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1.0. Introduction
 

Research undertaken at 
the Agronomic 
and Veterinary Institute
 

on underground 
grain storage has 
been initiated 
in iall 1986
 

with an experiment 
on barley storage in tL;() types of pits
 

instal led on campus, one 
straw and one plastic lined. This 

experiment 
was covered 
in the first progres. report and 
the
 

results 
for loss evaluation 
over six 
months of -torage were
 

encouraging 
since 
they reached .97t with plastic and 6.27% 

with straw. The 
grant obtained from A.I.D Science Advisor in
 

Washington in 
August 1987 has allo'ed to pursue 
this research
 

by extending the investigation. to underground 
storage of 

wheat and compare the performanc, of plastic and straw as
 

l ining materials in sixteen pits 
 installed 
 on farm in
 

Charu ia,. The 
progress 
report covered the overall set up of
 

the experiment 
and in.troduced 
the seven Departments 
of I .A.V
 

involved 
in the investigation. The experimental pits were 

filled with wheat 
on December 30, 
1987. The baseline sampling
 

was carried out according to the procedure described in the 

fi rst progress report. The 
 project is making very 

satsifactory 
progress. 
Brochures presenting the 
project were
 

prepared in 
french and english.
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2.0. Research accomplishments
 

2.1 Experiment 
with wheat on farm
 

2.1.1 Procedure used 
in pit opening
 

2.1.1.1 Identification of 
the pits opened
 

The first op~ning of pits took place oo the 5 th of 
April
 

1988. Four pit:; were< 
opened after 
a period of 
three months of
 
storage, tw¢o plastic and two straw lined. The four pits are 
identified 
as F] , 1 F 5, P5 and PI 6 as shown in figure 2. The 
appvl ltion of 
the pits has been 
modified for 
convenience and
 

tho now one 
is indicated 
in iable I. lh first two pits were 
intensively 
equipd and 
the latter 
two were partially equiped 

Witl it; t ruments . The a ,a ! a of these p its among the ib
 

i n;aIa 11ld wa;s done randomly, except for the pit F] 1 where a 
reIat ive 
 ionli d tLy sensor was installed. This sensor was no 
longer functioning properly after it has been iustalled in 
Chaoula pit. It was decided to open this pit and to fix the 

sensor 
for another use 
in the pits on campus.
 

2.1.1.2. Location of sampling points
 

The grain samples were taken on site by the research team. 
The location 
and the identification of 
these samples is shown
 

in figure 1. The locations correspond 
to the positions of 
temperature 
 sensors 
 i" the grain. All the samples were 
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analysed according to the flow diagram for sample analysis
 

indicated 
 in the first report. Additional samples were taken 

froa t he apper and lower zones of grain in straw pits ,
 

respectively named DZI and DZ2 as well as from the top of 

grain bulk in plastic pits 
as shown in figures 19 and 20.
 

In these areas of pits, 
 grain is 
 more infested 
 and
 

examination of samples focused on insects, molds and damage 

evaluation only.
 

2.1.1.3 Participants 
to 
the opening operation
 

During this opening of pits, 
in addition to 
the research team
 

members and graduate students , 
extension 
local agency staff
 

in Settat, farmers from 
the chaouia region 
and engineers from
 

a regional cooperative for grain stora g e were present. They
 

examined the 
 differences in grain quality due to storage in
 

two difterent 
conditions: 
plastic lined and 
straw lined 
pits.
 

Dr F. l)unkel, 
 principal coinvestigator in the project also
 

attended this 
First opening of pits.
 

2.1.2. Revision of 
sample analysis procedure
 

2.1.2.1 Consolidation of 
damage analysis
 

faculty involved
The in the project have 
selected 
 some
 

techniciens 
and graduate students 
of I.A.V to carry out the
 

analyses 
and laboratory work 
reloted 
to the research subject.
 

Two graduate students, already 
selected, 
 Mr Khalid Tlemcani
 



- 10 -

Fig. 1 	 Location of grain samples
 

first opening of pits
 

kP/,To0u. 	 *.I4P TOD)11
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Straw lined pits
 

_Q,'Samples to be analysed in three replicates.
 



---------------------------------------------------------

-------------------------------------------

Table 1.
 

Table of ccrrespondance between first, and new
appellations of experimental pits in settat 

First appellation 
 New appellation
 

P 1 
 AP
 

F 2 DS
 

F 37 
 CP 

p A;. . . . . .. . . . . . DP 

P 5 EP 

F 6 . . . . ... . . . . . .FP 

F 7 ... . . .. . . . . . . .6 

F' a . . . . . . . . . . . HP 

P 9 
 is
 

F IO . . ... . . i... . . s 

F 11 .. . . . . ... . . . .KP 

P12 
 LS
 

F 17. . . .. . . . ...
 . . MP
 

P14 
 NS
 

F15 
 OS
 

PI6 
 PS
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majoring in agricultural engi:veering and Mr M. Brahim
 

Abdel lah majoring in plant pathology will be defending their
 

M.S theses in Fall 1.988. Other students will be selected in 

the academical 89 a Syear 88- such Mr El GIali Abdellatif 

majoring in agricultural 
 engie. ing. 'hi; procedure has a 

very positif impact on the graduate training of students who 

benefit from the rcsearch environment created by the 
project.
 

Regarding the number of replicates per analysis, 
the research
 

team members decided, on their meeting of April 1.1 th, 1988 

to limit this nunber to three replicates. These replicates 

will be made on the samples taken from the 
bottom level; of a 

straw pit anid a plastic pit (fig. 1). 

As far as the procedure for sample analysis; is concerned, the 

fo lowing categories of damage ni 11 he analyzed on a sample 

of 3,00 gr or the standard sample size used in baselilne study. 

Each category of damged grain will be weighed separately. The 

catt gorips of damaged kernels compri;e: broken ( asse), 

hrulken (mince), deco]orated (decolorep , including taches 

noi res) , germinated (germes) , moldvisible (molsissure
 

visible), insect 
 holes 
 (trous d' insectes) , attacked germ
 

(ailso insect damage) , (germe attacke) and undamaged (grain 

non endommage). 
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!
2.1.2.' Oesignation of "emergency treatment"
 

Some namples taken 
 from the matmorns 
 require "emergency 

trvavment" These include samples for food microbiology, 

pI a nt pa thology ' food chemstry and biochemistry and food 

tecitnology analyses. These samples need within 24 haurs after 

being taken from pits in Settat, to be placed in zero degree 

temperature. 

2.1.3. Comparison of base 
line data 3
with months
 
of storage
 

2.1.3.1. Agricultural Engineering
 

[he Agricultural Engineering 
Department has contributed by 

carrying out on site measurments of data, coordinating and 

pLa in2 the overall research process. Dr II. Bartali with the 

contribution 
of Dr H . Debbarh supervised these activities 

which lacluded: 

The prepar'at ion for Vthe two pi ts opening, the regular data 

acquisi rjotE and processing, the de ter1mination of damages in 

thr s aople taken at each openinn, the analysis of the soil 

on t he pi tF. s ite, the invest ig a, ion of the stabili ty and 

mechanica l resi;ata,:.e of pitsa in terms of their size and the 

cq iti pme ipt of an unde rg round g ri in s t ora ge tc il Ity on the 

K ;titure campus. Cii the o Ic c h anid, or'dering of equipment 

and supplies for each contribut ing department was continued.
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lip, 3. System of acquisition and processing of data 

Acqu'isition of data U PAD Storage of data 

Pit - Dialogue Unloading 

Tern p e ral ur eRR 
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C) 
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During the visit that 
Dr H. Debbarh made 
in Spring 1988, to
 

the University of Minnesota, 
in relation 
to his dissertation, 

he discussed the grain storage project 
progress with Drs 

Dunkel and Sterling and checked some 
 of the equipment
 

ordering such 
as the microcomputer 
for the project
 

A. Data monitoring
 

Temperature, relative humidity and carbone dioxide 
 levels 

within 
the pits were regularly monitored by the Agricultural 

Engineering Department. Figure 3 shows 
 the system of
 

acquisition 
 and processing of temperature and 
 relative
 

humidit v. An Epson licromputer is used to collect the data 

ruom the on farm recording equipment. These data are stored 

and prnressed on 
 an IBM XT. The 
 levels of rainfal l
 

Settat.
 

core sponding to the first six months of storage are shown in 

figure 4. They were obtained from a nearby meteorologic 

station of the Research Center on Aridoculture in 

A.I. Temperature variations
 

The variations of temperature levels recorded over the fi rst 

six months of storage were used to examine the shape of 

temperature gradients 
in the soil 
of pit and in the grain

soi l system in vertical and horizontal directions for the two
 

types of lining. [he results are respectively shown in
 

figures 6 and 1, 
8 and 9, 10 and 11. Temperatures in straw 
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pits are higher than the ones 
in plastic pits. Pastic sheets
 

represent an obstacle to humidity and oxygen migration into 

grain. The relative disponibility of these two factors in 

s-iraw pits allow respiration of insects and fungi to take 

place and to 
 increase temperatur, of grain. This is 

particularly not icibie around temperature sensor a I where 

temperature in straw pits reaches 26. 5 C. T] i ,s sensor is 

located in a region of pitt more exposed to surface water 

infi ltrat ion through upper straw layer. Tenperature figures 

also reveal the of t r of soil on grain temperature. Curves 

obtai n d for sensors 1 and 5; 4 and 6 and 3 and 7 have a 

s i m i I ar shapes. Temperature at the bot tor"m is more stable
 

compared to temperature at the 
 top of pit. This is due to the 

above soil layer which has a damping effect on temperature 

fluctuations. Straw pits 
 present a relatively large
 

temperature gradient In vertical direction. This gradient 

induces movment of air and heat inside wheat and increases 

h n di ty oi grain at some locations of pit. 

A.?. Relative humidity
 

A sensor (type Vaissala) measured the variations of 
relative
 

humIdtv of intersticial air at the center of a straw pit 

(JS). These variations are shown in figure 5. Another sensor 

in s tal le d at the center of a plastic pit (KP) failed to 

operate prop r y a few lays after it was installed in January 

1988. This sens, r was removed at the first opening. 
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Fig 6. STRt W LINED PIT 
TEMPERATURE GRADIENT IN SOIL 
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Figure 5 shows 
sharp variations of relative humidity until 
a
 

sLabilisation 
is reached around 
the second month of 
storage.
 

The sensor utilised is 
very sensitive 
to presence of 
water at
 

its vicinity. At the center of straw pit. 
relati,, humidity
5 


reaches 76 %.
 

A.3. Carbone dioxide
 

Measurement of carbone dioxide levels were 
regularly taken 

from both plastic and straw pits. The results are indicated
 

in figures 12 and 13. 
The figures show 
that thv concentration
 

of C0 2 is higher in straw 
pit compar-d to plastic pits.
 

(:02 conceentrations in straw pi t>s reached ab out I % at
 

renter. The corresponding 
 values in plastic pits are only 

%. This confirms the presence of 
a higher metabolic activity
 

in straw pits.
 

B. Unit weight and moisture content of grain
 

Init al 
values of moisture content 
and unit weight of grain 

were compared to the values obtained after 3 month.n of 

storape The results are summaris;d In tables 2 and 3. The 

details of the calcula: ions for both straw arid plastic pits 

are respectively shown in tables 4 and 5. For plastic pits,
 

the un i t we I gh t of grain has sI 11 lit I y decreased and the 

moisture content s ightly ilicreased. In the straw pits, the 

moisture content Ins 
 increased 'ignificantly 
 in the first 

7 
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Table 2. Unit weight evaluatio
 

Type of Initial unit Average unit weight 
lining weight (g/l) after months (g/l) 

Flastic 775.52 770.5 

Ctrcawj 775.52 683.33 

Table 3. Moisture content evaluation 

Type of Initial mrwisture Average moisture 

I int% content % content after ,
 
months of storage
 

L1.7,6 L2..045
FPlast ic 


18.26St=il.76 

http:St=il.76


Table 4. n it 'ei 

ri 

ht and oistire 

3trawmonths of 

Content 

Storage 

of Grain 

Pit Samplie 

Unit weioht 

o wet 4rain 

oist re 

onten.-

rnit weiht 

of dr, .rain 

'wet 
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weight 
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Table 5. Unit h'eip-ht and ,.,oisture Zontent of Grain 
°iastic pit, 3 months of Stora.g:e 
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C oun
Zone in 

f avera,-e un1: 
ieciht o"f 

averac-e 
MCIst -re 

%e, 'i n cran-,n 

E7 (Top 
ED766 

7.55*766 
30 7-

00., 
9 

770 . ,7 758" 
S7 

7. 07
E,.6.,l2 P_., 

78 5' 
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786 

,991 
,. 

2_,,3 

] 770 

.7eanrl1 
St. Dev. 
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r65 

c . 61 785, Go 

K:P (Tor 7 6 4IA 780 
VP 1 766 

K 7677- 41 7 . 
,-p 7 " ., 4 CS 

AII? 
81455,20

186 ZZ, 89 
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St.De.. 7e3,48 
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three months of storage. This 
has probabl'y been 
caused by
 

infiltration 
of water into the 
 pits . During this period
 

figure 4 shows that a relatively high amount of rain has 

fallen 
in Settat.
 

C. Waste and damage evaluation 

At the opening of pits, i wast noticed 
that wheat stored in
 

piasic pits showed almost no traces of visible damage, txcept 

for the plastic pit KP where rain water has lenked along the 

plast ic pipes protecting the wires used for daca measurement. 

This leakage was accidental and was avoided since. On the 

contrary, on wheat coming trom s t r aw lined pits , there 

exist-d t;o zone. of damage. One zone co l)rises the top layer 

of the grain mass in the matmora, 8 cm thick and a strip 

along the edges of the pit. This strip presents an average 

width of 3 cm at the upper level and I cm at the bottom 

level,. Wheat belonging to his zone presented a yellow-grey 

colot and a rot smelling. Cakes of wheat were noticed. The 

other zone of damaged grain is located at the bottom of the 

pit and has an average thickness of 4 cm. Wheat from this 

zone is ye] low-grey, very wet and roted. 

Fcr the laboiatory analysi!, samples of 5 kg each were taken 

at different Ieve ls of the opened pits. These levels 

correspond to the positions of temperature sensors 1 to 4 and 

to the upper lev, of pic. In addition, samples wece taken 

from the very bottom of grain in straw lined pits. Figures 
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Table 6. Percentage waste evaluation 

_.-----------------------------------------------------------------------


Type of Initial percentage percent,igo of waste
 
lnlnq) of waste 
 after 3 monthsi
 

pl at Ic 3.514 
 . 296
 

tr3.514 
 2.974
 

Table P.
Percentage damage evaluation
 

Type of Initial percentage Percentage dam-ageof 

lining of damage 
 after 7 months
 

Flastir: 7. 758 7.110 

st:raw 7.758 
 20.61
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19 an 20 indicate the difterent regions of sampling. A 

comparison of initial percentages of waste and damage on 

%'heat: before. storage and af ter 3 months of storage was made 

and is present.d in tables 6 and 7. The details of evaluation 

of damage, waste material, odor and color changes are 

indicated in tables to 11. 

D. Second Opening of pits 

A ter a period of six months of storage, 4 pits: BS, CP, HP 

and NS were opened on June 30. A large number of farmers, 

reseachprs , extension specialists and fromrepresentatives 

the Ministry of %gricultur, as well as Dr R. Sterling, 

Diroc tor of rhe Under-ground Sp,,e Center at the University of 

Minnesota and co InlVet igatcr In the project attended this 

succes full opening. 

Activities rel ated to the secon d opening of pits will be 

included in the third progress report. 

2.1.3.2. Plant 
Pathology
 

Dr. B. EZZAHIRI
 

A- Preliminary 
tests of barley for storage fungi
 

In the preliminary 
 experiment on underground grain
 

storge on I.A.V campus, barley stored 
in two types of pits
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with straw and plastic lining 
for 6 months was evaluated for
 

storage fungi.
 

Table 12 Average 
% of surface desinfected 
barley kernels
 
from which stor age fungi grow on Malt-salt-agar
 

AVERAGE 
 * (M)

FUNGI 
 Flastic 
l ined Straw lined pit
 

p i t 

Aspergillus candidus 
 10,75 
 35.50
A. ciavat-us 06.25 
 19.50
A Flavus 03.87 
 23.00
A. glaucus 03.50 
 19.25
A. versicolor 13.25 
 31.25
A. niger 01.25 
 00.00
A ochraceus 
 01.62 
 00.00
A. terreu 02.00 
 28.00
P'cii 11 inM sp. 00.19 
 01.00 

Av, rage of 4 samples, 50 kernels per sample 

After 6 months of storage, nost species of Aspergillus 
were
 

more frequent on 
barley kernels from 
straw 
lined than plastic
 

1 [ned pi ts, while qualitatively very small difference was 
detected 
between 
the two types of 
pits. The low frequency of
 

occurencQ suggests the improved cenditions 
of storage in
 

plastic lined pits as reported in the previous progress
 

re por t. 
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B- Tests for fungi in durum wheat kernels before and after 3
months of storage in two types of pits.
 

Wheat samples from straw and plastic lined pits were 

tested first for germination beforr and 3 ofafter months 

storage. The germination test was conducted on filter paper
 

in petri dishes at 23 C. 

Table 13 
 Percentage germination of durum 
wheat kernels 
after 3 months of storage in two types of pits 

% Germination * 
Sampling loction 
 Plastic lined 
pit Straw lined pit
 

Top of pit or DZI 87 20
I' cm from top (1 ) 81 
C er (2) 

42 
79 

Bot om (3) 
52 

81 

Na- the edge (4) 

49
 
76 
 48
 

Averae oif 3 subsamples 100 kernels each 
(1) to (4) numhi r of sampling locations 

97 % of kernels germinated before storage. Significant 

reductiodi in germination was obtained for kernels from straw 

lined pits. while a relatively high germination capacity was 

maintained for the wheat stored In plastic lined pits. 

C- Tests for fungi 

subsamples of 50 kernel s each were taken from each 

;arlple. Kernels were shaken for 90 see in 10 % NaC10 and 

placed in ppe ri dishe s containng malt agar containing 8% 

Three 
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NaCI and 200 
ppm Tergitol NPX. After 
incubation at 
27 C for 8
 

to 10 
days, fungi growing from the 
Iernels were 
identified
 

and counted with 
the aid of a 
dissecting microscope.
 

Table 14 Average % of surface desinfected durum wheat
kernels from which various fungi grow, beforeand after 3 months of storage in plastic lined pits
(PLP) and straw lined pits (SLP) 

W infoction 

Fungi 
 Before storage 
 3 months of storage
 

PLP 
 SLP
-
 -
 - -
 -
 -
 -
Field fungi : - - - -


Alternaria 
tenuissima 
 83.87 
 11.18
Fusariums p. 01.52
 
01.50 
 06.46 
 01.46
Fusarium ro:;eum 00.00Hlelml ntho;porium sp. 03.12 00.5800.00 00.06 00.00 

Intermidiato Fungi : 

Cladosporium ;p. 03 .50

Stemphyllum botryosum 

04 .18 01.44 
02.18 00.06 00.00Scopulariopis sp. 
 00.00 
 01.32 
 C1.52
Syncephala :s;rruin sp. 00.00 00.00 00.20'I'richorthf iu roseum 00.00 00.00Rhizopu' ;P. 00.20 
00.06 00.26 00.00 

Storage fungi : 

Aspergi 1 Jun glaucus 01.25 01.06 31.44A. candidu. 00.37 00 .64 27.18A. flavus 00 31 00.86 23 .78A. verslcolor 00.06 01.58 20.98A. ustu; 00.00 00.00 15.12A. fumigatus 00.18 01.26 11.32A. terreu; 00.00 00.00 10 .84A. clavatu.,; 00.50 02.40 09.78A. cremeus 00.00 00.00 09.38A. restrictus 
 00.00 
 00.00 
 03.96
A. ochraceu; 00. 37 
 00. 38 
 03.12
A. niger 
 00.50 
 1.92 
 00.84
A. sp 
 00.00 

Pentcillium chysogeneum 

00.00 12 58 
00.00 
 01.72 
 18.32
P. cyclopiu! 
 00.00 
 00.00 
 16.i2
P. frequentens 00.00 02.38 07.12P. sp 
 01.25 
 01.78 
 10.24
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After 3 months of storage, 
the two types of pits differ
 

significantly in the kind and the amount of storage fungi. 

The species Penici I1 i m cyc 1o)i u . Aspier i us ust s , A. 

terreu;, A. cr!ene, and A. rttricts were only foundr on 

ke rne 1.- s tored in st raw lined pits, A relatively high 

frequency of occurence of storage tungi was als. found in 

kernels from the straw pits. The e, A.A..)Ic U Sc A. 

c-and i d us A . f 1 a vus A v r . c) Ind Penic illlor ium 

chrv!;of'enum occured at a frequency ranging from .8 to 31 %. 

Storage fungi occured at low frequencies in plastic lined 

pits, l es s than 3 ' . Therefore, this represents a significant 

improvement in storage cundi t ions. 

Data on non-desinfected kernels and incubated in the 

same manner as previously described will be presented in the 

next progress report. Also, we are in the ofprocess analyzi

ng the effect of :;ampling position from the pit on the 

frequency of occurence of storage fungi. This will be 

presented in the next report in relation to temperature and 

moisture.
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2.1.3.3. 
Plant Breeding
 

Mr Z. EL FATEMI
 

A- Germination 
test
 

The germination test was run again in the laboratory of 

the D.P.V.C.T.R.F. 
(Direction do li Production des Vdgdtaux, 

Controie Techniqu e et- Reprts: ion des Fraudes) . Thanks are 

expressed to Mr. TOURKMANI for his help. This test was run as 

it was described in che first progress report. 

The res ,1t 
are summurised in 
table 15 :
 

Table 15 Summary of the germination results
 

Sample location Mean 
 Standard Deviation
 

Strawpir
 

1 51.68 
 24.32 
2 79.62 
 4.87
 
3 39,96 
 33.28
 
4 41.88 17.55
 

DZI 
 0 
 0
 
DZ2 
 0 
 0
 

Plastic pit
 

1 92.62 
 4.55
 
2 95.62 1.80
 
3 95. 75 2.54 
4 
 84.62 
 14.55 

In order to asses if there is any effect of lining or 

site on germination and to detect if there is an interaction 
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of lining and site, 
 an analysis 
of variance 
was run. The
 

mode] used 
is a split-plot with 
lining as the 
whole plots
 

treatment and 
site as the 
sub-plots treatment. The 
analysis
 

of variance is 
summurised 
in table 16.
 

Table 16 Analysis of variance table 
for germination
 

Source 
 DF SS 
 MS 
 F 

L.ining ------1 24175 24175 63.598

Replication 
 7 7505.1 1072.2

Error 1 7 2660.8 380.12

Site 3 5373 1791 
 iA.514
K.ining*site 3 
 3314 .2 1104.7 
 6.485

Error 2 
 40 
 6813.8 
 170.35
 

Total 
 61 
 49842
 
Grand average 
 1 338450 

The analysis of variance 
shows that the effects of 
lining and of site are highly significant and su is the 

interaction 
of both factors.
 

Table 15 shows that germina tion of seeds from straw
 

lining inatmoras is lesser than those from plastic lining 

matmoras. 
The germination of seed from real top (DZl) and 

real bottom (DZ2) of 
straw lining natmaras 
was 
nul. The seeds
 

from the outer ,art.E: tie r r I i:1 , ,ir, matmoras (top, 

bottom and sides) have the ]owiest germination (less than 52 

1) . Those frvoin thi cente f t he straw lining matmoras have 

about equal germination than those from 
 the side of the 

plastic lining matmoras (79.6 % and 84.6 % respectively). 
The
 

germination of the seed from the top of the plastic lining 

matmoras is 
just a little lesser 
than the germination of 
the
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original 
seed (92.6 
% and 95.7 % respectiely). While 
the two
 

remaining locations 
 (center 
 and bottom) didn't 
 show any
 

decrease of 
germination.
 

B- Early vigor 
test :
 

The early 
vigor was assessed by measuring seedling dry
 

weight in a growth chamber (at 24 25to C) at 21 days after 

planting. Seedlings were cut, dried at 80 C for 30 hours, and
 

weighed. For this tent, it is considered that better quality 

seed is supposed to produce heavier seed] ings; The seedl ing 

dry weigh.t rom eBeedlsbefore storage, is summurised ir- table 

17. Each sample wa;y run into two replications. These results 

show that the seed used for the undco ground storage is 
uniform concerning early vigor. The results for the seed at 

the first openning are summurised in table 18. 
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Table 17 : Seedling dry weight from seed before 
storage
 

Sample number 
 Seedling dry 
weight
 

(Ing)2I 

500
 
480
 

3 

4 


450

5 


550

6 


580
 
7 


550
8 

600


9 

490
0 
500
10 

480


12 

570


13 

590
14 

590
15 

570
16 

580
 
600
 

X - 542. 5
 

Table 18 Seedling dry weight 
after 3 moths 
of storage
 

Lining 
 Site 
 Mean (mg) 
 Standard deviat4,
 

1 
 1 
 20 
 4,08
1 
 2 
 150 
 18,26
1 
 3 
 78.75 
 8,5,.
1 
 4 
 71.25 
 8,51
1 
 real top 
 0 
 0
 
real bottom 0 02 
 1 
 460 
 82.06
2 
 2 
 520 
 62.72
2 
 1 
 327.5 
 34.032 
 4 
 392.5 
 43.49
 

The analysis 
of variance for seedling dry weight 
(table
 

19) shows that 
the effects 
of lining and 
site are highly
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significiant. 
The interaction of 
both factors is 
also highly
 

sIgn ificant.
 

Table 19 : Analysis of 
variance 
table for seedling dry weight
 

Source 
 DF 
 SS 
 MS 
 F
 

Lining 
 1 
 952200 
 952200 
 574.90
Rep:'caLIon 3 5593.8 
 1864.6

Error 1 3 
 4968.8 
 1656.3
 
site 
 3 78606 26202 
 14.70
 
hi ing* Ite 3 38956 12985 7.29
Error 2 18 
 32075 1781.9
 

Total 31 
 1112400
 
;rdud Average 1 
 2040200
 

Table 18 shows that the 
 seed from the 
 straw lining
 

matmoras 
was less vigorous than the one from the other 

matmoras. 

The seed from the plastic lining 
matmoris have 
different
 

seed vigor according to the different sites. That is to say 
the ones from the bottom and the s ides of the matmora were 

less vigorou:5 than the oneg from the center and in a lesser 

degree, from the topo-the vigor of the seed from the center 

of the plastic li ing mat.ora wasn't affected by the storage 

since it is about equal to the original seeds'vigor. 

C- Conclusion
 

The plastic lining 
seems. 
so 
far to protect, 
the best,
 

the seed germination quality and 
also the 
seed vigor.
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2.1.3.4. 	Entomology
 

Mrs. K. BOURARACH
 

Before 
 the grain was stored, samples were to
taken 


assess 	 insect damage 
 on wheat kernels (refer 
 to first
 

report). 
After incubation at 
27 C we 	 noticed that many insect 

pests were present (table 20). 

When matmoras were opened for the first tin, five 

samples 	 of di fferent locations were taken from each matmora. 

The seiving of the samples was carried at the Departement of 

Ag. Engineering. With the 	 exception of some 	 dead insects, 

all four 	matmoras were insect free (table 20). The same table 

.Phows that matmoras lined with straw were more damaged by 

insect pest than matmoras lined with plastic. There was also 

more visible decay. All these sifted 	 samples were then 

incubated at 27 C for 5 	weeks. Table 21 	 presents the sanitary 

state of 	 these samples 	 after incubation. 

1. All samples 
were heavily infested by ararians
 

2. The number of acarians were in 
some cases extremely high,
 

the abundance of 
acarians was preoentecd by: 
(+) very 	few,
 

W+) few, 	 (+++) many and (+-;I ) very high number of 

acarians. 'e these 	acarians pests or not ? 	We are 

identifying them. 

3. It was noticed that all 
variables werL higher 
for
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matmoras lined with 
straw than matmoras lined with
 

plastic. These diferences found after 
only three months of
 

storge can already favor the plastic method of lining 

over the straw mehtod. 

In conclusion, unlike before 
storage, insects were
 

absent 
after storage, this may be due to environmental
 

conditions inside the matmoras. 

Table 20 : Samples of 
wheat before storage examined after
 
one month and a week of incubation 

Sample Presence of insects Number of
 
number . ---------------------------------
 kernels 

Coleopteras Lepidopteras Others presenting 

holes and 

black spots 

1 Rhigopertha 40 
domi nica (1) 

4 Sitop)i lus 
granarius(l) 
 49 

13 Rhi:'op r tha Indetermin6s - 36 
domliii ca (l) (2) 

5 Rh i ::opetha. -
do rin i c a ( ) 127 

16 Rh I zopertha  - 31 
d om in i c a (2 ) -- ---- - -- --

m - 56.6 

SD- 35.69 

number of insects 
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"1,LV 21 : Damages and depredators at the first control before
 
incubation
 

DAMMAGE P1 * INSECTS
 

Sa 1.: 	 Kernels Shrurn-j) DecoIo- Broken Visible Other Spe- Live Dead 
with rated ken mold damage cies 
ho Le h 1ack 

s p 0 t s 

F P/T 0 	 1 5 3 7 0. 8 0.2 	 1i.4 -E11] 
 O. 3.0 
 1.5 0.3 
 0.5
El2 	 0 / 3.4 1.6 
 0.4 
 1.3

EP3 	 0.75 4.t 0.6 0.45 

EP4 	 (. 9 2 7 2. 6 

-1.5 

0. 50 
 - 1.6 
0.5 2 	4P 0P/il; 	 1 .0 0 ,4 0. 3 1.4


El 	 0.9 2 9 1.3 0. 3 1.1
 
H 58P? 2 8 0.8 0 .3 
 1.2
 

El4 (K,. 3 0 2.2 0. 
 6 1.6

El" 0.4 1.8 2 .4 0.1 
 1.7 Larva I 

buterflv
 

M ------------------------------------------------------ ----------------------0.78 2.98 1.48 0.35 0.03 1.33
 

SD 	 0.15 0.62 0.68 0.14 
 0.09 	 0.33
 

P0,I/DZ I 
"0
PSI 	 0.5 3.5 0.9 - Ant3.6 	 0.2 1.9 2.1
IS 	 0 4 
 0.7 0. 3 0.2 2.4
 

PSI 0 5 2.0 0.8 0.6 0.3 0.6
 
PS 4 0.3 1.7 0.1
2.5 0.6 2.5
 
PS/DZ2 
 1 0
 
OS/D:'.]  100 -
Os] 0.8 3.3 0.9 0.2 0.5 
 2.2
 
0S? 	 0. 7 2.9 0.6 
 0.2 0.4 1.7
 
0S3 0.3 3.5 1.3 0.6 0.3 1.9 
OSA 1.1 3.1 0.9 0.6 1.2 1.0
OS/Dz? - - 100 -

I 	 0.57 1.92 0.72 0.23 33.78 1.2
 

SD 	 0 .27 1 .46 690. 0 .23 48 .91 0. 99 
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Table 2 2 : Results after incubation 

Samp- Kernels Decol Shrun- Broken Visible Other lack Spe- Dead Acalos: wit], ken mold daina- cot cies riens 
ho I e 605 

KPI /, 242 29 30 - 70 - - - 450 4fFP2 11) 210 77 41 
 16 
 -	 500 +KP3 8 534 188 39 
 8 
 -	 153 -* KP4 56 
 171 31 
 5 	 144 
 -	 600 i
EPI Sample non exam i ned
EP2 - 113 22 18 27 
 - 100014,EP3 30 
 272 141 31  64  1000i*EP4 39 156 68 48 23 84  88
 

m 21.43 242 57 79.43 37.43 3.28 59 -	 5'.541. 


SD 18.96 128.88 58.43 11.40 0.05 43.87 - . - 336.1 

0s,/l)ZI 169 3 8 6, 26 --------. 46 142 	 2000 f )iOS1 61 283 L47 48 41 !66  2000 *fOS 44 (04 98 37 112 81 1I0001*
 
o ; 15 0 1 1 52 4 1. 17 16 1 	 , 0 )0 ; f IC)4 2 / 299 46 20 163 26 	 Q2000()OS/ 	

-
Z2 '8 41 84 	 19 367 2000) ,IPS/57.[ SatpJ .i very infested with I o Ids non examinedPSI 104 181 	 4098 86 47 	 Psocoptere 1 *4,9* 

( Psoque)Ps 2 11 1 80 125 51 8 34 30o f 4P 3'" 20 41r 87 35 65 61, 	 0 1200
Ps4 1 42 163 79 	 6535 	 64I O190f Ii's/1)Z2 Samp 1 e very infested 	 with molds non examined 

64.7 213.2 98.3 35.2 92.9 68.9 14.2 - 1219 

SD 46.45 102.,8 
 32.23 10.25 ;02.86 51.88 42.6 
 - - 809.72 

Note: rio live insects were found.
 

in: iaean; SD: Standard Deviation 
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2.1.3.5 
Food Chemistry and Biochemistry
 

Dr B. BEN JILALI
 

A- Precisions 
 on the methodology
 

1. Humidity : The humidity is expressed in % 

of dryed materiel. It was determined by dessication of grain 

at 103 C during 72 
H (AACC 44-15A),
 

2 Relative humidity : The relative humaidity 

wAs determined 
on the whole grain by a 
ROTRONIC HYCROSKOP.
 

3 - Fat acidity: The free fat acidity was
 

determined on the whole flour using the AACC method No 

0 2 - 02 A. 

4 - Peroxyde value of lipidic fraction: The 

i ipids were extracted on a soxhlet apparatus with pet. etler 

40-60 C. The peroxyde 
value was determined following the 
AOCS
 

official method CD 8-53 (1960 raapproved 1973). 

B- Determinations not done
 

1 - Vitamin BI evaluation 

We suggested to 
 follow the 
 thianine evolution during
 

storage. 
We have tryed to use the fluoremetric 
method as
 

described by the AOAC (thiochronic method) . This method 
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3
supposes excitation at ? 60nm and emission at 435 nm.
 

At the IAV Hassan II we 
 have a fluorimeter 
 in a
 

neighboring 
 department: Turner model 112 with fixed 

wavelength bands (filters system). 
The best available tilters 

tor us are : 

for excitation 
: 110-8l1 (A 320-390 nm) 

for emission : (110-81c 42 A (Q > 15nm) 

So the bands given by those fil ters are too large and 

interferences of other substances during thianine
 

qunntification 
 of samples are too important. After several 

tral.s we were obliged to conclude to the poor validity o

:e ; u I t S.
 

To solve 
this problem, 2 solutions are to be
 

cons idered : 

- The best one is to have one spectrofluortmeter 

with a monochromator. 

Or, if not, to have filters with fixed 

wavelengths: one at 360 nm and the other at 435 nm. for the 

available spectrophotometer. 



C 

2 - Aminoacid evolution with a special
 
reference to lysine 

This determination can b, done with the aminoacid 

iiutoanalyso avallahle in our department. Unfortunately we are 

s;h rt of one chemical : the thiodiplyrol . We coundn' t find 

this product in local market. Waiting for this product , the 

saples were in the meantim hydro ysed and stored for later 

an aly'ses. 

Some comments on the results 

The results given 
in table 23 
are worth 
some comments
 

I. Moistures 

The samples provided from plastic matmora hoave moistures 

ranging from 12.30 to 19.78 % with anl average of 12.09 %. The 

samples provided from straw/matmora showed moistures 

co:nprised hetween 15.48 % and 18. 3 % with an average of 

16.271. We conclud from these result that plastic protects 

the cereals in storage from an exceq moisture. 

On the orher hiri, the moisture in cereals from straw matmora 

increase; at a idPs and utrface of miatLnora. In the former 

nat miura type, the mo[itre wan roughly coist nt . it can be 

infered that excess of moisturo in the straw matmora is due 

to water infi i trat ion and plascic apparently is a good 
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protector against water 
infiltration.
 

2. 
Relative humidities
 

The 
relativ, humidities 
of samples 
from plastic matmora 
were
 

about 66 *,. This 
level of relative humidity would not 
 permit
 

bacterial , yeast and mold prol ife rat ion, and, slows 

considerably 
the extent of 
enzymatic reictions.
 

On the opposite, in the sample; from straw matmora, the 
relat ive humidity values were between 76 and 83 %. In these
 

condi Lions 
 all deterioration 
 phenomena 
 are possible,
 

especially fungi 
development 
and enzymatic activity. Thib 
was
 

indeed confi rmed 
 by visual observation. 
 Organoleptic
 

evaluation 
Af samplIs showed that wheat from straw matmora 

had relatively strong 
aroma.
 

3. Free fat acidity
 

Regarding free fat acidity, wheat samples from 
straw matmora
 

rather developed, in the average, high free acidity values 

than corre:;ponding samples fro.,m plastic matmora, i.e. 114 mg
 

KOI/l00 g fl our (I'S] sample) ,120 (PS4) , 91 (PS3), 66 (PS2 
and 

OS4) and ,1 (OS I ) .The EP2 was; the only s;ample from 

pa t c/matmora gave a comparable
that acidity 77 mg 

KOHl/100 flour.
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it can be concluded 
that hydratation 
of stored wheat 
in the
 

straw matmora 
 induces 
an increased 
lipid hydrolysis. This
 

might be attributed to 
2 different v"auses 
:
 

* hydratation 
 can help the activity of endogenous 

enzymes. 

- hydratation facilitates 
fungi development
 

especially lipolytic species.
 

Whatever 
 the cause of this phenomena is, the increased flour 

free acidity, a such lipolisis will have great impact on 

thechnological 
 and organoleptic 
properties 
 of the final
 

product: the flour.
 

4 - Peroxidevalues 

the increase
With of free fat acidity 
we could expect a
 

speeding up 
of the oxidation phenomena. The 
free fatty acids 

are 
 more oxidable 
 than the triglycerides. 
 However, the
 

resul t.; of th P peroxidevalue. do not show significant 

differences. 
Thi; may be due 
to moisture 
content of samples.
 

The auto-oxidat-ion 
 is higher 
 at low level 
 of relative 

humidity (table 23), 

5 - Wheat aroma 

The samples from 
straw matmora showed a stronger aroma than 
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Table 23 
 Fat acidity and 
lipid peroxyde index.
 

Moisture 
 Relative 

Sample No 

Fat Acidity Lipid peroxyde
contenent hum!dity 
. mgKOII/100 index
 

flour


EPI 
 12.30 
 67.2 
 31.8 
 11.9
EP2 
 12.17 
 66.9 
 76.8 10.8EP3 
 12.07 
 66.1 
 38.2 
 9.5
EP4 12 .16 66.9 20 .4 5.2
KPI 
 12.27 
 68.4 
 40.9 
 2.9
KP2 
 12.16 
 66.6 
 45.2 
 2.6
KP3.1 
 11.78 
 66.7 
 39.9 
 8
VP3.2 
 11.78 
 65.6 
 40.8 
 8
KP4 
 12.12 
 66.9 
 40,7 6
PSI 
 16.40 
 83.1 
 114.2 
 3.1
PS2 
 16.10 
 81.5 
 66.3 
 8.5
PS3 18.30 87,8 91.1 9.3PS4i 17.19 85.6 119.8 6.405 15.92 
 80.4 
 60.7 
 6.5OS2 
 15.48 
 79.1 
 46.9 
 9.2
0S3. 1 15.63 76.0 41.7 3.4OS3.2 15.63 74.8 43.6 3.4OS 
 15.81 
 83.7 
 66.5 
 9.8 
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those from 
plastic matmora. This may be due 
to
 

- lipid oxidation, but we have seen 
that there were
 

non significant differences between 
the 2 types <.f samples : 

. lipid hydrolysis: it ca" explain, at least, part 

of the aroma incr-e ase in the s traw matmora. 

- non enzymatic-browning reaction: the optimum of 

this reacti is; between 60 and 80*, of eIatVi, huidity. 

This is the case of all samples, Therefore the cause of 

di fferences between straw matmoras 
 and plastic matmora
 

.amp es could thebe amounts of reducing sugar and free 

aminoacids available in samples. We can assuwm that in the 

t raw matmora we do not have lipid hydrolysis only (free fat 

acidity), but starch and protein hydrolysis also. So, we are 

planing for the next sampling to determine reducing sugar. 

2.1.3.6. 	Food microbiology
 

Mr GOURAMA & Dr 
TANTAOUI
 

In this 
report, partial results relative 
to the study of
 

samples 	taken 
on April 	6 th 1988 will 
be presented.
 

A- Mycological Analysis 
:
 

On each 	sample, the 
following determinations 
have been
 

mi de 



- 59 -

a - The percentage of seeds co'ltaminated with molds. 

Direct technic was used, the grains were placed on Malt Agar 

medium in Petri dishes after disinfection with 50 % NaHCLO 

solution for min and washing with sterile distilled water. 

b - The number of mold s;pores per gram of wheat. Serial 

dilution in 0.9 A NacI Solution containing 0.01 % Tween 80, 

and cultivation 
on Potato Dextrose Agar at 25 C for 4-5 days 
were utilisd. T[he number of thal 1i were 
counted and reported 

to 1 gr of sample. Furthe rmore, from uach sample, 5 to 

t ha I I i have been i so late d , pu ri fi e d and stored on Czapeck 

Do:.:-Agar for further identi ficatication . The total number of 

molds isolated is 115. Table 24 summarizes the results 

obs e rye d. 

B- Mycotoxl.n analysis
 

A multldetection method was chosen to detect three 

mycotoxins: Aflatoxin BI, Ochratoxin A and Zearalenone (see 

reference), chloroform extra.:tion was made and the extracts 

frozen and stored for futhtr steps. These, i.e. layerthin 


chromatographic partit inning of the toxi ns and thei r 

confirmat ion, 
wi II be done as soon as the delivery of all the
 

chemicals needed will 
be accomplished. 

10 
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Table 24: Results of the mycological analysis of the samples

after 3 months of storage 

.----------------D6
 signation 
 0 of grain Number of fungal 
 Number of molds
nf sample contamn ina- spores/t, isolated and 
ted 
 stored
 

-
PS1 
 94 
 1. 5.106 
 8

PSI 
 97 
 6.0.105 
 10
PS." 
 100 2 2 .105 5PS!4 100 
 7 0. 105 50S1 P 5. 0 .105 P
OS2 
 P 2. 0 .105 POS a 88 3. 5 .104 70SMb 89 
 4.7.104 10
053 86 3.1 .104 
 7WS 4 P 3. 0 104 P
 
EP1 88 
 n d. 5
 
EtP.)90 
 2 8 .102 7
 
EP '1 83 2 7 .10? 6
EPP 86 3.0.102 7
KP1 
 96 4 .0.104 
 8 
<P2 2 5.0. 104 8
KP3:; 94 1 2. 102
KP3I, 88 
 2.0.102 
 17
 
KP3 91 
 1.0.102
 
K94 q6 5.0.104 5 

TOTAL 115

P : still in progress
 
n.d. non determined
 

C- Analysis of wheat kernels before 
storage
 

The results of this analysis are shown below:
Percent ,e of kernels contaminated by molds: 100%
Number of molds 
 spores per gram of sample: 940 sp/grNumber of Stump (souches) isolated and conserved: 

D- Re fere ce
 

LE TUTOUR B., TANTAOUI -ELARAKI A. and BELHELBA A. 1903
Recherche do 1'aflatoxine Bl, de ].'ochratoxine A etde la zoaral,wlone dans les farines de b16 - Actes 
[nst. Agro. 
 Vet. - 3, 65-69. 

16 
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2.1.3.7 Food 
 Science
 

DR. M. BAKHELLA
 

A- Introduction
 

i. Mixograph test
 

The mixograph is 
 used to measure possible rheological 

chrges i n flours issued from stored wheat grains. This
 

apparatus 
is widely used to measure the mixin, properties of
 

flours. It is a rapid test and requires small sample sizes.
 

It. rugisters a definite 
 eak at; the optimum mixing timne and 

in; ens;itive to changes in mixing time. 
The important indices 

ohtained f rom t a ixog ran are :
 

I- Peak time (ii::ing time) 
2- Peak height 
3- Mixing tolerance ang'le
 
4- Weak n ing angle 
5- Widhv oft mlixOI-gil i at the peak.
 

Contrarily to the 
data of the farinograph, the mixograph
 

curves 
are good indicarors of optimum mixing time, rate of 

dough breakdown and an approximate protein content. The peak 

time can he "sed to predict . t, I a f volume a fndoxidtation 

requirements. M::itng 
 time decreases as protein content 

increases to about 12 then, remains fairly constant. Peak 

he i ,t de ,teastes with decreasing protein and increasing 

ab.s orption. The larger the angle of mixing tolerance the less
 

the rate of dough breakdown is . Doughs that have a large 

weakening angle tend to overmix eastily. Finally, the width
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of the mixogram at the 
peak increases 
with larger amounts of
 

proteins.
 

2 Falling number test
 

This test has been introduced in 
the previous report.
 

B- Procedures used
 

I - Falling number test
 

Refer to first report.
 

2 - Mixograph test 

The swanson  working mixograph (National Mfg 
- Co., Lincoln, 

Nebr. ) was used. 30 grams of flour 
were used in every test
 

s;ince we have a 30 gram version and not a 10 grams (F oney 

and Shogrein, 1972, and 
 Hoseney, 1988: 
 Personna]
 

communicat ion). 

The whoar s aimp analysed 
the

as are 16 sub-samples of 

d rurm wheat cu rivar 2909: OU d ZUnat!i before s;torage , and 16 

otheor aa es 
of rhe saimela
i clL t ivar s0tored in uniide rgroun(d p its 

under dliffternt s 
orage condition.; 
 Th e; llat tor 16 samples
 

weret ake r from different positions of the pits (fig. 1) and
 

mil led the same way. The flours are supposed to have almost 

jdtt ical moisture content:s 
 which was manitained fairely
 

constant by putting flour samples in scaled plastic h gs and 
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stored at 
4C before use. 
This allowed us 
not to correct
 

flour weightE accordingly 
 (after determining 
 the optimum 

water absorption level). In fact, as will be discussed in the 

results later, the 16 non-stored wheat sub-samples gave very 

s in 11 ar curve s by ad d i n g t h e s an e vo I unm o; of wa ter to the 

same weight s of flour. Flour saiple; (is;tared at 4 C) are 

t. I I I available in case we want LO r7,,istor new curves and 

run imoisture measurements to see whther some small changes 

in curve shape are due to the mini sture problem or not. This 

discussion might be reported in the neet repurt but fully
 

discussed 
 in the final report. 

To determine 
 the optimum 
 water absorption, 
 several
 

absorption levels were used as described by Finney and 

Shobren (1972). The alternative of using prottein content to 

determine the absorption level (as cUser i bed by the AACC 

Method 54 -40) was not fol lowed andtl is known to he less 

accurate than the first method. Several samples were analyzed 

and all of them gave sini lar curves att different: moisture 

levels and exhibi ted the vame olt)imum wat:etr absorption 

indicatiug ha: the original flours have pra cticall y the same 

moisture contitonr.;. 'n cgisti r 0ur c(211o ves , we Iihen used the 

following proce.dure : 30 grams of flow wo,t-e mixed with 20 

mi. of 1120 (about 6] A absorption level : I flour weight for 

I il nll Ies , TI i v I i Inie wats v0tio ligIt oh t i i a1 n pls y - t o- read 

curve. Tlh,- slotLhook was in t:he outer-most positlion (Slot 12) 

of spring-tension-index bar as rcommneaed by Finney and 
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Barmore (1972) .
 We observed that 
lower positions gave higher
 

peak hights and very easy-to-read curves, but the 

oscil lations have slightly smal ler ampl itudes that can be 

adjusted by slightly changing the absorption level. However 

we kept using the former procedure ar' repCLted A the 

11tterature. 

C- Results and discussions 

1. Falling number 
test
 

Falling numbers 
of non-stored 
and stored wheats 
(the numbers
 

were corrected 
to 14% m.b.) are Ehown in table 25.
 

In general all these numbers are very high indicating 

that non-stored and stored wheat-s are very hypodiastasic . 

Wheats from plastic i pits.ned have in general higher values 

than whaans from straw-lined pits. When several storage 

periods will be covered, a variance analysis will be carried 

out as t o better visualize differences among samples of 

differeht pits. 
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Table 25 Falling numbers of 
wheat before storage and after
 
3 months of storage
 

NON STORED WHEAT UNDERGROUND STORED WHEAT 

.----------------------------------------
With plastic lining With straw lining 

Sub-sam- Falling Sub-sam- Falling Sub-sam- Falling Sub-sam- Fallingple no number ple no number pie no number p]e no number
(sec) (sec) no (see) 
 (sec) 

608 9 628 KPI 574 
 OSI 566
2 101 
 10 678 KP2 720 
 0S2 625
3 685 
 11 593 KP3* 689 OS3* 707
4 708 
 12 634 KP4 654 
 0S4 619
5 733 13 677 EPI 642 
 PSI 607
6 726 14 
 602 EP2 
 700 PS2

] 629 [5 654 EP3 

528
 
556 PS3 
 457
8 642 16 
 710 EP4 735 PS4 604
 

(*) Two other determinations were run on KP3 and 0S3 as was

dec ided by the project team
 

P3 686, 692
 
0S, 725, 713
 

2 - 'Nixograph results (figures 14 to 18) 

In this 
report, only mixogram 
types (general appearance)
 

are discussed. Numerical values for some parameters will be
 

reported and discussed later 
 whern several points (several
 

covered periods) will he available which miay also allow 
 for
 

some :tatitical analyses. Throug.h the 
 mixograms registered, 

i t appear; that wheat stored in plastic- lined pits id not.
 

undergo any s ignificant change 
 except: that the mixogram peack
 

he [ght dec rease(ld for both 
 posit lonS 4 - aid 1 compared to the
 

non-stored wheat and to the 
 other positions of the pit. For 
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straw-lined 
pits, a definite change in 
mixogram type was
 

observed. 
These mixograms have 
 lowerpeak height, 
 longer
 

mixing time 
(about 4 minutes) and a slightly smaller weakning 

angle. For straw-lined pits we may suspect the e.n.istence of 
an already significant rheological change. lowever, one has 

to look at resul ts. of several periods before confirming the 

prevalence of 
such a change.
 

D- Reference
 

FINNEYK.F. and SHOGREN, M.D. (1972) A Ten-Gram Mixographfor Determining and Predicting Functional Properties ofFlours. WheatBakers Digest - Vol. 46 , No 2. pp. 32-35, 38-42, 77. 
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in the analysis,
 

2.1.4. Estimate 
of loss during the 
first
 
3 months of storage
 

2.1.4.1 
 Procedure 
used
 

The concept as well as the 
method 
of loss determination 
for a
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stored grain 
 is variable 
 with authors. The 
 group of
 
researchers involved in this project examined in a meeting 
held on April 11, 1988 the loss evaluation techniques. Dr 
F. Dunkel, 
principal coinvestigator 
introduced the 
subject by
 
giving a conference on post harvest loss. 
Dr E. Persoons, 

lead of the Agricultural Engineering Departme:Lt at the 
University of Loujain la Neuve in Belgium also attended the 
conference and rhe dsicussion. Two types of losses are 
considered Ln this study: quantitative and qualitative 

losses. Two methods were used to evaluate the quantitative 

losses: the dry weight loss method and the thousand grain
 
method (Ref. FAO) 
 . The summary of resu I: s obtained by these 
two method; is :hown in table 26 The details of calculation
 
of the los; ra;L( are respectively 
 indicated in tables 27 and 
28 for the dry weight method and 29 and 30 for the thousand 

grain method for both straw and palstic pits. 

2.1.4.2. 
Regional evaluation
 

In order to determine the total rate of loss in a pit, each 
sample that is taken from this pit, is considered to 
represent a certain volume (or zone) of the pit. These zones 
are shown in figures 19 and 20. The determination of these 

volumes is based on the following considerations: 

-Observations made on grain at opening of pits. 

In the case of straw lined pits for instance, two zones of 
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very damaged grain were distinguished, DZI and DZ2 

respectively 
at the upper and the 
lower level of 
pit (figures
 

19 and 20). The volumes of these two zones 
were respectively
 

evaluated 
and affected to the samples of grain that were 

taken from them. 

-For both straw lined and plastic lined pits and for the 

sampling locations numbered 1 to 4 as shown in figure 1, the 

thickness of each zone affected to a sample is taken as twice 

the distance between the samp] ing location to the nearest 

walI , the bo:t om or the top of the pit. This method is 

appl ied to the sampling points 1, 3 and 4. The volume 

corresponding to the sampling point 2 is then determined by 

deduction from the preceeding ones. For each zone, the sample 

is taken from the center. The ratio of the volume of a given 

zone to the total volume of the matmora is a coefficient used 

in the computation of total rate of loss in the pit. 

2.1.4.3. Dry weight loss 

The detail of calculations are shown in tables 27 and 28. A 

dry weight 
loss Is evaluated in 
each region of the 
pit and an
 

average loss 
is calculated. The 
values of 
loss obtained after
 

3 months of storage are .967 % for plastic and 18.045 % for 

straw.
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Table 26.Loss; evaluLation 

ML-thod of Type of Dry weight loss 
evaluation lining after, 3 months 

of itorage 

Dry we] ght Plastic -. 967
1oss---- ----------------------

Straw 18.045
 

Thousand PI asti c. 1. 255 
qran method 

Straw 
 8. 305 
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2.1.4.4. Thousand grain method
 

Tables 29 and 30 
indicate the 
detail of calculation.
 

One difficulty met with this method is that the sample of 

thousand grain taken from the zones DZI and DZ2 contain zero 

undamaged kerne is. To overcomp this di fficul ty, the 

estimation of Loss for these zone; was made by the dry weight 

method, The values of loss after 3 months ,f storoge obtained 

by the th;osans d grain sethod ar 1 .255 1 for plastic and 

8 . 305 for s t raw. 'l'h dis;advantage of tKe thousand g r a in 

method is the error that comes from the fact that this method 

does not take into account the difference between the 

moisture contents of the kernels. This difference is 

particularly high in straw lined pits. This method tends to
 

underestimate loss. 

2.1.4.5. 
Sensory evaluation
 

A tentative 
was made to evaluate 
one 
aspect of qualitative 

loss generated by storage of grain in pits by trying a 

consumer evaluation on June 6 th, 1988. Two dishes of 

couscous wete prepared by the farmer using wheat stored in 

plastic and wheat stored in straw lined pits. The evaluation 

of organoleptic changes was made by a panel of six persons 

in luding members from the farmer's faumily and the research 

team of IAV. The test revealed that wheat stored in straw pit 

an acid tast" to couscousgave 
and made the grains of 
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Table 28. Loss by dry weight method
 

PlaLtic 0it, 3 months of Storage
 

pit Sample Unit weiht 

ini 

g/l 

in 

) Moisture content 
Pa e 

initial 7ia-nal a I 

" 
Loss of 
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dry ,,,eight 
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couscous stick to each other during the preparation of the 

dish. This later observation was made by the person who 

prepared the two dishes. 

2.2. Completion of preliminary experiment with barley 
on
 
campus 

The experiment on underground barley storage on 1.A.V campus
 

in plastic and straw pits for six 
months ended with positive
 

results obtained with plastic. The values of loss obtained 

are respectively 6.27% with straw and with.97% plastic. 

My SaLd Afif, a graduate student in Agricultural Engineering 

Department who's research topic was related to this 

experiment defended his thesis in April 1988. lls evaluating 

committee was chaired by Mr Steeve Clark, Director of the 

L.A.V University of Minnesota Project and a research leader 

in the A.I.D project on storage of beans In Rwanda. 

1A paper i t ed "Stockage des Cereales dans les Entrepots 

Souterrains" and related to thin research will be included in 

the proceedings of the International Colloquim of Technology 

on "Cereales en Regions Chaudes: Conservation et 

Transformation" held from February 22 to 27, 1988 in 

N'gauoundere, Cameroun. 



Table 2 9.Loss Evaluation: Thousand Grain Method.
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2.3. New experiments initiated
 

2.3.1. Reuse of 
plastic lined pit by 
farmer
 

The farmer recovered four pits afterthe the first opening on 

April 6, and requested the two plastic bags that have served 
as lining to the plastic pits EP and KP. His intends, given 

the performance of plastic lining to reuse them for 

underground grain storage on his farm. 

2.3.2. On campus installation of experimental wheat 
for long tarm sttrage
 

2.3.2.1. Experiment facility
 

On the 
27 th of April, two underground pits 
were filled with
 

wheat that was recovered from two plastic pits from the 

experim-." site 
on farm. These 
two pits were 
the same size as
 

those used or farm, about 1.2 metric ton. The ofdimensions 

the pits and the soil profile on crampus are shown on figure 

21. The ini ial characteristics 
for the wheat stored on
 

campus are tho . found for wheat after three 
months of
 

storage in p]a tLIc pits In Settat. 

2.3.2.2. Lining
 

Two types 
of lining are tested: plastic and 
plastic 
and straw
 

combined as shown on figures 22 and 23. The use of plastic 



- 84 

- - ---- -~ 20 cm 

70 cm 
S ,c90 cm 

/ 

// 

/ / 
/ 

/ 

/ 

/ "/ 

/ 
// 

/ 
. 

/ 

/// 

Pi 2. Seto ofa• trv 

lae/k' 
of"' clay 

180 cm 

- - and and orpanic matter 

Slayer of' 

:; 

clay 

mdand 

Fig 21. Section of a 3tora .e v 
soil profile 
lAy Campus 



- 85 

and straw together as 
a lining will 
permit to investigate the
 

effect 
of combining the waterproofing property of paistic 
and
 

the thermal insulation 
property of 
straw. The 
objective is 
to
 

study long term storage of wheat underground. Grain will be 
stored for a period of 5 years. Farmers are laid in some 

occasions to store their grain for long periods of time. The 

installation- of these pits on campus allows to c,ducL the 
research with no constraints with respect to the use of the 

farmer's land. 

2.3.2.3. Monitored data
 

The data that 
monitored 
are temperattre, 
carbone dioxide 
in
 
both 
pits. Relative humidity 
of internal 
air is monitored 
in
 

the plastic lined pit alone. The relative humidity sensor 

that is used replaces 
 the sensor that 
waq not working
 

properly 
in Settat. 
The location of 
these equipments 
is shown
 

in figures 22 and 23 

2.4. Introduction 
to Project 
for INRP Laboratories
 

Dr Florence 
Dunkel, principal coinvestigator 
visited 
 the
 

National 
Institute 
of Agricultural 
Research 
in Nantes, France
 

from 12 
 to 15 of April, 1988. D)r Florence 
introduced 
the 

Morocco Underground Storm;e 
ProJrct to 
Ors D. Richard Mollard
 

and B. 
Cahagnier respectively Director and 
staff member. This
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Institute 
carries 
out an impressive research 
work on micro
aerctolerant 
fungi. Dr 
 Dunkel suggcnts 
 in her report to
 

include yeast 
identification 
in wheat 
used in pits based on
 
this Institute's 
techniques 
and to also do ergosterol 
as a
 

measure of important fungal growth leading to dry weight 

loss .
 

3.0. Visitors to Project
 

3.1. Visitors 
to on farm research site
 

April 6 th, 1988
 

-Dr F. Dunk.i ,
 

Principal coinvestigator 
in the project, Undrground Space
 

Center, Unive 
-siLy of Minnesota
 

-Representacives SC,.M of Casablancafrom and DPA (Provincial 

Directoralm 
 of Agriculture 
 of 
 Settat) extension 
office,
 

namely Mr El Klalech, 
Chef du Service de Mise en Valeur 

Agriole .
 

April, 26 th
 

-Mr Ghioot and 
Pr E. Persoons,
 

Respectively, 
Head of Division 
of Cooperation 
at Belgium
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Embassy, 
 Morocco 
 and Head of Agricultural 
 Engineering
 

Department University 
of Louvain la Neuve, Belgium
 

June 27, 1988
 

-Dr R. Sterling, coinvestigator, 
 Director 
of Underground
 

Space Center, Civil 
 and Mineral Engineering 
 Department,
 

University 
of Minnesota. 
 In addition 
 to this visit, Dr
 
Sterling who's stay at I.A.V was from June 24 to Jly 5 th, 
gave a conference on undegrround space uses which was 
attended by research team members and grad students. During 
his stay, Dr Sterling's activities also included: attending 

s;econd openig of pits, visiting modern port facilities for 
grain storage and handling in CLsbalanca aad contributing to 
the outlining f a research proposal on the investigation of 
large underground 
grain storage rooms and heat transfer 

'node Iing . 

-Members of A.I.D Evaluation team for the Agronomic and 

Veterinary institute-University 
of Minnesota project:
 

Dr Alice Forton, Vice-President 
Ronco Consulting 
Corporation
 

Dr Sherwood 
0. Berg, President Emeritus 
 South Dacota State
 

University.
 

-Mr 
Robert Helleyer, Project 
Officer, A.I.D mission in 
Pabat
 

-Dr 
 D. Johnson. 
 team leader, 
 A.I.D sponsored 
 I.A.V
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University of 
Minnesota Project
 

June 30, 1988
 

On this day, the 
second opening of 
pits which will 
be covered
 

in the next report took 
place. Several visitors attended this
 

opening particlularly 
 from Minitry 
 of Agriculture
 

Directorate 
 of Extension, 
 Grain Storage Cooperative in
 

Casablai,na 
, R.esearch Center on 
 Aridocultura 
in Settat and 

School of Agricultural Engineering 
of France.
 

3.2. Visitors 
 to on Campus research 
site on grain
 

Storage
 

-Pr J.C Verbruggen, 
Department 
of Agricultural 
Engineering,
 

University of 
Gembloux. 
Belgium, Visiting 
Professor 
to I.A.V
 

in Soil Mechanics
 

-Pr Lints, Dean, 
 College 
 of Agriculture, 
 University 
 of
 

Louvain la 
Neuve, 'elgium, 
Head of I.A.V Belgium coopperation
 

project.
 

-Mr F. 
 Kern, Professor 
 of Structural 
 and Geotechnical
 

Engineering, 
Conservatoire 
National 
des Arts et Metiers,
 

Paris
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4.0 Plans 
for next 
six months
 

4.1 Visit of 
Dr. H. Bartali 
to International
 
Conference 
on Tunneling and 
Underground Space

in China to present paper 
on project
 

Dr H. Bartali, 
principal investigator will present 
a paper on
 

"Temperature 
 Variations 
 in Underground 
 Grain Storage
 

Structures" 
at this conference that will 
be held at the
 

Tongj L University in ShangaL, China in September 1988. This 
paper is related to the analys is of temperature changes in 
barley a1~d 
soil of experimental pits 
installed 
on campus over
 

a six months storage period.. The results will also bit
 

compared to those obtained for a similar period of storagc 

for a different crop (wheat) and a ditferent environment
 

(Settat).
 

4.2. Meeting of 
Drs Sterling, Dunkel 
and Bartali

with 
chineese counterparts regarding project
 

This meeting will 
 allow the 
 discussion 
of the research
 

progress ,rd 
results 
contained 
in the second progress report 

as well as the workplan for the second year of the project.
 

In addition, it will also allow to investigate the use of 

heat transfer 
models 
in underground grain storage
 

and to explore future directions in underground food storage 

research.
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4.3. Defense 
of M.S theses based 
on project
 

Mr Kholid Tlemcani and Mr Ibrahim Abellah respectively grad 

student in Ag. Engeering and Plant Pathology Departments will 

defend their theses in September 1988. These two defenses 

will give opprtunities to examine the research findings and 

to i nvite persois concerned by grain storage subject rom the 

Mini,,try of: Agriculture and other private or public 

institutions.
 

4.4. Third opening of pits 
at Settat
 

By end of September 1988 will take place the third opening of 

grain pits. TLLs will 
allow the study of 
changes 
that occured
 

in wheat after a storage period of nine months in plastic and
 

Stra w. Invitations to grain storage and extension boards as
 

well as amnmouncements 
 to farmers will be made by I. A. V on 

this occasion. 

4.5. Planning for conferences and seminars 
on Grain
 
Storage
 

4.5.1. World Food Day 
1988
 

On the occasion of World Food Day, the Moroccan Association 

of Nutrition will organise the First National Conference on 

Food and Nutrition the 13 and 14 th of October 1988 . A 

presentation of the content and progress research on grain 
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storage 
is scheduled.
 

4.5.2 International 
Seminar 
on 
Grain Storage
 
Facilities
 

The International 
Commission 
of Agricultural 
Engineering 
is
 

planning to organise 
 an international 
 seLminar 
 on grain
 

storarge in 1990 in Morocco. This seminar can ainclude 


section on underground 
 arnd controlled atmosphere storage. 

4.6. 	Completion of publication regarding barley
 
pits
 

A publication 
on barley 
matmora experiment is 
being prepared 

for submission to the Journal of Agricultural Engineering 

Research. The draft 
will be discussed 
by Drs Bartali 
and
 

Dunkel during the China 
Conference 
in September.
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THE SITUATION 
Morocco is undertaking a continuing 
effort to support self sufficiency in 
cereals. The area cultivated insoft 
wheat attained 1.5 x million hectaresin 1987. 

The storage c- -'als in inadequate 

THE APPROACH 
A muttidisciplinary learn of faculty of the Hassan II Institute of Agriculture and 
Veterinary Medicine and two American collaborators has been assembled to 
scientifically evaluate the limits and advantages of the storage of cereal in the 
matrcra by: 

1 
Concuctino a regional survey of storage practices using underground siocs 

conditions con: r,e t.o 	 2) Evaluaing te causes of loss which are related to underground storage.hinder tis effortsufceybyterutinolssn 

THE OBJECTIVE 
To reestablish techniques of storage 
for the small producei 

Provide more storage capacity tyP oi e m r trg a aiyb
 
developing on farm sorage 

Promote the national effort in self

sufficiency by the rgnuction of loss in
 
cereal grains
 

because of the large tosses. 

On-farm storage utilizes mainly 
traditional techniques including the 
"Matmora'. 


A mastery of the conditions of storage 
in the matmora will contribute to a 
reduction in postharvest loss and a 
better utilization of this low cost 
technique in storage design. 

3) Establishing the correLations be%'Yeen various factors which influence theenvironment in the matmoras. 

4) 	 Evaluatio appropriate improvements in te plastic sheeting used to line the 
matmora. 

5) 	 Conduct'ng an experiment with these storage practices on a farm where the 
understanding of the technique atready exists. 

6) Developing a guide for good management of underground stor.ge. 

7) Ensuring that the supporting organization charged with agricultural information 
dissemination takes advantage of these findings. 

Faculty charged with these tasks are from the following departments of Hassan II 
Institute of Agriculture and Veterinary Medicine: 

-Agriculture Engioeering 
-Zoology 
- Food Thchnology
 
- Food-'hemistry-and Biochemistry
 
- Microbiology
 
- Ag'onory and Plant Breeding 
--Plant.Pathology 


