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Abstract 

A method for the bulk storage of barley in the open air under Mediterranean conditions 
was deveioped. A large (75 x 25 m) concrete platform with low walls was filled with barley 
and covered with a PVC overliner and a pdyethyiene underliner. The barley formed a pile 
of 4018 tonnes with a peak 7 m high and was stored for 34 months under hermetic seal. 
Periodic monitoring was carried out to determine temperature fluctuations, intergranular 
gas composition, insect infesration, and grain quality parameterr:. Ambient temperatures 
were shown to create temperature gradients in the upper layers, and moisture migration 
occgrred towards the peak of the grain bulk. However, the resulting spoilage by ~noulds was 
linited to  0.22% weight loss on an annual basis. An additional 0.12% loss due to insect 
damage, and spillage resulted in an annual storage loss of 0.34%. Possible solutions t o  
this problem were discussed. The platform successfully protected the grain against insect, 
bird, and rodent attack and provided safe storage during the rainy season. At the end of 
storage the PVC overliner, which had been used continuously since 1988, remained with law 
ga~-permeabili@j~ retained its mechanical characteristics and was suitable far reuse. 

Keywcirds: Barley; Storags; Hermetic; Plastics; Bunker 

T h e  use  of bunkers  f o r  s torage of cereal  grain surpluses h a s  b e e n  deve loped  
recently both in Australia (7JcCabe a n d  Champ,  1981) a n d  Israel  (Navarro e t  al., 
1984). Whereas  i n  Australia t h e  bunkers  receive a n  initial phosphine fumigat ion 
(Banks and Sticka, 198i), t h e  Israeli concept  is based on t h e  use of a 0.83 mm 
thick, white, noa-reinforced, UV-protected overliner, a n d  a 0.25-mm polyethylene 
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rlnderliner to obtain a level of hermetic seal that precludes the need for chemical 
intervention against stored product insects. The requirement for storage of surpluses 
of locally harvested grain and the similar typical Mediterranean climatic conditiens 
- characterized by long hot summers, mild winters with winter rainfall - both 
contributed to adaptation of the Israeli-type bunker to storage requirements in 
Cyprus. 

Two previous trials of bunker storage with barley, for periods of 7.5 and 9 
months, provided basic information on sealing requirements and quality conser- 
vation (Navarro er a!., 1993). They showed that storage was feasible on locally 
constructed concrete platforms instead of the earthen bunkers used in Israe!, and it 
was on the basis of these findings that the long-term storage of bariey was carried 
out. The objectives of this report are to: (a) evaluate the influence of climate on the 
grain storage ecosystem over a 34-months storage period: (b) evaluate the influence 
of hermetic seal on the composition of the intergranular atmospliere during storage; 
and (cj surz~mardze changes in grain qua.lii)r during storage and relate them to the 
storage system. 

2 .  Makerisls and methods 

S fomge pin[femz 
This \vas one of two, and consisted of a 20-cm reinforced concrete floor with a 

peripheral support wall i m high and 15 crn thick, and a surrounding apron 80 cm 
wide outside the wall. The platform was 75 m long and 25 m wide and set on an 
eat-west axis with all four corners angled at 45" by wall sections 3.5 m long to form 
an octagon. The platform had two entrances on the southern side, each one 5 rn 
wide to permit loading and unloading with trucks, and the platform was constructed 
with a gentle slope towards the entrances. 

Loading, sz.mpldl~g and sealing 
Before loading, strips of 0.25 mrn thick polyethylene underliner were laid trans- 

versely over the fioor and wails. To keep the plastic from being torn by the concrete 
walls, two layers of 2-3 i:m thick strips of insulation material formed from synthetic 
fiber were glued along the top of the wall before the underliner was placed in 
position. ioadiiig was started by truck at the far end of the platform and as it 
progressed, successive strips of underliner were placed in overlapping position and 
joined together with adhesive tape. After the floor had been covered, the two 
entrances were sealed with wooden plarnks and loading was continued with screw 
conveyors that raised thr. grain along a central peak to a height of ca. 7 m at which 
stage the peripheral grain level was about 25 cm below the upper lip of the wall. 
After loading was completed, the grain bulk surface was trimmed to fill depressions. 

The platform was loaded with 4018 tonnes of locally harvested barley (a mixture 
of cvs. Cantara and Athinais) during September 1989. 

The platform was sealed using a 0.83 mm thick PVC formulated overliner. Rolls 
of the liner 10 n: wide and 34 m long were placed over the wall, anci were pulled 
over the top of the grain bulk. They were then welded together to form a continuous 
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liner. The gastight seal was obtained by folding the over- and underliners together at 
the base of the wall and securing with sand-bags. A series cf 15 cm wide poryester- 
woven fabric strips were placed at 10-m intervals across :he platform above the 
overliner and these were anchored to the concrete apron. These strips prevented 
flapping of the overliner in high winds that frequently occur in the area. 

After sealing, eight screw-cap inspection ports were welded along the peak 
from east to west, within which thermocouple cables and gas-sampling tubing were 
inserted :o depths of 0.3, 1.0 and 3.0 m, respectively. The platform was sealed on 
21st-22nd September 1989, and uncovered after 34 months storage. 

In-storage monitoring and sampling 
Grain: Samples were withdrawn from the inspection ports at one- to two-months 

intervals, and at three depths (0-0.3, 1.0, and 3.0 m). Each sample (ca. 500--600 g) 
was examined for moisture content (MC) by oven-drying ground samples at 130°C 
for 2 h, and insect infestatior, (using 3. sieve with 1 x 10-rnm slots). A Probe-A-Vac 
vacuum sampier was used to withdraw the samples from the different depths. 

Mabilih: Mter 19 months storage, the samples fro111 1-  and 3-m depths were 
mixed to form four composite samples that were tested fcr viabilitj by the tetra- 
zolium method (Moore, 1962). 

Temp~rature: Measurements at all ports were carried out ~t the sa,rne intervals. 
1niergan~ila.r atnrosphen'c conzposition: Oxyge~l (02 j  anci carbon dioxide (COz) 

concentrations in the grain bulk were measured monthly by withdrawing gas samples 
through the plastic tubing inserted into the grain, and analyzing using a Crow-h4ac 
portable analyzer for C 0 2  concentration, and a Herman-Moritz analyzer for O2 
concentration determination. Towards the end of storage, gas monitoring was 
reduced by taking only one reading from a depth of 1.5 m at each sampling port. 

Ambient conditions: Ambient temperatures, and rainfall during the storage period 
were taken from avai!able meteorological data at the nearest meteorological station 
(Nicosiaj and are provided in Fig. 1. 

Equi!ibriwn reiative humidity: An equilibrium relative humidity (ERH)/MC curve 
f ~ r  local barley varieties was determined separately using barley samples of' mixed 
cvs. (Cantara and Athinais) at dif'ierent MCs taken from a previous hermetically 
sealed platform. The barley MC was determined using the o~en-drying method. The 
equilibrium relative humidity of the interstitial air space of the same barley was 
determined using a Novasina electronic humidity sensor suspended in a gastight 350- 
mi plastic container that contained the sample. The ERHIMC curve is given in Fig. 2. 

linloadiilg and' sa~npling 
Before unloading, the overliner was removed and additional grain sanlples were 

withdrawn as follows: (a) from three areas of visible mould at the apex (0-30 cm) for 
moisture and mycofloral anaiysis; and (b) surface samples (0-15 cm) from the four 
slopes (north, s o ~ t h ,  east, and west) for moisture and insect infestation amalyses. 
From each slope surface samples were collected (approximately from every 1-m 
distance in each of the slopes) from two locations: at  a distance of 1 m from the 
retaining wai!, and mid-way between the wall and the platform apex. In addition, 
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Fig. 1. h . b i e n t  temperatures and rainfall recorded at the Nicosia meteorological station between July 
1989 and . 4 ~ g u s t  1992. 

samples were taken from a depth of 1 m from a location mid-way between the wall 
and the apex over each slope using a hand sampler. 

After removal of the overliner, mouldy barley that was located at the apex, was 
carefully separated manually from sound grain and removed from the platform. 
During unloading (with front-end !oaders), 1-1.5 kg samples were taken from each 
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truck. Samples from 20 consecutive trucks were pooled to form nine composite 
samples which were reduced to 5 kg each. The composite samples were used to 
determine germination (4 x 100 replicates in sand), chemical analysis (protein, 
fat, fiber, and MC), and physical analyses (test weight, purity, weed seeds, and 
broken kernels). One pooled composite sample was used for aflatoxin analyses by 
high-pressure thin-layer chromatography (HPTLC) fluorotensiometric method. 

3. Results and discussion 

Grain temperatures 
The average temperatures of grain at three different depths beneath the apex of 

the platform over the storage period are given in Fig. 3. This shows the very marked 
influence of seasonal temperature fluctuations in the ambient on temperatures 
at 0.3 m within the grain bulk, whereas at 1.0 and 3.0 m fluctua.tions were 
progressively attenuated. Thi5 resulted ir, the establishment of strong temperature 
gradients within the bulk particularly between 64 and 200 days of storage (November 
3 989-March 1990), around 500 days (Sanuzq-February 1391) and around 850 days 
(January-February 1992). These temperature gradients were considered responsible 
for convection currents that caused moisture transfer to the peak area of the bulk. 

~Tfoisture con lent 
Fig, 4 shows the rnmmum and minimum MCs recorded at a depth of 0-0.3 m, 

and the average MCs from all sampling stations at depths of I and 3 m during 
storage. The average initial MC was 8.8% (range: 8.0-10.8%). In the 0-0.3 rn layer, 
the MC rose more rapidly at some sampling stations than at others. The critical MC 

Ibi-$9 I&? SO Inn Y! Jan-72 Aug 92 

3 5  . I I 

0 1 0 0  200 300 4 0 0  5 0 0  600 7 0 0  8 0 0  9 0 0  1000 1 1 0 0  

Storage time in days 

Fig. 3. Average temperatures at three depths of a pile containing 4018 tonnes of barley stored 
hermeticaily for 34 months in a PVC covcred platform. 
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Fig. -1. Average moisture contents at three depths of a pile containing 4018 tonnes of barley stored 
herrne:ically for 34 months in a PVC covered platform. 

of barley above which storage fungi are capable of rapidly developing is that above 
the ERTi of 75%,, namely 14.5% (Pixton and Warburton, 1971). After the MC had 
risen above this critical MC subsequent samples were found to be mouldy resulting 
in caking at the surface layer. Fig, 4 shows that there were cyclic moistening and 
d r y i ~ g  effects caused by seasonal temperature fluctuations that resulted in a wide 
range of MCs recorded at the upper layer. By the end of storage, MCs above critical 
had been recorded at least once at all sampling stations, and mouldy grain was 
recorded f ron  surface layer at seven of the eight stations. Samples from depths of 1 
and 3 m were relatively uniform in MC throughout storage with no samples above 
critical MC. This and previous storage trials (Navarro et al., 1993) showed that the 
presence of mouIdy grain was limited to the area at the peak of the grain bulk. 
This phenomenon was attributed to convection currents arising from temperature 
gradients; particularly occurring at pointed apices where condensation was marked. 
The daily sycles of warming and cool i~g  of the surface layers determine whether 
there wil! be a net increment or decrement of moisture. 

Gas composition 
The C 0 2  and O2 concentrations cf the intergranular air within the platform are 

given in Fig. 5. It can be seen that there was a rapid decrease in Oz and increase 
in C 0 2  concentration over the first 50 days followed by fairly stable levels for the 
rest of the storage period except for a sudden increase in Oz and decrease in COz 
after 540 and 9110 days of storage. On these two occasions it was found that one 
or more of the plastic screw-caps were absent and the changes in gas composition 
were attributed to a temporary break in the hermetic seal of the platform. From 
experience on hermetic storage in Israel it has been found that in contrast to insect 
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Fig, 5. Average gas concentrations in a pile containing 4018 tonnes of barley stored hermetica!ly for 34 
months in a PVC covered platform. 

infestations, active microbial spoilage can raise C02  readings well above 12%. Since 
very few COz recordings were made above this level during the storage period, this 
indicates that no extensive microbial respiration took place in the grain bulk. 

Insect infestation 
Of 450 samples examined for infestation (from three depths a: the eight sampling 

srations) live insects mere recorded from only 34 samples during the storage period. 
The distribution of infestation was: 26 infested samples from the surface layer; seven 
samples from a depth of 1 m; and one sample from 3 m. The species were: Tn'bsliurn 
sp. ir? 27 samples; Oyzneplzilus sp. in five samples; and Nzyzoperthn dorninica in 
three samples. MI were recorded during the first year of storage, mainly from the 
upper layer. Of these, only three infested samples were recorded during the second 
half of the first year. 

No samples containing !we insects were recorded at the end of storage except 
from samples taken from the grain bulk surface. To quantitate the intensity of 
this infestation, eight composite surface samples were taken after removal of the 
overliner before unloading the grain. Analysis of rhese eight samples taken from the 
surface revealed that three were infested with a total of 16 Tnbolrurn sp. and three 
R. dorninica live adults. This residual infestation may hzve survived due to the high 
MC prevailing at the surface of the bulk. No live insects were recorded from the 
1-m depth samples. 

Results from previous trials in Cyprus and those in Israel, all revealed initial 
infestations by stored product insects. The very rapid reduction in Oz and rise in 
CO: concentradons after the platform was sealed, was attributed mainly to  insect 
developmezlt especially at the surface layer of the bulk. 



184 . A. lhrravo e: el. /Psstilrznjesi 8iology and Technology 6 (109.3) 177-156 

Geminatzorl 
Samples taken after 19 months storage from 1 and 3 m depth served for analysis 

of ~iability. Sampling ports 1-4 formed one composite sample and samples from 
ports 5-8 formed another. Viability of the in-bu!k composite grain samples after 19 
months storage was 94-98%. 

The germination tests of nine composite samples obtained during unloading 
after 34 months of storage, gave a germination 1eveI of 88.3 f 1.6% (SD) with 
an additional 4.6 f 1.0% (SD) abnormal seeds. The significance of these high 
levels of germination after pro!onged storage Iies in the possibility of utilizing the 
hermetically stored barley for seed grain, should this be needed. 

Dam5ig~ by moulds 
hlouldy grain was only located along the apex of the grain bulk, and to a distance 

of 2-4 rn from the peak along either slope. However, it did not form a continuous 
strip along the zpex and the depth of affected grain ranged from 5 to 50 cm. 

The following microflora were identified from three visible mou!d-damaged grain 
samples taken from the surface after the overliner had been removed: Aspergilll~s 
cchmceus, A. j 9avr~~~  A. ,Pzrmigatu_~, Fusan'um sp., and Penicillium sp. All species were 
identified from both surface sterilized and non-sterilized seeds. 

Although mould Fresence alone is not evidence of mycotoxin production, some of 
the above species are capable of producing mycotoxins under favorable conditions 
(Mirocha and Christensen, 1974; Bullerman, 1979). Therefore, it was most important 
to remove ail mouldy grain from the sound grain of the bulk before unloading. 

-Matoxins were not found in the pooled sample formed from the composite 
samples of sound grain taken from the bulk after the platform had been uricovered. 

Other grain qualiiy parameters 
Chemiccli analysis: No initial anaiysis of the barley was made. However, for 

comparative purposes chemical analyses of the barley after 34 months storage 
were made together with those of two local barley varieties from the 1993 harvest 
analyzed before storage. Results given on a dry weight basis showed that crude 
protein in the stored bariey was 11.895, while in fresh bariey var. Cantara it was 
11.9% and in fresh barley var. Athinais it was 13.0%. Fat in the hermetically stored 
barley was 2.0%, in fresh barley var. Cantara it was 1.5% and in fresh barley var. 
Athinais it was 1.9%. Crude fiber in the hermetically stored barley was 7.5%, in 
fresh bariey var. Cantara it was 6.7% and in fresh barley var. Athinais it was 6.3%. 

During uncovering of the platform, the sound grain had the characteristic odour 
of fresh, recently harsested barley. 

Ykysicnl nlza&sts: The average results of the nine composite samples after 34 
months storage showed 95.7% pure seeds, 0.2% weed seeds, 2.5% broken seeds, 
0.6% inert material: and test weight was 603.2 kg,'m3. 

rjurabzli? of the PTfC overliner 
The durability and resistance of the overliner was shown to be suitable to protect 

the grain ovzr the storage period from adverse climatic conditions of solar UV 
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irradiation, high temperatures and high velocity winds. The same liner was used 
for a previous one-year storage period. Laboratory tests, carried out on samples of 
material cut from the liner at the end of storage, showed that its resistance to tear 
remained almost unchanged, elasticity changed by 10-20%, and gas permeability 
improved by 60% over that of the originai liner. Improvement in gas permeability is 
due to the loss of plasticiser components. 

High velocity winds in the Nicosia area occur particularly in November from the 
north. Since the liner forms an hermetic seal, air Is unable to penetrate it, and the 
covering provides excellen: resistance to stormy weather. Periodic examination of 
the liner over the 34 months of storage showed no weather damage to the liner, and 
the welded sections remained undamaged. Consequently, water penetration from 
the surface to the grain bulk xas  not possible. 

The grain loading method and the overliner held under rensicsn provides a 
slippery surface that makes it extremely difficult for rodents to rnake an incision in 
the nsateria: with their ieeth. This has been ccnfirmed by laboratory trials carried 
out with liners kept under tension and exposed to rodents (ucpublished results). 
Although rodents may be abl;: to climb over the svalls, damage to the liner was not 
perceiiied. 

Polyedtylene under!'zner 
The concrete platform was constructed at a c  elevated site to prevent water 

infiltration from underneath and also wei! protected from rainwater from above by 
the PVC liner. An adhesive tape was used for holding the polyethylene underliners 
together until the gra~n  was loaded and held the liners against the floor. The 
underliner servcd as a gas barrier rather than protection from water. 

tosses 
The weight of mould-damaged grain removed from the peak of the platform was 

20.72 tnnnes, representing a 0.665% weight loss for 34 months or an annual loss 
of 0.222%. Additional losses (insect damage and spillage) based on inlet and outlet 
weigh-bridge data, amounted to 12.08 tonnes. Total storage losses for the 34 months 
were 38.8 tonnes or an annual loss of 0.34%. These losses were relatively high i11 
cumprison with trials conducted in Israel (Navarro et al., 1984, 1933). The major 
!GSS in the present trial was from mould-damaged grain due to riaoisture migration. 
This problem has been significantly alleviated in recent bunkt:rs in Israel which 
have a flattened area at the peak. We believe this serves to broaden ihe area over 
which moisture is deposited during phases of convectior, current:; and condensation 
beneath the liner. and in consequence mouldy grain is only rare]>, encountered. 

The resuits nf the above trial clearly show that this type of structure is suitable 
for the prolonged storage of dry bar!ey. It should be noted that in addition to the 
low structul-al cost and ecoiogical advantages of the bunker system, storage losses 
can be compared very favorably with weight losses in conventional structures. 
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The major problem encountered was the establishment of temperature gradients 
in the upper layers of the bulk that promoted moisture migration towards the peak. 
This resulted in small quantities of mould-damaged grain that had to be separated 
from the rest of the bulk before unloading. -4 possible solution to this problem could 
be by altering the structural configuration of the apex to a flattened area at the peak. 
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Ministry of Agricu!turej, and Dr. loafinon of the Agriculturai Research Institute, 
2nd their staff. 
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