects of
the root systems of the perennial crop (trees) and the annual
crops. The multitude of possible additive, complementary and
opposing effects in this connection have been investigated in
only relatively few analytical trials. This makes the comparison
“Arable farming with and without trees” more difficult. The
measurements of light intensity, evapotranspiration, soil moisture
and fertilizer levels provide only an initial basis for such a
discussion and can be satisfactorily interpreted only after com-
pletion of the trials.

Water. balance. The fertilizer effects suggest that the yield dif-
ferences in the first growing season are due largely to water bal-
ance. As shown in Table 9, fertilizer application increased yields
under trees but led to some distinct yield depressions in the open
field. It appears that insufficient water was available to transform
the luxuriant vegetative growth of the plants into grain yield. The
factors which led to a much better water supply to crops under
trees could not yet be adequately investigated. However, initial
microclimatic measurements gave some indications: the values of
potential evaporation {measured with Piche evaporimeters under

¥ Potataes and oats were sown when the trees were fully foliated. Maize and beans were
shaded only slightly during the main growing season, as the pear trees were dormant
from late May to late Septernber and had shed their leaves.
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Table9; Effect of different fertilizer rates on the yield of food crops
grown inthe open field and under trees {values relative to Dg 100)

the trees) in the mixed stand were 22% lower than in the open
field. This suggests a lower water consumption per unit of bio-
mass produced. In addition, in the 30-year—old pear tree
plantations, the soil humus content and, thus, the infiltration rate
and field capacity may be higher, creating the prerequisites for a
better water supply. However, these are only assumptions at this
point, as the relevant soil analyses have not yet been completed.
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Figure 2: Monthly rainfall {1986/87) and development stages of the
pear trees and the maize and bean plants
{2700 m elevation)
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Light balance. In the field trials described here and in a trial with
field beans under controlled conditions, the question of possible

shading effects was examined in detail. Effects on yield—-deter--

mining factors such as pod formation and grains per pod could
be recorded only when the tree crowns intercepted more than
30-35% of the light (as a mean over the day). The deciduous
trees surpassed this value only rarely; the amount of light
reaching the ground was usually higher. In the long rainy sea-
son (March—July) the amount of light was more than sufficient;
on account of leaf shedding in May, a maximum of ca 20% of the
available light was intercepted. Only the branches of the trees
and a few remaining leaves threw a light shadow. In October
when new leaves began to sprout, shading became greater again.
The results achieved with field beans under local conditions
(high radiation intensity in the tropical highland) suggest that the
crops grown in the alleys between the trees at this time of year
suffer no or only very little negative shading effects.

The situation differs in the short rainy season. In October—
January only about 60% of the light penetrates into the alleys and
negative effects on the yields of the undersown potatoes can be
assumed. In the alleys between the pear trees, not only are the
potato vields particularly low (-32%); maturation is also de-
layed. The number of still green shoots 6 weeks before harvest
was 62% higher under trees than in the open field. Grading was
altered under the trees in favour of large tubers (¢ 45 cm diame-

ter).

Nutrient balance. The application of different levels of fertilizer
was intended primarily to explain the influence of the tree storey
on nutrient supply to the understorey crops. The above-
mentioned strong interaction between water balance and

fertilizer recorded in the total plot evaluation may conceal other-

relations. As the yields of oats were recorded row for row, state-
ments can be made about the border areas between tree rows
and undersown crops. Statistically confirmed reductions in yield

could be found only in the outermost rows of the upper terrace.

edge and only with the fertilizer levels Do and D1, whereas no

differences were evident on the edge of variant D2. This suggests
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Table 10: Crop vields {(kg/year) of three different cropping systems

- 'Crop rotation over 2 years: beans (April-August), potatoes (September—February),

primarily-a competition for nutrients in the fertilizer levels Doand
D, but the question cannot yet be definitively answered. Relative
to the total area and its yield, however, the border effects were in-
significant.

Summary. In most cases, the yields of field crops under trees
were reduced (7-32%) in comparison with yields in the open
field. This is due primarily to the reduction in crop area. Insuffi-
cient light led to lower yields only in the case of potatoes, which
were grown while the trees were in full foliage. Competition for
nutrients between trees and field crops was evident only at the
upper edges of the terraces and was negligible relative to total
yield. Large differences were evident in water supply but other
than expected. Both water utilization and water supply appeared

 to be better under the pear trees and enhanced yields. The arable

crops scarcely competed with the trees for water, as they were no
longer in the field at the time when the water requirements of the
frees were greatest.

4.2. Economic comparison of cropping systems

On the basis of the agronomic results, different cropping systems
were defined and evaluated in monetary terms:

maize {April-January).

2 Fertilizer level Dy.
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| Arable cropping {rotation over 2 years: beans, potatoes,
maize)

Il Pear trees with grass—clover as ground cover, regularly
mulched

Il Pear trees with undersown arable crops as in System I.

ws the crop yields of the three systems b_ased on_the :
g?géeog?;: c;f area plar?tgd and the Yield? recorded in the trials.
The pear yields derived from these trials lie fgr below the avere;}ge _
values shown in Table 4. This can be expl‘ame.d by the fact t ?t
the trees had not been pruned, as pruning is not commonly
practised by smallholders. Considerable additional potential lies

in raising the fruit yields.

In the monetary assessment, 1987 prices and costs accordin‘g t
ICA (1987) are applied to the three cropping systems defined

Table 11: Land productivity (gross margin in pesos/ha/year) of three
different cropping systems

Source: ICA (1987) and own calculations.
1 Crap rotation over 2 years: beans (April—August), potatoes (September—February),

maize {April-—January). .
2 Land equivalent ratio.
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above and the measured values. As the smallholder is concerned
less with maximizing profits than with the question of how to
raise output per unit of limited land area and this as far as pos-
sible with the same or even higher productivity of labour, gross
margins were calculated per units of land and labour. The results
are summarized in Tables 11 and 12, in which the land productivi-
ty (output per unit of area) of the three systems is compared.” -

As the figures reveal, the seemingly extensive fruit—-growing
system (I} is 34% more productive and intercropping (1) is 73%
more productive than the arable farming system (I). The LER of

the intercropping system is 1.39, which represents a considerable
increase in land productivity.

Table 12; Labour inputs and

productivity of labour of three different
cropping systems

urce: ICA (1987) and own calculations,

TOp Totation over 2 years: beans {April-August), potatoes (September—February),
1aize (April-danuary).
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Consideration of the individual yield components reveals that the
pear yields in sole and mixed stands were almost identical®,
whereas the vields of the field crops were reduced in mixed
stands, primarily because less area was available for cropping un-
der the trees. The high contribution of the pears to the total gross
margin means that, with increasing intensification of the fruit—
growing component, the LER value falls, i.e. arable cropping un-
der pear trees becomes less profitable. Under these conditions,
the value of the intercropping system can be seen above all in the
possibility of securing subsistence via arable cropping and si-
multaneously gaining cash income via pear production. This
combination of subsistence and cash cropping with high land
productivity on very small areas is attractive for the smallholder,
particularly because production risks are kept low. From the
viewpoint of profitability, intercropping is especially interesting
for farms which, because of scarce capital, must do without ex-
ternal production inputs such as mineral fertilizers and plant pro-
tectants.

Another positive aspect of the intercropping system is that the un-
dersown crops guarantee that maintenance work is carried out in
the tree stands. If arable cropping is not done, cultivating the soil
between the trees is often neglected — also against better judge-
ment — and the result is commonly the invasion of weeds and Ki-
kuyu grass.

The results with respect to labour economics follow the same
lines as the income comparison. The labour inputs in systems |
and 1l are almost the same (113 and 118 working days/ha, re-
spectively), whereas system Ill requires 150 working days/ ha, or
32% more than the arable cropping system. In terms of labour
productivity, systems Il and [l are superior to system | by 28%
and 31%, respectively, and bring a daily wage of 1946 instead of
1516 pesos/working day.

# This was the case during the period of ohservation but could change with time, as the
trees’ reaction to certain cultivation measures may be delayed. When the trial began,
both the plot with only trees and the intercropped plot had been cropped extensively
with maize and beans. :
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5. Future tasks

Now that the greater efficiency of the intercropping system with
deciduous trees could be proved in the first phase of research,
the next phase should be devoted to improving and intensifying
this system with the aim of further developing the content of agri-
cultural extension. This research would comprise:

® further investigations of labour economics (particularly la-
bour peaks, labour divisibility),

@ further measurements of the erosion control effects of differ-
ent crops and cultivation techniques within the intercrop-
ping system,

® improvement of management with respect to partial
mechanization and plant protection,

® determining optimal plant population densities and optimal
arrangement of crop components, and

® development of improved fruit/forage combinations.

These investigations require more applied methods than the first
phase of research, and should involve the active participation of
fruit growers. As complementary research, some of the current
on—farm trials should be continued, particularly those involving
fruit tree pruning and establishment of new fruit tree gardens
with different companion crops.
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VII. Low—-cost soil and water
conservation measures for
smallholders in the Sudano—
Sahelian zone of Burkina Faso
Helmut Eger®

1. Introduction

Since the 1950s, significant changes have occurred in the Su-
dano—Sahelian environment of West Africa. Especially the long
drought caused degradation of vegetation and soils and an in-
crease of runoff and soil erosion, which led to a lowering of the
groundwater table and to microclimatic changes (RFI 1983,
MARCHAL 1983, ALBERGEL et al 1984, BROEKHUYSE 1985, ROOSE
1986).

The drought, together with a high population pressure and pro-
found socioeconomic changes, also caused severe environmental
problems in the major part of the study region, the Central Pla-
teau of Burkina Faso (MARCHAL 1983, ROOSE & PIOT 1984).
Consequently, sheet and gully erosion on the glacis and silting
up of the lower—lying areas occurred.

Already between 1962 and 1965, the Water and Forestry Branch
of Yatenga Province in cooperation with the European Group of
Soil Restoration (GERES) attempted to overcome this land degra-
dation process with a rather technocratic top—down approach
which turned out to be a complete failure (KOTSCH! et al. 1986)

Other organisations and approaches followed in the endeavour
to combat the degradation of this fragile environment (PAE 1985,
MINOZA et al 1986). Within this framework, an on—farm research

" in coaperation with M. Graf, 5. Groten, 7. Kost, K.H. Schmitt and G. Winckier
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