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b1ns but not in the case of . the p]ywood btns

' ABSTRACT -

Serioué deterioration of storedvgraTn in thedhumid tropics

—~ . : .
‘has been and continues to bé a source of considerable Toss of valuable

produce. The need for investigations aimed at minimizing these losses
is very aphgrent. .
The prime objective of this project was to investigate, using

available local materials,oeffective;‘economical, and easily insta]led

grain storage bins for the local small farmer 1% Ghana, cultivating

0.8 to 2.0 ha manua]]y Six b1ns, three of each of precast concrete

pipes and of p]ywood were used for the stotage prOJect About 1.35
tonnes of maize (15 6%, wet basis) were stored in each bin. The bins
were 1ocated in an env1ronment that s1mu1ated Ghanaian temperature and
humidity conditions “for the months of July to Decenber. In add1t10n ‘to

ambient conditions, grain temperatures were mon1tored over a 24-week

'storage perwod at 24 1ocat1ons w1th1n each b1n, that is, at three depths .

or levels and eight positions per 1eve1 Gra1n mo1sture contents were

determined before the grain was p]aced in storage. Moisture contents

,aga1n were determ1ned at the middle . -and end of the storage Period.

'M1crob1a1 analyses also were carried out on the grain at the same

varLous stages of the prOJect

V1sua1 observataons and ana]yses of var1ance of the data:

-

' 1nd1cated that, at the end of the project, gra1n in the concrete bins

was more- damp than that in the p]ywood b1ns The degree of must1ness
and cak1ng was h1gher in the concrete than in the p]ywood b1ns Also,

there was decay of grain-in the vicinity of the wa115 of the concrete
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. o .Temperature variétiOns occurred at the varieughpbsttions and -
levels w1thfp the p]ywood bins, 'espec1a11y dur1ng the first 12 weeks

of the storage but not in the concrete bins at any §tage of the"
experiment, There'was not much temperature variation withfn any of the
:bins after about 13 weeks of'storage. After the grain had become°
warmer than. the -ambient, further heatlng was slow and temperature
variations w1th1n the.: gra1n bulk were minimal. The overall grain bulk
temperature was s1gn1f1cant1y warmer (P < 0.01) than that of the
'arb1ent | _

'The distribution of the major storage fungi, Aspergillus sp.
dnd Penicillium sp. was ingependent of level (depth) or 'position
(radia] spacing) within the gra1n butk . Germinationrcapacity of the
kernels.was reduced from. an 1n1t1a1 figure of 45% to 0% by the;epd pfi
the progect.

. L Ther@\Nas no signifjcént difference between p]ywoodﬂand

concrete with respect to grain temperature There was, however
s1gn1f1cant d1fference (P < 0.01) between pﬂywood and congrete with
respect to the;red1str1bution of moisture within the grain bulk.
Redistrfbutton was more marked tn the concrete than in the plywood
rbtnst« The epparent hidher moﬂéture permeability of plywood than that:
of the concrete used in this study appeared to prevept excessive ) ’E)Q
- -noisture contents in the grath adjacent.to the bin walls, with an A

accompanying decrease in the rate of grain deterioration.
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o | 1. INTRODUCTION

1.1 '~;} Concept, Definitjon and Theory of tcrage.
\ :Safe*sforage must be provided for most ,agricultural producey
'-'untj1 it 1S.Fédu1red for consumption. Téis is necessary beéadée crop
produCthn fs seasonal wheréas consumption is continuous. Storage has
beeﬁ.practiged by'mankind‘for a very long time. Biblical documents |
‘ﬁhdiqpte that §torage‘was used to maintain the supply of griin ébring '
the gredt.fémine that affetted thehghciéntlland of Egypt Genesis: “

Chapters'42-50); This revelation from the Bible suggests that mankind -

probably has been trying - “mprove the quality of food étorage for ds

-_u;f1Cng as the need for storage has been retognized. :

2>

‘k Over the past cehtUry, agriculture in developed countries has

beeh'transfoﬁmed from self-sufficient, 1abour-intens{Ve farming to

‘ 1argé—sca1e,;enengy—dependeht enterprises. On the other hanq, aQricu]—
tura1 production in the deVe10ping coﬁntfies is rising only s]ow]yJand

‘Tncreased food produgtion ;annot satisfy'increasﬁng foodjrequiréments.

: P . L
Losses in growing crops normally are recfgn1zed readily. Losses from

~disease, insects, rodents or nutrient deficiencies are reflected in

'iiJower/y1e1ds at harvest time. However, [Tosses in stored food_arehnot &
observed so readily and the extent of deterioration in the'qué1fty of
storéd produce is seldom fu]]yvappreci ted until too late.

The Food and Agriculture Organization (FAQ) and other

international agencies are now producing estimated figures on worldwide

An FAOQ estimate Qf worldwide "J

#
)

annual farm produce losses in storagge.
annual Tosses in storage indicates that 10 percent of all stored grain

is 1o§t, that is, 11.8 million tonnes of grain losses due to insects or



90.7 mi]]ion'tonnes due to'faiTure to store properly (Wolpert, 1966).

More fdod could be made aVa11ab1e“1fvpost—harvest Josses were prevented

L

or minimized. Proper post-hahvest handling and storage of a crop Are
essential components of a production system. The increase in grain
crop yields obtained as Ep?eéult of the introduction of high-yielding’
varieties, control of field pests, soil fertilization and the,use of
modern machinery to cultivate large areas of land may be of 1\ttle
va]ue unless post-harvest losses can be minimized. |
The obJect of storage or preservat1on is to take produce at

its point of maximum. pa]atab111ty and nutr1t1ve value and keep 1t at _
this level instead of a11ow1ng it to undeﬁgo natura] changes wh1ch
-~ render it anit;for human or animal consumption orffor any otherfcee.
buring storage; however, the original quality of the Qrain cannot be
impreved. : - K A ‘

v Most farm produce is stored before it is processed, markefed
or consumed ~In its simplest terms, storege'may be jﬁsc a mere holding

\

of the produce per se until it is consumed or sold of f - the farm. At

the other extreme, storage Way involve complex hand11ng operat1ons and v

storage fac111t1es in permanent structures The period of storage may
vary from a few. hours to a year, or even more, depending on the produce

and the storage fac111ty in use.
: “~



{ 2. THE. TROPICAL ENVIRONMENT

2.1 Phys1ca1 Lharacteristics.

Hot damp areas of the world norma]]y a&e\found in the tropwcs;‘
and sub—tropics. The tropical belt is that area which lies between the
Tropic of Cencet (latitude 23.5 oegrees North) and the Tropic of
Capricorn (1atftude 23.5 degrees South),_and contains about one quarter

-of the land surface of-the earth. It.also holds about one third of the
wor]d S popu]at1on The sub-tropical belt lies on either side of the
trop1cs within 1at1tudes .40 degrees north and 40 degrees south

In general, hot damp areas are characterized by fairly high
temperatures usually in the range of 21°C to 35°C.‘.Seasona1 and
diurnal temperature variations are small.- Skies ;re'usua1]y overcast
w1tb cons1derab1e d1ffuse rad1at1on intensity.

.- Ra1nfa11 is between 2000 mm and 3800 mm per annum. Toe'rate
of evaporation from free water surfacesr1s Tow. There is a b1moda1’
rainfall ggttern in certain areas in the 1ow1and forest and coastal
regions. o | ' L o
| . Humidities are high during tHe‘day and the drop in tempera-
ture at night may be accompanied by deposition of dew. Windspeeds are
genera]Ty 1ow except winds that 1mmed1ate1y precede rainstorms.

/

In .the tropics, one must d1st1ngu1sh between those reg1ons

which, although geograph1ca11y in the tropics, have a climate that can

) . be regarded as temperate and those areas that are truly tropical. The

former are so regarded because of their altitude or other factors,
‘ whereas the latter are very warm and humid throughout most of the year;
In re]at1on to post harvest problems; five storage climatic

gt
s
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conditions have been described. These are base . the “our essential
criteria affecting detér%oration of the harVested Lrop. »}hese are
rainfall, hﬁmidity,'temperature and harvesting-date. - Application of ™
this fnformation has been used to define a storage cTimatic battern
v(SCP) for éach area of a country. On the basis of an SCP, the tyées of
problems and, thereforé, the pattern of hénd]ing énd.type of storage
likely to be the most successful, can be predicted. Thege SCP'sﬁfor
the Bumid tropic% may belcategorized (Hal1, 1973) intozie following:

1. Single-rains aﬁd harvest during rains; storage conditions:
J5-80% relative humidity for at least four months, otherwise -
below .75% and temperature‘beldw 23°C with a maximum of about
'32°C. Drying and insect problems therefore prevail.

2. Double rains and harvests folTowing two réin peaks with‘hgtt1e

“natural drying affgr fi%ét crbp; storage conditions: 70-75% -
're1atfve humiéity for at least four months and temperature
rangeé EetWeen 23-27°C w{th a minimum of about 16°C. Drying

: éqd‘insect problems with hgrvest I and 1n§ect problems only

Ay

"with harvest II}
- L

3. : Double rains and harvests ﬁo115@fﬁg two rain peaks with
.increase in humidity during storage; storage conditions:
70-75% relative humidity for 10 months and temperature ranges

23-27°C with minimum%pf 16°C. Moisture absorption and insect

problems therefore prevail.

2.2 . Maize production, storage and utilization in_tk€ lowland
- tropics.

In the developed countries, cérn or maize (Zgg_maxs) is often

described as "the poor man's cereal". This is because vefy little

1
\

s \



maize enters into the Qjet and does not serve as a whole meal or as a
substitute for,any of the recognfzed cerea]istaples such as wheat,
bafiéy&gg\gats. In North Amerjca and Western Europe, where wheat is
consumed on a very large scé]e, méiZe, if grown, serves mainly as feed
for livestock and podltry'and, to a lesser extent, as raw material for
industrial products such as glucose, flour aﬁd starch. Some maize is
utf]ized as a végetabTe, or boiled or roasted on the cbb. |
{Food grain production (mii]ion tonnes) in Africa is cyrfent]y
about 51 for cereals, eight for.oilseeds, and four for pulses (Hall,

. .

1977)." The main cereals grown in West Africa are sorghum and pearl X
millet (6.4 m%11?on tonnes),\maizé (2.4 million tonnes), and‘rice (1.9
million tonnes).(Albrecht and Vallaeys, 1977).. Sorghum and mi1]et are
most widespread and are well adapted to the Sudanian zone.. Maize is
much favoured in the humid areas, especially in the trénsftion between
the savannah and the forest zones. Annual per capita grain productigh
in the humid regions is-not»yery high (Nigeria, 67 kg; Ghana, 68 kgj
Ivory Coast, 120_kg) (Albrecht and Vallaeys, 1977). VYields per unit
aféqﬂor ber capifé have increased little over the years and are very
Tow in comparison with those known from research to be possible.

- For maize, the yfe]ds vary according to country. Variation

(A]bresht and Vallaeys, 1977) is from 1110 kg/ha (Nigeria) to 450 kg/ha

(Togo). The maize prgduction battern in the Towland. humid fropics

4
\ X

S varies from regioh to region and also from peop1é to peop]é (Table 2.1).
jThiS variation depends mainly on the rainfall regime. A typical farmer
in a biomodal tropical rainfall SCP will have 1 to 2 ha under manual

cultivation, preddmihant1y for the productionldf majze. He may harvest

up to 1000 kg/ha or up to 2000 kg/ha with local and improved cultivars
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Maize grown in the first ra1ns matures in July and after being

respect1ve1y (Ha]] 1977).

left in the field to dry for four to s1xcweeks is hamvested in August
whép rainfall is reduced. However, there is little sunvat-this time
and relative humidity is still very high. This ambient coﬁd*tion at
the time of harvest renders drying by sun and nétgral\air a very. ,
lengthy process allowing for much pest and mould infestation. f"
A11 the produce is handled on the farm anq storcd for arying

1engths of time. Some 85 percent or 52 million tonnes of Africa's
foodgra1ns remain on the farm (Ha1l, 1977). Consequently, there is a

, very considerable emphas1s being given to grain storage at the farm
leve!l

TradTtionally, the farmer places his cobs; with or without

sheaths, in a crib on the farm or in the village. From his étore,
small amounts are removed per1od1ca11y and sheW]ed by hand for
consumption or sale. In some locations, on1y smal] quantities are
harvested for immediate consumption. The cost of storage varies with
the quantity*ﬁhd type of grain, period of storage, the type of handling “
facilities required, and, in towns, the value of the space. For the
small farmer, a satisfactory structure can‘ge constructed using 1oca11y
avajlab1e material that has been tested for that purpose. Anthon1o
(1971) discussed the econom1cs ‘of storage with particu]ar reference to
market prices. He conc1uded that rapid 1mprovement in storage methods
1n.Nigerga and other developing cquntries in Africa was difficult
partly because\indﬁvidua] production was too -low to justify economic

use of modern storage facilities at the farm level.

Bins or silos made of concrete,/meta] or butyl-rubber have

/
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been instaT]eo ohlskate—owned,farms, co—oberative farms.and‘oé research
farms in Ghana. ™ Generaily, brdduce for export‘is handled by spéc1a11y
established boards, corporations or government departments which'de:ign
and{finance'sforaée facilities. Pest control measuresjusua11y are
carried out to minimize losses. OH the other Hand,.loca11y grown
produce intended for local consumption deferiorates in the farmers' and
traders' storages. Money seldom has been made available to stuﬁy local
sforage problems and to demonstrate improved handling and sto%age
methods.

Uti]izétion of maize as humah food.ié more’common in the
develobing parts Qf‘the'wof1d, particu]ar]y jn the tropics with its
rapidly expanding population. In these areas, férm yields are so low
- and uncertain as to p{ace a greater prémium on gﬁains as items of food
rather than as feed for\gnimals or as raw materié]S.for industry.

In the recent past, West African countnieé, with the exception
of Liberia, have been under foreign jurisdiction. In geheral, where
the coloniat administrators considered that thé local people were not
short of f »d, they endeavéured to develop crops for export. These
were grdunonuts and cotton in thé‘savénnah'zones, and coffee, cocoa,
6il-palm and rubber in theofonest zones. Thése commercial crops have
all been given cohsiderab1é attention by'résearche}s ovef the years
because these crops have been the principal sourée of foreign exchange-
for many sub-Sahéran countries. »

Latg]y, in Africa and other deve]opiﬁg areas in the tropics,
there has been_considgrab]e effort given to prob]ems"of grain storage.
These include studies %o identify solutions by analysing téchnica] data

and to implement relevant solutions within the existing social and

| ~
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i economic order (Hall,'1973)

2.3 Ghana: Maize ;:Ebatioh in Perspective.

2.3.1 Wry Maize?

Maize is the country's most important staple cereal. - It may
be categorizad .nto a number of market classes on the basdis of consumer
and organolentic requirements. , -

In terrs of teXture, maize in Ghana (Figure 2.1) may be
g )

classified into the hard, well dried and often more expensive grain

called ”kuku'dabi“, and the 1ight1y cheaber variety called ”kpokp]éku”.
Maize may be ava11ab1e in a whwte, red or yellow .colour, sma]] or 1arge

kernels, and 1oca1 or imported var1et1es * Ghanaian consumer preferences

‘ natura]]y tend to favour the 1nd1ge<§us var1et1es, especially the hard,

white and small grained "kuku dabi"
|

Clottey, 1971) Yellow maize,
which ﬁnc]udes_the imported American\shrjety and which is -used

extensively in pouﬂtfy feed, is less fav ured The prime objection to
yellow- mawze as a food item may stem from %he colour since, ‘& tradi-

tion, a creamy and not a ye]low colour is p?éferred 1n maize d1shes of
all types. The demand for "kenkey", one of the main maize staples, is
current]y so great that any decline in maize supp11es is sharply

ref]ected in the size of the ball of "kenkey".: Fresh maize may be

bo11ed or roasted on the cob and serves as a food ‘to many peop]e in ‘the
Syt

country.
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2.3.2 Production; handling and.storage of maize.

There are two crop seasons in Ghana.
planted -in March ahd_the minor crdg im September.

northern pahts of-the eouhtry (Figure 2, 2) only one crop is grown

The major crop i:
However, in .the

. The

matur1ty perwod vartes from 80 to 140 days dependwng on the var1ety

\

Ear]y matuﬁ1ng varieties are p]anted 1n the drier 1nter1or and coastal

sava"nah areas

These are usua]]y the ye11ow or wh1te f11nt types

- The longer- matur1ng var1et1es are grown 1n£the forest and dry savannah

ﬁ)nes

“zones.

The maJor ma1ze grow1ng “areas are 11]ustrated in F1qure 2.3.

.

Qu1ck matur1ng var1et1es usua]]y are cons1dered to y1e]d

"“about 400- 900 kg/ha (Nyanteng, 1972).

y1e1d up to,doubkg these values.

L Yarieties growd on agricultural exper1menta1 stations have been necorde

Y

vy

STow matur1ng var1et1es may

Y1e1ds up to 2840 kg/ha from 1mprove

:

Th1s may be re]ated to the 1engxhs ‘of the wet seasons in those
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(Nyanteng, 1972). Grain production figures are shown in Téb]e 2.2.

s N E
»

TABLE 2.2. FIGURES OF GRAIN PRODUCTION IN GHANA (from Crop Production °

Records, Ministry of Agri 1ture, Economics and Planning
. Division, June, 1977). ﬂ%

- ™~ . & )

Year ’ , * Production (1000 tonne)
1970 481.51
1971 . 465.25
1972 . | 402.27
1973 - | 426.65
1974 | ©485.57
1975 | ©343.35

Traditionaliy, drying is achieved by the sun and natural air.
There are various types of storage structures. and trad1t1ona1 storage
methods that are pecu11ar to the 1nd1genous peop1e and the reawons In
the sout.crn part of the Volta Region (Figure 2.2) and in other parts
of southern Ghana, crib or barh storage is very common. The Fwe crib
(Figure 2.4a) is‘an outdooh type and consisté of a circular platform of
"jrad1at1ng bamboo poles or timber raised about 1. 0 m from the ground on
bamboo or wooden staves. On the platform is Hn11t a compact circular
stack of unsheathed maize cobs. The periphera] cobs are packed care-
fully to fétm a circulah wall. The d1ameter increases as the stack |
goes up. The inner cobs are packed loosely. The stacks are usually
about 1.8 m tn both- diameter (at the top) and height'and covered with

thatch, metal sheets or plastic materials.

The Ashanti barns (Figure 2.4b) are somewhat different. They
; ,

13



The Twe crib {a) and the Ashapti barn (f). lote the

alarinium sheet around the supports to prevent rodents

fror ¢ 1imbing up into the barn.
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are made usually of oi]—pé]m frondé, split bamboo and sometimés of
rougH]y sawn timber. They are built about 1.0 m off the grdund and
have walls 1.5 m to 2 m high. Tﬁey are roofed with thatch or shingles. b,\
These may take between 4.5 to 8.5 m3 of maize on the cob, complete with
sheath. | |
In the northern part of the country, maize is stcred in a
sim{lar way to guinea corn and millet. . Storage is in granaries which
vary in shape and size according to tribe ang area. The people of the .
north-west, the Dargarti‘and Lij,-(Figure.Z.Z)vai1d their granaries
as part of the compound houses. The gr?nqpies are usually 1.8 m in
both diameter and height, with conita]—shaped roofs ending in a manhole
! which is the only entrance. The people in the north-east, that is, the
Grunshie, Kasena and .lankansi, build their granaries separate from the
compound hor ~. These granaries are taller and may have a "skirt" of
"zanna" of . -ited grass (Figure 2.55{ pfotectihé tre walls from rains.
The.peop1e in the ¢entral part of the northern region build their
granaries of a "zanna" wall backed by wood (Figure 2.5b). These
grdnaries are raised on wooden staves about 0.3 m high” In the southern
areas of the country, unsheathed maize on the cob is hung in batches in

2

fire p]gceé or kitche?s, and é]so in trees in the compound.
Small 48—tohne silos for use by village maize gtorage cooper-
ative societies were introduced 1ntQ'Ghana in 1955 (Forsyth, 1957).
Circular resin-bonded plywood silos of similar capacity have been used
for storage by cooperative societies at Adidwah and Sekodumasi, both in
_ thé'Ashahti’region (Forsyth, 1962). Concrete bloc. and a]uminium silos
.

also have been in experimental use (Eorsyth, 1962) at Adidvan and

Sekodumasi. There are, however, no experimental results available to

*
L



franaries of the people in the Northern part of Ghana.

(a) Two Crunshie granaries showing "zanna" s¥irt around
tie granary in the background.

{tY Dagomba type of granary.
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assess the ;}oré@e characteristics of these silos. Forsyth-(1962)
indicated that the coope?atives had been able to obtain a premium price
for their maize over that obtained for(maizé stored by traditional
metﬁods. s
With he establishment of the Grain Development Board,
several moderh storage structures have been put up in many maize grow-
ing énd consuming or distributiﬁg areas. Late%y’the butyl—rubber silo
has;been introduced and still is undergoing.tests in the hot humid
environment. The original black-coloured butyl-rubber used in these
\sifos proved.ynsatisfactory, due to cracking resulting from solar
radiation effects. These silos now que been replaced by white-

coloured butyl-rubber and present]y afe being evaluated as to their

durability (vas, 1976).

2.3.3  The Problem Defined.

The main storage‘problem in humid Ghana is associated with -
the -relatively high moi§ture content of ﬁhe grain at harvest time.
Moisture content (wet basis) can vary between 20 and 30 percent.
Traditional maize drying as described previously is, therefore, a very
lengthy process allowing for much pest and mould 1nfest%}ion‘before the
graihs go into gtorage. Even then the moisture content' is often too
high for safe.storage.

. Harvesting and processing of grains normally precede the
heavy tropica] rains. Almost every year, these rains wash out bridges
between the growing and the consumihg centres. The feéder‘roads,
therefore, frequently are rendered impassable to mofor traffic, with
the result that many farms may be .inaccessible. Hence, food remains on

the site of production and must be preserved there until more favourable
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coﬁaitions prevail for transporting the produce to the consuming areas..

Most tropical areas have suffered acute maize>sh0ftages at one
time or another. While in some areas these shortages have been the
result of rain ﬁgi]ure, in other aréas the cagse has been improper
storage systems (Nyanteng, 1972). Ghana, for exambTe, experienced an
acute maize shortage in the early part of the year.1969._ This led to
the importation of about 2500 tonnes of yellow corn under the World
Food Aid Programme to a]leviaté the situation. Controversy oVer the
price per bag of the donated maize led to its boycottr The commodity
reméined unsold and the maize supply situation continued to deteriorate
(Myanteng, 1972). V

In 1976, there was a severe mould 1nfestétion problem in most
of the silos installed in the country. This necessitated the émptying
of all the affected silos by the Food Distfibution Corporation. Later
in that year there was another maize shbrtage in the country. The maize
situation gradually yorsgned and a‘bag of about 90 kg sold for ¢300.00*
(about 5260.00) as against the Government's control price of_¢17;00‘
($15.00) (Vas,‘]976). As an emergency so]ut%on,_the Government imported
maize and rice as.a supp]ement'tovease_the situatién.

A factor which tends to affect the progress being made 1in
~improving structures for storage is the unit used in‘phe sale of maize
on ‘the local markets. This is on a volume.basis, that/s, price is a
function of volume and not weight.: weeviTs bore holes into the kerhe]s
and reduce weight bﬁt the oVera]] volume is hot affected. This does-

- not impose any financial burden on the producer, the middleman or the

* The Cedi (¢) is the local currency. At that time the official exchange
rate per a Canadian dollar was ¢1.15.
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seller. Hence, there is no incentive to control the factors that cause
weighy.reduction. -Consequent1y, during the "lean season" or period of
scafcity, the consumer miéht-pay a higher price for an inferior product
compared to that paid subsequenc to warveét. !
| Recent research in many developing countries has been gearéd
towards modifying existing traditional structufes and mefhods of
storage. Most of\these traditional structures and methods had been
used to hold only a few kilograms of produce for shqhq periods.
In some cases unwanted parts of the maize cob are stored as
well as the kernels. The Ewe crib, fbr example, stores maize on the
cob complete with shéath. In this way, only about one-third of.the
' storage space is.used by ﬁhe acfua] grain kefne]s. épace,-therefore,
is being paid fof to store the unwanted cobs and sheaths. As a result,
a farmer may require about three times the storage space he would
othersze require for in-bin storage. However, a typical farmer until
recentiy had the Fervices of his whole family on the farm to He1b
constrict and m;intain these cribs.
This gituation has changed rapicdly dué to the steady increase
in urbanizafion in Ghénég coupled with compulsory, free education
policies. Fewer hands are available on the farms noQadays and the .
extra free 1abour enjoyed by the Jocal farmer is no longer available.
ant%nued use of these structures and methods‘is no longer convenient
for the‘avékage farmér and does not fit into the present socio-economic
environment. | |
Research, therefoke, must be focussed on the use of local

materials which can meet the requirements of modern storage practices.

Any propused storage unit has to be tested under the particular
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cohdftions of temperature, humidity, grain type, microflora ana
‘"\microfauna‘preva11ing. Storage system. improvements must start at the
- farm level. Recdmmended units, apart from fulfilling their expected
'stfuctura] functions, should be easily transportable, re]ativeﬁy cheap
and easy t9 install by thg_typica] farmer. Before.the widespfead'use
of more complex and expensive storage facilities are considered for a
particular country or area, the following conditions may have to be met:
1. An effective farm level storage must be-appropriate to ]
Tocal conditions with respect to climate and management
ski1ls._ ‘ , . ‘ .
2. The creation of more effective village cooperative
sociegies for the production of maijze.
;3."A'comprehenSTVe and detailed study should be undertaken
tokquantify the extent of losses and contamgnation of
grain under farm storage conditiqns.
4, Te;hniques or developments re]afing to improved storage
must be backed up by effective extension programmes .
5. A pricing s}stem based on grain qua]ity.
6! A guanan%éed price for the farmer to encourage farmers.

“to -adopt improved storage facilities and techniques.

2.3.4 Project Objectives.

The main objectives of this project were:

1. to utilize for the cbngtruétfon of on-farm grain storage
b}ns iﬁ Ghana, a material or materials that would be
readily avaiTab]e 1oca1ﬂy-at an acceptable cost,

2. to investjgate the portability and ease of installation

“of the bin on the farm, - .

i



to investigate the dégree to which the selected material
or materials can withstand adverse environmental
conditions during the storage of cereal grain,

to study the temperature, moisture and microbial
distributions in the grain bulk during bin storage under

hot, humid conditions.

21
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3. LITERATURE REVIEW

" A grain bulk has been recognized as a man-made ecological
system (Sinha, 1973), a system in which 1iving organisms anﬁ their hoﬁ;“h
living environment interact with each other. Deterioration results
from the interactiéns of the biotic and thé abiotic factors. Thesé may

include physica]vfactors such as temperatdre, humidity, geographica1'

(4]

location and granary structure; chemiéa] factors such as oxygen supply; —C§\

biological agencies such as bacteria, fungi, insects, mites, birds,

rodents; and man with his methods of haﬁd]ing, storing, transporting

~and disinfecting products (Figure 3.1).

By affecting grain and its quality, these variables do not as
a whole a~t alene or all at once. Initially, the deterioration rate is
siow bu? as an dptimum balance is achieved between the variables and a

prolonged storage périod, deterioration is speeded up and the loss in

grain quality increases.

3.1 Temperature.

When grain is placed in a storage tin, it is subjected to any

temperature changes taking p]ace‘in thevoutsidé atmosphere. The surface

responds quickly tq.ambient temperature varﬂations but the céntre ofvthe
grain mass is least affected by these vari%tions {Hall, 1957).. In
generaj, temperature changes occurring wig%in'a grain mass are due to-
both internal and external sources of heat. The main‘%nterna] sources
of heat are the heat of.respiration from microbes and insects, and

field heat. External sources of heaﬁ are dUe to fhe diurnal temperature

fluctuations and seasonal changes in‘temperature-which are influenced by

22
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geograph1ca1 Tocation. For eAamp1e .wtnter temperatures of - stored
gra1n are up to 18°C higher in Texas than in North Dakota (Mu1r, 1973)
Also sma]] gra1n bins, pawnted wh1te or-completely shaded, store grain
in better cond1t1on than Tlarge unpa1nted or uns;aded bins (Muir, ]973&
s - Initial temperatures of stored gra1n are estab11shed by .the
jtemperature of the harvested gra1n, that 1is, fwe]d heat The te%pera-
ture, for examp1e; of fresh]y harvested-wheat and bar]ey averaged 30°C
when the atmospher1c temperature averaged 23 C on a sunny afternoon in.
Eng1anc (W1111amson, 1964) Th1S indicates that. 1n1t1a1 temperatures
of freshTy harvested gra1n in storage can be equa] to or_cons1derab1y
h1gher than the atmospherwc air temperature If this high temperature
of the grain is not reduced when -the grawn 1s put into storage, such
Righ temperatures coupled, with h1gh moisture content encourage rapwd
‘ deter1orat1on of.the stored grain.
+ Although- changes in diurnal temperature affect grain tempera-
tures in bins on]y'dp to 15 cm trom the bin wall (ConverSe et aT, 1969;
Kelly, 1941 Muir, 1970), solar rad{ation causes the temperature of the.
hin wall to rise- cons1derab1y above. atmospheric air temperatures (Ke11y;
’1941; Mu1r.& wa]1ace, 1971). On a sunny’ afternoon in Man1toba when the '
atmrspher1c air temperature was 28°C, the temperatures of the 1ns1de
south wa]] in contact w1th wheat were 56°C in a black buty] -rubber bin,
39 C in a p]vwood bin painted red,.and 37° C in a galvanized steel bin
(Muir & Wallace, 1971). o .
Heat from external sources penetrates s]owly into the grain'
bulk. D1urna1 temperature fluctuations: rare]y affect the grain below a

few cent1metres from the surface (S1nhp3 1973) At about 300 cm\depth

the effects of the summer and w1nter temperature cycles are minimal and
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if at all noticeab1e, are delayed by 2-3 months (Sinha, 1973}. Smith
(1969) calculated that, at a 10 cm depth, a daily difference of 10°C is
reduced to 1°C and at 4 m an annual mean range of 40 C w111 be 11m1ted’

to 1°C. He conc]uded that it would take six months for the summer

maximum atmospheric temperature to reach the 2.5 m depth.

Ampratwum (1969) indicated that, f%r a 1.22 m diameter metal

,b1n, wheat at the 50. 8.5m rad1a1 pos1t1on cooled and warmed signifi-

cantly faster than the wheatvat the .30.48 and 10.16 rad1a1 pos1t1ons,

» "while wheat at the 30.48 cm radial pds1t1on coo]ed and-warmed s1gn1f1-

c=nt1y faster than that7at the 10.16 cm radial positdon He concluded

that temperature d1fferent1a1s estab11shed were affected s1gn1f1cant1y
by time, he1ght from bin- base, spac1ng from vert1ca1 axis-and moisture
content._

Muir et 51 (1977a) repdrted from work. on three:types of farm
granaries that, in m1d w1nter, the centre temperature of a plywood bin

of diameter 2.9 m and a butyl-rubber bin of d1ameter 4 m were about,

4°C and 10°C respectively, warmer than a cooled bin. During summer,

. the centre temperatures of all the three bins rose above the“ambient

air temperature They 1nd1cated further that even though sk1rts were )

attached to the plywood b1ns to reduce air c1rcu1at1on under the b1ns,

.the bottom temperatures in the p]ywood bins were 9°C be]ow those in the

- 2 x’
Py,

butyl-rubber’bin which sat d1rect1yqon the ground.
R [N . S

Temperature of the grain in a small plywood bin (2.9 m dia-
meter and 2.4 m high) followed the ambient air temperature Wfth about 2
to 3 months time lag (Muir et al, 1977b). Williamson (3964) had earlier

e

indicated that there is a general tendency fo the temperature of bulk -~ -

 stored grain to fall with atmospheric temperature But with a lag of 1.5



to 3 months
The metabolic heat produced
calculated to be in the order of abou

damp grain to be approximate1y 1.3 x

Physical characteristics such as ther

depend on gra1n mowsture content and
(1948a) calculated the thermal conduc

moﬁsture-cbntents and found 1t to be

sec” cfldo The thermal.diffusiv1t1es

of 0.00115 cn? sec™ ' (Smith, 1969).

and dtffusivity values of grain indic

of heat.

Heat will be transmitted fr

by conduction only when they are in p

across the intergranular air. There

:vintergranu1ar'air, transferr1ng heat

movement of heat 1in grain bulk, howev

gradients in the bulk.

exclusively by dry grain has been

t i X’]O_7 ta] sec_1 cm_? and by-
1072 cal secT] em 3 (Oxley, 1948a).
ma{ conductiVity and diffusivity
temperature (Table 3 1). OxWey
t1v1ty of grains at different

in the order of 0.0004 cal cm -

of gra1n are usua]]y in the order
" The rather Tow therma] conductwthy
ate that grain 1s_@ poor conductor
om one grain part1é1e to. another
hys1ca1 contact, and by radiation
also may be mass movement of this

more qu1ck1y by convection. The

er, is 1n1t1ated by temperature

The low thermal conductivity of bulk grain is-often an

important contr1but1ng factor in caus

from minor heat sources created by mi

.micro- env1ronments within grain -bulks.

less in sma]l bins because heat has a
centre to the walls in a small bwn th
"Spontaneous heat1ng” has b

may occur independent of any externa1

-

ing a high rise in temperature
croorgan1sms and insects in the
The temperature differences-are
rather shorter flow path from the
an in a large bin (Muir, 1973).
een observed in stored grain. Thds

cause (Ze]eny,_1954). The heating

is a direct result of the resp1ratery act1v1ty of the gra1n bulk itself

<

.
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and the other biotic factors which aré presenf in the grain bulk. The
heating usually commences in localized areas of thh.moisture content
and results jn the deve]épment of hot spots.

Wallace and Sinha (1962) found that "hot spots" in stored
Canadian wheat and oats could.develop anywhere in a storage bi}.
Teuperatﬁres-of up to 53°C in winter were‘obtained,»usua11y F ghest at
the base of the bulk of the grain, The heating of the grain was
accompanied by killing off of the field fungi (Alternaria) and loss Qf
germinability of the grain. A further study (Siﬁha and Wa11ace; 1065)
showed that heating of the grain to a maximum of 64°C was initiated

by Penicillium species. They noted interestingly that a hot spot does

“not infect an entire grain bulk even though the grain immediately
~affected is rendered unpalatable.

ThéAheat may be generated more rapidly.than it is dissfpated
by thermal conduction through the grain, by radiation,vconductiog and
conYection in the intergranular air, and by the evaporétion of Qater.
Consequently, the temperature of the grain riéés; This rise ir 1rainﬂ
‘temperature increases the rate of‘fégpiration so that a continually
self-accelerating process takes place., Deterioration from bjn heating
Swill oqcuf if the temperdature of the grain excéeds about 43°C (Zg}eny,
1954). The respiratory ééfivity of .dry, in§ect—free grain s so low
that the small amount of heat produced is normally dissipated without a

significant increase in temperature. If the$mo{sture.content of the

grain is sufficiently high to permit fungal growth, the fungal respira- .

tory actjvify and thé_resu1tant heat production may be so high that
increases in temperature occur. High témperé;ures in grain, if they-

-occur, are a positive indication of spoilage.
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Interrelations among several thermophysical properties of the
grain and gfain bulks, such as therha]/capacitys temperature conductiv-
ity'(therma1 diffusivity), and "thermal moisture conducejvity”, and
physical variables such asyconVection, conduction, radiation, evapora-
tion, condensat1on, and absorption, are responsible for the transfer
and exchange of heat and moisture through bulk grain. A carefu]

measurement of temperature of the grain bulks of different sizes and

stored in dijferent types of structures is important for proper storage.

(Prevett, 1959).
3.2 Moisture.

ATl grains contain moisture which is preseht in two main
forms: adsorbed water amd water of composition. Thebamount of "free
water" present is critical to the rate of deterioration of produce
(Ha1{, 1970). Grains and their products, being'co]]oids; are hygro-
scobic. They can sorb moisture from, or give it up to, the surroending
atmosphere until they are in equi1ibrium with it. Grain has jts own
charactaristic belance (or equilibrium) between the mo1sture it
contains‘and the water vapour in the air with which it is in contact.
The relative humidity of an atmdsphere in eéui]ibrium with a p%oduct
_ increases wjth the moisture content of the product until saturation of

-4

the atmosphere is reached. This equilibrfum_poiht is known as the

equilibrium relative hﬁmidity (ERH). The mofsture content of the grain

when it is 1n_equi]ibr1um with the surrounding atmosphere is termed the

equilibrium moisture content (EMC) (Hal1, 1957).
For agéood storage condition, thelmeisture -content of food
gra1ns shou]d be known at the time they are put into storage. S1nce

'mo1sture above a part1cu1ar level - 1s necessary fof the deve]opment of

K AQ} )

¢
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micrOorganismé, detergpration due to fungi and bdcteria can be prevented
or:minimized if grain with a moisture content in equilibrium with less
than 60 percent relative humidity (for most species at tropical temper;
etures) is placed in storage. In geperal, the critical moisture content
for maize storage has been estimated tp be 12.5 to 13,5 peﬁtent
(Christensen, 1973). ‘

Various workers have noted re]ationships between grain
moisture content and the relative humidity of the air with which the
grain is 1n contact.  Brockington et al (1949) concluded that the
critical moisture content for the safe storage of maize in equ111br1um
with a re]at1ve hum1d1ty of 75% was 13.8 * 0.2% by the Brown-Duval method
and 14.7 £ 0.1% by the two-stage vacuum oven‘method. Milner and Geddes
_ (1945), Gilman and Semeniuk"(1948) had”eer]ier found 75% to be the safe
Are]ative humidity. Christensen (1973) reduced the relative humidity
1imit to 65%. In generel, aboye 65 to_7@ percent reJative humidity
fungivdeve1op and produce heat which resp1ts in an increase in tempera-
‘ture. The temperature so produced may reach 63°C, giving rise to what

is termed “damp grain heatipg“ (Sinha and Wallace, 1965). =

| At relative humidities below 70 percent, insect 1ntestation .
may deve]Qp and an increase in temperature resu]ting from the respira-
tory activities of the insects may oceur. The temperatures may reach
42°C, creating what is known as ”dry grain heating" (Sinha, 1961).

| The EMC and ERH of shelled maize have‘beenhstudied by Tuite
and‘Foster (1963). Their studies showed that'tﬁevability to absorb
water progressively decreased with increased drying temperatures and
the effect seemed to be permanent Increase in ERH with increas

temperature ‘was inversely proport1ona1 to the decrease in EMC. Th?s
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conclusion confirms the observation by_warehousemen that there is
greater difficu]ty in storage of artifiéié]]y dried corn in that blue
meuld is common (Martin and Gilman, 1976).

A change in the ﬁemperature of a product a%feets the vapour
pressure exerted by the moisture 1n_tne product, that is, its moistUre. \
content. Thelmoisture content changes so that the humidity of the
product atmosphere remains an a]most constant fraction of that of a
saturated atmosphere at the same tenberature. Experimental results
have shown that for wheat, if the moisture cantent remained constant in
the 10 to 20 percent range, the ERH 1ncreased or decreased approximately
three percent for every 10°C rise or fall in temperdture (Aryest, 1965 ;
Pixton and Narburton, 1971). Converse1y, if the relative hum1d1ty
remained constant, the moisture content of wheat decreased approxwmate1y
0.6 to 0.7 percent per 10°@ rise 1n temperature (Oxley, 1948b). The
re]ationshib between temperature;vrelative humidity andvgrain moisture
content. is shown in Figure 3.2. r

yhen grain is in storage, redistribution of moisture oceurs.
This phenomenon ca]led “mo1sture_m1grat1on” has been observed by Carter‘
and Farrar'(1943). Temperature gradients within grain bu]k cause air
density di?ferences. The air density‘differences may establish a
pressure grad1ent or pressure drop which leads-to cdnstant metion of
the 1ntergranu1ar air by convect1on currents within the stored gra1n
"As air moves from a warm to a cooler reg1on: it is cooled. Its
relative humidity rises and may reach saturation po1nt when .excess
water will be deposjted on the surface of the cqoler grajn (Joffe,

1958). - The interchange of moisture usually takes place in the vapour

phase . (Anderson et al, 1943; Oxley, 1948b). It may also be a 1iquid
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flow across kernel contact pointé (Hart and Neugtadt, 1957). Vapour}~'
diffusion occurs whenever tﬁe partial pressure of water is not uniform
(Stewart, 19735. Stewart (1973) has summarized the three possible
mechanisms of moisture migratipn in grainvbu1ks. These are:

a) vapour diffusion khrough the air spaces

/ b) moisture diffusion through the kernel solid matter, and

c) moisture carried by convective afr currents.
He  concluded that‘of the above three mechanisms convection providés the
primary mechaﬁism for moisture movement in the large scale storage of
grain.

Moisture migratjon resu]ts in localized increases of moisture
contents (moisture pockéis) which produce optimal conditions for fungal
growth (Fif:ji 3.3). Thélrate at which moisture migration proceed§ is

dependent okthe size of the bin or silo. It is slower in small bins

than in large bins. This ;s.so because at most times of the year
differences in temperature Betweén the walls and the centre of the bins:
will be less in small bins than in large ones. There is a.shorter_heat
flow path from centre to wall of a 5ma11 bin than in a‘iarge bin“(Muif,
1973). |

The effect of temperature diffefences on the moisture contents
of grain in differen£ points of a bin has been studied by*vérious
workers. Anderson et al (1943) found that a température differénceiof'
35°C across 1.83 m 6f‘gnéin with an initial moisture.tontent of
14.6 percent caused the moisture.content of the grdiﬁfin the cold
regién (0°C) to increase to 20 percent in 316.days. Pixton and
Griffi?hs (1971) Had theorética]]y found that‘aftér_]Z months at a

constant temperature of 22.5°C and at.a constant relative humidity, no
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change in moisture content would have taken place in grain 50 cm below
the surface of a large bulk. Ampratwum and McQuitty-(1970) concluded

from experimental work on wheat stored in circular steel bins of 1.22 m
) : .

S

diameter and 1.52 m high, that moisture mijration tended to be towayds
the upper layers where the top surface of the grain was open to the

environment. Moisture variation among the radial spacings, and there-
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©  FIGURE 3.3: Convection air currents within a grain bin:
(a) warm grain in bin with colder ambient air
b) cool grain in bin with warmer ambient air.
(Rexdrawn after Brooker, et al, 1974).

fore the moistufe variation in the horizontal direction, was not
significant (Ampratwum and McQuitty, 1970).

Redistribution of moisture in bins has been stidied recentl
by Muir et al (1977a). In a 3-year storage experiment on tough and

heavily-infested wheat, they indicated that an initial high moisturé



-pocket at the top ﬁentre of a contéb] p]ywdod bin driedbfrom 21.6 to 19
pércent in 6 months and then down to 12.4 percent after 11 m?nths of ‘
storage; The moisture content at the centre of the control pin de-
creased froh 16.2 to 14.7 percent over 36 months of storage, However,
wheat in a butyl-rubber bin 1ncréased invmoisture content diring the
storage period.’ The increase occured at the surface and at/ 30- and 60~
cm depths (Muir et al, 1977a).
Condensation prob]eﬁs,ﬁespecia11y in metal si]og, occur in the

tropfcs, pafticu]ar1y in areas where the skyvis clear dur?ng both day .
and night (Hall, 1970). Apart from changing the physical/ and engineer-
| ing prqperties of grain and'its products,. moisture affec-s considerably
“the rates of growth and development of all the biotié»f ctors as well as
the rate at which chemical and physical changes take place. If grain is

uniformly dry when put into storage and is kept dry'ah at constant

temperature, damage due to moisture will be minimal.

In general, the development of moulds, bacteria and mites, énd,‘

to a lesser extent, of insects, can be prevented by /reducing the moisture
content of the grain to a Tevel at which they will jnot readily grow.
Drying grain to a moisture conteht.of about 14 percent will limit the

development of moulds, bacteria and mites but, for insects, the low

moisture level required to restrict growth (8-1Q/percent) is uneconomig///

to attain, and maintain, in practice (Hyde, 1965). P

3.3 Biotic Factors: Nature and Importanée in Stored/GFéih.

The number of groups of living organisms that cause deteriora-
. . ‘ ‘/,/’ .
tion of grain in storage has been recognize%/gy/var1ous researchers
working cn grain sturage. These biological/ organisms include insects,

- fungi, bacteria, mites, rodents and

The extent and rate at which
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each of these agents affect gfain depend on the type of microorganism

involved, temperature and grain moisture content.

3.3.1 Insects:

Insect infestation of ;tored grain results in a . weight loss.
-Inseqts bore holes into gréin kerneT; and reduce the overall weight of
the kernels. Contamina%ign of éraiﬁ by insects and theif'fragmentS'and
' NS /

excreta reduces grain quality. Deterioration in stored grain also may

result from insect respiration. This respiration‘in localized areas of

’ the:StoFage atmosphere is a pbssib]e cause of temperature gfddients

inside the grafﬁﬁbu1k,'
| For post—harvést losses caused by insects, re}iéb]e estimatés
on a country basis are difficult to obtain. This 1s_betaUse of the
variety of storage methods used, the cont%hua]]y—changihg quantities in
store, and the trading practices adopﬁed. For example, fhe rate or
degfee'of 1n$ect damage in bag sfbragé méy differ from the rate of
damage in crib-stored maize.v Subsistencé;farmers do not keep relevant
records, but data collected from actual sahp]é férms (Hali, 1?695 ghow'
that in some specific situations Tosses exceed 30 percent (Tables 3.2
and 3.3).

Various experiments havé been carried out to test for or
-determine the corrélation between percentages of insect damage and
weight 1oss.b In Malawi, 3000 bags of maize infested with insects after

two years in storage showed an apparent weight loss of seven percent

(CCTA, 1958). " Similarly, Prevett (1959)'obtained a 25 percent ‘apparent

weight Toss in parboiled paddy during one year in Sierra Leone, or an-
actual lo.5 of about 41 percent due to 1nfgstation. In Ghana (FAO,

1969), cob maize stored in the sheath by farmeré suffered Tosses from 8
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percent to 16 percent over storage periodé of 8-23 weeks, while cob
maize stored without the sheath suffered a loss of 26 percent after 23

weeks. Shelled maize stored for a similar period showed a loss in weight
-

of 34 percent. The average loss of crib-stor.u maize in a study in s

Kenxa was 9.6 percent of the weigﬁt in four months. This figure rose

to 23.1 perceet in & months (Kockum, 1955). In another experiment in
Uganda, Davies (1959) calculated that, in maize stored in a bamboo crib,
_'a 10 percent bored sample represented a weight loss of 2.4 kg out of 91
kg or 2.7 percent. He also noted that the percentage of bored grain in
crib-stored maize (untreated) in Uganda varies, very aften from 45 to

75 percent..

Under reasonably good §torage conditions in the tropics,
infestations yielding 80 to 106 live weevi]slper 500 gm of produce
efter only six months if storage have been recordeq (Hal1, 1970). ’
Generé]]y insect development is accelerated by increase in temperature
up to about 42°C. AHa11 (1970) indicated that if the temperatUre
throughout a kerngl, that is, inside each maize grafn, can be raijsed to
66°C and maintained.for fouf minuﬁes (or'60°C for 10 minutes or 49°C v
for 20 minutes) all insect stages will be killed. Insects will not

develop readiTy if the temperature is below ]7?C (Hyde, 1965).

3.3.2 Microorganisms

Fuegi are a majo? cause of spoilage in ~tored grains and
seeds, and'probab1y rank secozﬁ{on]y’to7insects i cause of deferior—
ation and loss in all kinds of stored‘prodqctsvLnroughout tne world
(Christensen and Kaufhann, 1974). |

As grain moisture coatent increases, water become: aveilable

for use by parasitic microorgaﬁ!gms such as moulds. If the microbas are

o
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not controlled, they can multiply rapid]&? create heat and cause
deterioration of the grain (Hyde, 1965; Stewart & Britton, 1971).
The varijety of mfcroorganisms which are present in spoiling
grain depends primarily on moisture content and temperature .Various
fungt have opt1ma1 temperatures for growth, usually in the range of 10 -
to 35°C. Fungal growth'rate is low at low moisture contents and temper-
atures, and practically stops at a relative humidity 1ess than”70 per-
cent and temperature below 0°C (Brooker et al, 1974). The optiman
temperature for growth of most grain moulds 1is between 25 and 30°Cl
Some moulds develop best around 37°C (Brooker et al, 19747. 'The‘mthimum
air relative humidity for mould spore germination can be as low as 62%
for someimou]ds and as high as 93 peroent for others (Frazier, 1967).
Intensive mould growth occurred at 12 to 15°C and between_fo
and 60 days in tough'grain with 14.5 to 17 pgrcent moisture‘content,'and
~ between 20 and 30 days in grain with 18 and 1é percent moisturé content
(Sinha, 1973). Sinha (1973) again indicated that at 20 to 22°C, inten-
sive mould growth occurs between 30 and 40 days in tough grafn and
between 7 and 10 days in. damp grain. Grain does notdspoi1 due to mould
growth at,any of these temperatures when stored for 60 days w1th 15 per-
cent moisture ;ontent.' The relationship between storage temperature,
grain moisture content, 1nsect heating, fall in germination and damp .
grain (fungal) heating is illustrated in Figure 3.4.

The most predominant microorganisms are several species of -

Penicillium and Aspergillus, also commonly referred to as storage fungi

] .
(Chr1stensen and Kaufmann, 1969). Wallace and Sinha (1962) found thatd
@

some un1dent1f1ed species of Penicillium were - the most common fungi in

" hot spots. /part from v1s1b1e seed discolouration, heating and must1-

el
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ness, fungi in stored grain may produce unnoticeable mycotoxins (@oxic
fungiwmetabo]%tes) which are fatal to man and animals. Sefious human

poiséﬁﬁng»ca§séd?by moulds have occurred in many parts of the world °
) ' . _ :

(Scott; 1973).

Aflatoxins produced by a few strains of the storage fungus

N

Asgérgi]]us (especially A. flavus) are potentially the most hazardous
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FIGURE 3.4: Relation of storage -temperature and grain
moibture content<to-insect heating, fall in
germination (tp:95% in 35 weeks storage) and
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Y

- to human health. MycotéﬁicoséS‘primarily involving the Tiver or kidney

" »f both human beings and animals have been reported widely. High rates
of 1iver cancer in southern Africa, Nigeria and Uganda have been

confirmed by Doll (1969). Usage of spoiled grain has been thought to
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cause this ailment. A study in Uganda has revea]ed that temperature

4 \«

and relative hum1d1ty appeared to take precedance over r31nfa11 in the
rap id formation of af]atox1ns in foodstuffs (Martin and Gilman, 1976).
One interesting discovery has been the demonstration of the =

I -nce of zeara1enone* ﬁn samples of ma]ted sorghum, in 27° poo]ed

- samples of" sour' %ermented porr1dge and beer made from maize and

sorghum, and .in two samp1es of mou]dy ma1ze off the cob from Swaz11and
(Martin and G11man, 1976) This study has been extended to Lesotho

(Martin and Gi]man, 1976) where small quantities of zeara]enone (up to.

5C ppb) have been found in 16 of the 71 beer samp]es examined. The pos-

sible ingestion of zearalenone by ‘most of the Afr1can population perhaps

could:explain the high incidence of gertain diseases-SUCh as cervical

cancer (Martin and Gilman, 1976)\

The estrogenic syndrome in swine caused by Fusarium specwes

/

.is one of the best understood mycotox1coses (Scott,,1973) PouTtry are

affected as we]] The death of over 100, OOO turkey pou]ts in England
in 1970 were traced to af]atox1ns present in Braz1]1an groundnut meal
in their feeds (Scott, 1973).

LY
The accumu]at1on of grain beet]es in areas where gra1n has

s been spoiled by fungi has been studied by various researchers.

Y

Apparently some property of spoiled gra1n stimulated the downward move-

ment of these insects.1 The response by Crypto]estes ferrugineus

* Zearalenone (F-2): This mycotox1n has been observed generally
in corn, and occasionally in barley. The fungi involved are var1ous’
spec1es of Fusarium. Zearalenone: producés an estrogenic syndrome in
swine consuming infected corn, characterized by swollen vulva in
females, shrunken testes in young males, -and enlarged mammary glands
in both sexes. In females, it interrupts oestreus and may cause '
abortion in pregnant sows. 0Other animals affected by zearalenone are
miceS guinea pigs, rats, cattle, chickens 'and turkeys (Hesseltine,
1976). :
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probably is induced By olfactory stimuli from one or more volatile

...~ compounds in the fungi or by-products of the fungi (Dolinski and

a1

s

Loschiavo, 1973). Surtees (1965) haq'attributed the underlying mecha-
nism tQ‘a kTinokinetic response to humidity. Watters (1969) observed

that more rusty grain beetles emigrated from mouldy than from sound -

¥

wheé?cand“suggested that"thé>ma1n cause was a high C02 level associated

wiﬁh respiring insécts and.fungi. -Dolinski.and Loschiavo (1973)
suggested that 1n§ect distribution fn a grain bulk may be 1nf1ﬁenced by
the presence of certain fungi in moist poékets of grain.

| In addition to fungj thatginfect grain in storage (storage
fungi), there are those that infect the graén before the grain is placed

1n storage. This group of fungi is known as "field fuhgi“. Hyde (1950)

?

“found. & significantly inverse correlation between the quantity of field

fungi and the environmenta]btemperature. It might be expected that
‘fungal growth would be 1ncre§sed by high temperature, But_as these were
often associat;d with low huricities, retardation occurred instead. As
primary invaders, field fungi will not readily reinvade seeds once they
héve been dried and remoiétened, or when they have been invaded by other
fungi. Moisture contents of 22 to 25% on a wet weight basis or of 28 io
33% on a ‘dry weight basis, have been cited by Christensen (19@5) and
‘Christensen and Kaufmann (19655 as the 1ower 1imit for growth and.

development of field fungi.

3.3.3 Rodents, mites and birds.

A1though‘insécts are regarded as the main agents of loss,
rodents also can cause significant losses of stored foodstuffs and

contamination by excreta. Majumder (1968) cited 130 human diseases as

being transmitted by rats, and noted that thé Ind1an rat popu]ation was

/
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aﬁ Teaét 2400 million.  Each rat consumes about 26 g or food per day
V(Deoras, 1967) and contaminates a further 200 g; the daily human intake
of cereals is about t?e same as the quantity which a single rat in a day
renders unfit fof cogiumpt1on . Loss of produce due to rodents after -
harvest 1s, generally, 1ess than that before harvest (Ha11l, 1977).

A number of mites ag%%c1ated with stored foodgrains are
important ecénomic pests. Under suitable temperate conditions and
_ u%ya11y in materials with a re]ativel} high moisture ﬁqntent, they
multiply rapidly and can cause serious damage or loss (Ha]], 1970);
The pffsence of mites in a product is an indica%ionSthat it is too
moiét for prolonged storage. Apart from causing damége to materials,
mites areicapable of effecting some degree of‘contgo1 on other pests in
stored mate?ia]. Mény are predacious upon stored product insects, and
upon the eggs and young stages of certain insect pests. Mites also feed
on moulds (Hall, 1970). A

Birds peck holes in bags and the amount of produée eaten, plus
that which pours out of the bag (particularly with small grains such as
sorghum and mi]]et), canf%gsulf in a lToss of some 70 percent of the

or1g1na1 weight of the bag (Ha11 1970). Birds also eat and cause loss

"~ in yield before it is harvested.

3.4 Other factors.

Methods of processing to which food grains are subjected prior
to‘storage are known to affect their storability. During the processes.
of harvesting, threshing, shelling, steeping, cleaning and m1111ng,
damage.to grain cells usually occurs. Mechanica] harvesters produce
cracks in grains and provide easy entry pojnts for fungal spores and

insects (Breese, 1964). Combine harvesters lTeave no time for grain to ’
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.dry out between harvesting and threshing. These also cut green weeds

with the grain and, during- storage, moisture is transferred from the
weeds gnd immature seeds tq the drier, fu]} grain kernels (Hall, 197@?@#
Swathing, however, e]iminafes this prob]eﬁfin the temperate areas. -
Conveying of produce from bne‘bfaéé fo another may affect the
quality of the produée. Conveyors for.bulk or bags, espetia1]y bulk, ////
result in varying degrees of dropping{and breakage of‘the grains.
§eparation and reconcentration of dust take place during conveying of:
the grain (Hall, 1970); Joffe (1963),repof£éd\§hat turning maize 13
times over a period of eight-and a half months kept graiﬁ#re1at1ve1y
cool and in.sound condition. This operation, he added, substantially
reduced khe nuhber of insects presént in the turned grain. Adults as
well as preadult stages of fnsects within the maize grains wére ki]]ed

by mechanical or physical disturbance (Joffe and €larke, 1963).
Since the unbroken seed coat is the best protection for the
grain from attack by microbes and insects, the role of this variable on

seed health and microbial growth has been given attention by vari‘ds

workers (Wallace, 1952; Thompson‘ahd Foster, 1963). These studies

showed that the lower the hoisturebcontent'of the grain as it is handled,
dried and %Eansported, the more‘proﬁe the'gf%in will be to mechanical

damage. With maize; the percentage of breakage sharply increasés when

it is dried below 12 percent (Thompson and Foster, 1962 MeEhanjca]
threshfng also has been known to cause damage in grain kerné]s. Vas

(1969) indicated that the mechanical parameters causing significant 3
variétions in pencentaée mechanical damage to whegé\(w1th average

moisture content ¢f 10.4% w.b. and average grain—fo;$tfaw ratig of 1.00/1.71b'

are cylinder speed, concave clearance and feed rate. He concluded that =



1ncreaswng cylinder speed from 800 rpm to 1200 rpm increased mean

damage from 2.9% to 12.4%. An increase in concave c1earance ﬁrom 6.35

VN
‘mm to 19.05 mm caused damage to decrease from 7.7% ﬁg 5.4%. Vas (1969)

went on to show that an increase in feed rate from 45. 4 to 136.2 kg/m1n
resulted in decreas1ng damage from 7. 1 to 6.0%. .‘ \\
Time of harvest1ng is an important factor with respect to\‘

maturity of the crop and a]so w1th respect to climatic conditions. fn
BT

season, maJor problems of drying must be solved. ﬁn most countries in

countries where the.crop matures and must be harvested dur1naﬁa-e rain \\

the trop1cs and subtrop1cs, crops can be 1nfested pr1or to harvest1ng
by insects. Investigations in countries such as India, Kenya, Nigeria

and in the westjlndies"have revealed that many crops, including maize,

field into storage (Ha]], 1970).

The effect of drying-air temperature on grain is ‘critical.

The temperature of the air must be kept below some maximum value dependQ

ing on the 1ntended use of the grain. A maximum grain temperature of
43°C usually is reoommended for drying grain for seed (52°C will kill
the germ in most grains);_for'mi111ng; temperatures above 60°C should
be avoided; and for feed grains, 88°C 15 otten considereo as the hjgh

temperature 1imit (Brooker et al, 1974).

3.5 Choice of Materials forBin Construction.

The choice of mater1a1 for the construction of a bin does not
depend only on its engineering properties but also on its availability’
Tocally. Foreign eXchange is very scarce for many developing countries
including Ghana. As a result, the economics of grain storage favour

bins or silos made from materials that will avoid need fof foreign
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. exchange. P]ywoo&ﬂand cohcrete arebboth obtainable Tocally in Ghana
- and this would be the prime reason for choosing one or the other of o
these two materials.
Plywood manufacture ha%ﬁggen one of the larger industéieSvin_
Ghana for some t1me Plywoods of d1fﬁerent iﬁhber spec1es a@%%w;th

Wi g “’ .
.various mechan1ca1 and phys1ca] prop@rt1es have btﬁ. Qs

U’?ﬁ

for various purposes. Ghana possesseg @ good supp]v ofmt1mber fg_f
forest areas across the centraT part of the country. This 1nc1ude§”
Wjde range of hardwpod species. In a recent survey conducted by the
; Ghanaian Forest Phpuucts Research Institute (ﬁﬁﬁﬁ); nearly 250 timber .
species were listed (FPRI Information Bulletin No 3, undated)' The
availability of timber coupled with the presAhLe of plywood manufactur—
ing industries favouh plywood as a material Fo be studied for grain
storage bins. This is more so whendforeign exchange is a Timiting
1factor7 | |

J P1ywood possesses both 119htne$s and strength and this
makes it portable and easy to work. Its ability to bend within a
spec1f1ed minimum radius of curvature, renders p]ywood workable into
various shapes and forms. A c1rcu1ar hes1n-bonded plywood silo had

/
been 1ntroduced to and used by cooperative societies in the country

since 1955 (Forsyth ]962) Forsyth did hot indicate, however, 'the
storage characteristics of the plywood silos. He did note that these
silos resulted in a better price being obtained for maize stored jn them
than that offered for ma%ze stored by traditfona] methods. A study'to
establish the storage characteristics of maize 1n.such bins under the‘

hot, humid conditions of Ghana, therefore, is essential.

«__foncrete, relative to timber, is not so common in Ghana, though
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it is ohtainable locally and widely used for various structures. The

caking of stored grain in steel <ilos in the humid tropics has been a %&
source of considerable loss of valuable produce (Osobu, 1973). - Concrete- ‘

: t :
stave silos have been used with the object of minimizing this problem

but result. have not always been satisfactory. Moisture penetration
througn the joints has been fQund to be the cause of the unéatiéfactory
use of concrete staves (Osobu, 1973),. ///;/
AQcher form of concrete use, for the storage of/gra{n, is in
the bush grain storage silo in N1ger1a (Rambo, 973////Th1s is normally
constructed of mud bricks cn a reinforced concreié/fWOOr raised some
300 mm above the ground. The silo is p]e;;eree 1ns1de and out with a

e

cement based mix. One of the priiiﬁy/ﬁroblems‘encountered has been the

cracking of silo walls (Zizig}/*973). A concrete grain storage silo :
has been developed at the-Garu Agricu?ﬁura] Station in Ghana as illus- " ‘.

trated in Figure 3,

(Ghana1an -German Agr1cu1tura1 Development Project,
1974).
A concrete block silo had been used experimenta]Ty in Ghana.
fo? some years (Forsyth, 1962). These (Figure 3.5a) have been tried at
- the Crop Research Institute Stat1on at Pokoasi, about 19.3 km _
north of Accra (persone].f1e1d trip, 1976). A major prob]em with this
silo has been condensation and caking of grain around the walls
(Gyampa, 1976). - |
“The use of reinforced concrete silos for'gnain storage in the
humid tropics has been recommended by various researchers and grain
Kstorage specialists. Large concrete silos were recommended, for example

for use in Pakistan (Watson et al, 1970a), for bulk grain storage.

watson et al (1970b) and McQuitty (1976) both suggested the use of a
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Cement-built bins developed in Ghana.

(a) A concrete silo at the Crop Research Institute
Station at Pokoasi.

(b) Cement-plastered bins developed for northern Chana.
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concrete drain pipe with a goncrete 1id for small farm-sizéd grain
storage bins. | | | ¥
The gtudies in tropical areas that have been undertaken with

concrete and cement-plastc-ed silos, however, have been Timited and
results inconclusive. Lack cf scientTfic methodology,” incomplete
»ifdbservations and subjective rather than objective analysis, togétherl
with 1imited management experience in many instances, make ‘the resﬁ]ts
of these experiments questionable. Recommendafions supporting the use
»f concrete bins or silos in the developing countrfes are based, there-
fore, on gﬁb]isheq results in deve]Bped countries andwnot under
tropical conditions in developing countries.? |

~ The acceptance of concrete pipes based on scientific method-
ology and analysis would render concrete bins a possible substitute fgr
metal bins and‘a1so an alternative for most traditional structures.
The use of concrete pipes would not necessariTy require the setting up
of a special fgctory for their production. There ére existing concrete

product factories that~are producing-an'assorted range of‘concrete :

pipes at present in Ghana.‘ These operations could be expected to.

manufacture a suitable storage bin should a demand be established in the-

futurefifor such units.

A
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4. MATERIALS AND PROCEDURES

4 . Experimental Location and Duration.

The study was performed in an environmenta]_fae11ity of the
Department of Agricthuraj Engineehing, University of A]berta,wet the
Ellerslie Reseerch Station near Edmonton, Alberta. The dimensions
provided a room space of aggut 129 cubic metres. An integrated
mechanical unit* capable of heating, coo]ﬁng and hnmidifying over a
reasonable rénge provided for the bre—se]ected conditions of temperature
and humidity. |

The storage:study)spanned a period of 24 weexs. It was

rted on January 20 and ended on July 7, 1978.

4.2 Materlals

. The exper1mehta1 bins were constructed of ewther plywood or
of concrete.’ A tota] of six bins {three of each mater1a]) were used
for the study The capac1ty of each bin-was about 1.35 tonnes. This
capacity would prov1de fo} the storage space requ1red for the cultiva-
tion of about O 8 to 1.e,ha R typ1ca1 of the majority of farm operations
in Ghana. A bin height of 1.52 m was such that they could be filled
manua]ly gnd g@nven?Eht]y from the top by head loads as pract1ced 1n |
Ghana. The 1ns1de d1ameter of the bins was 1.22 m. |

U;} :

3 ' N Loy
5 : B

LN “ = °
s Y : B! : B
b Jops

x ~The heat1ng component of the mechannca] unit had a tempera-
ture range-of about 02C to 50°C and the cooling component had a ca-
. pacity to cool 56.6 m3 per m1nute*of air from 0°C dry bulb (-0.6°C
*  wet bulb) down-to -6.7°C dry bulb saturated. The humidifying
component had a capacity of 10 9 kg: water (steam) per hour

+
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4.2.1 . Plywood Bin.
The tyoe of pTywood used fo- the bins was Dougfas Fir plywood.

It was a commercial grade. classed as good two sides. The wal]s‘of the

: b1ns were constructed of 6.35 mm nom1na1 panel th1ckness The floors

‘of the bins, -however, were constructed of 12.70 mm nomlna] pane1‘ |

thickness. The.dimensfons and details o%’%ne bins are illustrated in

F1gures 4.1 and 4. 2.

_ The joints were gTued and na1]ed The type_of glue used was

Weldwood s* Resorc1no1 Waterproof G]ue Th1s was rated as prov1d1ng
~ permanent bonds wh1ch withstand outdoor exposure, co]d or- boiling water,
heat, mould, solvents, acids.and a1ka11s. |

The top edge of the'bin wall. and the contact areas of the'
cover were lined with strips of rubber cut out from used inner tire‘
tubes. Th%s particular arrandement (Figure 4.3) provided’anna1mostvair-
tight seal when a TOad was added to tne,top'of thelcover. A better seal,
however,‘uas accomp1ishediwith the insertion of foam rubber between the\\\
contact areas of che bin‘and its cover. ﬁ'i - |
I

4.2.2. Concrete Bin. S "

The concrete bin used for the storage &tudy was an. adaptat1on
of concrete p1pes These were manufactured by Vaﬁiuard Concrete

Products Limited in Fdmonton. Fach bin was create frpm a two-piece
. . . : |

" pipe. The two barrels, as shown in Figure 4.4, wer cement plastered '

.

'together to form a bin as shown in Figure 4.5. \ L

The top and bottom barrels weighed 829 kg Qnd-1597 Kg

\\\\ . \

\ \ j \\ -
_ * Weldwood Glues are manufactured by Weldwood of Canada L1m1ted
Vancouver, British Columbia V6B 3V8. .
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38 mm x 38 mm (nominal) Batten
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338 mm X,S9 mm.
(nominal) Blocking’

FIGURE 4.1:. Vertical section of a b1ywood bin.

[ 4
— 1.52 m ]
1 . .
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|
\ \
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38 mm x 38 mm |
(nominal) Framing 1.52 m .
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Foém
rubber

3 <
28 3 38 mm
- {nominal)

I .
framing

18 x 38 mm (nominal) Batten

Fir Plvwood

L ID OF BIN ,
! ©6.35 mm Douglas
L

t'lued joint

Rubber strip

- ————— 6.35 mm Douglas ‘Fir Plvwood

Glued joint

"

FIGURE 4.3: Detail of seal between plywood bin

wall ‘and the 1id.

I
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1.22m

3

1.22 m

FIGURE 4.4-

X

.45 m

v

Vertical sections of the two barrels which formed ‘
a concrete bin. - - ' , ’ .
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Metal handle

50&8 mm reinforced
’ concrete 1id \ - A

L \
TJUF—f—-éehent

Plastered
Joint

A

E(

i

Foam rubber
\seal. '

SECTION A

Vertical section of a concrete bin with
section A showing the detail of the joint.

betwgfn the wall and the 1id.

FIGURE 4.5:

-
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Irespective1y. These were 1nc1denta11y rejects from the factory.* The
defects causing. the rejection were mainly minor cracks or slumps in the
walls. These pipe rejects, however, possessed the strength to resist
with ease the verttca1uand lateral stresses exerted by the grain. The
concrete bins were set on the floor of the environmental room. The
floor ofvthevroom thuf formed the floor of the;)oncrete bins. The 1ids
of the concrete bins were 50.8 mm thick, reinforced concrete. These

were in two'ha1ves.' Each half was fitted with metal handles to

facilitate easy opening and-closing of the bin.

4.2.3,h,-,Amb1en€ Temperature, Solar Radiation, and Relative Humidity.
N Gnanaian environmenta1'cond1tions of temperature and solar
radiation effectc were simulated by the use of tungsten-filament
infrared 1amps.**A These were . ated as efficient radiant-energy heat
sources. Each lamp was rated at 250 watts and had a range of wave-
lengths frem about 300 to 1600 nanometers. The heat lamps 'were set on‘
eight rectangular wooden frames. The frames were hung over the bins,’
‘which were,arranged as shown in Figure 4.6, at an ang]e.of avout 45 -
degrees to the horizontal (Figure 4.7). The‘arrangement'of the wooden
frames was such that they had an inverted "V" configuration. There

were 12 heat lamps per wooden frame. There were four rows of 1amps and

each row had three lamps.

* The Vanguard Concrete Products Limited manufactures all pipe
sections to A.S.T.M. spec1f1cat1ons Defective pipes or pipes that do
not meet the-A.S.T.M. specifications are rejected and crushed.

** These were quartz tungsten»ha]ogen lamps obtained from Canadian
General Electric. The radiant energy produced by these lamps is distri-
buted in a continuous spectrum, that is, from near ultraviolet into the
far 1nfrared spectrum : :

Q

‘
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2.44m
Sliding
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[NSTRUMENTATION o .
AND . ol L
RECORDERS e,

FIGURE 4.6:

Arrangement) of ins inside the environmehta1 room with
instrumentation)and recorders in the centre cf the room.
The plywood ins\ have been marked P1, P2, P3, and the

concrete bing as c1, c2, C3.
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Thé desired relative humidity of.the room was achieved by the
use of the humidity component* of the intégrated.mechanical unit. A
- humidity sénsor>in the environmental room,éontro11ed automatically the
level of humidity ﬁteseTected for‘%he environment.

A ;éﬂarvenergy meter, "Phebus 1" insolometer**, was used to
measure the simulated solar radiation.effect. Ambieﬁt,temperature and

relative humidity were measured by‘a_Bé1fqrt Hygroethermograph.***

4.2.4 Grain Bulk Temperature. P

Copber-constantan thermocbup]es wére‘used for femperéture
measurements. Fach bin had twenty-four thermocpup]e points 1ocated in
the grain bu]k."There Wére'thFee horizontaﬂ levels of fhermocoup1es,
with 8‘posiéiqns gt each level or depth_(Figures 4.8 and 4.9). The
thermocoup1e§ were held firmly in p]ace Syjsfrings attached to wires
and fasteheagto the floor of the plywood bin by staples.: In.the case
of the concrete bins, maskiné tape Was used t6 hold the strings firmly
toxthe concrete floor. On fop_of the grain bQ1k; the thermocouples
‘'were set in holes in crossed wooden‘frames'nai1ed to the bins (Figure
4.1i). This ensured that the.fhermocouples were not disp]atedAat the
time of filling the bin or by samp]ing‘ahen Probing into the grain
mass during the experiment. :

‘ Radial spacings‘of*thermoéouples on each 1e§e1'were 15.24 cm
and 30.48 cm from thévcentre (Figure 4.10). A total of aboht 1500, m

of fhermocoup]e wire were used. The thermo-recorder was a 24-channel

Honeywell unit (Figuré 4.12).

"* This was trade marked as "Dri-Steem", model number 5A.

** 'phebys 1" is a manufacturer's trade mark. It is manufactured
by Valley Products and Design, Inc., Pa., U.S.A. 18337. .
‘ *** Belfort Instryment, serial no. 4939. Manufactured by Belfort
Instrument Company, Baltimore 2, Maryland, U.S.A.

i
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CRAIN
LEVEL

R T 3048 cm

o UPPER
A b ® . +  LEVEL

« 40.64cm

MIDDLE
LEVEL

40.64 cm

c LOWER
¢ ¢ — —&— T LEVEL

30.48cm

FIGURE 4.8: Vertical section along the diameter of a bin showing the
} relative positions and levels of thermocouple points
- inside. the grain bulk. ~ :



FIGURE 4.9: Thermocouple
' designation in each bin at:
(a) Upper level,

(b) Middle level,

(c) Lower level.
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T]&%cm%
\*-—~ 4572cm —}

r-—— 60-96 cm

FIGURE 4.19: Radial spacing of ‘thermocouples
at each level.
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FIGLRE 4171

Positioning of crossed wooden frame on top-of grain bulk,
and the insertion of thermocouple wires througr the frame

-to hold the wires in position.

The temperature recorder with graduations in deqgre:
Fakrenheit . : : )
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4.2.5 Experimental Maize. g .

The grain used for the exper1ment was Grade II ye11ow maize.
This was obta1ned from the United States of America through the Shur— C s
Gain Company in Edmonton. The 1n1t1a1 mo1sture content of the gra1n was
about 12.0j% at the time of purchase. Tota] weight of grain used was
about 8.1 tonnes ' '

A germ1nat1on test performed w1th 200 who]e kerne]s indicated
an 1n1t1a1 45; germ1nat1on rate This was an 1nd1cat1on that the grain
m1ght have been e1ther art1f1c1a11y dr1ed at very high temperature,
hand]ed (mechan1ca11y) excessqye]y, or in store for some t1me betore 1t

was obtained.

4:3 ‘ﬁéExperimenta] Procedures.

C oy

i

{

The exper1menta] des1gn for.the st?fhst1caT ana]yses of gra1n

temperature and gra1n mo1sture 1nvo]ved thrEe b1ns of each of. two types
/ _

of ‘materials (p]ywood and concrete) Pithin each bin were three Tevels
and twb'posit1ons. Measurements were made for each treatment combina-
tion for ‘each of'twenty two weeks. ‘The sourcesof var1at1on, therefore,

were material.(n = 2), bins w1th1n mater1a1 (n = 3), Texels (n = 3),

~ positions (n ='-2).and weeks (n =-22). These have been‘§11ustrated in

" Figure 4.13.

\ L
o~
¢

A multiway analysis of variance was used for analyzing the

data. .
' , A . ~ ' _
4.3.2 Simulation of solar radfation, temperature and relative
humidity.

The three physical factors of solar radiation, ambient
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dry buib temperature and relative humidity were 51mu1ated The objective
of the 51mu1at1on was to approximate cond1t1ons for Kumas1, Ghana, (area
between latitudes 6 and 7°N) for the months of July to December.

Ambient.temperatUre was achieved by the use of the heat WampS'that
were suspended over the bins (Figure 4.14). The two sets of lamps over
each row of bins were switched on and off a]ternat1ve1y The set on one
side (des1gnated east) was on, as morning sun, at 8:00 a. mfaand off at
12:15 p.m.' The other set on the opposite side (designated west) was on,
as afternoon sun, from 12r00 noon to 4:30 p.m. A re1ay switch 1ncdrpo-
rated in the 11ght1ng c1rcu1t and connected to.a t1mer produced the sun—
rise and sunset effect of the day. Night and ear]y morn1ng decreases ‘in
temperature were effeeted automatica]]y by the coo]1ng and heating units
set to the required temperature. A :

.So1ar intensity va]ues were simulated for the months of July to

December for the Kumasi area, Ghana»(Tah1e.4.1). These /alues were -

obtained from comﬁuterﬁzed»energy calculations (A.S.H.R.A.E., ]971). Thec

calculations assumed a zero percent overcast skies.. A mean of 11.7

sunshine hours per day Was assumed

~

A

Du* uc the experimental period, the heat1ng of the env1ronment that
»
is, the temperature rise dur1ng the day, Was effected by the heat Tamps
and not by the- 1ntegrated mechan1ca1 unit. Heat rad1ated from the 1amps>

suff1ced to raise the temperature to the des1red 11m1ts

Des1red re]atave humidity cond1}1ons were obtained by
’ g .

-

ftne spray
of moisture (steam)'into the_air from the humidity device incbrporated ih
hthe mechanical unit. The humidifier was set:oh andadff automatically
according to a\preset humidity 1eve1'oh a humidistat.\'

f

i
:,&.
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TABLE 4.1 ,§6LAR INTENSITY VALUES OBTAINED FROM COMPUTERIZED ENERGY

CALCULATIONS FOR KUMASI, GHANA (A.S.H.R.A.E., 1971)

. JuLY AUG. SEPT. 0CT. NOV. DEC.
\ ' : ' - :
o [mW/cm2]
~ Morning 612 6:28 . 6.95 7.44 7.66 7.84
Afternoon 6.31 6.52 6.06  7.39 7.79 7.76
Haximum 7.9 7.66 8.09 - 8.52 8.84 8.90

4.3.3 So ‘ﬁnteqifky Temperature and Relative Hum1d1ty Measurements

Amb1ent dry bu1b temperatures and re]at1ve hum1d1ty vere
recorded by a hygro- thermograph This recorded the diurnal temperature

and humidity variations. " The s1mu1ated solar 1ntens1ty efﬂect on a f]at

.‘/‘)A

horizontal surface, that is, bin.top, was measured by the solar energy

"?’meter: ‘Medsurements were -taken at various points on top of a bin"and
'; . N N ) . . R} .

the mean was. taken as a representative solar intensity value.

The temperature within the grain. buTk was measured by the 24-

channe] Honeywe]] Recorder w1th a range: of 32 C to 52°C (F1gure 4. 12)

'*The bin. were f111ed w1th gra1n w1th an 1n1t1a1 temperature of about

Y

7iC The ma1ze was: held 1n all the' bins for about one. week, under room -

‘w; btemperature cond1t1ons of about 22°C, before the gra1p bulk temperature

record1ngs were started Thfs was necessary to allow the somewhat
ch111ed grain to attain a level of thermal’ equ111br1um Also, it

. .. provided time to get the 144 thermocoup]e wires hooked up to the recorder

-, : % i
“

Lo N
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(Figure 4.18).

4.3.4 Creating the Initial Moisture Content of the Maize for Storage.

The characteristics of naturally moist and remoistened grain
are not significantly different (Hustrulid, 1963): The alternative
method of direct water arniication of the grain was used, therefore,‘tb
increase the moisture content. “

The maize as delivered by the supplier was found to have a
moisture content oT about 12.0%, wet basis, which was considered too
dry. For the purpose of the experiment, an initial moistur content of

' : . . ,
between 15 to 17 percent was desired. This range corresponcds to the
8

: typieaT moisture content of maize in Ghana at the time it?goes.into
4

L
storage _on farms. The moisture content of the maize, therefore, was =~

f._raised to withih the desjred mo1sture.range. The amount of water to be

[

added:wae calculated using~the following equat1on (Harrison, 1969):

M7 - M) g
b, =M, - W W e M
S M)

1

whehe Aw = ahount of water to be added, 1b

"

MW
M
W

originaT moisture content of grain, %
| :

des1red moisture content of gra1n 7

i

The*water was . spr1nk1ed ‘manually orto the kerneTs at th§~\\\§

_ 1ntaKE énd at the bottom of the hopper of a New HoTTand farm gra1n mix- ¥
»7m1TT The mo1stened kerne]s vere' augered up aﬂﬁ down into Ese hon1nc K

_tank.s The gra1n was,m1xed as 1t was augered tnto the tank The

moistened gra1n was he]d in the tank for about 24 hours and then

~unloaded 1nto the b1ns by an extendabTe auger attachment to the mixer.

Mo1sture addwtwon and therefore, filling of the bins were done in



stages. The reason for this approach was that the amount of grain to be

moistened at one time was limited by the size of the mixer.

4.3.5 Moisture Measurement.

The air-oven method of measuring moisture content of grain
was used (USDA, 1971). About 15 to 16 gm of kernels were oven dried .

for 72 hours at a temperature of about 103°C The samples for the

\Mf; 1n1t1a1 mo1sture content analysis of the gra1n were taken at the time of

and from the‘bu]k 20 samp]es were ana?yzed for moisture. Each sample

Bao ey , : T

: we1ghed between 15, uq%16 gm. »égg ‘ ;

\ 3 Sar@ﬁes again were .i:g;ji |

after 12 and 24 weeks of storage,
¢ from each of the 24 thermocouple™~ ocat1ons in each bin. Samp]ing frdm

) » these po1nts was achieved by the use of a samp]ing prdbe. In additjon
L . . & . ’
to these, two samples were taken also from. the surface grain, These

wehe collected at the centre%%%d from the‘pehiphery.. .

At the end of the stohage period (24 weeks ), more sampjes
were taken from each bin: in add1t1on to' the 26 samp]es " The gra1n was"
removed carefu]]y 1n 1ayers by vacuum to observe changes in the condi-
1;3*”" i ttoh of the grain with- depth Samp]es were taken from’the wa]] grains,

~in between the thermocoup]e points and a]so from’gra1n on the floor of
! ‘each bin. Sampling was at all the threq thermocouple levels. Each

A,sample taken,weighed:about 130 gm. : 4 e

. ) M . a

O

4.3.6 Microbial Ana]ysis )
‘ The initial m1crob1a] ana]ys1s was carr1ed out on 200 kernels

. 7

> taken from a representative sample of the grain bulk. Five seeds were

spaced out on an Agar-Dextrose medium in petri-dishes. Forty petri-

e]oad1ng the b1ns The 1nd1v1dua1 samp]es o) taken were m1xed thorough]y-

72
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diéhes, therefore, were uséd for thesculturing of the fungi. The
. d Y

incubation period was from 7éven Eﬁ’ten days at a room temperature of
about 22°C. | ‘

After the incgb:tion'period, the kernels were examined under
a microscope aﬁd the spe jes of fungi growing on éhem identifiedf The
number of maize kerne;s showing the various fungi was recorded. »

| Miérobia] énélyses again wefe performed on the samples taken .

after the 12 and 24 weeks of stoghge at each thermocou51e location.
For these analyses, éO seeds of éach of the 26 samples were incubatég

and examined as described for the initial sample analysis.

/



5. RESULTS AND DISCUSSION

51 - Visual Observat1ons and Assessment of Na1ze Qua11ty after
Storage. .
5.1.1 Plywood Bin.

-, During: the total storage period of 24 weehs, the:pWywqod bins
Weré‘opened twice for sampling by probing from the top.' The first
samp]wng was at the end of the twelfth week. The'Sechnd sampling, done
in the same way as the first, was at the end of the exper]ment

\ '_ The condition of the top kernels was cons1dered good, by °
visual obSekvation only, on the first sampling schedule. The kerne}s
appeared ¢1ean and quite‘dry'and toose. Probtng down tb the 1cjeh3
depths or layers for samples was not d fficult though it required some
force to push the'probe down thréugh the m£SS of grain. At the'end-of
the 24’weéks of stokage; the kernels were quite loose, in most areas,
but less free flowing than the initia] grain in all thé.three plywood
bins. The grain, however, was SWigéttf?ﬁhsty. Mould infection was"
vnotiCeab]e on:the kernels in the péripherat areas on top of the grain,
around the wa]TS‘and on the floor (rigure 5.1). The kernels in.general

had been discoloured slig .tly. This discolouration was noticeable only

hen the kernels were ex§ﬁ+ﬂed<gg3y'c105e1y,

*,
~N

o

Probing the grain bulk for samp]es at the end of the experi-

"ment was more difficult than at thz first samp11ng This hightsbe an
1nd1cat10n of .compaction of the gra1n (caking) as a résu]t gf mowsture
accumu\at1on at the 1ower depths ‘within the grain mass

On the whole the cond1t on of the grain -in the p]ywood b1ns_'

‘might be regarded as moderate with respect to the initial Samp1e or

bulk. Visual assessment tatgd-ft as being not good for human -
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FIGURE 5.1:

'Loosé and S]ightﬁy*mgquy grain

Slightly moist and mouldy grain V

Very mou]dy and discoloured gra1n'

Mo1st and

- mouldy grain®

Observed condition of maiZe kernels at various, areas
within the p]ywood bins at the end of 24 weeks of storage.
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consumption, but acceptable perhaps for 1ivestdck feed.
‘The top 30.5 cm of. the grain was genera11y clean, dry and

loose. It was not much different in‘phdsical form and total appearancet
from the orwg1na1 maize sample. |

‘ On the eleventh day of the- exper1ment the hum1d1fy1ngé&%1t
malfunctioned and sprayed out hot,watef;tnstead of steam. The water
seepedwthrough the 1id of p]ydood hdn t;'which was located dihéct]y \
;be1ow the humidifier, and soaked the grain inside the bin.. “Consequent1y,
the bin was emptjed immediately ahd refilled with freshvmaize from the
same original stock. The refilled bin conseqdentTy wds‘11 days behind

the other bins throughout the duratjon of the experjment.

5.1.2 Concrete Bin

The schedule for opening the concrete bins was the same as
described for the plywood bins. The condition of the grain was, musty

on the first opening and sampling. The top kernels were a]read§§in an
h J
advanced stage of mustiness. The degree.bf mustiness, however, decreased

towards the centre. The grain bulk Waévvehy difficult to probe for
samples, pénticu]ar]y froﬁ the middtevend Tower Tayers.
By thevend of the storage'experiment, the grain in all the-
three cencrete bins waé extremely. musty. Iodjd infection on the top
+ kernels was very consp1cuous There was a layer of about 2.5 cm of:
caked kerne]s on top of a]] three ‘bins. Be]ow this Crust was a layer

N o

of re]at1ve1y 1oose kerne]s to a depth of "about 30 5 cm. Be1ow that -

pro

depth “the gra1n was moist and caked (ngure a. 2) . The degree o?&tak1ng

1ncreased towards the walls. Caking along the walls was about 5.0 cm

A

th1ck and stretched vertically to the tota1 depth_of the b1n Thefe

'

were two d1st1ngt 1ayers of caéed gra1n on the periphery. An 1mmed1ate '



b

X
AN,

o=

LT T IRy T e Iy

W S R e

il

: Co . U Very rmoist and
Ver T C A - .
ery [Qu1dy and discolcured grain o] Caked grain
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/§¢ coloured grain

“oist, slightly caked grain

FIGURE 5.2:  Observed condition of maize kernels at various areas

within the concrete bins @t the end qf 24 weeks of storage.
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layer 2.6 cm from the wall consisted of a black coloured ma%s of
kérné]s in a very advanced stage of decay thiat was virtually "glued" to
the walls of fhe Bins. The next layer was lighter in coTour but also
caked and decayed. .The caked aﬁd decayed kernels in the perip%era]
areas formed a sort of shell around the grain bulk inside the bin. The
. thickness of the shell increaséd with depth. For insténce, the shell
th%ckness was about 7.6 cm at a depth of about 30.5 cm. Below thi;
depth, the thickness of caked kernels could be 15.3 cm or.eVen more.
~The peripAeral layer of b1ack—co1ouked and decayed kernels siretcﬁéd‘\
down to a dﬁpth of about 76.2.cm. Below this depth, the kernels did |
not stick aé%reédi]y to the walls. '
| .Théfé‘was a presence of a'sharp, irritating and 1a¢hrymatory
odour from tﬁéﬂgrafn inside tHe concrete bins. The smell of. ammonia
was very strong in the peripheral areas of the bin. Oxygen concentra-
“tions wifhin'the grainimass might have been very limited as a result
of respiratory Sctfvities of the gra{3:>%€crof1ora and 1ﬁsect pests.
‘ An almost anerobic environment coﬁ]d haVé.existed within the gfain bulk.

In anaerobic metabolism and in the presence of certain species of

bacteria, a simple decomposition reaction may be given as:

In.a more generalised relationship, not all organic matter will be
broken down cr decomposed as in equation (1). The,étoichiometric

equation for the ideal procesg‘can be written as (Rich, 1973):

CahpOcNg — NCyHxOyN, + mCHy + sCOp + rHp0 + (d-nz)NH3 (2)

i where S =a-nwWw-m,

il

r=c-ny-2s,
CaHpOcNg = undigested original organic matter, and

o
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fourteenth week of étorage(

“CwaoyNz = residual non-digestible organic matter.

¢

The reaction demonstrated in equation (2) provides sufficient evidence

that ammonia may 1ndeed have been produced during the decaying process W

~inside the concrete b1ns. The grain in the lower depths of the bin and

on the floor was very moist and in the process.of caking as illustrated
in Figure 5.2. The visual assessment of the grain in the concrete bins
rated.the maize completely unfit for human or animal eonsumption.
5.1.3L Grain Pestg |

There was no observed evidence of insect pests in the original

maize sample. A grain pest, the rusty grain beetle (Crxgto]esteé

ferrugineus), was noticed in all bins during the first samp]ing The
popu1at1on of the pest was re]at1ve1y very small and on]y in 1oca11zed
areas in the top surface grain and in a few places within the gra1n

bulk. 'Infestatlon rate or pest popu]at1on, however, was very high soon

»after the first sampTing, that is, after the twelfth week. These grain

beetles spread all over the'expedeentaj‘foomfduring and after the

"By the end df the storage period, the peSt poégzation had :
decreased surprisingly within the room. Despite this decrea‘SeJ the
number of pests on the inside wa]ls of the b1ns and on the surface‘gra1n
was relatively high. Scattered pest popu1at1ons were noted in the gra1n
within 30;5 cm from the surface.» Few pests were observed in thef1ower
depth and floor of the plyWood bins. In both plywood ahd concrete bins,

they congregated in localized areas where grafh was in a very mouldy

and moist condition. The accumu]at1on of: gra1n beetles in such areas

“has been attrnbuted to a k11nok1nect1c respanse to humidity (Surtees,

1965). and to olfactory stimuli from one or more volatile compounds in

¢

-
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the fungi or by—productS‘of the fungi (Dolinski and Loschiavo, 1973).

W, . . S ' 4

~5.1.4  /Microflora - - L o - -

-

y Initial m1crob1a1 analyé&s of the gra1n 1nd1cated that the
exper1menta1 maize had been 1nfected by ‘both f1e1d and storage fungi.
The rate of, kernel 1nfect1on by storage fung1, in percent <infected

_kerne]s, was h1gher than the rate of infection by f1eﬂﬁ'fung1
R (Table 5&)

' ‘ - ~
v

’

t_f:y

TABLE 5.1. INCIDENCE OF FIELD AND STORAGE FUNGI ON INITIAL:MAIZE,

. SAMPLE..
- : ’ A Percéntege of kernels <
gl yielding fungi . N
. g o Alternatia sp. . f ‘ j S 1 _
"adosporium sp. ;. . v'» ' 32 T
Niqrosgora sp. - _ ) -3 |
oy Rhizopus sp. | g
= Aeéigig.gﬁn “ﬂ‘ | | 6 4 ,
Asperqillus sp. . s L
Penici]]ium_gg.; ' o \ 99

The presence ot/both'f1e1d and stor.je fungi ob;the,initiaﬂ
grain sample was an indication that the”gﬁaén'might‘be fresh but might
ha?e.been held temporarily in ceuntry e1evetore or blended, at a
terminal e]evatof? thh an older gratn. This ehenomenon of primary

. By
the end of the twelfth week or storage, no field fungus was observed

e 1nnotu1u§!had been demonstrated by Tuite and Christensen (1957).

LD
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onEthe maize kéfne]s that were examined The maJor storage fungi,

»

of the storage per1od and thereafter (Tab]@ 5.2).

Penicillium spec1es and A§perg111us species, predom1nated by the m1dd1e

s

Table 5.2 INCIDENCE OF FUNGI ON MAIZE SAMPLES .TAKEN FROM THE -PLYWOOD

AND CONCRETE BINS ON THE 12TH AND 24TH WEEK OF STORAGE™.

(24TH WEEK FIGURE@ ARE IN PARENTHESIS)

~

~

Absidia sp., Rhizopus sp. and Cladosporium sp.

n ,Fungi. - Percent Maizeigerhe1s Infected .
- _ P R T I 3
Penicilliumsp. - 98 100~ 100 _ 7f00. - .90 100.
enielLiun s . (100) . (100)  (100) 7 (100)  (W00) - (100) °
" Asperqillus sp. 82 .- 76 E A 69 7 75 73
. Qo0 T(e7) o (100)  (98) (98). . (39)
Mbstdia sp. - 64 74 89 53 - 25 43
(28) (o) (5) (8) (12) (12)
Rhizopus sp. 25 11 48 15 12 w4
N . (1) = (29) (21) (8) . (12) (30)
. . ’ Ay . . -~
Cladosporium sp. ~-- -—- e -——- -, -
' (5) 18 6 an () (7)
Trichoderma sp. . - ——- T / _— .
i B an - e /D T
Ceetomimso. - o g o)
3 (@) (=) ) ) ) )
' ’ In édditionnfd these two storage fungf, there were also

The presence of .

C]ado%porium sp. was quite unexpected as thi% genus has been c]assified

as a fier fungus rather than as a storage type.

The 1nc1dence

fungus might be exp1a1ned by cons1der1ng its character1st1cs

of th1s

Genera11y;
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members of/this~genus‘%re'saprophyfiq on plant material and some . °

, spécies are notiéeab]? on fresh decaying plant material (Barnett, 1956).

~ The absence of Cladosporiunf spu-On the/mgize,kerne]s'at the end of 1f

»

Fy .

f_wéekg of storage and its appearance by the end of the storage period

\(24 weeks)~dhs,an~%ndicafion of the onsef of decayvih the-grain bulk

and also in plant materials (foreign mattef)‘presentﬂin tHe g;}1n~bu1k.
The otﬁer anQus revealed by the analysis, but in vefy small broport%ons,
was the‘genus Tr{chdderma. Members-of this group of fdngds are Hype}—’

parasitic- on various fungi, N

¢

5.1.5 Grain Viability.

»

At the béginning of the storage experiment, the maize had a

rather Tow germinétion capacity of.45%. At the end of the experiment

~

the™germination capacity had dropped to zero percent. None of the

» : ,
seeds showed any ability to germinate. -For a comparison, seeds obtained

. f .

he drigina]jﬂamp]e*and kept at room temperature in a metd] c@n

ed comp1éte1y by,kﬁgv
“rather higﬁ fungal Tnféctfon\rate. :Moréno_et al (1965) had‘QemonStrated

from
' Y

.germihqtéa.“ Thevkérnefé miéht have been kill

that Jninoculatéd¢mai2e[(Whi¢huwas free from storage fungi) stored at
17% m.c. and at 259C”rétained1a’g¢rmination"capaéity of 98%.aftertheTve

weeks; whereas only 6% gérmihatédﬁwheh~inoéuidtéd with¢§£orage fungi -

i3

‘and stored und~ - _ntical conditions.
5.2 . Pr o neters ' : ‘ ol T [,.":?-. I3
5.2.1F Gre ”emggj;tufe

ot
-~ : |
|

The experimental grain went into the stbrage biné'atfa~rather
low temberature of about 7OC.v’By thg“end of the.second,week of storage
aﬁd undéF an avekage.ambiént temperature 9f about 23°C, theggrain bulk

temperatures started to vary from one point’to the other. During the (fD

L. »

-

VL
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second week of storagef that is, the first week of grain temperature
’record1ng, the range of.temperature d1fferen€es between points inside
the grain bulk was very sma11. For conven1ence and s1mp11c1ty :
temperature variations w1th1n ‘and between bins are given here od a.
week]y mean baSﬁS rather than on a daily basis even though temperatures
were recorded‘da11y during the experiment. In certain spec1f1c.

%
: s1tuat1ons, such as in the deve]opment of hot. spots, grain temperatures

e

are given on a da11y basis.

General]y, all the bins showed a remarkable 1ncrease in grain’
tbu1k temperatures between the. th1rd and fourth weeks of storage.
Increases in grain temperatures at various po1nts w1th1n the p]ywood b1ns
were 1n1t1a11y very smalt and all temperatures were below the amb1ent
Vtemperature((F1gures 5.3a, 5.4a and 5.5a). .Temperatures then started
showing sharpfintreases during’the fourth week and, by the end of the
sixth week of storage, temperatures at all three levels in a11'three-p1y—
wood b1ns were above the ambient ‘temperature and rema1ned S0 throughout
‘the rema1nder of the storage period as shown in F1gures 5.3b, 5.4b and 5, 5b.
In1t1a11y, there were var1at1ons in the temperatures between
‘1eve1s for a]] the plywood bins as 111ustrated in F1gures 5.3a, 5 4a and
| 5.55. The warmest 1eve1 4for examp7e, in p1ywood bin 2, was the m1dd1e

e]eve] at the fourth week Temperature d1fferences between the levels ;ft::

e fwere st111‘vehy smal] The upper, mjddle and 1ower and amb1ent mean g;lm.

83

e e

temperatures were 35 C 36 2 C 35 20 and 25.2° C, respectwvely

Between the sthh and th1rteenth week there were remarkab1e var1at1ons
in temperatures in the upper m1dd1e and 1ower leVels 1n all p]ywood
bﬂns On the whole, the warmest and coo1est 1eve1 were the m1dd1e and

/;he Tower levels respect1ve1y with the upper level occupy1ng an
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intermediate position. Generally, the average temperature diffe;ences

between the warmest and coolest levels rénge& between 3.4?C to 4.3°C

. P -
for the plywood bihns.
lr

A furth@h} lysis of the temperafures for each of the three
- IS . »” - )

he warmest area or.hegion within the grain bulk

~ Tevels indicated

~was the outer c1r '(aé marked by . the thekmdéoup]e Tocations) in the

2
: m1dd1e 1eve1 that 1s, the per]pheral reg1ons»as fnd1cated in Figures

5.3b, 5.4b and 5 5b. The coo]est regions were in the inner and outer

c1rc1es of the upper and 10wer levels respect1ve1ya Maximum temperature

differences in the warm and cool reg1ons ranged betweena4.30C to 6.7°C.

The mean maxfmum temperature of ‘the grain mass in pfywood\bins-wee 35}§°C.

. / .
TZere were a few hot spots created, especidﬂly in plywood bin

2. ‘These hot spots were noticed on the twenty-sixth day, that is,
durfng the/fourth week, at‘thermocoup1e points 13. to 16 and 21 to 24,
and agaihihn the thirty-fihth day (end of fith week) at points 5 to 8
and 13 to/16. Temperatures et these hot spots were abou% 42.2°¢ and
persisted for only the day specified. Thi's cou]d‘mean_that the heat
- generated was dissipated rapidly through the grain bu]k

iir The situation within the congrete bins was quite different
from what was observed in the plywood bins. The rise in temperature
inside the grain mass was initially very gradual. Tic . ate increased
very rap1d1y after the third week and, by the end of the sixth.week,
~ the gnaTn bulk temperatures were apove most of the ambient (Figunes.
5.6 to 5. 8) An interesting phenomenon observed in a11 the concrete :
b1ns was that there were no variations in temperature between the

mon1tored po1nts 1nswde the’ gra1n bulk, that is, at any part1cu1ar time

dur1ng the period of the exper1ment, gra1n bu]k temperatures were

90
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uniform throughout the bin and: the only var1at1on in. temperature that

occurred was

function of time in storage. Th1s s1tuat1on occurred |
-also in the p wood bins but only in the later stages of the storage

.period_as’sh0wn iy Figures 5.3 to 5.5.
oI dns, temperature variations within the grain bulk
v[fo11owed the'tren"1n the ambient temperature va 1at1ons with a time
1ag'of about'one wee (F1gures 5:37to 5. 8\\\ Thus,,. the rise or fa11 in
ambient temperature produced a correspond1ng ryse or fa11 in. grafn‘

bu]k temperatures but w1th a t1me de1ay of about one week.

5.2.1.1 r$¥24351s of Var1ance - Gra1n Temperature

The analysis of variance calculations for a]] data were made
using a computerized programme (Weingardt, 1375) at the Un1vers1ty of
| A]berta,Computing Centre. The title of this programme is . *ANOFPR which
uses the Fortran v ]anguagebin the galculation of analysis of variance.
The F- va1ues and consequently the probab111ty levels are dﬁ]cu1ated for
specified ma1n effects and their interactions. - For purposes of
simplicity and concise 1nterpretat1on of results of the aha]ysis of
variance, weekly data rather than da11y data have been used. The - "
temperature means for weeks, rad1a1 and vertical spacings for each of -
six bins aYye presented in Appendix II. 'The anatysis of variance |
resu]ts for the temperatures within the bins and for temperatures
within the grain bulk and ambient temperature are given in Tables 5.3
and 5.4 respectively. -

Results of the statistica1 ana1ysis (Table 5.3) indicated
that significart differences existed for the main effects of radial

spacing (position), vertical spacing (1evel) and weeks of storage.

This is an indication that the variation of temperatures between weeks
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TABLE 5.3: ANALYSIS OF VARIANCE RESULTS FOR MEAN TF+PERATURES WITHIN
; THE BINS. _ T
"SOURCE OF DEGREES OF X\ ME AN. F-VALUE PROBABILITY
VARIATION = FREEDOM SQUARES
aterial (M) 1</ D 1.20  0.0098 -  0.9257
/M (Bin/M). 4 > 121.72 ‘ )
Posijtion (P) 1 6.40 . 14.81 0.0183*"
PM L 1 6.40 14.82 0.0183*
PB/M Rt 4 1.73 0.43
Level (L) 2 17.07 6.98 0.017 -*
C LM 2 17.07 6.98 0.01 6%
LB/M 8 2.45 -
PL 2 6.08 3.83 0.0683
PLM o, 2 6.08 3.83 0.0683
PLB/M 8 ©1.59 .
 Week (W) 21 14/4.30 69.76 0.0000***
WML - 27 : 6.45 0.31 0.9984
WB/M 84 21.13 ‘
WP - 21 ‘ 0.39 . 3.43 0.0000%***
WPM 21 : 0.39 . . 3.43 ~ 0.0000%**
WPB/M .84 0.11
WL 4?2 '0.90 4.19 0.0000***
WLM _ 42 ©0.90 4.19 0.0000%***
WLB/M : 168 : 0.21 : .
WLP 42 0.42 3.31 0.0000***
WLPM : 42 0.42 3.31 0.0000%**
WLPB/M 168 0.13 -

TOTAL 791

L o* .Significant at .05 prbbabiTity Tevel
** Significant at .01 probability Tevel
*** Significant at .00l probability level

: - '
or, for that matter, between days, over the entire stovage period,

. between the radial ‘spacings, and between/ the vertica1;jfacings were
e

statiética]]y significant. The differences in the ab three main
effects occurred in all the plywood bins. The concrete bins did not

" show any differences in temperatures for the radial and vertical

spacings but showed significant diff
) !
temperature in the entire grain bul There was, however, no signi-

ficant difference between the two materials, that is, the plywood and

~
!

I

rences in the weekly 'variations of

798
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the concrete. The variation of temperatures within both the plywood
and concrete bins was very h1gh as shown by a high mean square vaTue

in Tabie 5.3 and F1gure 5 19

w,,g

TABLE 5.4: ANALYSIS OF VARIANCE RESULTS FOR THE WEEKLY -MEANS BF
GRAIN AND AMBIENT TEMPERATURES

o .

OURCE OF DEGREES OF VEAN F-VALUE “PROBABILITY
ARIATION FREEDOM SQUARES

e ~
Material (M)* 1 0.10 0.01 ° 0.925
B/M (Bin/M) 4 10.08 )
Week (W) . 21 161.05 91.89 0.000%***
WM 2] ©0.53 0.30 0.999
WB/M 84 1.76
Temperature (T) 1 345.93 - 34.30 0.004**
™ ] 0.10 0.01 0.925
TB/M 4 10.08 | |
WT 21 99.23 56 .50 0.000%**
WTM ' 21 » 0.53 0.30 0.999

WTB/M | 84 . 1.76
TOTAL 263 .

1

* Significant at .05 probability level -
** Significant at .01 probability level
Bakale Significant at .001 probability level

5.2.2 Grain Moisture .

At the beginning of the eXperﬁment, a moisture analysis of
the initial saﬁp]es taken at the time of fi]]fng.the'bins-indicated a ;
Toisture content range of 15.38 to 15.74 percent net basis. The average
was 15,62 percent. The range recorded for plywood bin 1 on refilling
was from 15.42 to 15.54 percent with an average of 15.48 percentg The
max1mum d1fference, therefore, in the moisture content of gra1n at
var1ous points within pTywood bins 2 and 3, and all three concrete b1ns‘
was 0.36 percent. S1m11ary for plywood bin 1, the corresponding

; d1fference was 0.12 percent. v "

The moisture content results for the samples taken at the
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A o .
12th and- 24th~week of storage are presented in Appendices IV and V. In

general, fHe grain in-the.three plywood bins had decreased inxﬁoisture
content by fhe middle of the storage~experiment$\\1he extent of this de-
crease Qaried from one point to another among the 26 boints from which the
samples were taken. There were a few relatively high moisture pockets
inside bins 2 and 3.‘ These pockets were localized in fhe middle and
Tower levels. Very hfghvmoisture areas developed in the oqter circle of
the thefmocoup1e arrangement 1h‘the upper level in all the plywood bins.
The Tevels on the whole showed a decrease in moisture content as shown

in Figures 5.9a, b and c. At the end of the experiment,- a]] three

1evels within the p]ywood bins had decreased in moisture content to

\

about 14 percoent. The‘dr1est area in each qf the plywood bins was
‘the, top centre of the grain. This area decreased 2.51,percentage“
qunts from 15&52 to 13.11 percent over the 24 weeks of storage.

The vert1ca1 and horizontal arrangements of the thermocouple

Apoints produced two concentric cylinders.. The inner and outer cylinders
were(designated as the inner -and outer cores reséective]y. Both cores ~
showed decreases in grain moisture in a]T'p1ywood bihs. The inner cores,
however, were drier than the outer'cohég (Figures 5.10a, b and c).

Méize in the concrete bins behaved differently from that in
the p1ywood bins in terms of mo1sture distribution w1th1n the grain
bulk. Gra1n mo1sture ana]ys1s at the end of 24 weeks of storaqe showed
on]j'a few po1nts that had appreciable decreases in moisture. Most of
ﬁhe poihts within the grain bulk maintaiﬁed moisture 1eve1§ that were
higher than 15.0%. The areae with the highest moisture content-were
the periphera1 areas en top of the grain. In all three concrete bins,;

these areas increased in moisture up’ to above 18%. Spots or areas of

~
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reduced moisture contenthw?re localized mainly in the central part of

t

the grain mass in all three bins. |
.The upper and midd1e Tevels within the:grain bulk in the

concrete -bins showed decreases in moisture conteht at the end of-the
\?4 weeks of storage. hThe lower 1eve}é, however, increaSed slight1y in
moisture content, as 111ustrated 1n Figures 5.11a, b and ¢, with the
moisture level go1ng up and beyond the »initial moisture va]ue of 15 6%.
lThe peripheral:areas aga1n reg1stered high mo1sture 1evels that
exceeded 19.0% in all three bins. At the end of . the exper1ment, the

- moisture Tevel of the grain in the peripheral area in-bin 2 reached a

vaJue above 22% (Figure's 11b). -

The outer cores in the concrete bins a1so\had‘more moisture
than the inner cores. This 1nd1cated that there was wetting‘ in the

outer core and 'drying' in the inner core as shown in Figures 5.12a and

]

b, and 5.13aand b. | ST : A

The increase or decrease in mOTsture content or, in other

words , the redistribution of moisture within the grain bu1k exhibited

a particular trend or flow'in both the plywood and concrete bins. This .

flow patter- suggested that,vfor any of the defined planes, eﬁther,

north-south or east-west, and at any‘point on a defined 1eVe1 (upper,

p 2 '
,m1dd1ezpr 1ower) the movement of mofsture- was two d1mens1ona1 Tak1ng

"a reference point on the central vert1ca1 axis of a def1ned p]ane and
4

on a g1ven 1eve1 or: Wayer, the movement of mo1sture 1ns1de the gra1n

4

bu]k was-both, downwards and 1atera11y (F1gures 5. 14 and 5. 15) that 15,

| ,mo1sture moved away from the centre and towards the per1phera1 areas’

-

and~the floor 1n alt the b1ns w1thout regard to thexconstruct1ona1

Y

mater1a1.u§ed. k
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5.2.2.1 Analysis of Variance - Grain Moisture

The data used for the analysis of variance are presented in
Appendix VI. These values have been derived from the original data in
Abpendices IV and V for the purpose of the statistical analysis. The

data used for this analysis related only to the 24 thermocouple locations

and did not include data arising from sampling elsewhere in the bins.

<

that there were highly significant differences .in the main effects of
material, position, Tevel and period of storage (weeks). The first-
order interactions of Position X Material (PM), Level X Material (LM),

Position X Level (PL), Week X Material (WM) and Week X Level (WL) were-

all found to be highly significant. Genera]jy in this analysis of

i

variance for grain moisture, the first-order and second-order inter-

actions were significant. The second-order interaction of Week X.

~ Position X Material (WPM) and tﬁE’on]y third-order interadtion, however,

were not significant. The significant results obtained for these
interactions verified that the combined effects of the specified factors
areriridependent of each other.

5.213 Ambient Temperature, Solar Intensity and Relative Humidity

The results of the simulated tempergtures are 1J1ustrated
in Figure 5.16. The simulated temperatures% however, werens1ight1y
higher thén the desired temperatures for the\gumasi area, that is,
between latitudes 6° and 7° N, with a.staﬁdara\error of tﬁ; mean
difference of 0.39°¢. | | |
Occasiona]'s?htdown of the cooﬁing unit for repairs at

certain stages of the experiﬁent and frequent opening of the environmental

room door, with subsequent air exchanges, rendered the control of the

Results of the analysis of variance, Table 5.5, indicated - -
i
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TABLE 5.5: ANALYSIS OF VARIANCE RESULTS FOR GRAIN MOISTURE .CONTENTS AT
THE 12TH AND 24TH VEEKS OF STORAGE.

SOURCE OF . DEGREES OF MEAN F-VALUE PROBABILITY
VARIATION FREEDOM SQUARES *
Material (M) 1 Y 8.47 31.49 0.005**
B/M (Bin/M) 4 0.27
Position (P) ] 13.52 97.15 0.0006%**
PM 1 2.88 20.69 0.0104*
PB/M 4 0.14

Level (L) X 2 . 0.96 19.55 0.0008***
Li o 2 ‘ 0.74 15.02 0.002**
LB/M 8 0.05 .
PL 2 0.82 27.26 0.0003***
PLM 2 0.20 6.54 0.0207%
PLB/M 8 0.03 <
Week (W) 1 8.54 94 .62 0.0006%**
WM ] 2.42 26.81 0.0066**
WB/M 4 0.09 .
WP 1 1.03 14.73 0.0185*
WPM 1 0.35 ' 4.98 0.0895
WPB/M 4 0.07 .
WL 2 0.72 17.48 0.0012%*
WLM 2 0144 . 10.77 <0.0054%*
WLB/M 8 0.04
WLP 2 0.32 . 5.84 0.0273*
WLPM 2 0t.07 1.33 0.3166
WLPB/M 8 0.06
TOTAL 71

- * Significant at .05 probabi]ity level - .
*x  Significant at? .01 protrability level
**x*x Significant at .001 probability level

émbfent temperature to within the required temperature range quite

difficu1t. The sfmﬁ1ated temperatures, howevef, were within.the

, témperaturé rahgés recorded at.some of the major areas in Ghana

(Figure 5.16). There was no significant differenée between the actual

and the simulated temperature values as indicated'by a 't' test
out15ned by ‘Zalik (1971).

i)
T

o ¥
The average simulated hourly temperatures cf ‘the éay, that is
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¢ hourly variations in ambient temperatures, for the Six stohage months
are 1TTustrated in Figure 5.17. During late eVenings'ahg early |
morn1ngs the temperatures were relatively low. As the "sun" came up,
that is, when the heat Tamps were switched on after 8 a.m2 the"
env1rohmenttwas warmed up. Temperatures rose gradually to a peak
between 12 noon and 2 p.m. The ambient air started cooling off
-(temperatures started to decline) after about 3 p.m. and by late™
night and early hours bf the morning temperatures were relatively low
again. ‘ -

The solar 1ntens1ty vaTue obtalned from the heat lamps
~averaged 4.6 mN/cmZ. The average obtained from the computerized energy
calculations was 7.0 mw/cm2 for 0% overcast skies in a region of
latitude 7°N. The simulated average value, therefote, was 66% of the .
computerized value. The simuTated seTar intensity could have‘been
raised by gett1ng the heat lamps closer *to the bins but this exercise
was Timited by the workabTe space 1h the env1ronmenta1 room. The
raising or lowering of the heat Tamp frames was restricted by ‘the
trusSes in the vertical direction and by the walls of the room in the
.horizontalvdihection. The observed values of solar intensity, however,
were acceptable as in reality a condition of 0% overcast skies does

not normally prevail ih the simuTatedxarea. There is usually a certain
pekcentage of cToud_cover)Tn most tropicaT skies. Solar intensity
values are, therefore, lower than the expected vaTues obtained from the
computerized calculations based on 0% QvercaSt skies. Hence, the .

" actual values prevailing during the experiment could be considered a
practical representatfon of the actual solar intensity cond1t1ons that

-
prevails in the tropical env1ronment : \
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Simu]atedlrelafiQe-humidity values are illustrated }n Figure
5.18. "The re1etﬁve'humidity vaTues obtained for the storage hbnths of
July to September were below 70%. The attainmenf and mafntenance of
desired relative humjdity values were very difficu%: in the early
stages of the»experiment. Frequent'breakdowns ef the humidifier and
the subsequent frequent entry'By service personne] coupled with leakage
of cold, dry winter air around the doors caused a cons1derab1e loss
of moisture from the exper1menta1 room. Also condensat1on on “the wal]s
and on the’ddors-was another source of moisture loss. Towards the end
.of the winter months when the outside_air warmed yp and its specific

humidity level increased, moisture loss from the .experimental environ-

ment was minimal and the attafnment of the right relative humidity range °

was then possible.

5.3  Discussion of Results.

5.3.1 Temgerature

Temperature, both amb1ent and within storage structures, is a
major-factor 1nf1uenc1ng the cond1t1on of food in storage. The effect

of the environmental temperature on the grain is given by the response

of the grain temperature to the external temperature; In this study,f

the response by the various areas w1th1n the grain bulk to ambient. \,f

»

temperature was slow initially. There was also no remarkable

differential temperature responses:1n areas within the grain bulk.

~This situation, however, pertained to grain within the plywood-bins

S

(Figures.5.3, 5.4 and 5.5). Temperature gradients in the arqu'marked

b t'ermOCOuple levels, became more pronounced after the fifth'ﬁeek and
after the grain had become warmer than the environment.

The grain within the concrete bins did not syow any

N

Y“
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temperature gradients at any stage of the storage e&peritéﬁt‘(Figures
5.6, 5.7 and 5.8). .During the initial stages of the experiment, the
rate of temperature rise at the monitbred'points within the grain was
high and also uniform. This overall grain response to tempe}atﬁre miéht
have beeh influenced more by a. intérna1 heat source than by an external
he@t source. This implies thatvthefe might have been heating of grain
by both internal and éxterna] heat sources in this experime;t. However,
the internal heat possibly was generated faster, at a more constant rate
and ﬁb a much g eater extent, thus offsetting the influence of the |
‘ intermittent external heat scurce on the grain bulk.

Ihcrease_in storage fungal popuiations and .subsequent high
bjological activity within the grain bulk could have been the majo%,
'éause of heating of the Qrain. Wafﬁef‘(1§67) revealed that A. glégggg,
if growing rapidly, cdn increase the temperature of the grain‘at feast
to 35°C to 40°C. Once the moisture conteﬁt of the grain exceeds 15.0
to 15.5%, A. g]aucus'can grow and, gﬁven optimum conditions, can increase
the moisture content and temperature of the gra¥n rapidly. The ofher
sour¢ce of internal heat is respiration by thé seeds themseives. There
is, however,’no evidence that this factor is involved in heating of
a grain bulk ‘to other than a vefy minor'degree.'

’ ~The effecf of a highQambient temperature 1s_manife$ied by
warmer peripheral areas and Eéb]er interior parts of the grain as
';he heat is fahsmitted s]éW]y towards the inner parts of the grain
bulk. Thfs.results in a temperatdfé grgdient between thé;periphera1
and the 1nﬁer_areas. . |
Dry maize is known to be a gogg insulating material, ifsf

thermal conducitivity increasing with increased temperature and increased

s
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moistUré content (Milton and Jarret, 1970). Thé rise in grain tempefa-
ture in this exper1ment may be due solely to b1o1og1ca1 activities inside
the gra1n bu1k These exothermic processes may have taken place at a11
parts or areas within the grain bulk and at almost a uniform rate. This
is evident particularly in the concrete bins. Theoretica11y, an external
heat source should affect the grain‘in the concrete bins more than the
-grain in the b]ywood bins because concrete has a higher thermallcondgc—
tivity than plywood. The therma]sconductivities for concrete and plywood
(DougTlas Fir) are 0.0108 and 0.0016 watts/cm2/°C/cm respectively (ASHRAE,
1965). The temperature gradients that were observed inside the plywood
bins but not the concrete bins suggested the influence of another facto}
or factors apart from therma]lconddétivities per se.
As a result of localized biological activjpy within the grain

.bins, grain temperatures and moisture éontents-were 1n;rea5ed. ‘These
changé; also would result in increased partial pressures of water‘v;pouﬁ
within the bin atmospheres. Even though the ambient conditions in this
experiment were humid, especially during the second half of the experi-
ment, ultimately the bin vapour pressure most probably exceedéddthat of
the éhbient air with the result that vapour pressure gradients were
"established $cross the bin walls suchbthat moisture as water vapour would
teﬁd to move from the bins to the ambient air. | From the result of this
study, the vapour Rﬁrmeance of the dense concrete used in the manufacture
of the pipes apparently was apprec1ab1y 1ower than that of the plywood.
-The apparently superior vapour transmittance characteriStics of the

plywood would appear to have reduced the vapour pressure differential

- across theVWa11 suffic’= *ly to minim® _.e the risk of chdehsation due to
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diurnal temperature fluctuations and to limit the rate of microbial
activity in the vicinity of the walls to less than that exper1enced in
- the concgrete btns. This reduction ih microbial activity in turn wou1d
slow down the rate of heat and moisture production that ereated in the
first instance conditions favourab}ehto the deterioration of the grain.

The differentiat temperature increases in the various areas
withih the plywood bins may be attributed to the combined effect of an
external heat source ahd water vapour transmission acruss the plywood
materja1. Any deppsition of moisture and its absorption by the p]yuood
material would increase its moisture content and specific gravity.‘ A
relat1onsh1p between therma] conduct1v1ty (k), moisture content (MC) and
specific gravity (SG) is represented as: k = SG [1.4 + 0.028 (MC)]‘+ 0.16.
,Thjs shows that an increase in moisture content or speeific gravity
reduces plywood's heat insulating properties (Payne, 1971), The
thermal conductivity of the plywood: used in th1s study very probab1y
Wwas :educed by moisture absorption from both the gra1n and the ambient
air. External heat from the ambient, as a result of reduct1pn in heat
insu]at1n§4properties, may have‘heen transmitted slowly towards the
_interior parts of the grain bulk. Thie Was evident in the higher‘tem—'
\peraturee recorded'tn the outer core or regiun (formea)by the cylindrical
arrangemeht of thebthermocpuples) than the temperatures'obtained'ih the
inner core or region..

When the temperature of the grain was: below that of the
amb1ent air, the rate of temperature 1ncrease within the grain bulk was

b

very high and external temperature variations had no effect on the

A
grain temperature (F1gures 5.3 to 5.8). The gra1n temperature became ¢
A\,
stab111zed after attaining a temperature that was higher than that of
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the ambient. The’ovefa11 temperature gain, above the ambient temperature,
by the grain mass in all the bins duringt the experiment averaged 2. 30 C

An ear]wer exper1ment at Kumasi, Ghana, with a plywood bin
covered with thatch, showed an average 3. 3°C rise in the drain bulk
(about 14.7%, w.b. ) temperature over a storage period of 22 days
(Lamptey and Vas, 1976). Results from thts experimeht also indicated
that grain temperature varied directly with the hour]y ambient
| temperatures. |

The hot spots which developed in the plywood bins, probably
as a result of increased microbial activity,vdtd not persist for any
Tength of time. The heat generated in those areas was: d1ss1pated
' xly. - The mass of gra1n stored was re]at1ve1y very sma]], and heat

~efore had a short flow-path from the centre of the bulk to the

~outside and vice versa. The cooler night temperatures also might have
assisted in dissipating this additional heat overnight

The purpose of the analysis of variance was to test for
s1gn1f1cance or statistical d1fferences that ex1sted between the
: temperatures'for the_ma1n factors considered for the storage expertment.
(Table 5.3). .0f the main effects, the difference between the mean
week]y temperatures of the grain bulk was highiy significant. This
is an-in&icatjon that there was an appreciable heating up of the grain

over the storage period. There was no significant difference between

\\\

materials, that is; the direct effect of the p1yWOod and the concrete_eh[\
grain temperatures was similar. The rather high mean square value for \\_
the interaction between bin and material that was used as the:e[por

“term produced a very low F-value for the material term. Consequently, e

) i - ! .
the probability level was over 90%. This high value-also indicated
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that the variation between bins of the same material was vefy A
pronounced. This variétion is illustrated in Figure 5.19 and Table

5.6. The differenceg or variations between grain temperatures may be

TABLE 5.6: SELECTED MEANS OF GRAIN TEMPERATURES.(OC) USED FOR THE
ANALYSIS OF VARIANCE. '

(a) MATERIAL:

Piywood - 27.8
Concrete - 27.7
(b) MATERTAL X BIN:
Material 4 Bin
1 2 3
Plywood 26.7 29%,0 27.6
Concrete 27.0 28.4 27.7
(c).‘POSITION:
Outér | - . 27.6
Inner - 27.8
(d) LEYEL:
Upper - 277
Middlie - 28.0
Lower - 27.5

(e) POSITION X MATERIAL: |
. Plywood Concrete

Outer - 27.9 27.7
Inner - 28.0 27.7

(f) LEVEL X MATERIAL

Plywood . Concrete
~ Upper - 27.7 - 27.7
Middle - 28.3 . 27.

. 7
Lower - - 27.3 277
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attrjbuted‘ih part,‘at Teast, to bin Tocation wifhin the environmental
room.  The two bins (P1 and C1) which‘were 1ocafed rery‘c1ose to the'
. services deor and which, theregare, were affected by cold air drafts
from the obening of the door, recorded re]ativeTy Tower temperatures,
The other two bins (P2 and C2) were located farther away from the eoor
(Figure 4.6) and thus were not affected'mery much by cold air - drafts
from the outside. These'b%ns registered relatively high.temperatures.
These temperature variations between bims, However; were rfoticed
during the ear1y weeks of the storage experiment when the natural
outside temperatures were very low and ‘the gra1n temperature was

lower than that of the simulated ambient. Bin temperature var1§t10ns
became very small about midWay during the'storage experiment (Fiéure
5.19).

The sighiffeance of first—order interactioms (Table 5.3) is
an indicafiohﬁthat the temperature differences that existed in:the
plywood and concrete bfns at their respective radial spacings .and depth
- of grain (vertical spaciﬁgé or levels) were botr 1ndepe~dent'0f the.
1nterp1ayv0f thelspeeified factors. . Temperafure gradie s, t#erefore,
existed in bothtthe “Y”'and "X" directions. The significance that
existed in the'firsf—order interactions demonstrated aTsovthat there’

i§ no 1nterp1ay of each of the main effects in the interaction for

the generation and conduction of heat withﬁn the grain bulk. In other

words, these main effects specified in the interactions are 1ndependent

of each other in effect1ng temperature d1fferences in the gra1n bulk.
- The only difference in temperature exh1bqted in a concrete bin was in
_terms of weekly variations and not in terms ,of any of the other main

effects. , , o ' i
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The analysis of variance at two levels of temperature
(Table 5.4), thet is, grain and ambient temperature;,'indicated'that
there were very high weekly temherature variations. These week ly
variations have been illustrated in Figure 15 é9 Temperature d
differences between the grain and the ambient were highly s1gn1f1cant
The overall average temperatures for the grain bulk and the ambient
were 27.7OC and 25.4°¢ respective]yt‘ The interaction of Week X
Tempﬁrature (WT) was also highly s1gn1f1cant The 1nference thet may be
drawn from these significant temperature differences between the grﬁwn
bulk and the ambiest is that the heating of grain in storage was
effected more by an internal heat source than by an external heat source,
‘that is, the-ambient temperature. |
5.3.2 Moisture ,

Hall (1957) has indicated that redistribution of meieture
oecurs when grain is stored. The movement of moisture inside a grain
bulk is along a heat flow path and i3 usua11y in the vapour phase. fhe
‘dwrect1on of f]ow of heat and therefore, the flow of moisture depends =
. on the temperature gradient between the grawn bulk and ambient
temperatures, as illustrated in Figure 3.3. The dgpos1t1on of moisture
in cooler areas initiates the spoilage of grain.

In thisnexperiment, the grain went into storage at an average
moisture content of j5.6% and at a rather low temperature of’about 7OC;
Nith‘the ambient teﬁperature warmer than the grain temperature, the
expectation is that the convectjona] currehts, developed as a result
of temperature differentials, move dowhwards in-the centre of the grain
bulk and upwards along the per1phera1 areas of the b1n Moisture

accumulation and spoilage <hould start, therefore, at the central
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&-eis on the f{gof of the bin (Figure 3.3b) during thé early stages of
the experiment when the ambient temperature was warmer than the grain
temperature: The results of the final moisture analysis indicate that
moisture accumulation was not restricted to the»centra17portion of the
bin floor bﬁi)a1soioccurred in thé peripheral area‘(Figures-5.14 and
5.15). Moisture accumu1a£jonv1h the‘pefiphera1 areasipossibay m;yvbev
the resuit of a lateral flow of Water yappﬁr a1on§ a paffia1 vapour
pressure gradient that existed between grain Qulk andg the ambient air.
Diurnal ambienf temperature variations may Befan éffectﬁve méchanism
" that caused a deposition of mojsfure inc the peripheral areas. Durfng
vthélnight when the "sun" had set, and-ambient températurés;were cdo1§;
than grain temperatutes, fhe-periphéra] air would cool and’mbisture may
havé.condensed in that area of the bina. |
| Also, during the‘too1_nigﬁts, a -possible 1afera1 heat flow, .
by conduction and radiation, towards the p;riphery of the grain bulk |
might be effective. The short flow path in the bins used’'to the
pe:iphera1 regionsAmay be a factor to this lateral flow of heat and,
theféfofe, water vapour. The accumulation of moisture in the lower
levels might be ‘due to convectional air currenfs created within the
 gra%n bulk as a result of the establishment of a temperature gradient .
between the grain and the ambient air. The cooler air in the periphera1
areas of ﬁhe gréﬁh moved in a downward direction and deposited its:
moisture in the 1owerAcoo]ér areas. The“higher moisturé content values
in the lower levels along the walls and the floor also could be
attributeo‘to.gravitationa] mbvement of condensed moistufe.
in general, the rate o% moisture accumulation in areas inside
tée plywood biné was-less than in the case of the concreté bins. This



- mass. This is very low and prevented v1rtua11y any mo1stureyexc

i
/
i

brings into play the levels of vapour-transmitting properties possessed

by-the two materials, that is,. ghe plywood and the concrete The
w0 |
concrete had an absorpt1on capac1ty* of not more than 9% of the dry

between the grain ins%de and the concrete bin and the environmént .
Moisture accumu]ation“or the inside walls of the concrete appeared to
be very-high and, cohsequent]y; this probab1y provjded'tfe trigger fpr
the decay of the kernels in the peripheral-area. The’moisture build-
up on the walls perhaps may have ‘slowed down moisture movement terough
the concrete and hence contributed further to the deVe]dpmeﬁﬁ of the
higher moisture areas in these b1ns

. The vapour permeab111ty coeff1c1ent of p1ywood is genera]]y
Tow. Relatively, however, th1s vapour permeance coeff1c1ent for p]ywood

may have been higher than that of the concrete used for the experiment.

The factors and process invkoedlin the establishment of vapour gradient

within the grain bulk and the movement of vapour towards the outside are
as discussed previOuS]y. ’The concrete piﬁes‘used had been designed
epecifica]]y to hold water. Again, there may have been g”higher rate of
exchange of vépour between the grein ahd the'environment'via thebsea1s
between the ﬁd.and wall although beth types of bins seemed tolee"
similarly sealed. The two materié]s, plywood and concrete; contained
grain, however, f om the same stock maintained under the same conditions

of temperature and humidity Any difference between the Behaviour of the

grawn in the plywood and the concrete b1ns, therefore, wou]d appear to

be the resu]t of d1fferences in the1r physical propert1es The concrete

© bins did not show any temperature variations within the grain, yet

* As rated by the manufacturer.
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moisture redistribution within the bins was very reharkabTe. femperature
variatfon was only on a‘week1y (or daily) basis and not on the basis of
»1bcation or position within the Qrain bulk. The inference based on
this finding is that'moisture redistribution did n debend solely on
temp%gature gradient within the gfain bulk during storage but also on
the erra]] temperature grad{enf between the graiﬁ bulk and the cutside
temperéture. ‘ | ;-

The few hot spots that deveToped in bertain‘locations in, for
.1nstance, the plywood bin 2, must be the re:eIt of the presence of h1gh
moisture pockets in those locations. There may have been an 1ncreased

bio]ogica1 activjty, such aslrespiration,_by fungi, pests and:gréin
kernels, which resuited in the creation of heat sources {n those areas.

| The highly significanf'difference that was exhibited between
the.p1ywqoq and‘the concréte with respett to mqisfure redistfibution,
within the grain bulk each bin contained, was an indication that moisture
most probably was'1ost through the e1ywood.' The suspected foss ef
~moisture from the peripheral areas of the plywood may have created a
very steep moistqre'gradient between the central poktion of the grain
‘bulk and the‘periphery” More moisture’ m1grated towards the plywood
bin wall, especwa]]y dur1ng the coo]er night tempe?ature where it was
condensed and probably absorbed into the plywood itself. The means
ef selected factors used for the analysis Of"variance are presented in . o

v . N
Table 5.7. As®ortrayed in Table 5.7, the difference in mo1sture

contents -of the grain in the inner cores or pos1t1ons of p1ywood and
concrete bins is about 0. 5% while a corresponding f1gure for the outer
cores is as high as 1.27%. In general, moisture loss from the plywood

bins was higher than the loss from the concrete units. T \
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were highly signifitant. Variation in mo1sture at the three levels
(1a$%rs) within the p]ywood'bins was very small. The range between the
lower and upper moisthre Tevels is only 0.15% (Table 5.7).
TABLE 5.7: MEANS OF SELECTED FACTORS FOR THE ANALYSIS OF VARIANCE FOR
GRAIN MOISTURE CONTENT (%).
MATERIAL: ;
" Plywood - T4.51 “ ! : .
Concrete - 15.19 ' , -

LEVEL: (PTywood and Concrete)
Upper < 14.67 1

~ Middle - 14.82
Lower - 15.07

POSITION: (Plywood and Concrete)

Outer ~~ - 15.29
Inner - 14.42
WEEKS : (Plywood and Concrete) L *%F““f7
o Twelve .- 15.20 , '
Twenty-four., - 14.51
LEVEL X MATERIAL: | : ' . ’
-~ Plywood Concrete ‘
- Upper - 14.53 14.82 _ ey
Middle - 14 .43 15.22 s :
Lower - ]4.58 : 15.55

POSITION X MATERIAL:

P1ywood Concrete
Quter - 14,74 15.83 - - . : i Y
Inner - 14.28 14.56 : |
POSITION AND LEVEL: ' . )
Position -~ Level ' |
! Upper Middles Lower : !
Quter 14.89 15.38 15.59

Inner . 14.45 14.27 14.54°
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Similarly, the range for the cdrresponding levels within the concrete

-

bins was 0.73%. The difference between the highest mo‘d,;re*1eye1s in
the three layers within both the p]ywodd and concrete bins was 0.97%.

The fact that the concrete bins had no floor of their own but nere set
“on the concrete floor of the room could have provided a much cooler

floor than the plywood bins which had their own floor of the.same
matehia]r Air circulation under the'nlywood bins was effective, and any
| /,moisturetebsorption from the floor by the grain thus was prevented.

The high ﬁojsture values obtained for the lower depths of the concrete

)

bins can be attributed to two main factors. Firstly, the cooler floor
enhanced downward vapour movement, as 1nd:cated in F1gure 3.3b, towards

that region. The rate ©f condensation and, therefore, moisture -
deposition in that region or concrete was high. Second1y, a]though the
possibility is small, there m1ght have been some mo1sture absorption
hfrom the floor into the grain bulk and that could raise the moisture
1eve1 of the grain in the floor area. On the who]e, the rate of
Tateral mbvement inside the gra1n bu]k was higher that the rate of
downward movement in all bins.

There was a decrease in moisture over the enttte storage
period. The difference in moisture'1eve1s at 12 and 24 - -eks of
storege was highly significant. Dr&inq oeeurred, therefor. =t the
26 samp}e points (24 thermocouple 1ocatigns plus the p~ri- ral areac
and the central portion on top of the grain). By the middle ef the
experimental period the mean grain moisture cdntent had dropped;hy
.about 0.4%, and by the end df the experinht the total drop-in\moisture

was about 1.1% (Table 5.7), that is, the drop tn,grain moisture content

was only 0.4% during the first 1?'weeks of storage while the drop for



-the last half of the étoraée period wés 0.7%. A general observation was
that drying occurred in the centre of the grain buik, with wetting of
the ﬁeripherah-grain. ‘ ’

The first-order interactions of the main-effects of Materia1;
Pésition, Level and Week were all ;ignificant as shown in Tab]e 5.5.
The interaction of Position and Level was highly signifjc&nt, which
sfgnified that the movements of moi.ture in the vertical and.horii%ﬁta1

directions occurred absolutely indepéndent of each other under the.

specified storage conditions.

»



%6 .. SUMMARY AND CONCLUSIONS

. A summary of results obtained in this study, and the .

v

conclusions drawn, are as follows:

1.

£

Grain temperature differences that deve]opea within the plywood )

Temperature gradients, established in the grain within tKe ply-
wood bins during storage, were influenced by both external and

internal heat sources. Although no such gradients developed

within the concrete bins, the rise in grain temperature was

attributable to the internal heat source only, that is, to

microbial activity.

bins were dependent on depth (level), radial ldcation (spacing)

'and‘lehgth of storage. Temperatures within the concrete bins were

time-dependent only. 50'“ |

The inner section of the‘grain.ﬁithin the plywood bins was
signifiéaﬂ¢1y>warmer (P < 0;05) than the outer section, whiTe the
middle.ieve]w(depth, Was significantly wéfmer (P < 0.05) than
either the upper or;16wer‘1eve1. The uppéffleve1‘was significantly

v

warmer (P < 0.05) than the Tower. : " o

‘Hotvspots that deve]oped within the;§kéin were Tocalized in the

centre of the bins. These hotjspdys; particularly within the
. ' Joa . :
plywood bins, did not persist for any length of time. The highest

hot spot ﬁémperature waSEQ??OOC.' Hot’spots that might have" ’
devé]oped within the grain in thefconéreté bins were not readily
épparent.

The heating of gréin 1n_a11 bins was fast'when’the grain témp;
efature was Tower fhap the aﬁbient. The rate of heating slowed
down consiqéﬁ@b]y affér«the grain had attained overall bin |

2.
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10.

. }\5

N

temperatures higher than the amhﬁent. The mean ambient tempééature

~oyer th  torage experiment was 25.4°C while the torresponding

value: the grain in. the p]ywood bins;and in the concrete bins
were both 26.6°C.

The 0veka11 grain temperature.fn both bin typeéwwéé significantly
higher (? < 0.01) than the améient temperéturé. The 1n{£1af3mean
grain and ambieni'températures were 7.0°C and 23.0°¢ respeC;ive1y.

Corresponding figures at 12th and 24th weeks of storage were

-30.29¢C and 24,6OC, 29.6°¢C and 25.4°¢ respectivley.-

There were no significant températuré variatioﬁs within any of the
binsrafter the first half (12 weeks) of fhé storage period.

After the grain temperatures had stabi]fzéd and after 12 weeks of
storage, the rise or fa]] in the grain bulkbtemperaturés fb]]dwed-

/

the rise or fall in ambient temperature but with agproximétely Qné

week time lag. %

The two materials (plywood and concrete) did not exhibit any

signifttant difference in their effect ohvthe temperatures of the

4

~grain they ‘stored.

The mean moisture content of grain within the concrete bins-at the
end of 24 weeks of storage was significantly higher (P < 0.01) than

that for the plywood bins. Initial moisture content of the grain

~was 15.6%, w.b.. Overall mean moisture contents of grain within

-the plywood and concrete bins were 15.0% and 15.4%, respectively,

after the grain had been in store for 12 weeks. By the end of the
24 weeks of storage the respective mean moisture contents for
grain within the plywood and concrete bins were 14.0% and 15.0%,

wet basis. ' ' ¢



11.

12,

13,

14.

15,

The djfferences in grain moisture contents between the two bin
types at‘tﬁé;different depths, radial spacings and Tength of

storage wgre-significant (P < 0.001). The interaction of radijal

position and depth was significant (P < 0.001) which signified that

thev1atéra1 and verficaiAmovements of moisture within the grain
during storage were independent of each other. -

Moisture deposition was high both on the floor and around the walls

df the bins under hot humid cbndi$§pns. More moisture was deposited

on the floor and walls of the concrete‘bin than the p1ywood. The

high moisture level on the wall of the' concrete bin initiated

caking and decaying processes. The degree of cakfng and decay ¢

deﬁreased towards the»centreiof the grain bulk. o \\

Redistribution of moisture within a grain bulk during storage

depends on factors such as temperature gradients within the grain,

temperature gradients between the grain and the -ambient air and
partiaf‘vapour pressure gradients between the grain and the

ambient air. These factors may either act singly or in com-

binations with_one another.

\d

The storage fungi Penicillium and AgpergiT]us species proliferate

and dominate when grain at 15.6%, w.b., is stored under hot and
humid (tropical) conditions. The 1nitia1 counts for these fungi

indicated 99% infestation by Penicillium and 8% infestation by

[

Aspergillus. These 1nfestation rates increased to a mean of almost

100% in both fungi by the end of the experiment.
The maize stored in the pijood bins was relatively sound at the

end of the experiment comparéd to. that stored in the concrete bins.

\
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7. SUGGESTION¢£FOR FURTHER STUDIES

The experience'ga1néd %h this 1nvestigation would suggest the
need for_furtﬁer study in the fo]lowinglﬁgpFége areas: |
1. 'Plywood as, a material exhibited considerable potential for use in

bin construction for .maize storages under hot humid conditions.

Further work should be aimed at reducing its vapour resistance and -
—estab11§hihg how this would affect its ability to store fairly
moist maize ﬁn sucﬁ an env%roﬁment.

2. Further tr1als us1ng plywood to store maize for a. ranée of
practical mo1sture contents shou]d be 1nvest1gated to establish
optimum safe moisture 1eve15 -

3. The prob]em of high, mo1sture 1eve1s, in. tropical areas, in the form
of vapour and mo]ecu]ar ‘water has to be cons1dered before any
material is se]ectedlfor the stdrage.of‘grain, especially, in the
open. Plywood should be used under a roof or shou1d be sheltered
from tropical rains when it iééﬁ%fhg used to store grain.
Consideration shou]d‘bg given to the treatment of the plywood to
reduce‘its water absorption capacity while incfeasihg'its vapour
permeability. A study to investigate the treatment of p]ywood
with a mater1a1 that reggqs water but transm1ts vapour shou1d be
encouraged.

4. Solar radiation can increase tempe%atqre_gradients within grain
storages and hence influence the quality of the g?ain. In this

regard, the colour of materials used in bin construction and the

effects of shade should be 1nvestigatedQ
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5.

“boards can be used in the Const%uction of grain storage bins.

142

Various thicknesses of plywood or ordinary sawn _timber planks or

Since all timber species differ in the1r mechan1ca1 and physical

i

properties, a study in th1s subJect may poss1b1y reveal an
appfopriéte combjnatlon of t1mber species and size (thickness) fé? ////
the safe‘storage of grain underbhét humid ﬁonditibns o
Heat rad1at1on and mo1sture absorpt1on from the soil are other

factors that: may affect the qua11ty of gra1n in store espec1a11y

- if the b1n s set d1rect1y on the ground or on a floor w1thout a

vapour barrier. A study into different types<9f f]oorvsupports and
their effeéts on heat ‘and/or moisture tranémiésion from the.soi]
into the grain should be consideredf This type of study may be
appropriate for the two materials considered in this thesis.

The conCﬁete pipe concept of grain storage should be pursued . ‘{
fu}therf¢ The nature of the pipe shoﬁ]d be modified to suit

storage structure demands. The walls may have togbe less dense or
more porous ahd permeable to water vapour from with#n the grafn.
An improved concrete bin should also be tried wfth vafyingbg*‘

moisture levels to find out an optimum moisture content level for

safe storage of gfain.
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. APPENDIX II. TABLE OF TEMPERATURE (°c) DATA USED FOR ANALYSIS OF
: -~ VARIANGE--CALCULATED MEANS. . \

. : - QUTER~CORE " . INNER CORE

BIN WEEK _ UPPER _ MIDDLE

puEd B UPPER  MIDDLE _ LOWER  AMBIENT
3
!

L 131 [ A RN 1 RO SN TN R N P | 13,1 24,7
12 12.2 12,2 TeRv 2.z 22 12,2 22,9
13 12,2 12,2 12,2 : 12,2 2% .3
114 231 23,1 23.1 23,1 23,1 RE0L . 2E.2
1 19.4 19,4 19,4 19,4 1904 19,4 24,

11 6 254 4 25 .4 254 25,4 25, 4 25,4 26,0
17 28,2 28,2 28,2 28,2 DR 28,2 PE L
118 2643 26,3 26,03, 2603 26.% 26,3 e, 41
IS 27,6 27,6 2746 2706 276 2746 22,3

1L Lo 26,7 0 2647 26,7 26,7 26 .7 26,7 24,6

11 1l 29,3 29,3 2943 29 E 293 290E 4.6 ¢
1112 32.8 32.8 32.8 32.8 328 3008 277
1113 L 3440 34,0 54,0 34,0 3440 34,0 2649

11 14 3341 33.1 331 35.1 3341

11 15 3047 30.7 30.7 3047 07 3¢

11 16 31,9 31.9 319 L B9 JLe9 L9 24,7
11 17 33.3 33.9 333 . P 33.3 33.3 2940
1118 3446 3446 34,6 344 b 3446 26 3

1119 30.1. 30,1 30,01 L BO.L 30, 30, 25,0
P20 30,0 3#0 BOL0 30,0 30,0 30,0 26,9
1121 30.4 30,4 30.4 0 30.4 0 30.4 30,4 25,6
1122 I9.T 29,7 2907 29,7 PG 29,7 25 .4
izl 13,9 13.9 . 13.9 13,9 13,9 13,9 24,7
12 2 LOW6 - 1046 1046 10,6 1046 10,6 22,9
2003 8.5 . 18.5 185 18.5 L85 L5 25,3
12 4 30,6 30,6 30.6 30.6 - 3046 3046 25,2
1205 2646 2646 2646 2646 2646 2646 24,1
12 6 28.7 28,7 28,7 28,7 28.7 28.7 - 26,0
12 7 28.3 28,3 28.3 28.3 28,3 28,3 2.1
12 8 2704 2704 2744 2744 2744 2744 23.4
3 12 9 28.3 28,3  2°28.3 28,3 28,3 28,3 - 22,3
12 10 29.8 29,8 29.8 29.8 9.8 29,8 24,8 .
12 11 29.8. 29,8 29.8 29.8 29.8 29.8 24.6
i2 12 32.3 32,3 32,3 32,3 32.3 32,3 2747 .
12-13  34.4 34,4 34.4 34,4 34,4 34,4 2649
2014 33,7 33,7 33,7 33,7 33, 33.7 26.8

)
7
12 15 3046 30.6 30.6 30.6 30.6- 3046 26.9

12 16 32,5 32,5 0 32.5 32.5 32,9 32,5 0 24,7

12 %7, 31.7 3147 ¥1.7 31.7 31.7 31.7 29.0

12 18 34,2 34,2 - 34,2 34,2 34,2 34,2 2643

12 19 30.3 . 30.3 ~30.3 30.3 303 30.3 25.2 '
11 20. - 30.3 30.3 30.3 30.3 30.3 30.3 26,9 v
12 21 3l.1 31.1 31.1 3141 31.1 31.1 25.

12 22 30.4 30.4 . 30.4 30.4 304 30.4 25

* The first digit refers tb the material (concrete--1; plywood--2) and the
second refers to the"bin number. For example, 11 refers to concrete bin 1. \/

¢
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AN

BIN WEEK

UPPER

OUTER CORE

13

LOWER

UPPER

MIDDLE

INNER CORE

© LOWER. “AMBIENT °

AAAAA

......

o
23

23
23
23
23

o)
23
23
23
23
23
23
23

19
11
12
13
14

15

L6
17
18

19

~

20
21

e

Al A

fo.6 7

15.3
20.2
34.8
29.9
30.7
Ll
27.9
2840
29.6
30.8
2.4
34.4
3342
30,2
32.1
31.9
35,2
30.4
28.8
28.3
28.7
10.9
11.4
14,3
24..46
20.4
2540

26,7

Y =

25.0
25.4
27.1
29.4
313

?

34,2\

33,1
30,0
32.4
32,9
340.7
29.1
29.7
29.8

2902 :

MIDDLE
10.6
1543
20.4
35,2

9.9

33,0
31,1
28,2
28.2

29.49

RIS
B

Ol O O DI Gheil 258
<

_—

27,4
24,6
29,3
30,3

28.9 .

29.0
30.6
32,2
32.8
34.6
33.4
30.4

24

32.9 .

35.7
30,3
29.7
29,8

2 2
e

L BV

10,6
15,3
20,3
34,73
29,4
30,3
3h.3
28,4
26,1
29,6
30,8
3.
34,4
35,2
502
32,1
31.9
35,0

30.4

28.8

28.3
28.7
10.9
11,4
15,0

o

RN o 4

226

2643

28,0

25.8
27.8
29.7
313

34,2 .

33,2
0.1

32.4

32.9
29.2

29.7

29.8

29.2

10,6

1E.3
20,4
35,2
29,9
4,0
Bl
28,0
28,7
29.8
30,8
324
3404
3F. 0

30,2

3241
31,9
352
30.4
28.8
28.3

28,

LO.7
1346

30.5

2940

29.6
31,3
32.3
33.0

34.6

33.4

30,4
3.4

37,9

35.9
3043

29.7
29.8

9.2

10.6
15,3
20 -4
372
30. 1
34,6
3241
30,9

1046

15,3

2041
3641
30.6
30.6
3.1

~ 2749
28.0.

29,4
508
32.+4
34,4
3.2
3042
Sl
319

P
3542

33.2-

3040

32,4

32.9
34.7
2941
29.7
29.8

29.2

L2457

RS

PPN
Py C
g I 3
e D

PARN BRI

"24., 1

260

289.1

23.4

22,3

24,8 -

29,6

27.7 .
26,9
6.8

:) (‘.’) + 9-
24,7
29.0
26,3
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APPENDIX III. TABLE OF SIMULATED AMBIENT TEMPERATURES AND.RELATIVE
HUMIDITIES--CALCULATED MEANS.

AMBIENT ,
MOKTH TEMPERATURE, °C RH., %

~ . 24.3 50
‘AUGUST 25.1 66
SEPTEMBER © 23.8 68

0CTOBER. - 26.9 76 =
NOVEMBER \ - 26.7 80
| 25.8 87

DECEMBER
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* APPENDIX IV.  RESULTS OF GRAIN MOISTURE ANALYSIS AT THE END OF 12TH
. WEEK OF STORAGE.

MEAN MOISTURE CONTENT, % ¢

LOCATION P1 P2 P3 C ¢ . c3

] 15.31 1511 15.58  16.01 ° 15.23 = 15.32
2 15.07 14.99 ' 15.21  15.69 15.59  15.65

3 15.55 14.88  15.64  15.51  (J5.03 15.52

4 15.00 14.90 15.57 - 15.83 ' 15.24 . 15.44

5 14.90°  14.9 14.77 15.13 14.80 . 15.10

6 15.33 © 15.20  14.60 14.78 - 14.93  14.97

7 15.21. 14.89 14.80 15.17 14.98 - 15.26

8 15.25 14.74 14.96  15.08 . 15.17 . 14.93

9 15.43 14.86 15.42  15.60  15.83 15.68
10 1469 14.15  15.04  16.15 16.38 15.84
1 v o15.21. 15.36 15.98 16.72 . 15.96 15.56

12 Y 15.38 14.87 15.84  16.54 17.04 ~ 15.44
13 14.87 14,88 14.44 1465 14.35 14.65
14 14.96 . 14.80 14.42 14.64 14.79  14.67
15 74,75 14.80  14.46 . 14.60 14.87 14.95
16 14.80 14.62 14.32 14.45 14.79 14° 80
17 13.95 15.14 15.21 - 15.54 15.46 15.52
18 15 .43 15.86-  15.50 15.00 16.28 . 15.92 R
19 14.82 15.46 15.28  15.89 15.73 15.57 ’
20 - 15.00 1550 " - 15.80 15.90 17.25 15.59
21 14.59  15.05 14.64 -~ 14.71 14.78 14.65
22 15.18 " 15.00 14.38  15.16 15.05°  15.07 -
23 15.35.  14.87  15.18  15.20  15.65  15.01 -
24 15.13 1491  14.62  14.89 - 15.43 14.65

Top of grain  13.67 14.66.  13.93  15.73 15.23  15.61
(centre) . : | f 4

Top of grain  14.54 14.70 -14.18  19.83 18.89 18.89
‘(periphery) o
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APPENDIX V. .. RESULTS OF,SRAWN MOISTURE ANALYSIS AT THE END OF 24TH

WEEK OF STbgg £

3

LOGATION MEAN MOISTURE CONTENT, Y~ : {
P P2. P3 Cl C2 3
1 13.93 13.88 14.63 15.25 15.16 14.35"
2 13.78 13.96 14.49- 14.57 14.92 14.60
3 13.72 13.96 14.25 14.52 14.75 14.59
4 13.96 13.8]  14.70 1483 14.88 14.53
5 - 13.74 13.92 13.58  13.98 " 14.69 13.73
6 13.87 13.47  14.34 13.53  13.97  13.78
7 13.72 13.73  13.97 13.90  14.67  14.69
8 13.75 14.02 13.86 13.61 14,44 13.75
9 113.70 14.26 15.04 16.38 15.86 15.30 -
0 14.03 14.34" 14.26 15.70 16.78 15.92
11 14.02 14.43 14.19 15.19 16.02  15.83
12 14.58 13.87 14.61 15.78 16.33 16.49
13 ¢« 13.09 13.95 13.31 14.70 14.33 13.80
14 13.50 13.57  13.51 13.83 . 14.61 13.75
15 13,16 13.49 13.39 13.86 14.49 13.95
16 13.38 13.66 14.41 13.99 14.72 13581
17 14.08 14.61 14.73 17.24  16.56°  15.85
18 14.84  14.77 14.33 16.59  .17.70  16.53
19 14.16 14.81  14.28 16.96 16.55 16.23
20 14.07 14.33 14.56 18.01 17.26 16.94
21 13.19 . 13.96 13.61 14.41 14.50  '14.38
22 13.54 13.88 13.72 14.59 14.90 14.35
23 13.43 13.98 13.81 14.37 14.87  14.32
24 . 13.57 13.98 14.00 14.47 14.75 ~ 14.28
Top of grain  13.11 13.62 13.45 15.74 16.19 15¥92
(centre) : : ‘
Top of grain-  13.4] 14.13 4.4 19.67 . 22.13 20.49

(periphery)
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APPENDIX VI. GRAIN MOISTURE DATA (%, WET BASIS) USED FOR THE ANALYSIS
OF VARIANCE. - '

_r;LAYER OR -MEAN MOISTURE CONTENT, ¢

POSITION P P2 P3 o B 7 S o
12th WEEK | o | T
(1) LAYER:- -

UPPER 152 15.0 151 ' 15.4 5.1 15.3
CMIDDLE  15.0 14.8  15.0 15.4 15.5 15:2
LOWER 14.9 . 15.2,_ 15.1 15.3 15.7 15.2

(2) POSITEHN:-

OUTER <JPPER 15.2 15.0 15.5 15.8 15.3 15.5°

OUTERIMIDDLE  15.2 14.8 15.6 16.3 16.3 15.6

QUTER “OWER 14.8 15.5  15.4 15.6 16.2 15.6

INNER UPPER 15,2 149  14.8 150 - 150  15.1

INNER MIDULE - 14.8  14.8  14.4 4.6 14.7 14.8

INNER: LOWER 15.1 15.0  14.7 15.0 15.2 14.8
24th WEEK

- (1) LAYER:-
UPPER  13.8  '13.8 14.2 14.3 - 14.7 14.1
MIDDLE  13.7  13.9 141 149 154 149
LOWER - 13.9 143 141 158 15,9 T5.4
(2) POSITION:- B

OUTER UPPER 13.8  13.9 14.5 14.8 14.9  14.5

OUTER MIDDLE 14.1 14.2 4.5  15.8 16.2 15.9

OUTER LOWER 14.3 14.6 4.5+ 17.2 . 17.0 - 16.4

INNER UPPER 13.8  13.8 13.9 13.8 4.4 13.7

INNER MIDDLE ~ 13.3 13.7 13.7 14.1 14.5 13.8

INNER LOWER 13.4 13.9 13.8 14.5 14.8 14.3




