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INTRODUCTION
This review was prompted by the recent decline in productivity in most of our

economic sectors. The paper attempts to review somewhat selectively, research work
related to the development of agriculture in East Africa through the improvement of
some elements of the physical environment, and aims at showing the ways man is
changing his environntent to meet his own ends i.e. increasing productivity. It is
contended here that apart from social, economic and political factors, soils and related
environmental parameters mitigate against the farming progress in the tropics (Moss,
1968).

The role of soils in planning for agricultural development cannot be
overemphasized. From the soils for example, plant roots receive essential nutrients,
water ,air as well as mechanical support. It is against this background that the following
parameters have been selected for discussion: soil fertility, soil moisture availability, soil
erosion, and pests and diseases. On the whole the paper will highlight major areas of
research in advancing agriculture.

A somewhat narrow definition of soil fertility will be employed in order to allow
for individual parameter assessment. Fertility here means the quantity of nutrients
present in the soil in fonns available to plants.

A somewhat narrow definition of soil fertility will be employed in order to allow
for individual parameter assessment. Fertility here means the quantity of nutrients
present in the soil in forms available to plants. An understanding of the soil nutrient
status indeed forms the basis for a sound evaluation of fertilizer requirements and crop
rotation systems.

On soil moisture availability, the discussion centres around methods of utilising
unreliable rains of a semi-arid environment. Further, soil moisture conservation through
irrigation is considered. The effects of soil moisture conservation on crop yields are
shown empirically.

Since agricultural production may be hampered by erosion hazards, soil erosion and
its conservation should be considered in the development of agriculture. Although
studies on soil erosion and conservation are available in East Africa, it is difficult to
conclude whether the results of the experiments are solely a function of soil erosion
control, though it is indeed due to the interrelationships of the factors under discussion.

The handling of soil may greatly affect its virulence. Note for example that the
burning of residues, the order of crops grown and the addition of chemicals
(insecticides) are a retlection of the relation of soil management to insect and disease
control. The very fact that some of the pests spend part or the whole of their life cycle in
the soil makes their consideration here worthwhile. Studies on the effects of pests and
diseases on crop yields are cited and crop varieties resistant to East African hazards are
also mentioned.
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that fertilizer application 30 days after transplanting was superior to earlier or later
applications (Swymerton, 1948).

From the results above it can be concluded that an early application of ammonium
sulphate, (within 30 days of transplanting) may be expected to raise the yields of onions
appreciably, while later appljcation would show little advantage over untreated plots. In
a sense, it is better to apply' ammonium sulphate in two instalments, at 15 and 30 days
after transplanting but application should be avoided during periods of heavy and
continuous rainfall.

The foregoing discussion shows the justification for the use of fertilizer in
agriculture if crop yeilds are to be increased. The remaining problem is to further
investigate the appropriate dosage, season and method of application of fertilizers on
various crops and soil types in given ecosystems in East Africa.

Under the subheading "crop rotation", only case studies that reveal a significant
variation in requirements have been cited.

Crop rotation ensures among other things, an economic use of plant nutrients
available in the soil. Further, when studying crop rotation it is important to take into
account the economics of the crops under consideration. This relationship is very
marked in grain crops as shown by Oayton (1956).

Experiments conducted outside East Africa on the appropriate rotations of maize,
oats and clover as reported by Clayton (1956) produced the following results.

TABLE!

The above results are typical of those from similar experiments. It is shown in the
aboved table that introduction of 25070 forage in the second rotation has a beneficial
effect on the total grain production when compared with the first rotation of continous
maize. However, when a greater acreage of forage is introduced in the third rotation it
becomes competitive with grain in that greater hay yield reduCes total grain produce.
Most soils seem to give this kind of relation.

In East Africa, experiments to determine the most appropriate crop rotations were
carried out in Kenya Highlands at Nakuru, Naivasha, Yasin Gishu and Trans-Nzoia.
The following rotations were recorded by Oayton (1956).

Naivasha
10shifts: G-G-G-G-G-G-G-G-G-L

Nakuru
5 shifts: M-G-G-G-L

UasinGishu
15shifts: G-G-M-G-G-M-G-G-M-G-G-M-G-G-L

Trans-Nzoia
5 shifts: M-M-G-M-L

Where G = Grains; M = Maize; L = Rotational forage
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yields are to be expected. Experiments carried out in Kilimanjaro on the best spacing for
onions were reported by Suvynneston (1948).

Table 2:Effects of Spacing to Yield

According to the results on the above table where spacing within rows was
constant at 4Yz", the close spacing of 4Yz" between rows was markedly superior to
either the 6" or 7Yz" spacing yields. The yields between the 6" and 7Yz spacing are not
significantly different.

Crop rotation has a marked effect on the increase of the degree of soil aggregation
as soil aggregation is most frequently found on land that is supporting an actively
growing plant canopy. An actively growing plant canopy is associated with more
micro-bial activity because there is continuous addition of organic matter to the soil
which serves as food for micro-organisms and helps to maintain soil humus. With all this
the plants also reduce the rain drop impact on the soil surface thereby reducing erosion.
It can be noted here that crop rotation if appropriately carried out will increase crop
yields per unit land. Experiments conducted in Uganda, however, have shown that crop
density and spacing are a function of environmental conditions, especially moisture
regime (Leakey and Rubaihayo, 1972).

A distinction should be made between the evidence of fertilizer trials on
experimental stations and the in:0rmation relating to results on farms. In essence the
results need to reflect a long period of observation carried out on a large expanse of land
- an ecological zone. Over and above, it should be established whether increased use of
fertilizer is profitable, for increased yields is not an end in itself.

Soil fertility studies are incomplete in the tropics without an assessment of soil
moisture availability. As Young (1976) notes it is instructive to consider water in some
respects as one of the plant nutrients, in which case it displaces nitrogen as the nutrient
most often deficient in the tropics.

SOIL MOISTURE AVAILABILITY
It has been argued that in East Africa, soil moisture is one of the important factors

limiting crop yields (Hanna, 1974). Martin in 1925 observed that in Uganda, grave
disadvantages accrued from clean weeding of permanent crops. Erosion was severe and
the soil lost all its organic matter. Crop yields, (mainly coffee) fell below average,
Noticing the deteriorating situation, the agricultural department called attention to the
dangers of clean weeding and recommended the use of artificial mulch. The
conservation of moisture was the basic idea behind the practise of mulching.

To show that the conservation of soil moisture increase crop yields, an experiment
was carried out on the Government Station at Bugusege, Uganda. The following
treatment was conducted on a 5 x 5 latin square:

A Oean weeding
B green manure (two crops a year)
C banana leaf mulch
D weed cover
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precarious and erratic rainfall. The introduction of dwarf, quick-maturing varieties has
been an excellent step forward and has resulted in considerable advancement. Among
the white-seeded kinds, varieties like double dwarf Shall 6399 - 3 - 1, Dwarf Feterita and
Hegari 750 have given satisfactory results.

Sorghum plants have been proven to resist long drought spells with little apparent
adverse effects and even under most adverse conditions they produce a crop of sorts. In
spite of two severe successive drought seasons, yields of up to 12791bper acre have been
obtained fromD.D. Shallu and up to 18061bper acre fromR. S. Tall sorghum.

Bulrush millet IS a very hard and drought resistant crop found in most areas in
central Tanzania. It has proved to be a sturdy crop in drought years, however it takes a
long period to mature.

Cowpeas are generally most satisfactory in semi-arid areas and may yield fair
crops even when planted as late in the season as March. Groundnuts also do well in
semi-arid areas. Apart from being excellent food it is also valuable as a cash crop. A
number of varieties of velvet beans tried at Mpwapwa, Tanzania, yielded 15081bper acre
of shelled seeds.

Semi-arid areas are characterized by erratic rainfall. A study of crop production in
relation to rainfall reliability has been conducted. At a reasonable accurate estimation,
say near the rain-gauges, it has been shown that good yields of groundnuts of 8oo1bof
kernels per acre and of maize 2,OOOIbper acre can be harvested on 23 and 21 inches of
rainfall provided that this amount falls within 120 days and 100 days respectively, of
planting. Further field observation~ showed that maize planting before 22nd December
is likely to be hazardous in terms of harvesting conditions, since the crop will be mature
when an average of just over 30" of rain per fortnight can be expected for at least two
fortnights. On the other hand, maize planted after 29th December will be ready for
harvest when an average of 1.25" can be expected in the next fortnight. The planting
season of sorghum begins early February with the seasonal totals from 10 February to 4
May averaging 17.1". Data on the relationship between rainfall totals and good yields
(18oolb per acre of Dubbs, a tall growing variety) is scanty but suggest that 17" and over
should give good yields. Thus after 10 February good crops could be expected for
planting in only 50% of the season (Rensburg, 1955).

The foregoing discussion shows that if such soil moisture conservation techniques
as mulching, manuring, adequate dispersal of surplus storm water. planting of drought
resistant and quick maturing crops and the establishment of proper dates for planting,
there is a great likelihood of increasing in crop yields.

Where irrigation is planned, a study of soil moisture conditions has an added
significance. Irrigation of agricultural land is an example of soil moisture control on the
broadest possible scale. It diminishes one of the great hazards in crop production,
namely inadequate and unreliable water supply, and ensures a more stable and higher
crop.

Irrigation is by no means a simple a process as is supposed by those who have not
studied it in practice (Boeree 1971). Wherever irrigation h~ been successfully
conducted, there appears to be an increased crop production per unit of land. Studies
reviewed here, have been conducted in Tanzania and aim at showing the success and
failure of irrigation schemes at village level. (Large scale irrigation schemes have been
overlooked as they are both capital intensive and operate under high level managerial
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SOIL EROSION
The removal of the top soil means less soil is available to hold water and nutrients

and for the mechanical support of the crop. This automatically leads to soil
unproductivity and subsequently, low yield of crops.

The damage done to agricultural land by soil erosion has been studied at Lubaga
experimental station in Shinyanga, Tanzania (Harrison, 1935). The area is subject to
wind and sheet erosion and gully formation. One of the best methods that has proved
successful in this 'cotton region' is the use of contour ridges. They should not be
continuous but furrows below the ridges should be filled in at intervals of 10 feet or so in
order to prevent flow. With hills, it is wise to make a high contour bank all around, near
the top and not to allow cultivation above such a bank. Acassia or other trees should be
planted on the contour and within a few years the land between the belt and the scrub on
the hill top will be protected. The above measures are recommended in land preparation
for cotton growing.

According to the studies made in Uganda it was deduced that mulch as an
antierosion measure is very effective from a purely mechanical standpoint. It is evident
that the force of the rain on reaching the soil is sufficient to detach the clay particles so
that the liquid percolating is muddy and tends to clog the soil pores. Muddy water
reduces percolation and enhances the possibility of surface runoff. It is clear, therefore,
that any sort of artificial mulch will protect the surface soil from the force of the rain
drops and reduce the chances of muddy percolating liquid.

Studies made in Kenya on the general fertility of a coffee soil showed that the soil
can be dealt with by preventing soil erosion and maintaining the humus content of the
stationary surface soil (Gethin-Jones 1935).

A suitable level of humus in the soil aids percolation of water and hence reduces
surface runoff. The growth of subsidiary crops during rains helps to conserve much of
the nitrates which would otherwise be leached from the surface soil by percolating water.
The availability of humus and nitrates in the soil gives it better physical properties aiKI
makes it more resistant to erosion. It can therefore be deduced that the conservation of
general fertility is the summation of the conservation of the surface soil, soil humus, soil
moisture, desirable physical factors, and the resistance to erosion.

Experiments carried out at Mpwapwa, Tanzania in 1946 showed that as soil
erosion increases, crop yields diminish (Van Ransburg, 1955 p. 228-31). It was
discovered that although the erosion figures were highest on bare uncultivated land,
followed by bare flat cultivated land, even when cropped, and using the usual methods
of flat cultivation, erosion was extremely serious, especially in areas where moisture is
the chief limiting factor in crop yields and where fertility of soil is generally low. It wa:.
further noticed that as the duration of cultivation increased, the crop yields deteriorated,
while during the past two drought years the sorghum plants were barely 12" high and did
not bear any seed. The same variety planted on fields where continous cropping was not
being carried out for so long and where thorough cultivation with ridge planting for
optimum water conservation was practiced, the grain yield amounted to 12791d and
other varieties 1806lb per acre.

Further observations in Kenya,by Maher (1935) revealed that constant ploughing
in the light soils derived from gneisses and schists resulted in the loss of the crumb
structure of the soil, the acceleration of soil erosion and the washing out of the valuable
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The most convenient method to induce rapid recovery so far known, is by stamping
the tree. The use of insecticides is reconunended, the most effective being stomach
poison. It is estimated that on the average 100gallons of spray are sufficient for 200 - 300
trees.

Further experiments have been designed to establish the optimmn growing season
and the effect of insecticides on crop yields. At Ilonga experimental station in Tanzania,
tests were made on cotton with the following results:

Table IV Effect of Spraying to Yield

\

\

The effect of planting time on yields is important on both protected and
unprotected crops. Although insects caused heavy damage on all the cotton crop, it was
noted that early planting resulted in good yields in spite of this constraint. Economically
it would be most profitable to plant early and to use insecticides as the above table
demonstrates. This study clearly stated that the best yields were obtained by planting the
cotton as soon as rainfall made this possible.

Peasants, assisted by field agricultural officers, should be responsible for the
control of pests and diseases. If the peasants could control pests and disease by
alteration of planting dates, better prunning techniques, weeding and removal of
alternate hosts, crop yields would definately be raised, other things being equal. In other
words, insecticides, costly as they are, should be applied as the last resort.

In an attempt to combat pests and diseases certain crop varieties have been bred
and proved useful in an East African environment.

A Rosette-resistant groundnut variety was bred in Nachingwea area, Tanzania
(McKinley, 1956). The variety is known as 'Asrya Mwitunde' and bas pl'oved useful in
combating rosette disease of groundnuts which was severe in Urambo area. In
Nachingwea area the disease is reported to have once almost eliminated the crop. Other
than at the early stages of growth, Asrya Mwitunde is very tolerant to the disease. This
observation is confirmed by simulated experiments on the effects of armyworm damage
on crop -loss (Brown and Mohamed, 1972).

Experiments carried out in Nachingwea in 1963 clearly mark the significance of
this variety. The first trial yielded 710 - 10401bof Kernels per acre compared with the
Natural Conunon, (the other variety) which yielded 0 - 650lb per acre in a year when
rosette was severe. Thereafter, the variety was grown generally and in a few instances the
diseased crops could be identified.

There is a great need for research on better breeds which are able to withstand the
East African hazards if crop production is to be raised (de Purry, 19(8).

CONCLUSION
This paper contends that a sound knowledge of soils f(){'Im' the basis for

agricultural land use planning. Our knowledge about the nature and properties of
tropical soils is too scanty (Smith 1965) for agricultural planning. There is an urgent
need to carry out intensive soil survey works throughout areas of agricultural potential.
There are very few such studies in Tanzania (Cook, 1975) as well as in Kenya and
Uganda. It is also important that soils information availab!e in a given region be
incorporated in the planning document and imp.lementation, in order to bridge the gap
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TABLEt
Effect of Crop Rotation on Yield

Cropping System Total Production

Percentage Hay Grain Hay

(i) C
(ii) C-O-O-Cl
(iii) C-O-Cl

o
25
35

180,320
217,360
182,333

85000
132660

C = Maize; 0 = Oats; Cl = Cloves
Source: East African Agricultural Journal: 22 No.1 p.33

TABLE II
Effects of Spacing on Yield

Spacing Tons of dry onions per acre

Urv Msaranga

41/2" between rows
6" between rows
71/2" between rows

7.85
7.01
6.79

7.94
6.43
6.22

Source: East African Agricultural Journal: 22 No.1 p.23

TABLE III
Effects of Giound Treatment on the Yield of Coffee

Yields in Pounds of Cherry

A
B
C
o
E

1930 1931 1932 1933

190 408 3731 2798
184 315 3713 1707
168 390 4211 1988
205 255 2844 1909
192 405 4465 2290

1934 Total

1512 8630
1202 7116
1760 8517
558 5771
493 7845

Source: EastAfrican Agricultural Journal 1 p.132
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