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Environmental control in rural underground storage structures

E.Bartali & K.Tlemcani
Agronomic and Veterinary Institute, Rabat, Morocco

RESUME: Le stockage souterrain des cercales est un2 technique utilisee en milieu rural
dans differentes regions du monde pour les avantages qu'elle pre'sente : coflit rdduit,
reduction des effets de variation de température de l'air, et creation d'un
environnenent deésoxygene, dans la masse de grain émmagasinde. De plus, le revétement
interne de tels entrepots joue un rdle important dans la reduction des risques de
contamination du grain stocke par les eaux sotterraines.

Cette communication preésente .es re'sultats obtenus a 1 issue d'experiences menees sur
le stockage du ble pendant six mois dans les entrepbts souterrains. L'etude a consiste
a' suivre l'evolution de la temperature, du grain emmagasine, du CO: et de l'humidite
relative d'unites de stockage a localiser les zbénes de pertes et d evaluer les degats
occasionnes par ce type de stockage en comparant l'effet de ceux types de revétements
interne des entrepdts: la paille et le plastique.

ABSTRACT: Underground grain storage is a technique which is used in rural areas in
severzl parts of the world because of the following advantages : its cost is lower
compared to other techniques of storage; the effects of the variation of the
temperature of the air are reduced and the pits create an environment for the grain
masse where oxygen is reduced. Moreover, the interior lining of the walls of these
units play an important role in the reduction of the risks of the stored grain
contamination by the underground water.

This paper presents the results of an experiment conducted on wheat which has been
stored during six months in underground pits. The study consists in monitoring the
temperature change of the stored grain, COz and relative humidity variations of the pit
environment. Finally loss areas are located and the damage due to this kind of storage
is estimated by comparing the effect of two types of wall pits lining : straw and
plastic.

ZUSAMMENFASSUNG
Die Unterbodenlagernug der getreide ist 6 Monaten in Unterbodenlagern.
eine Technik, die in vesschiedenen Lan- Diese Studie befasst sich :
dern der welt am meisten benutzt wird. 1) mit dem Verhalten von der Gelagerten
Die Vorteile dieser Technik sind : Getreide.

- Geringe Kosten 2) mit der entwicklung von COa2 und

- Geringe temperaturschwankungen Leuchtigkeitngehalt der Lager.

- Anschaffung anarober umgebung im 3) Bestimmen der Verlustszonen
Getreidelager. 4) Bewerten der Verluste dieser
Der Innenbelag dieser Lager spielt eine
grosse Rolle bezuglich der Reduzierung Lagerungsart bezuglich dern Sttoh-bzw.
der Verseuchung der getreide mit dem Plastik-Innenbelag dieser Lager.
Grundwasser.

Dieser Kurzvortrag umfasst die Ergebnisse
der Versuche uber Getreidelagerung wahrend
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1. INTRODUCTION

dn farm Underground grain storuge is wi-
dely used in many parts of the world,
particularly in countries with developing
agriculture where this technique repre-
sents a substantial proportion of rural
grain storage facilities. ihe use of Un-
de.ground space to store yrain is a tech-
nigue which has been known far centuries
bevause it offers several advantages
namely low cost, insect attack reduc-
tion, J, level reduction. Interior 1i-
ning of " these Underground facilities
usually consists of straw lining (straw
is used for its thermal insulation pro-
perties) or independant plastic pieces
nailea to each other. In both situations,
Underground water manages to reach the
stored grain and contaminates it, thus
increasing the loss rate.In order to
heln reduce or even aliminate the rete
of seepage, an investigation on the
use of plastic bags as liating rar the
walls of the undergeund g.aln storage
has been carried out over a prrind of
15 manths.

2. MATERIALY AND ME THODS

The =vneriment sitz for this ~hvesliga-
tion ie located on farm in order to
allow for a demonstration of the techni-
Que to farmers and for its extension.,
The site altitude is 257 m ard the water
table level is at 60 m below ground. 1he
¢0il and subsoil profil is shown in
fiee 1.
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Fig.} : Verlical section of pit

On October 1987, sixteen exparimental
underground pits with 1.3 metric ton ca-
pacity each were dug on a rectangular
area (15 x 20 m). Ihe interior of each
pit is conical,the bottom width being
larger than the top (figure 2)
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Fig.2 : Detail of plastic pit'sealing.
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Figd : Detail of strow pit seafting.

Eight pits wer: plastic lined and eight
others were straw lined (fig. 283). The
sixteen pits were equiped with data mea-
surement instruments, filled with durum
wheat and covered with earth in order

to provide a hermetic se.ling. The plas-
tic used is polyethylene with the charac-
teristics shown in table 1.

Table 1. Polyethylene characturistic

Thickress Permeabi- Permeabi-

(mm) lity to  1lity to 02
Polyé- ) water
thylene s Null  6Bcm®/om?/

24h a. 25°C

The experimer onsisted in conducting
continuous control of environment conoi
tions within the grain mass and the sur-
rounding soil by a remote measurement of
temperature and relative humidity, and
direct measurement of CO,. Every 3 months,
four pits are opened and grain samples
are taken and analvzed to evaluate (‘-ma-
ge. (Fig.4)
A multidisciplinary team of scientists
contribute in their respective laborato-
ries to conduct analysis on the tollowing
aspects

- unit weight and moisture content
of grain

- dry weight loss

- insect damage

- fungi damage, and micrubology
analysis
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- chemistry and biochimistry ana-
lysis

- rheological analysis

- germination and vigor test

Temperature and relative humidity were
continuously monitored using battery o-
perated data loggers installed on the
gxperiment yite, These are eguipped with
24KH of RAM able to stere 12,000 meacu-
rements.,  Communication with the dota
logger and data recovery are made by
means of portable microcomputers o Rela-
tive humidity is meosured in 2 pits with
two different linings.CU., concentraticn
nside the storage pits Is measured with
a4 pump thot draws the air and sends into
color detecting tubes.
The filling of experimental pits was
achieved on Uecember 30tk 1987. 1n this
paper the first 6 months of this experi-
ment are covered. i.e. 4 pits were ope-
ned¢ 3 months after the initial filling
and 4 others were opencd 6 months atfter
they had been filled.

3. RESULTS AND DIGCHSSION

3.4, fnviromment conditions control

a. Climatic conditions

Figures S5 and 6 indicate the climatic
conditions that prevailed cver the b6
months considered. The first quarter
was characterised by a relatively impor-
tant rainfall, compared tu the second
quarter.,

b, Temperature

In verticel direction temnerature gra-
dient in both grain mass and soil are
showr in figures 7 and 8.
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_.2. Sample .,nalysis

During the time of the 2openlngs,wheat
samples were taken at different levels
of the nits. Wheat taken from plas-
tic lined pits has kept its odor
and its cclour while the straw lin-
ned pits wheat or the top ; tne
bottom &nd the pit walls has be-
come dul. with a ctrong retten
smelliing.

Tne comrarisor of the analysis
results of wnoot samples of the

two tyves of lining is reported

on tatle 3.

As a result, losses in terms of
quantity as well as guality were
reduced in plastic lined pits.
Thus, tne degree of humidity,

unit weight, tne damage percen-
tage and the route of germination
have been maintaired to levels
close to initial values.

Insects haven't bren developed
while fungi and acarid have rapid-
ly develaoped during the first
term. We think that the decrease
in 02 concentration along with an
increase in 07 concentration cau-

3ed these variatjions.
As far as strew lined pits are

concerred, ap:rt from insects
which did nct develop, all the
other pararciers have signifi-
cantly detsrinrated. The following
conclusiony could be drawn : mois-
ture content increased and as a
result dry waight decreased ;
fungi and acarid infestation
occured; germination rate was
reducad as well as seeds vigor.

Vaniation of CO7 levels

JABLE 3 - Whpat samplas snslysis results

Source : GERS/IAV
Analysis Initial 3 months storoge 6 monthc storage
poriod period
(R} I . sen ememecmecccseacoo
*PLPL2) *SLP(2) PLP{2) SLP t2)
Moisture contaent (%) 1.76 12.05 18.26 12,03 17.25
Unit watght (g/1) 7715.5 770.5 663.3 769.5 £92.6
Damaged grain (t) 7.78 7.13 20.61% 8.14 22,17
Inse~t infastation . * . . .
Acariu infestation 0 . s000 . .
% of infeated gratn by
furgus (%) 100 20 96 a5 86
hurbar of inald epores B0 21500 423000 16 921000
per /op,
Germinetion rate (%] 96 92 53 41 45
vigar teat of 18 kernel
dry weight of plants 543 425 80 160 75
in g
Fres fat acid content
{mg XUM/100 g of flour) n.d 43 7 28 38
Fermantation activity
(Hegtarg index drop in 833 859 £58 £79 699
S)
Rate of lobe in dry .
weight in t 0.97 18,05 1.07  16.15
" SLP : straw linad pits 0 : non infested
PLP ; plustic lined pits ¢ 1 very low tnfestation
n.d : not datormined *+ 1 low infestation
:;: } everaga ": :: 'mi“ ++¢ 1 medium infestation
1 averags o somples +e+4 1 very infested
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