P o-AAZ - T3

S
— [N

ILCA BULLETIN

No. 29 - December 1987

) /ﬂ]/hr; ul iﬂK[y,Nw,m” W m“\ \\\\“\\\

e ‘\w» _.n’\H e . = /////////"’,”) »ﬂhlmu” R

% '}////

T , -~ 55 Wit m‘”ﬂ{@m'
; [ . rl/llll“’ e “ ‘ ! " I RN PR P -
.:_1‘ (\ ‘ L " sy i: . f'i I‘ ’- RSO Rﬂwr\w 7 ,_’;,. ‘l !(Z\(FE‘E}“ &
A% 1 ECARLEM 0 . e ’ 2
Ef}g‘iv’/ LSO N 2 \—~‘ | ’W*’\Wﬁdw ;

i \:-':f‘,*‘\i‘« [y e “"

- canibe
o
£ y oty s : ‘
SRS G Ny
K4 ’ A 4.~.,‘%¢
ACESEINY ‘

‘. ul.‘//(‘// e

AT lllhl y2
"'( ,,, /r:& P

N ¥z
LA Jtmw

p
g
A_\\ '

; R ‘\l “
NCH P, ?’\i"‘{‘\k\\

2 i nl l,t

2 ‘{ L W
M i
hu, Tl
‘,‘, L

(B 7 3N

J ¥

N

g
¥

“
~

Econormnics of buliock traction use in northern Ghana
Nematode faecal egg cycles in Ethiopian sheep

Crop response to phosphate rocks in eastern Africa
Agroforestry in African crop—livestock farming systems

international Livestock entie for Africa, P.O.Box 5689, Addis Ababa, Ethiopia




ILCA BULLETIN
No. 29 — Decemider 1987

CONTENTS

Preface ... 1

The use of bullock traction
technology for crop cultivation
in northern Ghana: An empirical
economic analysis
Anthiony Panin ... 2

Seasonal changes in nematode

faccal egp counts of sheep

in Ethiopia
Tekely. Bekele, E Mukasa-
Mugerwa and R G Scholteits .......... 9

Literature review and economic
analysis of crop response
to phasphate rocks
in castern Africa
Edjigayehu Seyoun and
JMclntire . 12

Application of agroferestry
to African crop-ivestock
farming systems

John CTothill ...........ccoccvvcvi. 20
Abbreviations ...
Authors’ style guiGe ... 25

The ILCA Bulletin is a quarterly publication
of the International Livestock Centre for
Africa. Contributions to the Bulletin are
invited from livestock researchers in Africa
whose work is related to that of ILCA.

The ILCA Bulletin is distributed to more
than 3000 rescarchers, policy makers, donors
and extension ageats throughout sub-Saharan
Africa and elsewhere in the world.

ILCA is one of 13 international centres
for agricultural rescarch whose work is
funded by the Consultative Group on
International Agricultural Rescarch
(CGIAR). The 13 centres have been
established by the CGIAR to provide
long-term support for agricultural
development in the Third World.

ISSN 0255-0008

PREFACE

During the past few months ILCA has been the venue of several important meetings: in
July, the leaders of livestock research and development in Africa met to discuss the
Centre’s Strategy and Long-term Plan, and in the following 2 months ILCA’s scientists met
with African and overscas livestock experts to plan the work of each rescarch thrust out-
lined in the document.

ILCA now stands at the threshold of new developments which are unlikely to bypass
the Publications Division. Despite our creditable record in the ficld of information dissemi-
nation, ILCA must refine its reporting and distributian strategy to ensure a greater impact
on livestock research and development on the continent. This may involve changes which
will take seme time to effect; meanwhile, two comparatively minor changes of a different
kind have been introduced to which we would like to draw your attention.

Like mauy other agricultural journals, we have decided to adhere to the ST (Le Sys-
teme Internationai d'Unicés) set of units when specitying physical quantitics. This will help
to achicve greater consistency in measurements and to minimise the risk of numerical
crrors. Exampies of SI units most commonly used in agricultural science are given in the
“Authors’ style guide™ at the back of this issuc. A clear explanation of SI units is offered
by Prof. J. L.. Monteith in a 1984 invited article in Experimieitel Agriculture (20:105-117).
More detailed information on the use of SUis available in SI - The International System of
Units*, which is an approved translation of the revised cditicn of BIPM’s ‘Le Systéme Inter-
national d’Unités'™*.

The second modification concerns styling of journal and conference titles: since the
usc of abbreviations may be an obstacle to tracking down references, all such titles will now
be spelied in full,

Inca Alipui

Editor, 11.CA Bulletin
Publications Division
ILCA, P.O.Box 5689
Addis Ababa, Ethiopia

® Goldman D T and Bell R ! (eds) 1982, 81 - The Internanonal System of Units. National Physical Laboratory
(Department of Industry) and Her Majesty's Stationary Office, UK.

** BIPM (Burcau International des Poids et Mesures). 1981, Le Systéme International d'Unités (SI}, Revised
edition. OFFILIB, Paris.
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The use of bullock traction technology
for crop cultivation in northern Ghana:
An empirical economic analysis

ANTHONY PANIN*
Livestock Economics Division

ILCA, P.O.Box 5689, Addis Ababa, Ethiopia

SUMMARY

HE ECONOMIC impact of bullock

traction technology (BTT) on the furm-
ing systems in northern Ghana is assessed.
Crop production data were collected in
three villages during the 1982183 cropping
season from 12 hoe-using and 30 bullock-
using households. Comparative analysis of
the hoe and the BTT farming systems indi-
cates that BTT is technically and economi-
cally superior to hand-hoe technology, and
that it offers a solution to the low agricul-
tural productivity in the region. Households
using BTT realised higher crop production
and higher income compared to those using
hand-hoe technology.

INTRODUCTION

Northern Ghana s in the semi-arid zone of
West Africa, and has one rainy scason
which normaliy begins in May and ends in
September. It is dominated by small-
holders who depend almost exclusively on
the traditional hand-hoc technology for
crop production, the maujority of which is
uscd for subsistence.

The unimodal rainy scason, combined
with the predominant hand-hoe technol-
ogy, is a major problem for smalltholder
crop production in the region. Even
though labour is abundant, availability
during the short growing peried is a critical
constraint. Scasenal labour shortages are
one of the main factors which contribute to
low productivity, the primary agriculiural
probiem in the area (NORRIP, [922).

* Dr. Panin is currently a post-doctoral associate at ILCA. This p

To increase the production of cash crops
and at the same time solve the problem of
scasonal labour shortages encountered by
peasant farmers, BTT was introduced in
the region around 1930 by the then colonial
government (Kline et al, 1969). As in most
parts of West Africa, the priority given to
bullock traction technology for crop culti-
vation shifted with changes in agricultural
policies. Shortly after Ghana won indepen-
dence in 1957, the newlv-clected Govern-
ment decided thut bullock traction technol-
ogy did not fit its concept of modernising
Ghana’s agricultural sector through the use
of tractors. Conscquently, Government
support for BTT stopped.

This policy change hindered further
spread of the technology. Farmers who had
already adopted BTT had problems getting
spare parts, and those who were interested
in adopting it had difficulty procuring
cquipment. However, aid agencics which
were promoting BTT in the region con-
tinued to supply farmers with traction
cquipment purchased from neighbouring
countrics, but were not able to satisfy
the growing demand. After long years of
somewhat frustrating expericnces with
tractors in the region, combined with a
weak cconomy, new attention has been
dgirected to BTT by the Government.

Even though BTT has survived in north-
ern Ghanasince it was firstintroduced, and
is apparently beneficial, no effort has been
made to investigate its cconomic impact on
farming systems in the region. This paper
analyses data collected from farmers in
parts of northeastern Ghana, and com-

Georg August University, Gottingen, Federal Republic of Germany.

pares the traditional hand-hoe and BTT
farming systems for both technical and
economic efficiency. Although the data in
this analysis are from a limited area, the
information is valid for other areas using
BTT.

THE ROLE OF BTTIN
RAISING PRODUCTIVITY

Crop production in much of the semi-arid
and arid zones of Africa is affected by the
unimodal rainy scason and the predomi-
nant hand-hoe technology. In these areas,
land preparation cannot take place during
the dry scason because the seils are too dry
to be worked, and farmers must wait until
the beginning of the rainy season before
they can start land preparation.

Because the rainy scason is usually
short, land clearing, secdbed preparation
and planting must be accomplished quickly
to ¢nsure the highest production possible.
Farmers invariably face labour shortages
during the limited time they have for these
operations. In houscholds where the in-
creased labour demand cannot be satisfied,
planting can be finished on time by reduc-
ing the cropped area, or the required oper-
ations are complcted late. In both cases,
the economic performance of the house-
hold is negatively affected.

Because bullock-using farmers can work
faster on a given unit of land than the hoe
houscholds, they can use the time saved for
new tasks, such as manuring, application of
chemical fertilizers and thorough weed
control, which are crucial to improving

apes is based on his research in northern Ghana for a Ph.D. in agricultural economics at



agricultural productivity. Moreover, they
are in a better position to increase the
number of crops grown on a single picce of
land.

As a result of improved agronomic prac-
tices, productivity is expected to be higher
under bullock farming than under hoe farm-
ing (Jager, 1984). In arcas where arable
land is abundant, the time saved through
BTT can be used to expand the culivated
arca. Crop production will rise because of
the extra output from the additional land
brought under cultivation. Other benefits
of changing from hand-hoc technology to
any form of animal traction arc reduced
labour requirements per unit output and
increased cropping intensity.

THE STUDY AREA

The data in this paper were collected in
three villages (Nakpanduri, Sakogu and
Gbingbalanchet) in the northeastera part
of northern Ghana from April 1982 to
March 1983 (Panin, 1986). These settle-
ments are inhabited mostly by people from
the Mamprusi, Bimoba and Konkomba
cthnic groups. Unlike in many parts of
northern Ghana, the population density in
the northeast is high. Even though the
exact figure is not available, there is an
indication that the area is approaching
population saturation (NORRIP, 1982),
which is supported by Tripp (1982) who
reported that the population density in
some parts of northeastern Ghana cxceeds
150 persons km™ compared with 17 per-
sons kin” for the whole region (Central
Burcau of Statistics, 1984).

The climate of the arca is similar to that
throughout northern Ghana, The rainy
scason is from June to Septemiber, and
the average monthly temperature is about
30° C, with a maximum of 33" C recorded
in March. The vegetation of the arca is
characterised by grass and scattered trees.

Farming technology is still traditonal;
most farmers till their land with the tradi-
tional hand-hoc, but the usc of animal trac-
tion is familiar in the arca. About 20% of
the farming population uses BTT, but only
for ridging (Panin, 1986). Bullocks are the
main draught animals used by the farmers.
Unlike in other parts of West Africa where
animal traction studics have been under-
taken, no animal traction project had ever
been cstablished in the study villages
before the farmers adopted BTT for crop
cultivation.

In the study area, as well as throughout
northern Ghana, farmers cultivate two
types of farmland; the compound farm,
which surrounds the house, and bush
farms, which may be located up to several
kilometres from the house. The compound
and the bush farming systems are based,
respectively, on the principles of perma-
nent and shifting cultivation (Bennch,
1973, Dichl and Runge-Metzger, 1985).
Chemical fertilizers are known to the furm-
ers, but are rarely used for crop production
because supplies are both inadequate and
irregular.

METHOD

During the year of investigation, data were
collected from 42 randomly selected farm-
ing houscholds. Twelve of these house-
holds were classificd as hoe farmers, since
they did not own draught animals and al-
most exclusively used the hoe for seedbed
preparation. The other 30 houscholds be-
longed to the animal traction group. Each
had at least one pair of bulfocks which were
used to prepare seedbeds for almost all the
cultivated land. The sample was stratified
into three groups according to the experi-
ence acquired from the use of the animal
traction tecknology in order to evaluate the
impact of this experience on farmers’ per-
formance (sce Panin, 1986). For this reason,
the animal traction sample was purposcly
overrepresented.

The hoe sample was chosen from 492
hoe households from all the three villages.
Similarly, the bullock sample was selected
from 122 bullock houscholds. Data were
collected through direct measurement, ob-
servation, and formal and informal inter-
views. The frequency of the interviews
depended on the nature of data required.
During the survey period, cach plot was
mapped, measured, and the crops grown
were recorded, as was daily labour. House-
hold labour, non-houschold labour, and
farming operations performed by cach
category were recorded separately. The
labour record did not include the time
spent walking to and from the ficlds.

Crop yield estimates were recorded in
local units of measure (baskets, pans and
bowls), as indicated by the houscholds dur-
ing the triweekly visits of enumerators. A
sample of the containers was randomly
selected and the contents were weighed to
establish kg per container. Later in the
analysis, total crop output of cach plot was

converted into kilocalories (kcal) to pro-
vide a common basis to measure the differ-
ent crops grown on a plot. Yields of minor
crops, and their share of total cultivated
arca per houschold, were excluded from
the analysis. Minor crops were yam, cassava,
sweet potatoes, okra, tobacco, aubergine
and pepper.

Houschold income and expenses were
obtained through weckly records of sales
and purchases. Income from non-farm ac-
tivities was recorded monthly. In order to
have uniform prices for the evaluation of
food purchases and sales, prices of food
crops were recorded every market day.
Since food commodities were sold by local
volume mecasures, the kg cquivalent of
these measures was established cach time
the price was recorded.

CHARACTERISTICS
OF THE SAMPLE
HOUSEHOLDS

Both hoe and bullock houscholds were
large, polygamous, and had a high level of
illiteracy. Bullock houscholds were larger,
with an average of 14.5 members compared
to 10.8 in the hoe households (Table 1).
When the number of workers was com-
parcd, cither in terms of adults (defined as
persons aged 16-55 years) or total labour
capacity, bullock houscholds had a larger
labour force than the hoe houschotds. The
total labour capacity of a houschold was
derived by using a weighting system to con-
vert all household members from the age of
six into standard man-working cquiva-
lents. The respective mean differences of
houschold size and number of workers be-
tween the two groups of houscholds were
highly significant (Table 1).

In the bullock sample, the houschold
heads were older. The adoption of BTT
correlated with the age of the houschold
head. In the analysis, the correlation coef-
ficient, while significant (P<0.05), was
only (.32, Age was a principal motive for
37% of the heads to shift from hand-hoe
technology to BTT. Since cattle are kept
more for security than for farming, it is
most likely that the houschold heads, who
control the cattle, release bullocks for cul-
tivation only when they are too old to use
the hoe for seedbed preparation.

The average number of cattle per bul-
lock houschold was 17.3 compared to 1.5
per hoe houschotd (Table 1). While cvery
houschold in the bullock sample owned at



Table 1. Characterisiics of hoe and bullock households, northeast Ghana, 1982/83.

Characteristic

Hoesystem (c.v.)! Buliock system (c.v.)

Number of houscholds
Average household size
Average age of houschold head
Average number of wives per houschold
Average number of adults per houschold
Total labour capacity (ME)*
Houschold composition (%)
Males
0-15years
16-55years
Over S5years
Females
0-15years
16-55 years
OverSSyears
- 3
Formally educated™ houschold members (%)
Cultivated arca (ha) of which
% ridged with bullocks
“o ridged with hand-hoe
% ploughed with tractor
Y notri 'ged
Numberof cattle owned

Households owning at least one cow or ox (%)

12 30
108 (33) 14.5¢ (35)
9.3 (27 59.0* (23)
1.3 (36) 2,10 (44)
37 (32) 6.1 (44)
58 (38) 8.9°* (34)
31.0 27.0
13.2 18.0
a1 5.1
26.4 204
21.7 23.2
4.7 55
8.5 9.2
37 (60) 6.4%* (46)
8.2 74.9
39.8 34
12.1 0.5
39.9 21.2
1.5 (235) 17.3¢% (93)
25.0 100.0

ey = coeflicient of variation (%),

Derived by using a weighting system to convert all nembers in the houschold from the age of yearsinto standard

man-working equivalents (ME):

6-9 10-15
Male (.25 (1.8

Female 0.20 .09

1 . . N . .
Defined as having at least 6 vears of primary cducation.

Significance levels: * = Per0.05; ** = peq)

least one cow or ox, 75% of the hoe house-
holds had no cattle. With only one exeep-
tion, bullock houscholds owned cattle be-
fore adopting BTT for crop cultivation,
which indicates that the first farmers to
adopt BTT were those who already had
cattle.

IMPACTS OF BTT

Cultivated area

The arca cultivated per hoe houschold
ranged from 1.4 10 7.4 ha, with an average
of 3.7 ha. The average area cultivated per
bullock houschold was 6.4 ha with a range
of 1.3 10 10.5 ha (P<0.01). About 75% of
the cultivated arca of bullock households

Age group (ycars)

16-355 QOver 55
L) 0.0l

was ridged with bullock traction compared
to only 8% of that of hoe houscholds
(‘Table 1).

Any major increase in average culti-
vated area per bullock household is usually
assumed 1o be an effect of BTT, but in
many cases houscholds using BTT have a
larger labour foree (Table 1), and thus the
increased arca may be due to a difference
in scale. Because of differences in family
size, the real impact of BTT on cultivated
arca is assessed using a land/resident ratio,
i.c. aratio that reflects the relative factor
intensity of e production technology
being used (Crawford, 1982).

The average cultivated area is defined
both in terms of heetares per houschold
meinber and per adult (Table 2). Culti-

vated arca measured both ways was greater
for bullock houscholds. On a per member
basis, the bullock farmers cultivated 20%
more land than the hoe farmers, but the
mean difference was not statistically signif-
icant. Per adult, the bullock households
cultivated only slightly more land (4%)
than the hoe houscholds, which again was
not statistically significant. These figures
compare closely to the findings of Barrett
et al (1982).

According to the analysis, BTT did not
cause any significant change in the area cul-
tivated per adult worker. This can be traced
to the individual motives of the farmers
for adopting FTT: only 27% said that the
ability to farm more land was a motive,
while the majority of the bullock farmers
reported that larger farm arcas increase the
demand for labour to weed and harvest the
crop if the technology package does not in-
clude weeding and harvesting cquipment.
The correlation between total cultivated
area and the annual labour input in man-
hours was 0.39 (P<(.01) for weeding and
0.84 (P<0.01) for harvesting, which sup-
ports the farmers’ views.

Cropping patterns

Nineteen crops were grown in the study
arca. Based on the percentage of the total
cultivated arca planted with cach crop,
cight are considered major in both the hoe
and bullock farming systems: millet (carly
and late), maize, sorghum, groundnuts,
cowpceas, bambara nuts and nari (a sesame
variety) (Table 3). Millet, maize ard sor-
ghum are the major food cropsin the arca,
while the others are cash crops, of which
groundnuts are the most important.

There was little difference between the
two groups in the arca planted to the major
fcod crops, and in both systems the-c crops
predominated — almost 80% for the hoc
houscholds and 74% for the bullock house-
holds. The bullock houscholds had 5.5%
more land under cash crops. BTT had only
a small effect on the cropping pattern and
does not appear io put the staple food
crops at risk.

Mixed cropping systems

The 19 individual crops were usually grown
in mixtures (Table 4). Bullock houscholds
allocated slightly more land to mixed crop
enterpriscs than the hoc houscholds,
While farmers planted between two and



Table 2. Average cultivated area per resident for hoe and bullock households, northeast Ghana, 1982/83.

Hoe households Bullock households
Area
Area ev.! Arca c.v. differcnce
(ha) (%) (ha) (%) (%)
Areacultivated per
household member 0.35 62 0.44 55 +26
adult 1.01 61 1.05 56 + 4

' c.v. = coefficient of variation.

five craps on a picce of land, the majority
of the land (64% for hoce houscholds and
54% for bullock houscholds) was planted
to only two crops.

Of particular interest was the crop diver-
sification in the bullock houscholds. The
bullock houscholds allocated as much as
33% of their total cultivated arca to mix-
tures of three or more crops, while the area
covered by such crop mixtures in the hoe
farming systems was only 17%. This rela-
tively high level of diversification among
the bullock farmers is consistent with one
of their reasons for adopting the technol-
ogy; 60% of the bullock sample said that
diversification was a motive for BTT adop-
tion. The bullock farmers were able to
achieve greater diversification than their
hoe-using counterparts because of per hec-
tare labour time saved from ridging and
planting operations.

Crop yields

The effect of BTT on crop yield is not clear.
Reports from experiment stations show

Table 3. Percentage of area planted to different
crops by hoe and bullock households,
northeast Ghana, 1982/83.

Percentage of

arca planted
Crops
Hoe Bullock
houscholds houscholds
Allcereal crops 79.6 73.9
Milict (carlyandlate)  33.8 29.5
Sorghum 12.6 9.6
Maize 33.2 34.8
All cash crops 19.1 24.6
Groundnuts 10.3 17.7
Cowpeas 6.5 34
Bambaranuts 1.5 2.6
Nari(sesame variety) 0.8 2.9
Others' 1.3 1.5

' Okra, pepper, garden cggs {aubergine), tobacco,
sweet potatoes and yams. The cultivated areas of
these crops arc usually very small.

Table 4. Percentage of cultivated areas planted
to muliiple crops, northeast Ghana,

1982/83.
Percentage of
cultivated arca
Hoe Bullock
houscholds  households
Number of crops
planted per field
1 19.1 13.9
2 63.6 53.6
3 6.6 21.7
4 10.7 9.1
5 0.0 1.7
All crop mixtures 80.9 86.1

that crop yields increasc on animal traction
farms (Eicher and Baker, 1982; Pingali
et al, 1987), but evidence from farmers’
ficlds indicates only modest yield increases
(Lassiter, 1982). In this study, bullock
houscholds had average yields of 3327 kcal
ha™, while those of the hoe farmers aver-
aged 2861 kcal ha', a 16% difference
(Table 5: 0.01<P<0.20).

Regression analysis was done to deter-
mine the potential impact of BTT on crop
yiclds at the plot level (Table 6). The analy-
sis at this level also climinates any under-
estimatc of the BTT yicld effect due to hoe
farmers borrowing bullocks for ridging
and/or to a fatlure of bullock farmers to
ridge all their plots with BTT. Its results
show that BTT had a positive impact on the
level of crop yield (P<0.01). This contrasts
with most studics on animal traction which
did not show 2ay significant yicld effect
(Pingali ct al, 1987).

Labour use for field work

Total labour use per farm was greater in
bullock than in hoe houscholds (Table 7).
On anaverage hoe-using farm, the total av-
crage annual labour input per hectare was
568 ME-hours, while on an average bul-
lock farm it was 625 ME-hours. The mean

difference was not statistically significant,
but the result contrasts with those of simi-
lar studies (e.g. Barrett et al, 1982).

The use of BTT significantly reduced the
per hectare labour requirement for ridging
from 42 ME-hours under the hand-hoe
farming system to 28 ME-hours (P<0.05).
Per hectare labour requirement for plant-
ing was also reduced, but the mean differ-
ence was not statistically significant. On
the other hand, bullock farmers had higher
clearing, weeding and harvesting labour
requirements per hectare than the hoe
farmers. However, none of the mean dif-
ferences were statistically significant.

The overall increase in labour-use inten-
sity on the bullock farms should not be sur-
prising, becausz besides ridging, which
benefits most directly from the use of BTT,

Table 5. Average crop yields" of hoe and bul-
lock farms, northeast Ghana, 1982/83.

Average Yicld
yield c.v.” difference
(kcatha) (%) (%)

Hoe

households 2 860.9 49

Bullock

houscholds 3 327.2 27 +16.3

* Yields of minor crops are exciuded (sce Table 3, foot-
note).

¥ c.v. = coefficient of veriation.

Table 6. Estimate of the relationship between
yield of all crops from both hoe and
bullock houscholds and selected fac-
tors which influence yields®, northeast
Ghana, 1982/83.

Regression

Independent variable .
penden coefficient”

Labourinput (ME-hha™')*
Seedinput (C ha™hy¢

Use of bullock traction
(dummy, 0-1) 0.321 (8.005)**

Number of crops in a mixture 0.257 (3.496)**
0.013 (2.407)**

0.184 (3.695)**
0.000 (0.020)

Fertilizerinput (kg ha™')

Intercept 6.243
No. of observations 249
Overall F-ratio 23.202°*
R? 0.32
Adjusted R? 0.31

" Cabb-Douglas production function: dependent vari-
abic is yield per hectare of all crops measured in
kilocalorics.

" Figuresin parentheses are student T-values of regres-
sion coefficients. Significance level: ** = P<0.01.

¢ ME-h = man-cquivalent hour.

4@ = cedi(in 1982, € 2.75 = USS 1),



Table 7. Average labour usc per farm and per major farming operation, northeast Ghana, 1982/83.

Hoe farms

Bullock farms

Farming T T e
operation Av. labour" ew? Av. labour c.v,
(ME-hha'") (%) (ME-hha™) (%)
Clearing 39.9 80 48.4 55
Ridging 42.0 78 28.1* 40
Planting 77.6 45 69.9 43
Weeding 208.9 50 2297 73
Harvesting 192.5 43 233.2 37
Mounding® 0.3 268 31 175
F- rtilzer application® 6.7 178 12.4 279
Tota! 567.9 29 624.8 38

* Average labour is given in man-cquivident hours (ME:-h).

ey o= coeflicient of vanation.

 Mounding and fertilizer apphcation are not major farming operations in the study arca. Mounding is done for yam
cultivation which, unlike in other areas of northern Ghana, does not play any significant role in the study arca.

 Fentilizer application depends on qQuantity and timely delivery. As observed in the study arca, the supply of fertiliz-

ers wiis wsually late,irregular and inadequate.

Sigmficance levels: * = P<0.0s; * = P,

all the other operations are performed
manuvally. The drop in labour input for
planting is an cffect of ridging, because
planting or sowing is faster on ridged plots
than on flat land.

Increased labour requirements for clear-
ing, weeding and  harvesting may be
explained as follows:
® Tiic shift from hand-hoe to bullock trac-

tion technology requires that land be

cleared more thoroughly. The usual
practice in hoc farming is to burn the
vegetation and leave the stumps and
roots, whereas with BTT, stumps and
roots must be removed to avoid poten-
tial damage to both implements and ani-
mals. The extra work initially increases
the labour per hectare to clear the land,
but this effect is likely to disappear after
the first 2 years.

¢ Deeper ridging cnables both crops and
weeds to grow faster, thus increasing the
need for weeding on bullock farms. In
addition, more diverse crops may also
require more labour for weeding.

¢ The higher crop yields achieved under
bullock farming require more harvest
labour.

A lincar regression analysis, which in-
cluded farm size, household labour force,
and the use of BTT (a dummy variable) as
independent variables and labour intensity
as dependent variable (Table 8), showed
that overall, the use of BTT did not sig-
nificantly affect the total labour input per
hectare.

Variations in  labour intensity are
explained by the first two variables only.
The regression cocefficient of farm size was
negatively related to  labour intensity,
whereas houschold labour capacity was
positively related. The regression coeffi-
cients for both variables were highly signif-
icant (P<0.01).

Annual labour input of
household members

The shift from hand-hoc technology to
BTT for crop cultivation changed the

Table 8. The influence of farm size, total labour
capacity and bullock traction use on
labour intensity, northeast Ghana,
1982/83."

Independent
variable

Regression
coefficient?

Farmsize (ha) ~60.79 (-4.498)**
Houschold labour
capacity (ME) 37.30 (2.923)**

Use of bullock

traction (dummy) 56.37 (0.684)

Intercept 634.04

No. of
obscervations 42

Overall F-ratio 7.38**
R? 0.37
Adjusied R? 0.32

! Dependemt variable is total man-cquivalent (ME)
hours per hectare used for field work.

: Figures in parentheses are student T-valucs of regres-
sion coefficients. Significance level: ** = P<0.0].

labour input of individual household mem-
bers. On average, males in the bullock
households worked more hours than their
counterparts in the hoe houscholds, even
though the mean differences were not
statistically significant (Table 9). The
greatest increase was among clderly men
(over 55 years) in the bullock houscholds,
who worked an average of 63% more hours.
This is attributed to the overall increase in
labour requirements for harvesting.

The annual labour input from 10-
15 year-old boys in the bullock households
was 59% more than that contributed by
boys in the hoe houscholds. This increase,
which has also been identified by Norman
ct al (1981), is because with the introduc-
tion of BTT the boys are used to lead the
bullocks during ridging. Active male work-
ers (16-55 years) in the bullock house-
holds worked only 16% more hours than
the same age group in the hoe houscholds.

In contrast to boys and active men, girls
(10-15 ycars) and active women (16—~
S5 years) in the bullock houscholds worked
on average fewer hours than the same
groups in the hoe houscholds (Table 9).
The mean differences were not statistically
significant. However, the data do not con-
firm the view of several writers (c.g.
Boscrup, 1970; Tinker, 1976) that ncw agri-
cultural technologies may increase women's
workload and reduce those of men.

As was the case with clderty men, elderly
women in the bullock househelds spent on
average more hours working on the farm
than did their counterparts in the hoe
houscholds, but the mean difference was
not statistically significant (Table 9).

When all labour in a houschold is consid-
ered in terms of man-working equivalents,
cach man-equivalent in the bullock house-
holds spent on average 11% more hours
working on the farm than did each man-
cquivalent in the hoe houscholds. The an-
nual labour supplied by the heads of hoe
houscholds was higher than that of the bul-
lock household heads, which is a function
of their age difference and the differences
in the consumer/worker ratio, as well as
in the number of adults per household
(Panin, 1986).

Household income

The economic evaluation of hoe and bul-
lock houscholds is based on the 1982/83
farm houschold income statement (Table
10). Crop production is by far the largest



Table 9. Annual labour input by household members in different sex-age categories, northeast Ghana,

1982/83.
Hoe houscholds Bullock houscholds
Sex-age
calegory Labour cv.b Labour C.v,
(ME-hyear")* (%) (ME-hyear") (%)
Males
1015 years 142.5 158 227.0 80
16-55years 426.1 60 494.1 54
Qver SSycars 126.7 158 206.2 102
Females
H)-15 years 53.3 74 43 146
16-55 years 229.1 69 201.6 59
Over SSyears 41.1 292 75.7 129
Man equivalent of
houschold member 290.9 49 3239 39
Houschold head 401.6 42 382.7 72

* ME-h = man-equivalent hour.

i - .
" ev.o= coefficient of vanation.

Table 10 Summary of annual farm household income and returns to production for hoe and hullock

households, northeast Ghana, 1982/83.

Hoe houscholds

Bullock households

Income
Total gross vilue of crop production
Viilue unsold
Value sold
(Production costs)
Net revenue (A)
Other netincome® (B)
Livestock (C)
Net farmincome (A+B+C)
Income from other sources (D)
Total net household income (A+B+C+D)
Retumns to production
Returns 1o houschold labour
Net production income
per man-equivalent (C ME ™!
per active worker (€ ME™")
per ME-h® of houschold labour (€ ME-h")
Net farmincome
per man-cquivalent (€ ME™)
per active worker (C ME™")
Nethouschold income
per man-cquivalent (C ME™)
per active worker (€ ME™")
Returns per unit of land (€ ha'!)
Net cropproduction income
Netfarmincome
Net houschold income

Income ek " Income
(@) (%) (D]
79 951.7 55 152 8687
70 951.7 134 563.0
8 080.5 18 305.7
(7.492.8) 60) (11 363.6)"
71 539.4 58 141 505.1**
18 532.1 118 25 867.2
2 020.3 109 14 968.7°*
92 191.8 54 182 341.0**
1 887.3 161 11 587.3°**
93 979.1 51 193 928.3°**
12 630.2 45 16 728.2
19 708.9 45 26 371.0
48.3 59 53.3
16 403.6 46 21570.7°
25 182.1 42 35 291.1
16 850.3 44 22 794.9*
25 761.2 39 37419.4"
20 B31.8 29 26 646.8"
28 824.0 46 355133
29 835.7 45 38 203.1°

v
( o )

(45)

(48)
48

46
51
34

41
57

38
56

34
38

"¢ = cedi(in 1982, C2.75 = USS 1).
Y v, = soetficient of variation,

¢ Income from trading, processing and gathering
agriculturai produce.

4 ME = man-working equivalent.
¢ ME-h = man-equivalent hour.
Significance levels: = P<0.10; * = P<0.05;

P =001,

source of houschold income in both farm-
ing systems, accounting for 76% in the hoe
households and 73% in the bullock house-
holds. Trading, processing and gathering
of agriculutural produce is the next most
important source of income in both types
of houschold - 20% in the hoe houscholds
and 13% in the bullock houscholds. In-
come from livestock enterprises is third.

Agricultural trading, processing and
gathering is the major source of cash in-
come in both the hoe-using (66%) and the
bullock houscholds (35%). Crop produc-
tion ranks second for the hoe houscholds
(15%), but livestock enterprises arc scc-
ond for the bullock houscholds (26%)
{Table 11). Average net income from crop
production and average total nct income
were higher for the bullock houscholds.

To climinate the influence of land and
Jabour availability on the absolute net in-
comes, both systems were compared on the
basis of returns to land and labour. Bullock
farmers had 23-28% more income per
hectare and, with one excepticn, their re-
turns to labcur were 32-45% higher
(Table 10).

Most houschold income is from crop
production, but oniy a small portion of the
total harvest is sold. A summary of the an-
nual cash income, which is relevant for the
adoption of BTT, is presented for both
groups of houscholds in Table 11, Net cash
income per houschold was € 20 648 in the
hoe farming system and € 57 800 in the
BTT system (P<(.01). On a per caput
basis, the difference was still large and
statistically significant (’<0.01) — € 3986
per bullock houschold member and only
C 1912 per hoe houschold member.

CONCLUSIONS

Comparative analysis of the hoe and the
BTT farming systems in northern Ghana
indicates that houscholds using BTT
realised higher crop production and higher
income compared to those using the tradi-
tional technology. Farmers changed from
hand-hoe technology to BTT to reduce
labour bottlenecks and shorten ficld work
time, but this was difficult to achieve be-
cause the package is limited to ridging.

It is recommended that the technological
package be improved to include traction
implements for sowing, weeding and har-
vesting. In addition, farmers should be
taught to diversify the use of draught ani-
mals for other labour-intensive and time-



Table Li. Swmmary of annual statement of cash income for hoe and bullock households, northeast

Ghana, 1982/83.

Hoe households Bullock households
Source .
Net cash cv. Net cash c.v.
(O (%) (5] (%)
Crop production 3042 326 11 190 155
Livestock enterprise 2020 109 14 969** 74
Trading, processing and
gathering of agric. produce 13 699 188 20 054 87
Other sources 1 887 161 11 587+ 132
Netcashincome per
houschold 200 648 (83) 57 800** 61
household member 1912 (82) 3986** 50

*C = cedigin 1982, €275 = LISS ).
"o = cocfficient ot variation,

Significance levels: * = P<0.0S; ** = peof.

consuming houschold activities usually
performed by women, such as transporta-
tion of water and firewood. And last but
not least, government policy should be
geared towards the provision of credit with
reasonable repayment conditions 1o enable
peasant farmers purchase bullocks. It is
very likely that when these recommenda-
tioas are followed, the adoption rate of
BTT in the region will increase, and . con-
sequently, the living standard of small-
holders will improve.
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SUMMARY

ROM JULY 1985 to June 1986, 651

faccul samples were collected from
sheep slaughtered at the Addis Ababa adat-
toir and analysed 10 deterriine the quantity
of eggs per gram of facees (epg) produced
by gastrointestinal nematodes in different
months. The epg peaked in August 1985
and March 1986, roughly during the two
rainy seasons in Ethiopia. Faecal egg counts
reflect nematode transmission levels in host
populations and the recent level of infective
larval population on pustures. The data
suggest that strategic treatment of sheep with
anthelmintics in June and January is most
likely to reduce the shedding of ova at criti-
cal periods and minimise transmission
levels during the rainy scasons.

INTRODUCTION

The sheep population of Ethiopia is esti-
mated to exceed 23 million (FAO, 1986).
They are hosts to multiple species of gastro-
intestinal helminths (FAO, 1968; London
University, 1971; Scott et al, 1974; Graber,
1978). These parasites cause diarrhoea,
anacmia, reduced weight gains, increased
mortality rates and increased production
costs (Barger, 1982). There are few reli-
ablc estimates of the true cconomic signifi-
cance of gastrointestinal helminths in Afri-
can countries (Akercjolactal, 1979; Bahru
Gemechu and Ephraim Mamo, 1979).
The principal gastrointestinal nematodes
of sheep in Ethiopia have been described
by FAO (1968) and Graber (1978). Sur-
veys at the Addis Ababa abattoir from Oc-
tober 1979 to March 1980 found high num-
bers of infested sheep. Trichostrongylus
colubriformis (89%), Trichuris barbetoensis
(83%), Haemonchus contortus (67%),

Oesophagostomum  columbianum (53%)
and Bunostomum trigonocephalum (34%)
were the mest prevalent species (Bekele
Mamo ct al, 1982).

The control of gastrointestinal nema-
todes is possible only after surveillance has
provided enough information to under-
stand the prevailing epidemiological fac-
tors influencing transmission (Armour,
1980; Schwabe, 1980). This paper describes
the scasonal pattern of nematode faccal
cgp counts from mid-1985 to mid-1986 and
suggests possible strategic measures for the
control of gastrointestinal nematodes of
sheep in central Ethiopia.

MATERIALS AND
METHODS

Specimens for this study were acquired
from sheep slaughtered at the Addis
Ababa abattoir from July 1985 to June
1986. Twenty faccal samples were col-
lected weekly from  the rectum  of
slaughtered sheep and kept overnight at
3-8" C. The next morning, the number of
nematode eggs per gram of facces was de-
termined using the McMaster technique
with saturated sodium chloride as a flota-
tion solution (Soulsby, 1982).

The age, sex and origin of the slaughtered
sheep were recorded during sampling..
Meteorological data for the study period
were obtained from the National Metcoro-
logical Services Agency of Ethiopia and
from ILCA records. Mean moathly rainfall
values were calculated for those arcas from
which the sheep originated.

RESULTS

Most  slaughtered  sheep  were  adult
females; only a few males and young animals
were scen. The sheep came from the mid-

northern and central parts of Ethiopia,
particularly Wello, Arsi and Shewa admin-
istrative regions, which agrees with find-
ings reported by Getachew Asamenew
(1977).

Strongyle and trichostrongyle faccal egg
counts for ecach month of the study are
givenin Table 1. Most sheep were infested.
The mean monthly counts peaked in August
1985 (5020 ¢pg) and in March 1986 (2914
epg). Following these peaks, they progres-
sively decreased to 912 epg in December
1985 and to 1416 epg in Junc 1986. The
overall annual mean cpg per animal was
2351, The proportion of infested animals
was lowest (78%) when epg rates were low-
est (December 1985), and highest (96—
100%) when epg rates were highest (July—
August 1985).

The free-living stages of each nematode
species require optimum temperature and
humidity to dcvelop; however, all thrive
better in moist rather than dry environ-
ments. In Arsi and Shewa regions, temper-
ature variations ranged from an average
miniinum of 10.0” C to an average maximum
of 21.8" C during July 1985 to Junc 1986.
There was no record available for Wello
region,

Ethiopia has two rainy scasons. The long
rains extend from July to September and
the short rains are usually from March to
April. Figure 1 shows the relationship be-
tween rainfall and facecal egg output during
the period of this study.

DISCUSSION

Different factors influence the cgg output
of gastrointestinal nematodes. These in-
clude the age of the host, the species and
age of the nematode population, the overall
health of the host (including the nutritional



Table 1. Strongyle and trichostrongyle faecal egg counts, Addis Ababa abatoir, J uly 1985 -June 1986.

No. Mcan No. sheep Percent-
Yecar/month sheep monthly Bangc with positive age
examined epg (min-max) egg counts positive
1985
July 39 2682.1 200-12 200 39 100.0
August 29 5020.7 0-40 800 28 96.5
September 30 3780.0 0--29 600 28 93.3
October 56 2664.3 0- 7 600 48 85.7
November 59 1169.5 0- 7 000 48 81.3
December 78 912.8 0- 5 000 61 78.2
1986
January 36 13256 0- 6 800 32 88.8
February 43 2469.8 0- 8 800 38 88.3
March 84 29143 0-15 00 80 95.2
April 40 2160.0 0-31 400 35 8.5
May 79 1726.6 (-19 800 75 94.9
June 78 1416.7 0- 9 900 69 88.4
Mean 543 23519 48.4 89.9

level), and physiological factors such as
pregnancy and previous exposure to para-
sites. In addition, epg measurements can
be affected by the volume and consistency
of facces. Due 1o these factors, the epg of
facces is not always directly correlated with
the number of gastrointestinal nematodes
in a host. It is therefore an index of little
value for individual animals, but becomes
increasingly useful as larger populations
are studied.

Roberts and Swin (1981) found a quan-
titative correlation between worm count
and epg on a flock basis in ovine hacmon-
chosis. Barger (1982) used epg as an index
to determine the degree of pasture infesta-
tion with nematode ova. Vercruysse (1983)
used the scasonal changes of nematode
faccal epg counts to suggest periods of stra-
tegic treatment for sheep in Senegal.

The ova of different nematode genera
can be divided into two broad groups, de-
pending on whether or not they can be dis-
tinguished from one another. The first
group includes strongyles and trichostron-
gyles, whose ova are similar. The second
group comprises those species whose ova
can be casily identified - Ascaris, Trichuris,
Nematodirus and Strongvivides. For the
quantitative determination of epg, all eggs
were counted except those of Trichuris
spp. This was done partly because the life
cycle and effects of Trichuris are different
than for most other gastro-intestinal para-
sites, and partly because the cgps arc only
partially recoverable with the technique
used.

‘The peaks in the epg counts coincided
with the two rainy scasons, The peak dur-
ing the long rains was higher than the short-
rain peak count. The epg associated with
the short rains increased as the short rains
approached, but peuked before the rainfall,
which may be due to the uneven rainfall dis-
tribution during this season. The epg after
both peaks showed a progressive decline
corresponding to the reduction in rainfall.
The dry months of November, December
and January had the lowest epg counts,

Figure 1.

Mean monthly

When  climatic  conditions become
favourable, more nematode larval stages
develop in the environment and the level of
infestation rises. Larvac in a state of
arrested development within the host also
resume development when external en-
vironmental conditions improve (Dunn,
1978; Armour, 1980). Both factors cause
the epg to increase. Some helminths, such
as Haemonchus contortus, which are highly
prolific during a short generation interval,
can multiply faster and cause heavy pasture
infestation (Lapage, 1968; Dunn, 1978).
This may accouat for the rapid increase in
epg immediately after the rains start (Ver-
cruysse, 1983).

Ova arc shed throughout the year.
Lower ¢pg counts during the dry months
are duc to arrested development and re-
duced infestation rates. Since adult
nematodes are responsible for pastuye in-
festation and renewed transmission of
parasites during favourable periods, treat-
ment that reduces this reservoir can greatly
reduce the effects of nematode parasites.

Two strategic trcatments with broad-
spectrum anthelmintics, one in June and
the other in January, would appear to be
most cffective, These treatments could re-
duce the worm burden and minimise pas-
ture infestation with ova. It is only with
carcfully timed and rational use of anthel-
mintics that effective control can be ex-
pected (Michel et al, 1981). Irregular,

Correlation of mean monthly rainfall” with mean monthly epg counts, June 1985 ~July 1986.
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frequent or indiscriminate use of anthel-
mintics can promote the development of
resistance (Donald and Waller, 1982},

Although the use of anthelmintics is ex-
pensive and not widely applicable in Africa,
carcfully planned strategic treatment of
flocks rather than individual animals can
reduce parasite transmission rates and hetp
keep the host—parasite relationship within
reasonable bounds. However, it is advisable
to remember that although “cffective
chemotherapy is available for most hel-
minth diseases, because of their complex
epizootiology it is paracdoxically simple to
treat the individual but almost impossible
to control the discase™ (Allonby, 1980).
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SUMMARY

DIRECF APPLICATION of ground

phosphate rock (o crops grown on

acid soil is a simple and low-cost method of

substituting refined phosphates, especially
if the rock is locally available, The relative

agronomic and economic cffectiveness of

phosphate rocks has been examined using
data from the literature and SJrom 11.CA
trials in the Ethiopian highlands.

In general, phosphate rocks gave lower
agronomic responses than refined phos-
phates, but the yields were well above the

control. Although the residual effects of
phosphate rocks improved vields in 70% of

cases, they were rarely large enough 1o
make the use of rock more profitable than
that of refined phosphates. The cconomic
effectiveness of phosphate rocks condd be
improved by using more concentrated rock,
which would reduce transportation and
other related costs.

INTRODUCTION

Increased demand for costly phosphatic
fertilizers to improve crop yields necessi-
tated the identification of different phos-
phate sources as alternatives to refined
phosphate (RP) in castern Africa. One of
the first steps was to exploit the large de-
posits of a primary phosphate (francolite)
in Uganda, near the Kenya border. Re-
scarch on phosphate rock (PR) began in
the region in the 19405 (cf EAAJ, 1949;
EAAFRO, 1948, 1950, 1951). Some re-
sults suggested that direct application of
ground phosphate rock could replace re-

fincd phosphate on acid soils, especially if
the rock is locally available. Haque and
Jutzi (1985) came to the same copelusion in
Ethiopia,

The literature was reviewed to put avail-
able results in a general coneext and to
evaluate them cconomically. The review
sought to answer three questions: What is
the performance of phosphate rock com-
pared with other phosphates? What are the
conditions under whicly it raises yields? Is it
profitable to usc it? The review s sup-
plemented by cstimates of responses to
rock and other phosphates in trials con-
ducted by 1LCA in the Ethiopian high-
lands.

STUDIES ON
PHOSPHATE ROCKS
IN EASTERN AFRICA

Previous reviews

Duthic and Keen (1953) reviewed crop re-
sponsces to fertilizers and manures in ast
Africa (Table 1). Nearly all of the work re-
ported was on cereals, much of it from
Kenya, and most of the phosphate studied
was Uganda rock phosphate (URP) or
sodaphosphate (SOP), a processed form of
URP,

The vast reserves of phosphate in Uganda
were expected to yield fine-grained franco-
lite with an average of 25% phosphoric
oxide. Some trials indicated that only
about half as much of ‘carly available’
phosphate was released from URP, com-
pared with other commercially worked
phosphate rocks, and "it became apparent
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that Uganda phosphate was not suitable
for application by itself to annual crops”
(Jones, cited by Duthie and Keen, 1953).
Subsequent work was on calcination of
URP ~ which contained about 25% total
205 of which 2-4% was citric acid soluble
(c.a.8.) = with crude sodium carbonate to
make phosphate more rapidly available.

Doughty (cited by Duthic and Keen,
1953) reported that studies of cereals car-
ricd out between 1947 and 1951 on laterised
and deeply dissected granite and ancient
sediment soils in Tanzania showed URP to
be effective. In most experiments, the
benefits from its use were apparent only
after application for two or three seasons.
On lighter-textured upland soils with vari-
able rairfall, triple superphosphate (TSP)
was more cffective than SOP with 23%
total and 19% c.a.s. P,0s, which in turn
was more effective than URP,

Holme and Sherwood (cited by Duthic
and Keen, 1953) experimented with URP,
SOP and superphosphates (SP) on wheat
grown in Kenya during 1948-50. URP at
290 kg ha™" and 580 kg ha™! gave negligible
responses except in one experiment, and
even there it was much less effective than
the two other phosphate sources. Only in
onc arca were the effects of double super-
phosphate (DSP) and SOP cqual. In the
others, the quantity of the c.a.s. P,0;5 of
SOP had to be 20-45% larger in order to
give asimilar wheat yield per hectare as SP.
Similar experiments with maize showed
that URP had no appreciable effect in the
first ycar,

Pot experiments on cercals in Kenya
showed that although URP had a low carly



Table 1. Sources for the review of phosphate effects on crop production in eastern Africa.

Litcrature Arcaor Phosphate
source country Crop source?
Duthie and Keen (1953)
Jones GHG Kenya Mainly wheat URP,SOP, SP
Doughty LR East Africa Cereals SOP,URP.SP
Holme R and
Sherwood EGP Kenya Wheat, maize URP, SOP,SP
Bellis E Kenya Wheat, maize SOP, SHP
KrollU Kenya Pyrethrum URP,SOP,SP
Dougall HW Kenya Grasses Sp
PeatJE Tanzania Cotton, millet SOP, SP
GunnlJS Tanzania Wheat, tobacco,
pyrethrum SOpP, SP
Le Marc P H Tanzania Groundnuts, maize,
sorghum Sp
Mills WR Uganda Finger millet, maize,
cotton URP, SOP, SP
Tidbury GE Tanzania Trees, rice, maize,
sorghum, sunftower SP
PerciraHC Kenya Coffee URP, SOP,SP
EdenT East Africa Tea sp
LockGW Tanzania Sisal, grasses SOP, Sp
Jones GH G and Kenya Wheat, maize, sorghum,
Robinson P finger millet SOP, SP
Jones and Robinson (1965)  Kenya Napier grass NAP, BSG, SP
Anderson (1965) Tanzania Grass MRP
Birch (1959) Kenya Clover, oats URP,SP,KF! BSG
Gosnell and Weiss (1965) Kenya Napier grass SOP,NAP, MRP
Haque and Jutzi (1985) Ethiopia Forages ERP, TRP, SP

' Undated sources are cited in Duthic and Keen (1953).

2 URP = Uganda rock phosphate; SOP = sodaphosphate; SP = superphosphate; SHP = Seychelles phosphate;
NAP = North African phosphate; NRP = neutralised rock phosphate; MRP = Minjingu rock phosphate; BSG =
basic slag, KFY = Kenaf no. 1; ERP = Egyptian tock phosphate, and TRP = Togo rock phosphate.

availability, it promised a good response if
applicd heavily and in a sufficiently fine
form (Bellis, cited by Duthie and Keen,
1953).

Sodaphosphate was as cffective as an
cquivalent dressing of SP on tobacco,
pyrethrumn and wheat planted in Tanzania
on granite soils deficient in P; however,
high transportation costs made it essential
to supply concentrated phosphate (Gunn,
cited by Duthic and Keen, 1953).

Mills (cited by Duthic and Keen, 1953)
argucd that low responses to phosphate in
most of the carly cereal trials in Uganda
were due to the low levels of its applica-
tion. He reported on experiments compar-
ing the direct effects on maize and the re-
sidual cffects on cotton of two P,05 levels
of URP, SP and SOP. At one site with red
Latosols, URP and SOP tended to be more
beneficial than SP on maize in an abnor-
mally wet year. In trials at another site with
similar soil and rainfall conditions, neither
URP, SOP orsingle superphosphate (SSP)

increased maize yields significantly, although
there was a residual P effect of about an 18%
yicld increasce for all three fertilizers oncot-
ton. At a third site where a yeHow Latosol
had been fallow under grass for 3 years and
then grazed, there was no direct effect on
maize and no residual cffect on cotton,

Birch (1948) conducted a literature re-
view of soil phosphates. He found that
while acidity favoured PR use, fluorine
concentration in the rock did not, and that
the variable results with PR were, in part,
cxplained by these conflicting tendencies.
Large applications of PR, sometimes larger
than 2400 kg ha™', may in time approach
the effectiveness of SP. He also found that
the phosphate sorption capzcity of the soil
is satisfied only by a large quantity of phos-
phate rock which changes into a more solu-
ble form only after a long period of time.
Therefore, in the short run, RP should be
expected to give a greater response. He
made no specific mention of PR use with
forages.

Review of material at ILCA

ILCA’s library databasc provided 75 refer-
ences related to fertilizer and 49 to phos-
phate use in castern Africa. From the 124
references, only eight were studies on Piy
of which one (Haque and Jutzi, 1985) was
done in Ethiopia, while the remaining seven
were undertaken in Kenya, Tanzania and
Uganda. Further scarches provided no ref-
crences with detailed data. In addition to
the literature referred to, many results
were inaccessible, such as several reports
of the East African Agricultural and For-
estry Research Organisation (EAAFRO).

Ethiopia

In “Some notes on the soil status” (Anon.,
s.d., a) it was stated that in a sample of 22
Ethiopian soils, of which 19% were 1700 m
above sea level, only 8% were not deficient
in P. It was concluded that 40% of the soils
in the Ethiopian highlands were acid and
had a high P fixation capacity.

Haque and Jutzi (1985) reported on the
cffects of TSP and Egyptian rock phos-
phate (ERP) on a native Ethiopian clover
(Trifolium steudneri). The ERP contained
29.4% total P,Qs of which 12.8% was ele-
mental P. Fertilizers were broadcast on P-
deficient Vertisols (1 mg P kg™') with a pH
of 6.0. T, steudneri was harvested after 96
days.

sigyptian rock phosphate was most ef-
fective below 45 kg P>Os ha™'s at 30 kg
P04 ha™ it gave 25% and 18% more DM
in 1984 and 1985 respectively than TSP
(895 kg DM ha'and 2485 kg DM ha'')
(‘Table 2). In terms of cumulative effect,
TSP was significantly more effective at 45
and 60 kg Pa0s ha™', giving 39% and 25%
more DM respectively. Overall, the ag-
ronomic responses to both sources of P
were much higher than the control.

Kenya

Gosnell and Weiss (1965) tested the re-
sponse of Napier grass (Pennisetum pur-
pureum Schum.) to different P sources on
grey-brown clay soils with a plH of 5.6,
which were deficient in Nand B (8mg P kg™
in the top layer). Phosphates were applied
at planting and, with the exception of N
which was not applicdin the first year, they
were reapplicd annually, An experiment
with different rates of TSP showed that
81 kg P20s ha™' applied annually increased



Table 2. Average response (AR) and relative agroromic cf;ectiveness (RAE) »f TSP (triple superphosphate) and ERP (Egyptian rock phosphate) on
Trifolium steudneri, Ethiopia, 1984 and 1985°.
o Dir_c_ctcffcci____ Residual effect ____Cumulative effect
Crop Source 2l P, Ograte AR RAE Crop AR RAE AR RAE
phosphate  (kgha'')  (kgDMha'" (%) (kg DM ha™y (%) (kgDMha™) (%)
T. steudneri TSP 15 388 100.0 T. slmu{neri 1862 100.0 2751 100.0
on Yertisols, rgp 30 895 1000 onverisols, e 100.6 3379 100.0
TSP 45 1419 100.0 7212 100.0 8631 100.0
TSP 6() 2535 100.0 3740 100.0 6275 100.0
ERP 15 1043 117.4 2783 149.5 3826 139.1
ERP 30 1120 125.1 2938 118.3 4058 120.1
ERP 45 1382 97.4 3853 53.4 5235 60.7
ERP 60 1553 6!.3 3182 85.1 4736 75.5

* Trials were conducted without additional N,

Sources: 1. Haque (1LCA, ddis Ababa, Ethiopia, unpublished data) and Haque and Jutzi (1985).

the total yicld of green matter (GM) over 4
years by about 41% compared to a control
yield of 28t GM ha™".

A second experiment (Table 3) com-
pared the responses to different forms of P
and N. The main treatments were TSP,
SOP, Minjingu rock phosphate (MRP)
with about 30% total and 15% c.a.s. P50,
ard neutralised rock phosphate (NRP)
with 25% total and 11.5% c.a.s. P;0s. The
fertilizers were applied at 45 and 90 kg
P,05 ha'lin the furrow at planting and not
reapplicd thereafter. Nitrogen was used as
a single dressing of 224 kg ha™ during the
second and third years.

The effects of fertilizers were marked in
the cuts iaken during the rains, but there
were no significant differences in the dry-
scason cuts. These affected the annual
totals and reduced some results to a non-
significant level, Overall, yiclds were
higher at the higher application rate,
Though TSP gave the best results for the
first and sccond years. all phosphates gave
similar responses in the third year. The P
effect lasted 3 years and was still very sig-
nificant at the fifth cut.

While stimulating yiclds, phosphate low-
cred the protein content of the fodder,
especially at higher application rates.
However, the 3-year mean showed that
SOP gave the best protein yields, followed
by TSP, MRP and NRP, and all results
were well above the protein yield of the
control.

Gosncll and Weiss (1965) concluded that
the less soluble phosphates (SOP and
MRP) gave total GM yields not much lower
than TSP, and better protein yiclds. There
was no marked difference between SOP
and MRP at equivalent levels of P,0s, and

phosphate did not have 10 be reapplied for
at least the first 2 years after the first appli-
catior since residual effects were impor-
tant.

Birch (1959) reported that high levels of
P20s (212 kg ha™*) doubled ryegrass yields
onvery weedy, old arable land (pH 5.3). A
second experiment compared the effects of
TSP and basic slag (BSG), which had about
18 1% total and 14.5% c.a.s. P,Os, on
Trifolium tembense grown on a soil with a
pH of 5.0. There was & log-linear effect of
TSP, which was greater than that of the
slag. The effect of BSG declined at a higher
rate of application. The responsc of the
legume to phosphate was in generai sig-
nificantly higher than the control.

A third experiment involved subterra-
nean clover and Lampton oats on a soil of
pH 5.1; the oats were sown in the second
year of the trial after the clover had been
harvested (Table 3). Kenaf no. 1 (KF1),
TSP and BSG at 0, 188 and 282 kg P,Osha™! ,
and URP at 75 and 110 P>0Os kg hu", were
compared. Two bare fallowed plots, one
with the higher rate of TSP and one with-
out phosphate, were also compared. Three
cuts were taken. Although URP did not
stimulate clover yields much, the protein
content of the URP-fertilized clover was
only slightly lower than that of the TSP-
fertilized clover.

Uganda phosphaic gave significantly
lower oat yields than did soluble chemical
phosphates. The fallowed plot with TSP
(282 kg P05 hu") outyiel dea Lhiother vats
plots. The protein conteri of oats was less
with TSP than with the other phosphates.

Jones and Robinson (1965) evaluated
three types of phosphate applied to Napicr
grass (Pennisetum purpurenm) onred loam
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soils (Table 3). Napier was planted during
the short rains of 1953, after a harvest of a
maize silage crop in the previcus scason.
DSP, North African rock phosphate (NAP)
with 29% c.a.s. P,O5 and BSG were com-
pared, the last two with and without am-
monium sulphate. DSP and BSG signifi-
cantly raised yiclds but not significantly
more than ammonium sulphate alone which
gave a DM response of 1730 kg ha™'. The
NAP plots showed the least response, both
with and without ammoniun sulphate, and
a similar lower residual cffect. The authors
concluded that consistent yield increases
were obtainable with DSP and BSG at 47 kg
P,Os ha™',

Tanzania

Anderson (1965) compared the effects of
MRP and DSP on grass at three sites repre-
senting major soil types in Tanzania. Three
treatments were applied to each of the sites
in 1960: DSP, MRP and MRP with muriate
of potash. In 1961, the plots were trimraed
and all treatments reapplied. The means of
all sitc yields (Table 3) for 1961-63 showed
no marked differences between trecatments,
but all treatments were significantly better
than the control. Response to MRP was
lower than that to DSP. The low direct re-
sponse suggests that MRP was inferior to
DSP on annual crops, but not on permanent
pastures becausce of the residual effects.
On poorredsoils, 125 kg DSP ha™ or 375
kg MRP ha' - an cquivalent of 53 kg
P,Os ha™' - could increase the stocking
rate by 50% for at Icast 2 years. Economic
analysis at one sitc showed a return of 45 kg
DM per shilling invested in DSP, in the
presence of adequate N, At another site,



Errata

Please note that Table 3 on page 24, Table 2 on page 28 and Table 4 on page 30 of /LCA Bulletin 28 are wrong. The correct tables are:

Page 24 Table 3. Amino acia composition (g per 16 g N) of protein sources.
Protein source®
Aminoacid' EAARGR® -~

URB  DSM-P MOR-P KC SFC SBM
Alanine 3.8 3.7 35 39 35 3.7
Arginine 1.0 54 6.7 6.4 10.2 7.0 6.6
Asparagine 10.6 9.8 9.4 7.3 7.3 9.2
Cysteine 1.0 1.0 0.8 1.4 1.6 1.4
Glutamine 13.7 14.9 14.1 203 17.2 152
Glycine 3.7 37 34 4.1 4.7 7
Histidine 2.1 2.6 2.4 27 1.7 2.0 23
Isolzucine 3.9 4.0 3.7 15 3.1 35 3.9
Leucine 4.5 7.2 6.7 6.4 5.7 53 6.4
Lysine 5.4 6.2 5.9 5.6 39 2.7 5.3
Methionine 3.0 11 1.4 1.2 1.2 1.9 t.3
Phenylalanine 53 49 4.9 4.7 4.6 3.9 44
Prolene 34 3.7 3.5 3.9 4.0 4.5
Serine 58 4.8 4.5 5.1 39 4.8
Threonine 3.1 41 35 3.3 2.6 3.0 3.6
Tyrosine 25 24 23 2.2 1.6 2.9
Valine 31 4.7 4.4 4.1 4.7 4.6 4.2

' The analysis was performed at the Biomedical Centre, Uppsala University, Sweden.

* EAARGR = essential amino acid requirements {or growing rats, taken from Maynard et al
(1979).

* URB = untoasted red  beans: DSM-P = cowpea seceds from  Dar-es-Salaam: MOR-
P = cowpea sceds from Morogoro; KC = kapok expeller cake; SFC = sunflower expeller cake;
SBM = soya bean meal.

Page 28 Table 2. Proximate and chemical compositions of protein sources.
Cottonseed expeller cake'
SBM!
LGR MLP  MHZ MOR  SHY UZG
Proximate composition

Dry matter (%) 92.0 91.¢ 9.2 93.1 92.6 93.6 88.8
Ash (% DM) 6.8 7.2 6.4 4.0 6.3 6.3 6.0
Crude fibre (% DM) 10.9 10.9 16.3 19.4 11.3 12.1 5.3
Crude protcin (% DM) 46.7 48.2 40.9 24.1 45.8 429 524
Etherextract (% DM) 9.5 R.7 8.7 6.7 6.8 10.5 3.2

Nitrogen-free extractives
(% DM) 26.1 25.0 27.7 45.8 29.8 28.2 3.1

Gross energy (MJ/kg DM) 20.8 19.2 20.5 20.1 21.2 21.6 19.9
Major minerals® (g/kg DM)

Ca 2.8 3.0 3.5 1.3 3.0 24 34
Mg 12.8 11.8 8.5 5.5 10.3 9.5 6.5
P 1.6 5.8 4.8 33 5.4 4.9 27
Trace elemenis® (m g'kg DM)
Co <1 <i <l <l <l <1 <1
Cu 21 29 25 28 20 20 20
Fe 174 185 282 172 248 171 225
Mn 22 22 23 27 25 21 53
Zn 77 81 68 68 77 72 64

! Cottonseed cake samples from Luguru (LGR), Malampaka (MLP), Mhunze (MHZ), Morogoro
(MOR), Shinyanga (SHY) and Uzugore (UZG); SBM = soya bean meal.

* The aralyses were performed at the National Laboratory for Agricultural Chemistry, Uppsala,
Sweden.




P age 30 Table 4. Weight gain of rats and nutritive values of entire diets and their protein sources.

Dict with cottonseed cake' . .
S Dict with

S . value®
LGR  MLP MHZ MOR SHY uzG spm! [-value
No. of animals 5 S 5 5 5 N 3
Initial weight (g)
of rats 69.6 69.4 69.5 69,4 68.3 69.7 70.1 0.1n.s.
(£5.d.7) 20 @5 @21 @Bh) @6 (@3 (69)
Weight gain (g)
in 10 days 16.9¢d 15.4¢ 14.1c 8.8a  18.4d 17.3cd 19.8b  18.9***
Prowin quality”
D 87.1cd  84.4d  BU.1a 75.4b  86.3cd  86.6¢d 89.2c  20.0°**
(%s.d.) (4 (1L G4 (1) @B (14 (1.4)
BV 73.2bc  6R.0Ob  709bc  58.3a  72.6bc 76.7c 79.7¢ 6.3%**
NPU 63.7b¢  57.4d  56.7d 4400 62.5¢cd  66.5bc  71.1b  12.8***
uce 29.8d 27.7d 0 2324 10.6b  28.6d 28.5d 37.2c  56.3***
Digestibility of
entire diets
Organic

matter (%) 93.1¢ 92.4de  88.6a  81.5b  92.5de  92.2d 95.7c  363.1***
Energy (%) Y2.2d 91.3c  87.7a  80.0b 90,8 90.7¢ 284,2%*"

Digestible energy
(MJ/kg DM) 16.3d lo.lc 1540 143b  16.ded  16.2¢d 256.0***
POM* and DE* of
proiein sources
after difference
calculation

Organic

matter (%) 67.0de  62.0d 52.0a  55.0b  65.0¢c 66.0c 77.0c  46.8***
Digestible energy

(MJ/kg DM) 14.0c 1276 10.82 10.8a  12.9b 14.0¢c 42.3***

' Cottonseed cake samples from Luguru (LGR), Malampaka (MLP), Mhunze (MHZ), Morogoro
(MOR), Shinyanga (SHY) and Uzogore (UZG); SBM = soya bean meal.

Toeer o P<0.001; n.s. = not significant.

Me ¢ with different letters in the same row differ signilicantly (P<0.05).

3

s.c. = standard deviation.

*TD = true digestibility; BV = biological value; NPU = net protein utilisation; UCP = utilisable
crude protein,

* DOM = digestible organic matter; DE = digestible energy.

Our sincere apologics to the authors and all our readers,

The Editor
1LCA Bulletin,

/ "( b




Table 3. Average response (AR) and relative agronomic effectiveness (RAE) of rock and refined phosphates in Kenya and Tanzania.

Residual effects
Source P,0s Direct effect Istyear” 2nd ycarb Cumulative effect
Source, of rate AR® RAE AR RAE AR® RAE AR RAE
crop phosphate® (kgha'') (kgha™) (%) (kgha') (%) (kgha'') (%) (kgha™) (%)
Gosnelland Weiss
(1965), Kenya
Napier grass TSP 45 13838 100.0 6425 100.0 2718 100.0 22980 100.0
glf"‘g';‘:))i’l':‘m“’n TSP 90 20015 100.0 12849 100.0 5683 100.0 38548 100.0
Ay No)g 45 6425 46.4 3954 61.5 3212 118.2 13591 59.1
SOP 90 15567 77.8 10625 82.7 4942 87.0 31135 80.8
NRP 45 9637 69.6 5930 92.3 2224 81.8 17791 77.4
NRP 90 12355 61.7 8649 67.3 4201 73.9 25204 65.4
MRP 45 8154 58.9 3212 50.0 2965 109.1 14332 62.4
MRP %0 10872 54.3 8649 67.3 6425 113.0 25946 67.3
Birch (1959), Kenya
Cloverand TSP 188 35830 100.0 7413 100.0 n.a.’ n.a. n.a. n.a.
g;ﬁi?:b\rfffnyd TSP 282 40030 100.0 7413 100.0 n.a. n.a. n.a. n.a.
BSG 188 31382 87.6 5930 80.0 n.a. n.a. n.a. n.a.
BSG 282 34841 87.0 9637 130.0 n.a. n.a. n.a. n.a.
KF1 188 33606 93.8 6672 90.0 n.a. n.a. n.a. n.a,
KF1 282 41019 102.5 7413 100.0 n.a. n.a. n.a. n.a.
URP 75 27244 76.0 6336 85.5 n.a. n.a. n.a. n.a.
URP 110 32313 80.7 5702 76.9 n.a. n.a. n.a. n.a.
Jones and Robinson
(1965), Kenya
Napier grass DSP 47 2941 100.0 741 100.0 n.a. n.a. 3682 100.0
onr Scd loam NAP 47 1261 429 494 66.7 n.a. n.a. 1755 41.7
BSG 47 2916 99.1 2051 276.8 n.a. n.a. 4967 134.9
NAP+ 47 1681 57.2 247 334 n.a. n.a. 1928 524
BSG+ 47 2546 R6.6 322 43.4 n.a. n.a. 2867 77.9
Anderson (1965),
Tanzania
Grasson DSP 53 1019 100.0 2401 100.0 836 100.0 4256 100.0
*\"lctrrft':?)": and MRP* 53 (119 109.8 2130 88.7 849 101.6 4098 96.3
' MRP 53 352 345 2047 85.3 692 82.8 3091 72.6

* TSP = triple superphosphate; SOP = sodaphosphate; NRP = neutralised rock phosphate; MRP = Minjingu rock phosphate; BSG = basic slag; KF1 = Kenaf No. 1; URP =
Ugand: rock phosphate; DSP = double superphosphate; NAP = North African phosphate; NAP+ = North African phosphate with ammonium sulphate; BSG+ = basic slag
with ammonium sulphate; MRP* = Minjingu rock phosphite with muriate potash.

® First and second residual effect years refer to second and third experiment years.

¢ Gosnell and Weiss (1965) and Birch (1959) rzported AR results in green matter and Anderson (1965) and Jones and Robinson (1965) in dry matter (DM).

4 n.a = notavailable,

the return was 13 kg DM per shilling in-
vested. Ovcrall, MRP gave only about
75% of the agronomic response of DSP,
but should be cheaper to use because it is
locally obtainable.

The Mlingano and Naliendele Agricul-
tural Rescarch Institutes of Tanzania un-
dertook 6-ycar comparative fertilizer trials
(Anon.,s.d.,bandc). PR, TSP and a TSP/
PR mixture were applied periodically to
cereals on a rhodic Ferralsol and luvic
Arcnosol with respectively 6.7 and 5.0 pH
and 4.7 and 5.1 mg P kg". The trials were
completed in 1986 after all plots had re-
ccived a total of 180 kg P,Os ha'™.

Phosphate rock applied at the rate of

30 kg P,Os ha™' every season over the 6 years
gave a total maize response much higher
than did TSP at the same rate. However,
when fertilizers were applied at 60 kg P,O4
ha™ every second scason or 90 kg P,Osha™
every third scason, the maize response to
PR was significantly lower than that to TSP,
With only an initial application of 180 kg
P,Os ha™', response to PR was 17% more
than the total maize responsce to TSP over
the 6 years (3770 kg ha™'). Fertilizer mix-
ture was more cfficient when PR and TSP
were used at the rates of 60 and 30 kg P,Os
ha™' rather than the reverse. Response to
PR was, in most cases, relatively lower in
the first year,
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Similar trials showed that the response
of sorghum to FR was at least 30% lower
than that to TSP at all rates considered.
The trials with the TSP/PR mixture gave al-
most the same results as those with maize
which at the best rate yiclded an average of
800 kg ha™' year™ over the control.

For both sorghum and maize, the return
per shilling invested in fertilizer was higher
for PR because the cost of TSP was almost
three times more than that of PR, assuming
that the fertilizer prices are farm gate
prices and that all other costs are equal for
both phosphate sources. However, price
and yicld variations over the 6 years might
affect this result.



RELATIVE Table 4. Average response (AR) and relative agronomic effectiveness (RAE) of rock and refined

hos; , Ethiopia, 1985.°
EFFECTIVENESS OF phosphates, Ethiopia 5
PHOSPHATE ROCKS Direct effect
Source P,05
. . Crop of rate AR RAE
Relative agronomic phosphate® (kgha)  (kgDMha™) (%)
ffectiv s (RAE
effectivenes ( A ) T’ quartinianum TSP 20 1093 100.0
Tables 2 and 4 show average response on Vertisol, 1985 TSP 40 2060 100.0
(AR) and relative agronomic effectiveness TSP 80 3423 100.0
(RAE), calculated fro.m the Ethiopian TSP 160 3178 100.0
data. Average response is the mean change
in yicld over the control as a result of fertili- ERP 20 259 37
zatici, Relative agronomic effectiveness is ERP 40 679 32.9
the percentage representation of AR to ERP 80 1911 55.8
phosphate fertilizersin the AR to RP at the ERP 160 2176 68.5
same rate. The RAE of PR is for example TRP 20 87 5.0
computed as: TRP 10 604 29‘3
RAE, = (AR, /AR,;) > 100 TRP 80 805 235
where:
TRP 160 1516 47.7
pr = phosphate rock, and
. " : Lucerne on TSP 20 492 100.0
rp = refined ph()sphdlc (SPS) uplandssoil, 1985 Tsp 40 849 100.0
Accordinglly, thliXI:A{EXIfES? is att.zmy ,;;(ijvcn TSP 80 1062 100.0
te ait .0 S cstimat t
raie equat to 100, RAE is estimated a TSP 160 1090 100.0
cquivalent rates of fertilizer application.
ERP 20 326 66.2
. ERP 40 544 64.1
Direct effects ERP %0 %61 gLl
Table 2 shows that in 1984, the RAE of ERP 160 1326 121.6
ERP on Trifolium steudneri was 117 and TRP 20 274 55.7
0, P a -
1‘25 % at 15 and 30 kg P,Os ha rcspc_f TRP 40 452 533
tively, butwasonly 61% at 60 kg P,Osha™',
Much better RAEs were obtained in 1985 TRP 8 683 64.3
at the rates of 15 and 60 kg P,Og ha™'. TRP 160 659 60.5
) R;sxlll:s wi;hr'll‘iFquar!i;:inlnum_i;how lhal; T. quartinianum TSP 60 7760 100.0
t \ALRS =RE > Y% in & i
¢ AAEs o we pelow f% In a on Vertisol, 1985 TSP/ERP as/1s¢ 2704 3.8
cases (Table 4). The performance of Togo
rock phosphate (TRP), which has 36.7% TSP/ERP 30130 3690 41.6
total P,O5 and 16% clemental P, was even TSP/ERP 15/45 3305 42.6
less. Lucerne response to ERP and TRP ERP 60 2810 36.2
gave RAEs less than 85%, although the - n TSP 60 1245 100.0
RAEs of ERP were usually higher than oh({ffrrt’i;'g;mllggs " )
those of TRP. Only in onc case did ERP (at ' TSPITRP 45/15 3518 108.4
160 kg P,Os ha') give a better RAE TSP/TRP 30730 2292 70.6
(122%). TSP/TRP 15145 2199 67.8
Mixtures of TSP zmq ERP were applied TRP 60 1713 52.8
to Desmodium sanduicense and T. quar-
tinianum (Table 4). Comparable TSP/TRP P“‘;"‘_’d""'" Tsp 5C 1299 100.0
mixtures were also used on T, quar- ;‘:{L;{:;g“:;ll TSP/ERP 3mz° 1252 96.4
tinianum. On desmodium, there was no 1985 ' TSP/EPR 25125 1007 77.5
1 fiee ifference > ot "SSP/
sngm-ﬁca‘nt difference between 'ISI./IERP TSP/ERP 12/37 1263 97.2
applications of 37.5/12.5 kg P,Os ha™! and
ERP 50 1125 86.6

12.5/37.5 kg P,Os ha™. On trifolium, the
highest fraction of TSP in the TSP/TRP " Trials were conducted without additional N. Residual values were not available.

mixtures and an cqual proportion of TSP/ b TSP = triple superphosphate; ERP = Egyptian rock phosphate; TRP = Togo rock phosphate.
ERP gave better results. The higher the  Rates of P,Os from TSP and ERP respectively.

proportion of TSP in the TSP/TRP mix- ¢ Rates of P05 from TSP and TRP respectively.

ture, the better were the RAFs, Sources: I. Haque (ILCA, Addis Ababa, Ethiopia, unpublished data) and Haque and Jutzi (1985).
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Table 3 shows analyses from the litera-
ture review in Kenya and Tanzania, There
is some difficulty in comparing results be-
cause of the use of different crops and
materials. Nonctheless, it appears that PRs
were generally inferior to RPs, while their
yields were often superior to controis.

Residual effects

Because phosphate rocks release P more
slowly than refined phosphates, the prof-
itability of using rock sources should be
higher if residual effects are included. In
Tables 2 and 3, residual effects are ex-
amined by comparing the cumulative RAIL
to the dircet RAE ~if the cumulative RAE
is greater, then including residual effects
improves the value of phosphate rock.

Using TSP as a reference, only four
residual values are available for ERP in
Table 2; two are greater than the direct
RAE, therefore rock values are not im-
proved by including residual effects. In
Table 3, nine out of 12 values are greater
than the direet effects, so it is possible to
conclude that residaals improve the agro-
nomic cfficiency of phosphate rocks. This
is also supported by most results of the 6-
year trials with cereals in Tanzania.

Effects of phosphate rocks
on protein yield

In general, phosphates did notimprove ihe
protein content of fodder except in clover
response to ERP and URP. Although
phosphate rocks were not as quick stimu-
tants of response as refined phosphates,
they gave better or comparable protein
content. It is possible to conclude that
adjusting DM results for prowin content
might favour phosphate rock use, and that
both rock and refined phosphates would
raise the yield of protein per hectare.

Effects of phosphate rocks
on cereals

Phosphate rock was tried on cercals. Apart
front very few applications on maize, rock
gave lower responses than did refined
phosphates, although detailed trial results
were not always available. In the 6-year
comparative trials in Tanzania, PR was ag-
ronemically less efficient on sorghum than
TSP. The tendency for rock to be inferior
on cereals suggests that PRs would be more
effective in long-term fodder production,
because of residual effects,

Relative economic effectiveness
(REE) of phosphate rocks

The economics of phosphate rocks depend
mainly on phosphate prices, on the RAE
value, and on the concentration of PaOs in
cach source. Because of rock’s lower con-
centration, transportation costs witl favour
refined phosphates. The relative cconomic
cffectiveness (REE) is:
REE = RAE x (P/P,,,)
where:
P,, = price per kg P,Os of re-
fined phosphate, and
P, = price per kg P2Os of phos-
phate rock (Haque and
Godfrey-Sam-Apggrey,
1980).

The assumptions used in calculating the
prices of P>0s delivered to Addis Ababa
are:

ERP TRP TSP
Average price
(USSt ' product) 45 45 155
PO content (%) 294 367 460

Transportation costs
to Addis Ababa = USS$ 100t product

Costof P,Os4
at Addis Ababa
(US$th) 493 395 554

Because TSP sources of PaQg are 12-
40% more expensive than PR, rock can be
that much less agronomically efficient than
TSP and still be competitive. If the prices
of rock and refined phosphates per kg of
nutrient were equal, the REE would be
cqual to the RAE for any comparison. If
rock phosphate has an REL greater than
100, itis more profitable than refined phos-
phate at the specified rate. This approach
assumes  that application, handling and
other costs are equal for all phosphate
sources.

Table 5 shows that phosphate rocks are
cconomically fess efficient on 7. quarti-
nianum and lucerne, exeept at one rate on
lucerne. ERP was generally more efficient
at 30 kg P20s ha't or less on T steudneri.
On desmodium only & 1:1 mixture of P20
from TSP and ERP and ERP alone were
less effective. “This is partly due to the lower
agronomic efficiency of phosphate rock
compared to that of refined phosphate,
and partly to the higher price of P05 kg’
because of the higher transportation costs
for rock. With T. steudneri, inclusion of
residual effects improved the results only
at the rates of 15 and 60 kg P05 ha™.
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Table 6 shows the REEs of various rock
and refined phosphates on forage crops in
Kenya and Tanzania. URP, MRP, NRP
and NAP seem to be clearly less efficient,
exceptinone instance on grass in Tanzania
where MRP was used with muriate of
potash (Anderson, 1965). Inclusion of re-
sidual effects did not change the results,
Sensitivity analysis of the REEs to changes
in fertilizer cost showed that a decline as
large as 50% in PR price orin the transpor-
tation costs of product did not affect most
of the results.

Possible reasons for the poor
agronomic performance of
phosphate rocks

The literature suggests that PRs gave
poorer agronomic performances because
of low solubility and P release. As few trials
were undertaken with more than two PR
rates, it is also possible that fertilizers were
uscd below or above the appropriate rates,
thereby affecting the yield. In most cases,
residual effects were not tested for longer
than 2 years. Because the trials were done
under different conditions — using different
plants, sites, methods and times of appli-
cation — it is difficult to cstimate the
cffects of other factors. For example, An-
derson (1965) reported that when the same
trial was done in three sites, the responses
to MRP differed markedly although the
comparison with refined phosphate did not
differ as much.

CONCLUSIONS

All studies confirmed a phosphate re-
sponsc. The response was probably greater
on acidic soils, and was found in cereals,
forages and tree crops. Overall, phosphate
rocks gave poorer responses than refined
phosphates. Only 7. steudneri in Ethiopia
and pyrethrum (genus Chrysanthermumy) in
Kenya gave better agronomic responses to
PR than to RP in the year of application,

It has _:nerally been suggested that re-
sidual effeets will be greater for phosphate
rocks. Few experiments measured such ef-
fects: those outside Ethiopia confirmed that
residual effects favourced rock application,
although the residuals were never large
cnough to effect any significant changes
in the cconomic efficiency of rock relative
to that of refined phosphate.

The poorer agronomic response to phos-
phate rocks makes the economics of using



Table 5. Relative economic effectiveness (REE) of rock and refined phosphates, Ei

1984 and 1985

thiopia,

REE
Crop Source P,Os Direct Cumulative
of rate cffect cffect
phosphate® (kgha'") (%) (%)
T. steudneri TSP Any 112.2 112.2
on Vertisols, 1984 ERP 15 131.7 156.1
ERP 30 140.5 134.8
ERP 45 109.3 68.1
ERP 60 68.8 84.7
T quartinianum TSP Any 112.2 n.a.‘
on Vertisols, 1985 ERP 20 26.6 na.
ERP 40 37.0 n.a.
ERP 80 62.7 n.a.
ERP 160 76.9 n.a.
TSP Any 140.3 n.a.
TRP 20 11.2 n.a.
TRP 40 41.1 n.a.
TRP 80 33.0 n.a,
TRP 160 66.9 n.a.
Lucerneon TSP Any 112.2 n.a.
uplandsoil, 1985 ERP 20 74.3 N
ERP 40 71.9 n.a.
ERP 80 91.0 n.a.
ERP 160 136.5 n.a.
TSp Any 140.3 n.a.
TRP 20 78.1 n.a.
TRP 40 74.7 n.a.
TRP 80 90.2 n.a.
TRP 160 84.8 n.a.
T. quartinianum TSP Any 112.2 n.a.
on Vertisols, 1985 TSP/ERP a5/15 39.1 n.a.
TSP/ERP 30/30 534 n.a.
TSP/ERP 15/45 47.8 n.a,
ERP 60 40.6 n.a.
T. quartinianum TSP Any 140.3 n.a.
on Vertisols, 1985 TSP/TRP 45115 152.1 n.a.
TSP/TRP 30730 99.1 n.a.
TSP/TRP 15/45 95.1 n.a.
TRP 60 74.0 n.a.
Desmodium sanduicense TSP Any 112.2 n.a.
onupland soil, 1985 TSPIERP 3112 108.2 n.a.
TSP/EPR 25125 87.0 n.a,
TSP/ERP 12/37 109.1 n.a.
ERP 50 97.2 n.a.

* Trials were conducted without additional N Fertilizer prices are as shown in the text. P,Os content is 46% for TSP,
29.4% for ERP and 36.7% for TRP. Because the RAE of TSP equals 100, the REE of TSP

difference in orice between TSP and TRP.
" TSP = wiple superphosphate; ERP = Egyptian rock phosphate; TRP = Togo rock phosphate.

¢ n.a. = not available,

Sources: 1. Haque (ILCA, Addis Ababa, Ethiopia, unpublished data) and Haque and Jutzi (1985),
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gives the percentage

them marginal. There were some clear in-
stances where it would be profitablc to use
phosphate rocks, but identification of such
cases depends on the type of crop, rock,
sail «nd other factors. Whatever the physi-
cal responses to phosphate rock, it will still
be neccessary to use more concentrated
rocks in order to reduce the burden of
transportation and other related costs,
especially if the rock is not locally avail-
able. In addition, if rock is more difficult to
apply than refined phosphate, then appli-
cation costs should be considered in any
further cconomic analysis.
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Table 6. Relative economic effectiveness (REE)" of rock and refincd phosphates, Kenya and

Tanzania.
REE
Source, Source of P,05 Direct Cumulative
crop phospha(ch rate effect cffect
(kgha™) (%) (%)

Gosnell and Weiss (1965},

Kenya

Napier grass on TSP Any n.a.‘ n.a.

gray-brown clay soils sop 45 40.8 52.0
SOP 90 68.4 71.0
NRP 45 66.6 74.0
NRP 90 59.0 62.5
MRP 45 67.6 71.5
MRP 90 62.3 77.2

Birch (1959),

Kenya

Clover on weedy, TSP Any n.a. n.a.

old arable land BSG 188 60.6 n.a.
BSG 282 60.2 n.a.
URP 75 68.3 n.a.
URP 110 72.5 n.a.

Anderson (1965),

Tanzaniua

Grass on Ferrisols DSP 53 n.a. n.a,

and Vertisols MRP* 53 138.0 121.0
MRP 53 43.4 91.2

Jones and Robinson

(1965), Kenya

Napier grass on DSsP 47 n.a. n.a.

red loam soils NAP 4 521 579
BSG 47 75.1 102.2
NAP -+ 47 69.4 63.6
BSG+ 47 65.0 59.0

* Calculated from the literature

TSP = triple superphosphate; SOP = sodaphosphate; NRP = neutralised rock phosphate; MRP = Minjingu rock
phosphate; BSG = basic slag; URP = Uganda cock phosphate; DSP = double superphosphate; MRP® = Minjingu
rock phosphate with muriate potash; NAP ~ North African phosphate; NAP+ = North African phosphate with
ammonium sulphate; BSG+ = basic slag with ammomum sulphate.

n.a. = notavailable,

-
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SUMMARY

HE VALUE OF rree legumes and con-

strainis to their production in the differ-
ent agro-ccological zones of Africa are asses-
sed. Considerable research effort is required
to solve the problems of germplasm availabil-
iy and adaptation. Management issues, such
as the identification of suitable entry points,
are emphasised as the key factors determin-
ing the contribution of woody legumes to
African furming systems. Depending on
ecological conditions and the ferming sys-
tem, different management strategies can be
adopted, including alley or terrace farming,
jodder banks or intensive feed gardens,
compound planting and plantation farming.

INTRODUCTION

ILCA s interestin agroforestry is imited to
its application to mixed farming systems in
which animals are important (Gryseels and
Getachew Asamenew, 1985). Two of its
basic agroiorestry-related activities are ac-
quisition and evalaation of tree germplasm
and screening of fodder trees for nutritional
factors, including both ant-nutritive and
anti-dictary. The third is on-farm application
of an alley farming model with Lencaena
leucocephala and Gliricidia sepium in the
humid zone. designed to improve animal
feed supplies and soil fertility, The use of
leguminous trees in mixed crop-livestock
systems has recently been reviewed by
Torres (1983).

‘The potential of leguminous trees to in-
crease crop-livestock production in sub-
Saharan Africa is discussed. Key manage-
ment issues influencing tree introduction
and contributiors to these systems are de-
scribed, followed by a detailed account of
the management techniques suitable for
different agro-ccolegical zones.

THE ROLE OF LEGUMES

The main constraints to plant and animal
production in sub-Saharan Africa are nu-
trient shortages, particularly N and P, and
water. Legumes can play various roles in im-
proving the soil nutrient status, which in turn
can positively affect the water constraint.

Sail nitrogen deficiency may be over-
come through the use of fertilizer, manure
or biological N fixation (BNF) by legumin-
ous plants. BNF is an cconomical method
1o improve soil fertility that leads to a more
active soil biology, which in turn improves
nutrient cycling and <oil physical condi-
tions, such as bulk density, water infiltra-
tion and water-holding capacity (R, Lal,
HTA, pers. communication). Legumes thus
have two clear functions in mixed farming
systems: they build soil fertility, thercby
improving crop and ferage yields, and en-
hance forage quality for animal production
(Tothill, 1986).

The level of dictary forage intake by ani-
mals is determined by the quality and
quantity of protcin. Another factor in-
fluencing the rumen function is the level of
tannins which varics in different types of
forage plants, particularly the  woody
species (van Soest, 1982). ILCA’s animal
feeding trials using browse and herbaccous
legumes to supplement low-guatity, straw-
based diets demonstrated considerable dif-
ferences in animal productivity between
different species of leguminous fodder
plants (ILCA | 1986a).

POTENTIAL OF
TREE LEGUMES
Advantages

Because of the beneficial effects of legumes
on plant and animal production, serious
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consideration has recently been given to
the value of thesc plants to African farming
systems. The woody species or multipur-
pose trees (MPTs) appear to have consid-
erable potential for use in crop-livestock
systems. Their advantages are:

* Multipurpose use. Forage, fertilizer (crop
mulching), fuel, poles, building timber,
shade, shelter from wind, soil conserva-
tion, fencing and forage conservation
arc all possible uscs.

® Perennial habii. Most tree legumes are
medium- (>2 years) to long-term (>10
years) perennials,

* Deep-rooting habit. Most trees are deep-
1ooted and can access soil water and
nutrients that are out of reach of most
crop and forage species. This cnables
them to produce or retain high-quality
green forage even during the dry scason.
By tapping soil nutrients inaccessible to
other plants, trees may also act as ‘nutri-
ent pumps’. Topsoil fertility is enhanced
if tree cuttings are returned to the soil,
cither directly as mulch or indircctly as
animal residues,

® Dietary quality. Because of the often
prolonged production of green material,
the dietary quality of prunings, usually
determined by protein content, can re-
main high for most or all of the dry scason.
The effects of secondary polyphenclic
compounds such as tannins, which tend
to be more prevalent in tree legumes,
an pro‘ect protein to various levels
from rumen digestion. This may be used
to both advantage or disadvantage in the
overall digestion process.

Availability of germplasm

The use of leguminous trees in many Afri-
can fariming systems depends on the avail-
ability of cxotic germplasm. This is because



few vegetation systems are naturally cn-
dowed with adeyuate populations of
leguminous trees, and germplasm avail-
ability is inadequate over all agro-ccological
zones. ILCA is presently assembling
germplasm from a wide variety of environ-
ments; other organisations and individuals
are collecting MPT germplasm in Africa,
Southcast Asia and Central an:d South
America. Table 1 shows the present MPT
germplasm holdings in ILCA’s genebank.

optimising mulch or forage production
than to maintaining reserves of forage
for strategic feeding of certain animal
classes.

® Arid zone. The relationship between tol-
erance and productivity is even more in-
verscly proportional than that outlined
for the semi-arid zone.

® Highlands. Locating woody browse
species for the highland areas is also dif-
ficult, presumably because of the low

Table 1. Woady species germplasm in HL.CA's genebank, September [986,

Genus _NOUOf
species
Acacia 64
Aeschynomene 9
Albizia 5
Aliriplex 17
Cajanus 1
Cassia 9
Casuaring 7
Chamaecytisus 2
Desmunthus 7
Erythrina 10
Gliricidia 1
Leucaena n
Prosopis 7
Seshania 11
32 other gencera 92

No. of Agro-ccological
aceessions zone
113 AtoSA
94 HtoSH, HL
16 HtoSH,HL
35 SHtoSA
106 SHtoSA
14 HtoSH
11 SHtoSA
30 SH, HL
105 SAtoSH
49 HtoSH,HL
87 HtoSH
126 HtoSH
14 AtoSA
59 HtoSH, HL
135

Germplasm adaptation

A tentative assessment of permplasm

adaptation to African agro-ccological zones

indicates that problems occur in all zones
except the humid:

® Humid zonc. There is adequate germ-
plasm available for this zone and adapta-
tion is facilitated by ccological condi-
tions.

e Subhumid zone. Because of acid soils
(plt <5.5 and high aluminium content)
and the widespread occurrence of a hard
pun which impedes drainage and pre-
vents root peactration, most legume
trees establish and grow poorly in this
zone.

e Semi-arid zone. The main problem in
this zone is that selection for increased
drought tolerance lcads to decreased
productivity. Thus, the management
stratecgy must be oriented much less to

A = artd, SA = semi-arid, SH = wubbiomid, 1 == humid, HL = highlands (> 1500 m a.s.).).

temperature and high radiation. Since

most temperate zones are in the higher

latitudes, day-length control over plant
phenology and function may be an adap-
tational barrier.

A more comprehensive accocnt of MPTs
is given by Burley (1985). Germplasm
availability is limited partly due to in-
adequatc germplasm exploration and defi-
nition of germplasm requirements. This
applies particularly to Acacia albida which,
despite its pan-African distribution and
known genctic variability, has not been
systematically collected for agroforestry’.

' Tae workshop on “Tree improvement in the Sahel”,
held in Nairobi from 27 February to S March 1987 by
the International Union of Forestry Research Or-
ganisations (IUFRO) for the 16 Sahelian countrices,
confirmed that substantial A, albida germplasm is
available in the semi-arid to arid zones. In these zones
forestry and agroforestry have similar objectives.
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Okigbo (1986) and others have reported
that a large number of indigenous legnme
trees arc already used by farmers for various
purposes. A greater knowledge of these
plants, their uses and potential in managed
agricultural systems is needed to enable
their complementary use  with  exotic
species.

MANAGEMENT ISSUES

Some woody legumes have been used by
man for a long time, and their potential to
increase plant or animal production has
been studied for many years. Why then has
their adoption in erop-livestock farming
systems been so slow? Probably because
such management issues as practical ways
to incorporate or use legume trees in these
systems have not been researched,

Grass and tree balance

Where naturally occurring woody and her-
baccous plants both contribute to the agri-
cultural productivity of the system, as in
the pastoral areas, an important manage-
ment issue is to maintain the balance be-
tween the two components of the system.
Either grass or tree species may dominate
duc to such factors as soil type, rainfall sea-
sonality, grazing pressure, species type,
fire etc. The factor(s) causing deviations
from the desired balance must be identified
and corrective measures introduced to en-
sure long-term productivity and sustain-
ability of the system,

The introduction of additional forage
clements, such as crop residues or herba-
ceous legumes, may, in certain situations,
also upsct the desired balance. For ex-
ample, increased grazing pressure on
species that are not adapted to high levels
of defoliation may lead to the loss of one
(e.g. the grass) component.,

Entry points

Perhaps the most important management
issuc in agropastoral areas is the identifica-
tion of points at which agroforestry tech-
nology can be introduced into the farming
systems.

Traditional agricultural systems have
two distinct phases: the fallow phase and
the crop phase. During the fallow phase
land is left to bush or grass for a period
of time to rebuild soil fertility. Planting
leguminous trees as a replacement for



natural fallow will accelerate the rejuvena-
tion process, and is thus a suitable entry
point. The introduction of legume trees
into the crop phase improves soil fertility
and allows crop production to continie
either indefinitely or for a considerably
longer time than before.

Even though sensible entry points and
apparently appropriate interventions can
be defined, it is necessary that they should
be tested in on-farm trials, The experience
gained from these trials and feedback to re-
searchers teach important lessons for tech-
nology adoption (Atta-Krah and Francis,
1986).

Mulch or fodder

If forage trees arc planted in crop ficlds, a
quantitative rclationship has to be de-
veloped between the amount of foliage
needed to maintain or restore soil fertility
and that which could be harvested for ani-
mal feed.

Free-ranging livestock

Management of communal grazing lands
poses another problem for which there is
1o easy solution. Agroforestry cannot be
successfully implemented unless some
communal management strategy is adopted
(such as the livestock exclusion zones in
Ethiopia) to prevent free-ranging animals
from damaging scedlings and young trees.
Go~3 can be particularly damaging.

Tree establishment

Finally, establishment is a critical manage-
ment issue in agroforestry: most tree specics
arc relatively slow to establish, require
protection from animals and considerable
labour input for weeding. Many agro-
forestry projects fail at this stage for lack of
attention.

MANAGEMENT
STRATEGIES

Different tree management strategics arc
suitable to different agro-ecological situa-
tions.

Arid and semi-arid zones

ILCA’s East African rangelands pro-
grammes in Kenya and Ethiopia aim to ex-
ploit the more favourable environmental

conditions in pastoral areas for the oppor-
tunistic production of crops and forages.
'This opportunity comes from the increase:d
sedentarisaiion of the pastoralists and their
realisation that supplementary calf feeding
can substantially increase calf survival
while maintaining milk offtake from dams.
An appropriate strategy for growing legume
trees in this zone is alley or terrace farming.

Alley or terrace farming. Under this tech-
nique hedgerows of leguminous trees arc
grown cither in parailel rows or along a suc-
cession of contours; the intervening space
is used to grow crops which are mulched
with prunings from the hedges.

The International Institute of Tropical
Agriculture in [badan, Nigeria, pioneered
alley cropping with Leucaena leucocephala
and Gliricidia sepium, using 4-m hedgerow
spacing (Kangetal, 1981). ILCA cxpanded
on this work by introducing an animal feed
component to the on-farm application of
the technology, to test dry-scason feeding
of small ruminants (Atta-Krah eval, 1986).

The technique has also been adopted in
Ethiopia's semi-arid zone (mid-altitude
and lower highland arcas) for terrace farm-
ing with Sesbania sesban on slightly sloping,
casily erodible Vertisols (ILCA, 1986b).

Subhumid and humid zones

In the mixed smallholder farming systems
of the more humid areas, a number of man-
agement strategics ca. . be applied:

Fodder banks. These are small, densely
sown stands of tree legumes providing
high-quality fodder for dry-scason feeding
with natural forage or crop residues. Fod-
der banks with stylosanthes are being tested
by ILCA’s Subhumid Zone Programme
(Mohamed-Saleem and Suleiman, 1986).

Intensive feed gardens (IFGs). This is
specialised feed production on small plots
of land. Fodder trees are grown cither in
pure stands or in combination with other
forages such as herbaceous legumes and
productive grasses. The gardens can pro-
vide high-quality supplementary feed for
smallliolder livestock (usually sheep and
goats); the technique is being tested by
ILCA’s Humid Zone Programme (Atta-
Krah et al, 1986).

Both fodder banks and 1FGs may allow
optimum usc of light, manure or fertilizer
in small areas, and perhaps also water
through simple impounding. In the East
African semi-arid zone, environmentally
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favoured areas are being selected for op-
portunistic cropping and, potentially, also
for IFGs.

Compound planting/iive fencing. Woody
plants can be used in and around housing
compounds and farm lands. Such fence and
compound trees could supply fruits, vege-
tables, construction poles, fuclwood and
fence poles. Moreover, small ruminants left
around the houring area would greatly bene-
fit from a regular supply of good-quality
forage.

Fencing both the compound and crop-
land is usually important in the more
humid vones. The fence can be made of
spaced poles with wire strung between or
as a close-planted barrier. Live fences tend
to be more termite-resistant than dead
fencing materials. Multipurpose trees such
as leucaena, gliricidia, ficus and erythrina
have all been used in fence development,
the last three mainly for pole cuttings.

Water-point development. Because ani-
mals regularly congregate around water
points, these areas are often heavily over-
grazed or become denuded. Depending on
the nature of the water point and the inten-
sity of its usc, forage banks with tree leg-
umes could be developed at such sites. In
the drier zones, many of vhe trees may re-
quirc only a small amount of water in the
cstablishment year, after which they have
access to deep-soil water. However, the
cver present threat of premature browsing
is likely to be greater around water points,

Agroforestry development around water
points can provide shade and shelter, and
windbreaks to minimise soil erosion. These
are being considered as companion devel-
opments to ILCA’s pond development
scheme for the southern Ethiopian range-
lands.

Plantation farming. Under this technique a
woody plantation crop is underplanted
with a herbaceous ground crop and/or for-
age material. ILCA’s Forage Agronomy
Section has been investigating herbaceous
leguminious forages suitable for under-
planting coffee on smallhclder inixed
farms, but the technique can be used with
other tree crops as well. Underplanting
with forage legumes provides extra fodder
while replacing weeds.

CONCLUSIONS

Fodder trees can play an important role in
livestock farming systems in the tropics.



However, rescarch in this arca is limited,
as arc genctic resources, particularly in
tropical highland, dryland and acid soil
situations. Uscful species such as Acacia al-
bida, found naturally in the subhumid and
semi-arid zones of Africa, represent an
enormous reservoir of genctic diversity,
tut have not been widely collected and
evaluated. A further problem is the habitual
cutting or pollarding of trees for fuel and
fodder.

Maragement is likely to be different in
an agrotorestry-based systemy, and it is
nciiibic that such promising species as
Lrucaena have had a long and chequered
adoption carcer, mainly for management
reasons.

Tree legumes can be grown under vari-
ous agro-ccological conditions and man-
aged for a variety of purposes or products.
Thus they have a great potential Tor use in
African small-scale farming systems, par-
ticularly those where fuclwood and forage
resources are reduced.

Various types of MPT-based feed pack-
ages hav~ been designed and  tested,
mainly in the humid zone. However, there
is a considerable potential to introduce
such packages also in the other zones, pro-
vided that germplasm identification, col-

lection and acquisition for particular pack-
ages is closely coordinated with on-farm
implementation and management.
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POLICY AND AUDIENCE

The aims of the I1.CA Bulletin arc to present
the results of livestoch rescarch by scien-
tists at ILCA and at African national insti-
tutes, spread the knowledge of results in
relaved  disciplines, encourage national
scientists to test new rescarch techniques
and technological innovations, and stimu-
late the adaptation to local conditions of
applicd rescarch carried out by ILCA.
Thus the muin audience of the ILCA
Budietin is made up by the following groups
in sub-Saharan Africa: scientists working
in livestock rescarch and related ficlds,
agricultural policy makers. administrators
and development workers, The I1.CA Bul-
letin is also distributed to scientists working
outside Africa and to ILCA’s donors.

MANUSCRIPTS

Articles may be submitted in English or
French and should be from 3000 to 7000
words. The original, typed double-spaced
on one side of the page only, and two
photocopies, should be sent to the Director
of Training and Information, 1LCA,
P.O.Box 5689, Addis Ababa, Ethiopia.
Papers submitted will be reviewed by two
internal referces whose comments will be
passed on to authors. If in the referees’
opinion a paper is acceptable for publica-
tion, the author should send an amended
draft to the Editor of the Bulletin for edit-
ing and publication.

FORMAT AND STYLE

Authors should give their names and ini-
tials, titles, programine or department,
institute, postal address, and telex number
if available. Articles should include a sum-
marv and, whencever possible, the fol-
lowing scctions: introduction, matcerials
and methods, results and discussion. The
findings reported should be discussed in
the broader context of livestock and
agricultural production in Africa.

Data in figures and tables should be
clearly presented and their salient points
adequately discussed in text. In the case of
figures please send original artwork with
the final copy, not photocopies. Sources of
figures and tables should be referenced.
Abbreviations and symbols usd in a figure
or table should be cxplained in footnaotes

Authors’ style guide

below.  Good-quality  black-and-white
photographs are acceptable for publica-
tion. A full list of references must appear at
the end of the paper, and authors may also
include acknowledgements, disclaimers
and/or a list of less common abbreviations
and acronyms.

The International System of Units (S1)
should be used to specify the magnitude of
physical quantitics. S units are divided
into three classes: base (e.g. m, kg, s and
mol), derived (e.g. m~ and m®), and sup-
plementary units.

The range offered by base units can be
expanded by using decimal multiples and
sub-multiples described by such prefixes as
kilo (10%), mega (10%), deci (107", milli
(107, micro (10°°) ete. The choice of the
unit will depend on the number of signifi-
cant figures available: when there are two
or niore, the numerical component should
fall between 1 and 100 (e.g. the mean weight
of cereal grain should be reported as 42.6 mg
rather than 0.0426 g or 42600 pg), but when
only one is available, it should be between
I and 10 (c.g. yields were between 1 and
2tha™, not between 0.1 and 0.2 kg m*or
between 100 and 200 g m™). Applying this
scale rule will help climinate the frequent
use of zeros or decimal points. Some SI
units and symbols recommended for usc
in agricultural literature are given in the
‘Examples’ section.

Articles will be edited to maintain a uni-
form style; substantial cditorial changes
will be referred to authors for approval.

EXAMPLES

SI units and symbols

e Time: Although he second (s) is the
base ST unit for time, it is rarely used in
agriculture. The hour (h), day (d) and
year should therefore be applied.

o Area:m’ (appropriate for studiesin crop
physiology), km* (for arcas under spe-
cific crop), and ha (acceptable to quote
the size of a farm or field).

e Population density: ha is the conven-
tional reference area for plantation
crops and animal stocking densitics, but
for plant densitics m™ is more appro-
priate. This descriptor conforms to the
scale rule since an cxpression such as
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10 to 20 plants m™ is much casier to
visualise than, for instance, 1J0 000 to
200 000 ha™'.

® Mass or weight: kg, t (tonne; tolerated in
compound units such as US$ 100 !
product), and mg g™’ or g kg™ (weight of
dry matter produced by a crop per unit of
water).

e Crop yields: kg m™ (fresh yields) but
g m’? (dry matter yields); t ha™ is conve-
nient when describing agronomic re-
sponse.

o Fertilizer application: kg ha' and g m™'
for experimental plots.
Volume: The base SI unit of m* is rarely
convenient for agricultural measure-
ment. Thus we will use the litre (1 dm”)
as a more relevant unit, although we will
not abbreviate it because of the potential
confusion with the numeral 1. Rainfall
will be expressed in mm and evaporation
ratesinmmd™,
» Concentration: mg kg™, not ‘parts per
million’ (ppm).
Force: 1 N (Newton) = 1 kgm's™.
Pressure: ‘The unit commonly used by
crop physiologists and soil scientists for
pressure, tlie bar, can be converted to
mega Pascals (MiPa), a multiple of the SI
unit, the Pascal (Pa), by multiplying by
0.1.
Ienergy: J (Joule; which replaces the now
obsolete erg and caloric), kJ g”' (energy
content of animal fodder or human
foud), MJ d'! (animal energy consump-
tion), and MJ d*' kg™ {in nutritional
work).

e Power: | W (watt) = 115" (forcxchange
of thermal energy between plants or ani-
mals and their environments).

Note that the product of two units is
written by introducing a space between
them and that the quotient is indicated by a
negative index, thus kg/ha becomes kg ha™
in the S1 system.

-

Treatment of numbers

The numbers one to nine should be written
as words, except when used as measure-
ments or units (¢.g. 1 kg, 1 month, 1 litre
but one cow). All other numbers should be
written as numerals: note that numbers
from 1000 to 9999 should be written with-
out a comma or space, while from 10 000
onward a space should be included.



Common expressions
and zbbreviations

An increase of 6%; milk yield and con-
suniption increased by 5% and 3% respee-
tively; meat offtake deercased by 2 10 3%:
1300 h; 10" C; No.; 1.3 million; 1980/81
cropping season but .. Nigeria, 198082
(in table captions); 13 pug Mo; 1 kg N; Fig-
ure, nor Fig.; use Jua, Feb, Mar, Apr,
May, June, July, Aug, Sept, Oct, Nov, Dec
in tables and figures if space is not suffi-
cient; pp. 12-19, 365 pp. (in references)
but *see page 3" in text): P = probability
(P<0.05, P<0.01 and P<0.001): LSD =
least significant difference; SE £ = stan-
dard error; d.f. = deeree(s) of freedom:

MS = mean square; CV = coefficient of

variation.

Distinguish between “East African Short-
horned Zebu® (specific breed) and *zebu’
cattl: (hump.d Bos indicus cattle); *‘Boran®

cows but ‘Borana’ people; *West African
Dwarf goat’ (breed) but ‘the dwarf goats of
West Africa’; N'Dama cattle etc.; sp./spp.
= species (sing./pl.): cv(s) = cultivar(s);
var = variety,

REFERENCES

General: Do not italicise ‘et al'; write *ed
for “editor’ and ‘eds’ for ‘cditors’; write
date of publication without brackets; do
not use fullstops after authors’ initials:
italicise titles of published books or
reports; write titles of journals, confer-
ences and their proceedings in full; italicise
titles of journals and give the volume, issuc
and page numbers of articles published in
them.

Journal articles
Murray M and Trail J C M. 1984. Genetic resis-

tance to animal trypanosomiasis in Africa.
Preventive Veterinary Medicine 2:541-551.
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Books

Wilson R T. 1984, The camel. Longmans,
London.

Chapters or sections in books

Wagenaar-Brouwer M. 1984. Preliminary find-
ings on the dict and nutritional status of
some Tamasheq and Fulani groups in the
Niger delta of central Mali. In: A G Hill
(ed.), Population, nutrition and health in the
Sahel: Issuss in the welfare of selected West
African  commuaities. Kegan Paul Int.,
London.

Articles in conference
proceedings

Maina J A. 1984. Animal health in subhumid
Nigeria. In: R von Kaufmann, S Chater and
R Blench (eds), Livestock systems in
Nigeria's subhumid zone. Proceedings of the
Second ILCA/NAPRI Symposium held in
Kaduna, Nigeria, 29 October - 2 November
1984. ILCA, Addis Ababa.
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