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Abstract
The study was carried out on the comparative analysis of temperature variation
within wooden and metal grain silos under a typical tropical weather condition
in Nigeria. Temperature variations within and outside the silos were monitored
for 130days (July to November) during storage of maize. Results showed that
the grain temperature at the centre of the silos ranged between 24.0-32.7°C and
23.8-35.0°C for wooden and metal silos respectively. Also, at the silo walls,
grain temperatures ranged between 24.5-35.8°C and 24.0-34.7°C respectively.
The standard error of estimate between the results of the silos at the centres
and walls were 1.65°C and 1.16°C respectively. The temperatures at the top of
the metal silo (grain surface) were 1.9°C and 4.1°C higher than those of the
wooden silo and ambient respectively. It can be concluded that wooden silo is
more effective at temperature control than metal silo under the tropical
conditions.
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Introduction

A stored-grain bulk is a man-made ecological system in which deterioration of the
stored product results from interactions among physical, chemical and biological factors.
Temperature is a key factor in the regulation of pest populations in the stored grain (Chang et
al., 1993). In the absence of metabolic heat release by heavy infestations of insects, weather
influences are the major cause of temperature changes in bulk storage. Sensible heat is
transferred through the bulk by conduction and, where temperature gradients occur, by
convection. Seasonal temperature changes in stored grain bulks have been measured and
modelled (Basunia et al., 1996 and Lucas and Alabadan, 2002).

In Nigeria, bulk storage of grains are done in 25,000 metric tonnes imported metal
silos located in every state and the Federal Capital Territory. These silos of temperate region
origin, although purchased, installed and stocked at very high cost, are associated with
moisture condensation, hot spots development and caking (Talabi, 1996). Up to date, very few
data is available on temperature changes in grain bulks stored under tropical conditions. These
few data concentrated on comparative tests of temperature variation within silos of different
materials using empty silos (Sinha, 1973 and Lucas and Mijinyawa, 1996). The objective of
this work is to carry out a comparative analysis of temperature variation within silos made of

metal and wood (plywood) during storage of maize (Zea mays) under tropical conditions.

Materials and Methods

Two hexagonal silos made entirely of wood (Plywood) and metal were constructed
and used for the study. The hexagonal shape shown in Plate 1 is preferred to either a
rectangular or a square type because of the improved load distribution at the corners
(Bokhoven, 1983). Also, according to Jayas, et al., (1994) the shape of the silos (circular,
rectangular and square) had little influence on the temperatures attained within a silo. Due to
land tenure and the subsistence nature of agriculture in Nigeria, the annual grain output for a
medium farmer is between one and five tonnes (Igbeka, 1983). Hence, a capacity of one tonne
(1000Kg) of shelled corn is considered adequate for this study. The height and diameter of the
silos of capacity 1000kg were 1.1m and 1.4m respectively. Each was filled with 300kg of

maize (Zea mays) at 11.5% moisture content (wet basis). The maize, identified as TZESRW
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variety according to AERLS, (1987) was obtained from the Minna Market. The cleaned and
sound maize grains were stored in the silos erected in Minna, Nigeria between July and
November, a period of 130 days.

Plate 1. The Constructed Silo
The temperatures within and outside (ambient) the silos were measured. Temperatures
were measured within the silos at the geometric centre of the bulk and at the wall (grain/wall

interphase). All temperature measurements were recorded at 7:00am (Morning), 1:00pm
(Afternoon) and 6:00pm (Evening) with the average daily measurements plotted.
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Results and Discussion

The Environment Study

The study area is Minna, Nigeria. It lies in the middle-belt zone of the country with
latitude 09° 39’N and longitude 06° 28’E (FAAN, 1999).

Minna has a mean annual rainfall of between 1,300mm. The peak of the rainy season
is in September when the highest mean monthly rainfall of 300mm is recorded. The mean on-
set date of the rains is between the 17" and 22" April and the length of the rainy season
(L.R.S) is about 190 - 200days. The cessation dates of the rainy season are between 17" and
22" October for a delayed cessation. The mean monthly temperature is highest in March at

about 36°C and lowest in August at 25°C.

Temperature Variations Outside and Within the Silos
The temperature pattern within and around the silos is shown in Fig. 1. The

temperature within the metal silo was generally higher than those within the wooden silo and

the ambient.
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Fig. 1. Dry-bulb Temperatures of the Ambient and within Wooden and Metal Silos
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The minimum temperatures recorded for the ambient, wooden and metal bins were
23.8°C (39 day), 24.7°C (35 day) and 24.5°C (78 day) respectively. The maximum
temperatures for ambient, wooden and metal were 32.3°C (129 day), 33.8°C (116 day) and
35.4°C (126 day) respectively. These resulted into fluctuations of 8.5°C, 9.1°C and 10.9°C for
the ambient, wooden and metal silos respectively. At 126 day of storage when the metal silo
recorded the maximum temperature, its value was 1.9°C and 4.1°C higher than wooden silo
and ambient respectively due to high temperatures prevalent during the dry season of
November. Also, at maximum ambient temperature, the metal silo value was higher by 1.4°C.

It was observed that temperatures were lower at the beginning of the study than
towards the end of the storage due to the change from rainy to dry seasons. The implication of
these generally high temperatures in the metal silo is that grain stored in such silo may not

remain in good condition throughout the year.

Temperature Variation at the Centre of the Silos
The temperature of the grain bulk at the centre of the wooden and metal silos is
presented in Fig. 2. The temperature within the metal silo is generally higher than those within
the wooden silo with up to 4°C. The minimum and maximum temperatures within the metal
silo are 23.8°C (39 day) and 35°C (122 day) while that of the wooden silo are 24°C (47 day)
and 31°C (126 day). The standard error of estimate between the results of metal and wooden
is 1.65°C.

Temperature Variation at the Wall of the Silos

The temperature at the walls of the wooden silo is generally higher that those made of
metal with up to 3.2°C as shown in Fig. 3. At 129 days when the maximum ambient
temperature was 32.3°C, the corresponding wooden and metal temperatures were 36.0°C and
33.0°C respectively. The trend could be attributed to fact that wood has a low thermal
conductivity than metal; consequently heat is retained at the wooden wall more than the metal
wall that would lead to the accumulation of heat. Metal materials allow easy in-and out-flow
of heat than wood. This made it possible for wooden silo to be able to maintain uniform

temperatures through the storage period.
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The standard error of estimate between the results of metal and wooden is 1.16°C. The
minimum and maximum temperatures within the metal silo are 24°C (78 day) and 34.7°C

(122 day) while that of the wooden silo are 24.5°C (35 day) and 35.8°C (122 day).
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Fig. 2. Temperatures of Grain Bulk at the Centre of the Wooden and Metal Silos

36

----- Twall (Wooden)

Twall (Metal)

w w w
(@) N I
| | |

N
o
|

Temperature (°C)

N
(2]
|

N
i
|

N
N

1 11 21 31 41 51 61 71 81 91 101 111 121
Storage Period (Days)

Fig. 3. Temperatures at Wall of the Wooden and Metal Silos
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Relative Humidity Within and Outside the Silos

The pattern of variations of relative humidity is depicted in Fig. 4. The relative
humidity (RH) is generally highest in ambient and lowest in metal silo except at days 74 and
94 where wooden was higher than ambient.

The lowest recorded was 59% for metal at 130 day of storage with the corresponding
ambient and wooden values of 65.3% and 62.7% respectively during the dry season of
November. The highest relative humidity was recorded at 94 day of storage with 96.7% for
ambient, 98.7% for wooden and 86% for metal during the peak period of the wet season. The
standard error of estimate between the results of metal and wooden is 4.70%.

110

100 -

90

80

RH (%)

70 -

60

5 O T T T T T T T T T T T T

1 11 21 31 41 51 61 71 81 91 101 111 121
Storage Period (Days)

Fig. 4. Relative Humidity of the Ambient and within the Wooden and Metal Silos

Conclusions

Temperature variation within silo made from plywood was lower than temperature
variations within metal silo. This will limit the activities of other deteriorating agents; reduce
the development of hot spots and eliminate caking and moulding arising from moisture
condensation.
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Temperatures were higher at the end of the storage period than the beginning due to
change in weather from wet to dry season. This implies that grain stored in the metal silo with
generally high temperatures may not remain in good condition throughout the year.

Temperatures decrease from the wall towards the centre of the bins.
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