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Abstract

The effect of manure on crop yield and soil nitrate -N was
measured during the 1994-5 cropping season at three sites
in Mbeere and Tharaka-Nithi districts of eastern Kenya.
The sites were Machang’a in Mbeere district and Mutuobare
and Kajiampau in Tharaka Nithi district. The treatments
were goat manure applied at rates of 0,5 and 10 t ha-1 (dry
weight basis), annually since 1989, and 5 and 10 t ha-1

annually from 1989 to 1992. The plots were intercropped
with sorghum (Sorghum bicolor) and cowpea (Vigna
unguiculata). The grain yields of sorghum varied widely from
0.3 to 3.9 t ha-1, depending on site and manuring.
Differences were most marked at Machang’a site. For
example, where manure was continuously applied at10 t
ha-1, sorghum yield of more than 3 t ha-1 was realized as
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compared to 1.5 t ha-1 from the residual plots. Topsoil nitrate
concentrations were highest at the start of the season and
within about 15 days, most nitrate had been lost. For
example, at the Mutuobare site, nitrate N concentration at
the start of the season was about 78 mg kg-1 in the recently
manured plots but decreased to less than 10 mg kg-1 20
days after onset of the rains. A high manure rate of 10 t ha-1

resulted in surplus nitrate at the end of the season, hence
a maximum manure rate of 5 t ha-1, is suggested to reduce
losses of N. Nitrate N correlated well with N taken up by
crops at Kajiampau, where N was the main limiting nutrient,
but not at Mutuobare and Machang’a, where P was the
limiting nutrient. The wide variations of measured nitrate
between sites and sampling dates make it unsuitable as a
practical indicator of N requirements for crops. Total soil N
was correlated with N taken up by the sorghum at all sites
and is an appropriate parameter to assess crop requirement
to N.
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Introduction

It has long been recognized that manure application is one of the most
effective ways of improving soil fertility and crop production in tropical
African conditions (Dennison, 1961; Watts-Padwick, 1983). For example,
in the Nigerian savanna, application of farmyard manure (FYM) at 2.0 t
ha-1 increased cotton yield by more than 100 % (Hartley, 1937). Similarly,
it has been observed that the production, distribution and application
of manure has been a vital role in sustaining small-holder arable farming
around Kano in northern Nigeria, which is a semi-arid area with a high
population and a long history of arable farming.

In semi-arid Kenya, inadequate soil nitrogen (N) and phosphorus
(P), restrict crop production (Siderius and Muchena, 1977), so manure
and fertilizers can give yield increases in this climate (Ikombo, 1983).
Improved cropping systems are needed, which will be both more efficient
with plant nutrients and more attractive to farmers. In many areas,
such as the semi-arid zones of eastern Kenya, little use has been made
of this resource until recently (Gibberd, 1995a). Development projects
to improve agricultural production have been undertaken in this region
(Gibberd, 1995b) and a part of this program was a multi-location field
experiment with manure initiated in nine sites in the semi-arid eastern
Kenya.
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Nitrate is the main form in which plants take N from soil. It is released
from soil organic matter by mineralization, but is then subject to several
processes by which it can be lost before plant roots can take it up. In
semi-arid climates, nitrate-N concentration is normally highest at the
start of the season (Semb and Robinson, 1969; Wong and Nortcliff, 1995).
The purpose of carrying out this study was firstly to determine the effect
of manure (residual or continuous application) on sorghum and cowpea
grain yield. The second purpose was to monitor changes in nitrate
concentration in the different manuring regimes and thirdly to establish
whether a relationship exists between soil N (total or NO3- N) and crop
yield. The results presented in this paper are part of a long-term trial on
soil fertility improvement conducted in several locations in Mbeere and
Tharaka- Nithi districts in semi-arid Kenya.

Materials and Methods

Field experiment

The sites were located in Mbeere and Tharaka-Nithi Districts of
eastern Kenya. Information on their location, climate and soil is given
in Table 12.1.

Table 12.1: Selected characteristics of the sites and unmanured soils in september 1994

Machang’a Mutuobare Kajiampau

Latitude 0°45’S 0°45’S 0° 15’S

Longtude 37°40’E 37° 45’E 37° 45’E

Altitude (m) 1050 900 750

Rainfall (mm)

Mean Annual 740 809 1040

October to January season 423 497 683

October 1994 to Jan.1995 439 616 862

pH (water) 6.55 6.84 7.10

pH (CaCl
2
) 5.75 6.18 6.39

Total N (Kjeldahl)(%) 0.066 0.092 0.059

Olsen –P (mg/kg) 0.98 26.3 10.2

Texture Sandy clay loam Sandy clay loam Sandy loam



176 Kihanda, F. M. et al

Rainfall was bimodally distributed with peaks in November and April,
exceeding evaporation only in November and December. The soils are
classified as Chromic Cambisols. Machang’a and Mutuobare sites both
in Mbeere district were cleared from long-term bush, while Kajiampau
in Tharaka-Nithi district had been under arable cropping for five years.
The field experiment was set up in 1988, but the measurements
described in this study were made in 1994/95 season. There were nine
sites altogether but three sites were selected for this investigation because
of their contrasting soil properties. Machang’a had low extractable soil
P (0.98 mg kg-1, Table 12.1), Kajiampau had adequate extractable P but
the lowest total soil N, while Mutuobare had adequate N and P. In the
season under study, the crops grown were
(i) sorghum (sorghum bicolor, var.954066) planted in rows 0.7 m apart

of 5 m long and 0.25 m within rows
(ii) cowpea (Vigna unguiculata, var. M66) planted at the same spacings

in rows placed midway between sorghum rows.
There were seven rows of sorghum of 5.0 m long. The treatments

were:
Code Treatments
A1 Goat manure applied annually since 1989 to 1994 at 5 t ha-1

A2 Goat manure applied annually since 1989 to 1994 at 10 t ha-1

B1 Goat manure applied annually from 1989 to 1992 at 5 t ha-1

B2 Goat manure applied annually from 1989 to 1992 at 10 t ha-1

C Control (no manure)
The five treatment were arranged in a randomised complete block

design replicated three times. Treatments A1 and A2 therefore, had
continuous manuring whereas treatments B1 and B2 showed residual
effects of manure. The goat manure was obtained from the Ministry of
Agriculture (Marimanti station) in September each year and broadcast
and incorporated immediately. The cumulative amount of manure applied
from 1989 to October 1994 were 30, 60, 20 and 40 t ha-1 in treatments
A1,A2, B1 and B2, respectively. The manure applied in September 1994
was analyzed and it was found that the amounts of N, P and K applied
with 10 t ha-1 manure were 189, 47 and 372 kg ha-1, respectively.

Soil sampling and analysis

The characterisation data of soils presented in Table 12.1 were for bulk
samples collected to a depth of 20 cm in September 1994, before
cultivation, manure application and sowing. The first sampling was done
before the onset of rains while subsequent sampling were done at
intervals of 25 days and continued for a period of three months. For
measurements of nitrate during the season, five soil cores from 0 to 15




