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1.0._ I NTRODUCGCTTI ON

1.1, Preliminary experiment on_campus

In December 1986, under the supervision of Agricultural
Engineering Department, the installation of three oxperimental
underground plits vas started on the Hassan 11 Agronomlic and Veterinary
Instiute of Rabat. Two of them are 4 metric ton capacity cach and are
used for barley storage which 1y provided by a nearvy horse barn. The
third pft Is 6 metric ton capacity and 1is left for visits and
demonstration. The purpose of this expariment site on campus 18 to
provide an opportun{ty for the faculty involved in AID snonsored
project to Inftiate collaborative rescarch and to serve as an academic
facility for teaching,and continuing education in the fiecld of grain
storage. The barley plits were filled and equipped with remote
temperature fnstruments in and April 1907, Barley storage was carried
over a period of s{x months and two types of Iinterlor lining of pits

were considered : plastic and straw,

1.2, Contract negotintine

ThecontrnctnagotintingprocensbccwuunAIDScicncoAdvisor
Council and the Hassan II Agronomic and Veterinary Institute was
enhanced by a meeting held on June 29,1987 inWashington. This meeting
was atrented by AID/YW staff and Dr. EL Houssine BARTALI and
Dr. FlnrcncvDUNKELruspcctivolyprincipalanestigutorandprincﬂml
colnvestigator. Tt was an opportunity to submit to AID the remaining
lnfnrani|n1rvgurdingtﬂur”ussnx\II AgronomiccnldVetcrInnry Institute

accounting system in particular,



-

AIDHissionianbntthntwnakaptinformodoftheprogrussof
contract negotiating proposed this meoting which zoincided with
Dr. BARTALI's wvisit to the University of Illinois at Urb.na
Champaign. Approval of the grant was acertained by AID during this
meeting which hilighited the standard provisions associated with the

grant.

1.3. Signing of the coptract

ThccontractdocumontwnasignedinUashhmtononOctoberSlst
1987. Unconcrolleddelaystookplacebaforethqaigningofthecontrnct
by the Agronomic and Veterinary Institute on October 6th, 1987 and

during the shipment of the signed document back to Washingtron.

l.4. Commencement of work 1in Chaouia - Province of Settat

On October Sth, 1987, Dr. El Housaine BARTALI (principal
Investigator) Mr. Mohamad BEN MOUSSA and Mr. Khalid TLEMCANI,
respectively faculty mombar and graduate student at the Agricultural
Enginecrlngbcpnrtmcnt,visitedthaRegionnlAgriculcurnlAuHmrityin
Settat (La Direction Provinciale d'Agriculture or DPA de Settat) aund
met with the Director, Dr. EL HIMER. This visit aimed at

- Informing the DPA of Settat of thae AID sponsored research
on underground grain s5torago and tho desire of the Agronomic and
Veterinary Institute to benefit from the DPA collaboration and
involvment particulary in the extension 8spocts of the research,

-SelcctlngnnoxpurimontaitethntthoDPAvouldrncommnnd.



Fortheformerpoint,Lho”ScrvicuduLnMisuchnluurAurthv
de la DPA" (Land reclamaction Borvice) was soeloctad by the DPA Lo follow
the IAV project research on underground grain storage. For the second
an individual farm was recommoendad by the "Centre de Travaux Agricoles
de la DPA" (Agricultural Works Center, in charge of extension)., The
farm belongs te Mr. MAMDOUU Bouchaib and his brother MAMDOUH Lhaj
Ahnmed. An orual approval was obtained from Mr, HAHMDOUH Bouchaib on
October 5Sth, to host and to look alfter the oxperimont site on their
farm, located about 11 kilomotars awvay from tho clty of Rattat, The
twofarmursaruVurynctivcnndcooporutivu. They pructice underground
grainstorage onthelr farmnm. Hulccttngnnon-fnrmoxpurimontinatondof
a land plot {n a "Centre de Travaux" owned by the local extension
service was also recommentoed by Dr, M'Hamad SEDRATI, Director of the
Agronomlic and Veterinary Institute. Thoe projoct teamhas approved this
recommendaticn hxordcrcoholpdamonatrututhoroaonrchobjuctivesto

tarmers.

2.0. RESEARGH _ACCOMPLISHMENTS

2.1. Prelinminary experiment with barley on campugs

A graduate srtudent, Mr. Said AFIF from the Departement of
Agricultural Engineering with Dr. BARTALI H. as major advisor was
assigned to work on the barley pits on campus and also to investigate
the use of underground ples in Chaouia, where the project {s
Planned. Following 1s a brief prescentation of this exporimaent,

The scope of this study was limitod by the storaga period (6
months, to fit In the gradunte student tralning program and by the

available equipmentc).



2.1.1. Materlulsandmethodsofcnnstructlonandnnalysis

2.1.1.1. Site
The site Is located on the campus of the Hassan II Agronomic
and Veterinary Institute, of Rabat on a flat land . The soil presents
a superficlal layer of sand, 1.1 n deep underlined by a clayey layer
of 1.6 m . sandstone -limestone thick layer exists at 2.7 m depth.
Permeabilitles to water are respectively 22.7 cmper hour for the sand

and 5.8 cm per hour for the clay layers. Water table Is at 20 m depth.

2.1.1.2. Plts construction

Thediggingofthepitswascarrledoutmanuallybytwoworkers1n
January 1987. Two underground pits out of three were used to store
barley. Kach plt has 4 metrlc ton capacity, a conical shape, 3,2
mdepth and 2.2 mwidth at the botton., The entrance of each pit has 1 m
diumurnrand1Alxnhelght;nuicrosscsthesnndylﬂyer(Flg.l). The walls
of thls entrance were stabilised by a Lining (15 c¢cm thick) made of
bricks and cement. The interior walls of both plts were covered by a 5
cm thick lining made of clay and straw. The purpose of this lining is
to protect the plastic from being punctured by sharp edges of the
Imestone - sandstone layer. The pits were later burnt in the interior
fn order to reduce the humidity and k{1l insects. This practlice {5
commonly used by some farmers. Two condjtions for barley storage were
compared over 6 months using straw lining in one pit, and plastic

(polyethylene) In the other,

2.1.1.3. Lining material
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Strawand plastic sheets (polyethylene) are loallyavailable
materials. A 10 cm think layer of straw was put on the bottom and over
the wall of one pit. This technique , 1s well mastered and cont{inues to
be used by tarmers. The lining of the wall is performed as the filling
of the pit progresses. A plastic sheet, 0.18 mm thick was taped In
ordcrtormnufuplusticbagzqqnﬁximatclysimilar Insize to che second
pit . This plastic bag was I{ntroducted in the plt prior to filling it
Tests of permeab{lity to water and oxygen were undertaken on samples
of this plastic at the School of Packaging at Michigan State
Unlversity. Results showed permeabllity to water insignificante,

permeabilicy te oxygen 8 cc per cm2 per 24 hours,

2.1.1.4, Barley

Barley used for experiment was purchased through the Horse
Club on the Institute campus who accepted to contribute to the
research. The filling of the plts along with Installation of
tcmpcrnturecqnlpmenttookpluceonApr1127and28,1987. Just before
the filling Operation, water content of barley was 9.6 % and
temperature 26 C. Reading of water content and temperature of grain
were made byLnsurtlngilfleldhygromcternndilthermomcterintobarley
bags prior to emptying them {nto the plts. Relative humidity of air
Insf{de the pitL was measured by a psychrometer and found to be 76 % and
temperature of alr 24 degrees €. Uait welpght was 0.64 metric ton per
cublc meter. Entomological analysls of samples taken from different
bags before f1llinyg showed a fatrly high inscct Infestation of
barley. Number of Inscects varied from 748 to 1069 per kg, with a death
ratlo varying between 30.8 and 33.7 3 The dominant specie wasg

Rhizoperth Dominica.



Thebarleywuskepcscaredundergroundinthetwopicsbetwcm1
April 27 and November 20 th, 1987. This storage perlod has been
characterized by a hot and dry summer followed by the start of a

relatively rainy and cold season Iin Morocco.

2.1.1.5. Remote temperature measurement

Temperature sensors were Installed {n cach plt. As the filling
process started these sensors were located at specific locaticns in
order to measure temperature of barley, soil end air. Each set of 14
sensors were hooked to a portable data acquisition unit (UPAD), of
belgfan make. Such a unlt i3 battery operated and provided with a
mleroprocessor and 16k memory. It canautomatically make temperature
Medsurements and store them at specified Intervalls of time, after 1t
has been {tlalised. CommunicationcnnbcperformedwichanUPADusinga
software "DIALOGUE" run on tape ,on a portable EPSON microcomputer
Measured temperatures were retrelved on site on tape to the EPSON and
then to the hard disk of an XT IBM microcomputer, in the Agricultural
Engineering Department where a graduate student undertook the

processing.

2.1.2, Results and discussion

The study has addressed several aspectsrelated to Lthe evoiution
of storage conditions over the six months period. These include
determination of the barley initfal and rinal characteristics,
{nterpretation of temperature data. Some of the main results are

presented here



2.1.2.1. Moisture content

Comparisonof water content of barley {n the two plts showed
that in the straw pit the molsture content increased at the end of the
storage perlod with respect to its initial value (9.55 %). Final
values were 12.7 % {n the center of the plt and 21.4 % at the top. In
the plastic pit the moisture content of barley at the end of the
storage perlod was uniform over the plt and remained close to the
Inftial value. The wvalues reached art the center and top were
respectively 9.8 % and 11.7 % . There vas a humidity migration from
sofl to barley {u the straw pit .This in turn allowed development of

tung!l and insects.

2.1.2.2., c02 concentration

EqulpmenttomensureCO2concentrutlmlpurchasedwithAIDproﬁmt
fund was brought by Dr. DUNKEL whose visit In November 87 colincided
with the 2 ples opening on campus. This equipment (pump and GO2
detector tubes) were used to evaluate the €02 levels. The values
obtained {n the straw plt and plascic pit were respectively 16% and 5%.
This contirmed that biological actlvity was higher in the straw pit

(respiration of Insccts and fung! existing on kernels and ctraw).

2.1.2.3. Temperature

Thetemperaturesobtnincdatvariouspoints1nthcstrawpit
were hlgher than the corresponding temperatures in the plastic
pit. This {s caused by amore intense activity of Insects and fungi in

the straw pit.No condenstatlon material was noticed on the plastic



liner.

2.1.3.Conclusion

ThlsprelimlnaryexperlmencshowedthatpLHSCLcconstitutesanobstacle
to biological activity, water penetration,and this represents a
potential improvement to storage conditions.
Thecxpurimnnrthucdcnltwithbarleystoragewaslimitedby
time urd matertial conditions.lHowever it was meant to serve as a
preparation to investigate on farm wheat storage .Results of this
preliminary investigatin will serve for a paper to be presented in a

future meeting.

2.2. Experiment of whearv on farm

2.2.1. Design and construction of experiment sice

2.2.1.1. Pits

On October l6th, the digging of the 16 ¢xperimental pits
started. Local labor was hived. The objective was to make the storage
pits In the same manner as those owned by farmers in Chaouia. The pits
were finished in two weeks. ALl the pits had the same volume : 1.7 m3.
Pit dimensions and are snewn in Figures 2 and 3

The sicte {s located on ahill, next tothe farmer’s house. An
access path for village restdents separates the site from the farmer's
Louse. Thismakes1:convenientforthefarmcrstowatchtheexpcrtmenr
sitedally. The diameter of che openingof eachpit 15 0.40m. This size
ls just enough to let a person get in and out of the plt and helps

recuce admission of air into the pic,



2.2.1.2. Geology of the site

Being {nsctalled on ~.11, the site {s in very good dralnage
conditions. The water table is at §0 m depth. At 0.5m below the soil
surface exists a calcareous crust. This crust i{s underlined by a soft
accumulation of carbonate, where the body of the pitis located,(Filg.2
and 3).

2.2.1.3. Disposition of the plts

The 16pltsarc1nstnlledwithh:nsquaredplot15mx]jm. This s
to adjust with the shape of the area allowed by the farmer on his land
and with the proximicvy of a raural Path for villagers. A shelter was
built in the middle of the site in order to keep the scientiffc
equipment tnside. This shelter i{s a single room 2m wide 3m long and 2m
high.ThisulloucdLorwducu,thulcngthofthewiresoftemperaturcand
humi{dicy sensors, COL tubes, necessary between the different pite and
the shelter, Flgures 4 and 5 show details of installatlons. The wires
are Inserted in plascie pipes that are burriad between the shelter and
the pits,

Theconsrructionof(1suitablcshelturfortheequipmentwas

foundl-cessnryas well as Huz1nsnollntionofzzfencearoundcheslte.

2.2.1.4, Lining material

Plastic sheers (polyethylene® 0.18 mm thick and similar to
those used for barley experiment vere bought. Eighe plastic bags vere
mede {n the Agriculrural Engineering Uepartment te match the Interior

lateral surface of the plts. A graduate student and a techntecian
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confectioned the bags using tape. The bags were ready by the end of
November. Wheat straw was used to line the interior of the eight straw

plts on the one hand and to close all of the 16 pits, on the other.
2.2.2. Procurement of wheat
2.2.2.1. Wheat variety

The quantity of wheat needed, 1.e. 20metric tons was bought
from SOGETA. This stands for “Soclete de Gestion des Terres
Agricoles” . It s a Government owned Company that manages some
agriculctural land in the country. The variety of wheat bought 1< known
as "Blé Dur 2909" and can be used for seceds or consumption. A major
advantage of this grainmass fs {ts homogencity. It comes fromone same
plot in vhe Gharb area (40 miles North of Rabat). This quantity was
harvested In July 1987 and stored in bags in good conditions inside a
warehouse. SOGETA has made available recorded data regarding the
tdentification of this wheat (Table 4).

Autorisation to purchase this quantity of wheat was requested to AID

mission Iin Rabat and the approval was obtained.
2.2.2.2. Homogeneisation of the grain mass

Given that the wheat quantity was stored for about 6 months
in tags, {t was hecessary to mlxt it in order to obtain a more
homogeneous mass prior to storing it in the pits. This operation was
achieved in one day thanks to the facilities and the skilled labor of

SOGETA. Dr. DUNKEL (principal colnvestigator), Mrs. BOURARACH



TABLE 4 - Characteristics of purchased grain

Producer : SOGETA
Spacl : durum wheat
Varlety ;2909
Category : Rl

Year of production : 1986-1%87

Termination of analysis : 8/26/87

Caracteristics : Resulrcs
Germination capability % 98.00
Specific purity % 98.42
Unilt welghe (kg/hl) 80.10
Kernels of other specles 205
Heeds kernels 44
Kernels of other grain species 161
Yolsture content 12.40
Welght of 1000 kernels 43.29
Ratio of Inert matter 0.36

Source : Analysis carrfied out for SOGETA by Service du Controls des

Semences et des Plants. DPVCTRF - RABAT.



(entomologist), Mr. ZAHAR (Food Chemistry - Biochemistry), Mr. Khalld
TLEMGANI (Grad. student) and Dr. El Houssine BARTALI (principal

Investigator) participated {n this operation.

The 200 piled bags (100 kilos per bag) were first divided in
equal groups of 50 bags ecach. These groups were taken from : 1) the
above surface of the pifle : 2) The 2 lateral faces of the plle exposed
to the af{r ; 3) The 2 lateral faces that were unexposed to alr (one was
next to a warehouse wall, and one next to a sunflower pile) and 4)
from the central part of the plle. The four groups were set near a
hopper and bags (one from cach group) were simultaneously poured Into
the hopper. From there, the grain was sent up to an elevator and down

to the bags where the wheat was poured and weighed.

This opportunity was taken to perform the first sampling of
wheat. 16 samples were taken as the wheat was poured back {nto the
bags. Each sample weighed 5 kg approximately and was taken every time

12 bags were filled.

The200bngsoncefilledwcrepiledupinchewarehouseuntil

the filling of the ples took place on December 30th,

2.2.3. Procurement of equlipment

Procurement of equipment has been initfated thanks to both
the Agronomic and Veterinary Institute and the University of
Hinnesota. First contacts to order equipment from the US started in
Summer 87 under the care of Dr. Florence DUNKEL (principal

colnvestigator) and the accounting Office, International Programs of



University of Minnesota. Dr. El Houssine BARTALI (principal
1nvesciguto:)uhovisitudBelgiumfromOctobcr15:025th,investuwted
the pussibility to purchase temperature and hunidf{ty measurement and
recording cquipment fromBelglunm. . This type of equipment was selected
because ft has been tested on the barley storage experiment on campus
and proved to be satisfactory
Amnnufucrurlngcompnnyofcquipmcntforremotctempernturc
and hunldity measurement L.G.K. (Laboratoires Generaux de Kecherche)
was visited by Dr. H. BARTALI. The wisit was organised by Dr. Etiecnne
PEESOONS. The latter h;ProfessorundlhnulongriculturalEnginccring
Department at the University of Louvain la Neuve .He {s alsoa visiting
Professor at the Agricultural Engineering Department of the Agronomic
andVeterinary [nstitute. Twowaivers vere requested ond obtalined from
AID Washington to purchase 3 portable data acquisition units (UPAD),
Tor tenperature and hum{dity recording and & humidity sensors

(VAISSALA)Y from L.G.R.

Thchum{ditysunsorsVAISSALAnrebeingtestcdforthcfirst
time to measure relative humidity of {ntergranular air in a stored

graln. Two of them were ordered.

2.2.3.1. Tesing of equipment

The department of Agricultural Engineering undertook the
connection and testing of the temperature and relative humidity
equipment that arrived fronm Belgium. The principal connection of

sensors on a data logger (UPAD) are shown in Flguvres, 6, 7 and 8.
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2.2.3.2. Installationof equipment inthe pilts

Thepositionofcempcracurenndrelutivchumidltyscnsorsin

the pits are shown iu F{g.9 and Table 9. Equipment was placed I{n the

pltstwodaysprlorlmﬁﬂn:flilingopuruLinn. Some pitsare {ntensively
as shown in Fig.10 and others are

equipped (fully (nstrunented plts)

less equipped (partially Instrumenrted plts) as shown In Fig.11

2.2.4, Baseline sampling and development of analysis

procedure

Wheat samples were divided among the participating Departments for

analysis according to the flow diagram shown in Figure 12.

2.2.4.1. Agricultural Engineering

The DcpnrtmentongriculturnlEnginceringcnrriedoutthe
general grading operation with the contribut'on of the Entomology
Department. Results are shown In Tables 1, 2 and 13,

Some churucreristlcscﬂ‘thupurchnuud§pwxhlnrcshown in Table 4.
SOGETA kindly accepred tomake themavallable for this research. These
characteristlcs wore determined at "Direction de la Protectlion des
Vegetaux" (DFVCTRF) In Rabat.

Hnis(urccuntcntufwholcgruinsnmpleswnsdeterminedLnnnoven
The results are shown In Table 7.

On the day of t11ling data loggers (UPAD) were Infrialised and
programmed to record temperature and relative humidity every hour.
Values neasured on the day of filling are shown in Table 10.

Every week, recorded values of temperature and relative humidity
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LAsL

- Percentage of  deckage and unit weight

,)lll:—;\:“‘:— ,ii?&if}ll[ j"‘l‘\g‘lgbg"‘)i" \'!L‘.')EEQBE)*’W‘-' -------- Renaining 4 of docla- Unit i
: Stones  Barley tmal wheat Other weight po (/1
R e caveds o dockage (g e
| T V5 7 Y 0.3 963, 0 3.04 777.2
] I 0.5 0.5 15,9 U, Yul,n 5.2 7700
- Ly 6.9 17.8 0.. G615 5,07 Tl
3 P~ Vol 5.6 L7 0o 0513 Y 730 .4
- L] . 7.8 ”'7_, 0.3 971,38 208 770,14
- B 25.5 18.2 0.2 G440 510 75,8
. 0. 13,5 2008 0.3 957, 2 b2y 770
o Y O, 17.5 0.2 900 .6 531 746.2
. TL0% 13.7 32,2 0.5 9404 5,55 03,0
" e e 8.1 15,85 o H65,0 5o 7.2
. . - 12,5 22 0,2 60,0 301 Tt
| L 0,058 .7 15.9 b,2 07.4.1 2050 7835,
. . L] 7.9 12.8 0o 970,49 291 7794
1 _— 7.0 7.0 9.5 00 076, . 2,38 781,
' _— 8.7 0.4 1.7 0.3 9729 . 7] 7808
e - 7o 9.55 12.2 0.3 971, 2.89 7772
it foon 0. RO8 9,733 18,291 0.2 964,863 3.514 775,525
tandnr!
* 1,193 4,905 6.048 0,163 8.993 0.899 7.508

R
ton
tandar.!

I'ror

0.1393 1,504 2.762 0.0017 5.0546

0.0505 3,81




TABLE NT 2 - Cleanliness of grain - insects

Clean grain Insects

sub-sumple Total
. we lght
ther) Wlor Color Species Live  Live stapge head

Sitophilus - |
1 l Normale Nonmmale  orvzae -
f l 1 1] 1/} - -

3 1 ' " - . - -
i ] " v - - -
- 1 " 1" ~ - - -
. 1 " " - ) - -
- i " n - - _ -
< ] " " _ B _ -
) 1 " " - ) - -
0 1 " o - i -

0 | " " Sitephilis ory- - 1

N 1 " " cae ) _ 1
13 | " " - _ -
]‘ ] " " e - - -
1 1 " " - - - -
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[ABLEL N° 3 - Percentage of damaged goain

pesiie lotal Jdiscoloured  Insect da- Shrunken  Broken Germinated  Other damagy
‘o’ welpht prain maged prains  grain grain grain (g)
(o) (v} (1) (¢) (p) (o)

! [ 1.8 U.35 ] 0.2 - 0,4
2 101 2075 0.5 0.4 0,15 - 2

3 tafn 2.8 0.3 0.0 0.1 - 0.9
4 Tangh 2.5 0.l 1.3 .28 - 1.3
it )00 3.7 0.3 0,4 0.1 ' - 1.9
t 10 3.7 0.35 3.3 G.06 - 1.7
- 100 5.1 0.15 b 0.1 - 2.7
s 10 6.0 0.1 1.6 0.35 - 4.0
gl Ton 2.0 0.2 3.1 0.42 - 3.2
10 1o 1.3 0.3 1.4 0.2 - 2.3
11 1o 3.0 0.2 1.5 0.2 - 2.9
b fog 4.1 0.3 1.1 0.25 - 3.2
15 144 3.1 0,45 *2 0.2 - 2.1
14 100 1.3 0.2 1.3 0.2 - 2.3
10 100 ’.5 0.3 2.8 0.2 - 1.1
10 lun 3.5 0.3 1.5 0.1 - 1.5
Pan Y 3.525 0,29 1.619  0.2206 - 2,004
ndard o 1,173 0.100 0.808 0.134 - 0.954
tation

ndard 0,0867 0.0007 0.0408 0.0011 0.0569

ror
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FABLE( ™ ) - Moisture content (wh ) n

ot wvhole  arain

Sample n° Moisture content
.............................. |

1 11.77

2 11.0600

3 11.04

4 11.74

5 11.68

0 11.44
11.53

8 11.80

Y 12,08

10 11.89
11 11.88
12 11.80
13 11.79
14 11.03
15 11.84
16 11.96

(1) Whole grain at 100°C during 72 h.
Ref. FA0.



FABLE 10 - Temperatures of grain and soil, relative humidity

measured by UPAD on the day of filling,

'l.l 'l'.z l'3 l“ l's 'i'() '|'7 TS LR %
Plastic T v 3.9 1.8 (4O L)
Lined 15.5 13. 13. (R 1.0 13.0 14.8 9,2 52.2
pit
AT
Tined 15.0 14,5 15.5 16,4 11,0 13.2 15,0 8.7 52.5 %
vt

weo Fie, b

- lor location of measurcment points



are collected. CO2 levels are measured using celorimetric tubes.
Figure 13 shows the variation of C0?2 levels at the center of pit tfor

the first month of storage.

2.7.4.2 . Plant Pauthology
Dr EZZAHIRI B,
TheFlantPatholngybcpurnumcnthasundertnkenanalyslsforboth
the barley experiment on campus and the wheat experiment underway In
Chaoula. The analysis concerning wheat is presented here.
The objectives of the analysils are:
To test a culture medium for storage fungt
To ldentilfy the kinds of fungi associated with stored seeds.,
The pre-storage test for fungl associated with durum wheat
seeds are as follow
For each se¢ed lot, 5 categori.s of grains were caracterized :
1. WVhole, apparently healthy grains
2. Grains without embryo
J. Grains with black points
4. Shrivled grains
5. Broken gralns
The whole, apparently healthy grains ware subdivided into two
srours, surface desintfected and non-desinfected.
The other categorles were surface desinfectead
10 seeds per petr! dish with T6 were fncubated at 27c¢C.
100 grains per lot were utilized (16 lots).

A detailed report of the resules will be prepared where the
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proportion of di{fferenc kinds of fungi{ will be presented.

2.2.4.3. Plant breeding

Mr Z.FATEMI

Germinattonccstswvrcconductcdforbothbarleystoredoncammm
and for wheat used InAID funded rescarch. The results concerning wheat
are presented here.

Germinatfon test and planting {n the field were accomplished. The
“*mples were planted at the Institute farmat Tadla., The experimental
design {s a randomnized  complete thlock design with three
repetltions. The area of the experimental plots {s 4m2,

Thcgcrm{nationtustwnsrunlnthelaboratoryoftheDPVCTRF
(Direction de 1la Protection des Végétaux, Controle Technique et
Répression des Fraudes). Thanks ara expressed bty the author to
Mr. TOURKMANI for his help.

From each sample, 400 seeds were counted at random into 4
replicates of 100 seeds. The seed were spaced uniformly between two
layers of molstered germinating paper for seven days at a temperature
of 20°C exposed to white fluorescent light for 12 hours in every 24
hours and at the relat{ve humidity of 75%. The firsc count was done
after 4 days. During this count, the normal seedlings, and also the
rotten seeds and the decayed seedlings vere removed and counted. The
numbev of hard and fresh urgerminated seeds vere counted at the final

count, (Table 5).



Table 5 : Results of the wheat germination tests.

Sample Normal Abnormal Hard Fresh un- Dead

number seedlings seedlings seed germinated seeds

seeds

1 96 2 0 0 2
2 97 0 0 0 3
k! 96 2 0 0 2
4 97 1 0 0 2
5 91 4 0 0 5
6 93 2 0 0 5
7 97 1 0 0 2
8 97 0 0 0 3
9 94 3 0 0 3
10 98 1 0 0 1
11 96 1 0 0 3
12 96 2 0 0 2
13 97 0 0 0 3
L4 96 1 0 0 Kl
15 94 3 0 0 3
16 97 1 0 0 2

Thcgerminationtestshowsthntchereisnochferencebecweenthc
samples. SothcsccdusedforundcrgroundstorngeLsuniformconcenﬂng

the garmination

2.2.4.4.Ent0mology

Mrs. K.BOURARAGH

ThcEnromologyDepartcmentcnrrindoutunulysisof1nsectspopuhnion
for both barley storage on campus and wheat storage at Chaoula
The samples were then incubated at 27°Cunder binocular microscope,
two specles of Coleoptera were identified:
1. Rhizopertha Dominica F. (the lesser grain borer).
2. Stvophilus Oryzae L. (Rice weewil)
Regarding wheat storage, an examination of wheat kernels was
conducted before storage. The kernels are now under {incubation

(27°C). The results will be presented i{n the next report.



Examinat{on of wheat samples showed the presence of lepldopter : &
white caverpillar. Complete {dentiffcation will be glven.

Flrst control of 16 samples under binocular was made before
Incubation. Healthy kernels were separated from broken or abnormal
kernels. (kernels with black spots, or ¢colored). All the samples are
{necubated In a controllcd atmosphere room at 25-30°C.

The next control {s scheduled for February 10 th,.

2.2.4.5. Food Chemistry and Bilochemistry

Dr.BEN JILALI

Wheat samples were ground and placed In an isothermal oven at air
pressure. A temperature level of 105°C was applied in the oven during a
period of 4 hours and a half until a conztant welght was reached
(French scandard NF v03-907, April 1966). The percent humidities are
shown {n Table 6 .Analysis regarding humidity, water acutiviey, 1Ipid
content, lysine, thiamine will be performed as ordered chemicals
arrive.

2.2.4 6 Molds and Mycotoxins study

Hr GOURAMA .Dr TANTAOUI

Preliminary determination of the flrst sample mycoflora was
{nvestigated. The tollowing technics were used serial dilution
technie and direct plating technique. In the direct plating technic,
the pgralns were placed on the agar with and without surface
desinfection. The pralns were desinfected wsing 50% NallCl0O solurion

(bleach) for 1 min and washed with distilled sterile water, they were

5

then evenly space on agar ona Petri dish and lightly pressed Into the



AABLE b Modsture content of grain samples

Samla e % Jumidity (wt percent)
1 10,9
2 11.0
3 10,9
4 10,7
5 11,0
6 10,8
1 10,6
8 11,0
9 11,1
10 11,0
11 11,1
12 1.3
12 1.4
14 11,0
15 11e1

16 1145
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agar. Different media were used : Potato Dextrosec agar, Malt extract
agar, Czapeck-Dox agar and malt extract agar - chlortet:icycline (40
mg/l) + Nacl (7.5 %).

The occurrence of mold isrecordedinpercencugesinthedirecc
plating technic while in the dilution technic, the plates are counted.

There are two major problems encountercd during this first
preliminary study with dlrect plating technique. First the growth of
the fast growling specles such as the mucorales and second the seced
germination. However, the use of malt extract supplemented with salt
undchlorlutrﬂcyclincrccnrdschcgrownxofrhemucoralcsnndprevcnts
the seed germination. The desinfectionof ﬂnzgrntnssurfacc1nhibitud
only the growth of the mucorales.

Conccrningthcmycoflorncncountcrcdiciscooenrlycogivc
final results but It seems that there {s n dominance of Aspergillli and
Penlcillia plus ather unidentified genera.

For the mycotoxinanalysls, n multidetection method was chosen
to search for three mycotoxins Ochratoxin. A, Zearalenone and
aflatoxin By. Due to the delay in the dellvery of some chemicals and
equipment, the analysis {s not done yet. However, the preliminary study

of the analysis 1s under investigation.

2.2.4.7.Food Science

Mr. BAKHELLA Mohamed

I - Introduction

Within the Moroccan rural community, {t 1s a common knowledge

chanhcacstored1nundergroundpitsy1e1ds,vcryofcen,cnd—products

of Iimproved quality. Whether this comes from rheologlical and/or



fermentative changes is unknown.
Through the proposed studies twn objective were sought :

1. First, {t is of {nterest to see waether or not arelatively
long-time storage in a confined atmosphere affects somehow the
rheological yproperties of dough such that 1its bread-making
characteristics will be significantly affected.

2. Second, and from the analysis of Alpha-amylase activitvy,
possible changes {n fermentative quality will be roughly assessed (in
terms of the total carbon dicxide produced durling fermentation),

whuutgrounlnMorocco1spredominuntlydurumuhentusedfor
¢touscous and pasta production, and commom wheat (called "soft" wheat)
used tor bread or pastry. An interesting reality in Morocco is that
durur wheat {s also used for bread making, and in some regions, people
preter bread made out of durum wheat to common wheat. Wheat that has
beenstored {5 ndurumuhcnt(tetruploidcercalspccie)cultivarcalled
2909 or Oued Zenatt. Conventional rheological tests were normally
designed to test flours Issued from common wheats (hexaploid
specle). This {s why the number of tests to be performed has been
Iimited to one, that {s the mixograph test . Furtheremore, in case of a
rheological change (if any), one test {s sufficient todetect it since
the ultimate result of one or several tests |Is essentially the same.

ThisElrstrcsenrchreportdenlswiththoknowledgeofwhcut
characteristics before getting stored. The "Hagberg texv" for
alpha-amylase activity has been performed on 16 samples of the same
wheat lot. This was done using the apparatus of another research
institutf{on, because the order we made was canceled due to some budget
restrictions. Themixogrnphtestwillbedelnycdtillrcceptionofthe
equipnment . Concerning the sensory evaluation, the author was not

supposed to undertake 1¢t. Atentntivemethodforthisevaluntionbused



on the opinion of the farmer, is considered by the research team.

11 - MATERIALS AND METHODS

IT.1. Incroducciontothefallingnumbertesc

(Hagberg test)

The type and quantity of amylases Iin flour are Importanct in
baking. Amylases provide fermentable sugars for yeast during the
fcrmencntionprocess. ThisLsrcnlizcdbyumylolycicaccionuc25-&5“0
Decause yeast activity ceases at 45-%50°¢C (1). Commonly bakers and
millers use HuzfnllingnumbcrCestcocvnluuteulphu-umylnsenccivicy
{u ground grafns. The Measurements obtained permit them to adjust
alpha-amylase activity tothe desired level, either by additionof maltc
or by blending flours of different alpha-amylase activities. This
appears benetffcelal where wheat sprounting is not a big problem and
where “lour blending s possible. Wis method {s based upon rapid
gelatinizatlon of a4 flour suspension and subsequent measurement of
degradation of the starch paste by alpha-amylase, under conditions
simi{lar to those encountered In baking (2) : this test has been found
to glve rellable results over a wide range of alpha-amylase activity
(3). In contrast, {t has been reported that the falling number
measurements suffer from several sources of errors (4). Some falling
number ranges were recommended by the U.S. Department of Agriculture

'175-350 seconds : flour all purposes : 200-300 seconds : bread flours.

I1.2. Procedure (AACC Methoa : 56-81 B)
7.00grams of yround meal meeting granuluarity specifications
vere weighed and put i{nto g dry falling number tube tipped to 45

angle. Then 25l of water vere added. The rubber stopper was {nserted



and the tube was shaked {n upright position (up and down) 10 times,
making sure that all flour particles were suspended by upending. The
upper part of the tube was seraped with the viscomete-scirrer. The
stopper was removed from bath well, and simultancously the timer was
started and the tube placed {n the bath (100 °C) and locked into
position (raking no more than 5 seconds). Thereafter, the sample was
stirred with the viscometer-stirrer at a rate of 2 strokes per second
until the clock reached 60 seconds. This was stopped with the stirrer
In up-posftion. When rhe stirrer has gone thru the suspension, the
timer was automatically stopped and the time (In seconds) was recorded
as a falling number. To calculate the falling number on 14 % moisture

basis, the following formula was used

I1T - RESULTS AND DISCUSSIONSw*

TABLE 8 - Falling number results

Feplications Falling number Falling number reported
as - {5 to 14% m.b,
1 624 €08
2 720 701
3 704 685
4 727 708
5 753 733
6 748 726
7 647 é29
8 658 642
9 642 628
10 695 678
11 608 593
12 650 634
13 694 677
14 619 602
15 670 654
16 727 710
Mean :680.38 Um46.92 Hean :663.00 ; Um45.34

V.C= 6.90% V.C. =6.84 %



* These tests were carried out hy the techniciens of the National
Institute of Agronomic Research. Thelir technical assistance is

acknowleged.

Discussious : Values of Table 8 were evaluated using molscure content
of grain sample shown in Table 7 . These results show that the wheat
analysed {s very hypodiastasic. This Wwill be taken as a blank test for
possible changes thar may occur during storage.

[t seems Huu.thenumbursareabnormn)lyhlgh. The reesons for this are

Hot clear. The nature of wheat (durum wheat) may account for thatc.

LITTERATURE INDEX

1 - PERTEN, H. (1984) . A nodified failing-nunber method suitable for
measuring both cereal and fungal alpha-amylase activity. Cereal
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activity. Cerecal Chem. . 37 :218-222,
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measurement . Hilling feed and fertilizers CLXI (3) . l16-18.



3.0. VISITORS TO PROJECT

3. 1. Prof, Exfenne PERSOONS and Mr. GHIOOT

InApril 1987 the Dirvctor vf he tnsclitut visiced the experiment
site on campus . He was accompanied by the chief of Cooperation
Division (n Belgflan Enbassy Mr Ghioot ,Dr. E.Persoons, head of
Agriculcural Engineering Department at the University of Louvain La
Neuve Belglum . Dr Persoons who was visiting the Department of
Agriculctural Englneering of rhe Institut attented the fntallation of

temperature equipment and the filllng of pits.

3.2, Hinister of Agriculture

His Excellence the Hinfster of Agriculture of Morocco, Mr.Othmane
DEMNATI vistited the experinment site on grain storage on campus on
Friday July 3lst, 1987 It was an apportunity to inform the Minister of
the research carrled vut on grain storage by the Agronomic and
Veterinary Institute and ef the AID Yashington Grant {n particular.
Several taculty members representing the Department participating (n
fraln storage research were fntroduced to the Min{ster who expre ssed

his encouragemnents to the research team.

3.3, AID Mlssion
Mr. HANAFI from AID Mission in Rabat made a visit to the
¢xperinent site.He was accompanied by.during this viste by two grain

Stoerage experts. Dr Bartay{ presented the objectives and approach of

the research undertaken on sraln storage at JAV.



J.4. Visirors on World Food day

Friday October 16 th, 1987 was World Food Day. A group of
the eminent persons visited the experiment site on IAV campus.
Hr . ALAOUI. General Secrerary()fﬁinistry of Agriculture , FAO Mission
Divector In Rabat Mr. KORTAS,DircctorofCOMAPRA(MorrocnnCompanyat
Agriculrural Products), Head of Extensfon Directorate Mr. BEN SOUDA,
Head  of Divisfon or cooperation In Hinistry of Agriculture
Mr. CHELOUAT!, Dr. SEDRATI, and Mr. FIRDAWCY respectively Director and
General Secretary of The Agronomfic and Veterlnary Instftute. The
experiment object{ves and the approach of the investigation on gralin

storage at IAV,vere commented to the visitors.

During Novenber 1987, Dr. Florence DUNKEL, principnl cotnvestigator,
attented the opening of the two barley plts on campus. Her visit was an
opportunity to check the ordering ofr equipment with Morrocan
colnvestipators rrnml!nffol]nu(rngncpartmcnts o Dr. EZZAHWIRIB. (Plant
pathologyvy ., Mr. FATEMI 2. (Plantu Breeding), bpr. BENJILALT (Food
Chenmisvr, and Biochenlatryy, Mrs. BOURARACH . K (Entomology),

Hro BAKHELLA (©aod Slence), Mr o GOURAMA .MU (Microbiology).

Dr. DUNKEL ¥ along with the principal Investigator also mer with
Dr. SEDEAT! Y. (Director ot TAV) Mr. FIRDAWCY L. (GcncrulSccreLuryof
TAV) , Dr JOHNSON D (Team Leader, Minnesota Project at TAV),
Mr. NELLEYER R (Froject Offlcer AID Mlssion Rabat). pr. DUNKEL met
Dr. AIT KAI M. Chafrman and DEBBARH HAFID, colnvestigator from the
Apricultural Enginneering lepartement, duringllerstny. Dr. DUNKEL was

also able to visit the experiment site in Chaoula and meet wihth the



farmer.

3.6. Dr. GUSTAFFSON R.

The chalrman of the Agricultural Engineering Department at
Ohio State Universfty Columbus, Dr. GUSTAFFSON R. visited the
experiment site {n Chaoula on January 21 st 1988, pr. GUSTAFFSON 15 a
major advisor for a doctoral research on applying numerical models to
predict heat and molsture transfer {in a stored grain mass. Thisg
research fs belng carrfed out by an 1AV Faculty member, Mr. Driss
Massahou from Foad Englnevring Department. The theoretical numerical
nodel  once completed well become a useful tool to process the
temperature andmolsture data collected from the experiment carried our

At ALY

V.7, Farmers
On Hondav January 25 th, Hr. MAMDOUN Bouchaib and MAMDOUH Ha §

Ahmed, the brother farmers who host the experiment In Chaoufa were
Invited tor a one day visit to IAV by the Director Dr. SEDRATT 1Av,
Besearch acefvyg ties on graln Storage were presented to the farmers who
Yere recelved by the Director and tpe General Secretary of [AV, The
farmers were able to tour same Departments such a5 Agricultural
En;;ino-crrin;;, Plant Pathology, Zoology, Plant Breeding,
.‘Hcrob(o)ogy The farmers were encouraged by TAv Director and General
Secretary to extend Invitation to farmers fron around the experiment

slte f{n Chaouia to visle 1AV and know more about ftsg research

activities {n Beneral and grain storage research ip particular.
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3.8, Moroccan Televislion

OnTuesdayJunuary26 Lh,HorrocunTelevisionprcpnrmlnfirst
reporet on the ongoing rescarch on grain storage at TAV. Dr. BARTALIL
H. theprinclpulinvesllguturcommcntcdLhuresearchplnninclm“ngrhe
LAY und Chaouta experiment s{ites. A presentation of this rescarch was
made on the Moroccan TV on Wednesday 27uh. Emphasis was put on IaV
contribution to promote Appropriate storage technologles and reduce

svain losses.

4.0. PLANS FOR THE NEXT_S1X MONTHS

4.1, Flrst opening of pies

On March 3JO0th, 3 months after the filling , 4 plts will be
opened(ZStruwllnedennl?plustlcllncd). Snmpllngandannlysiswill
be carrfed out by the resvarch team. About 50 metric tons of grain

“I11 be taken out of the cxperiment site, bagged and transported to

Rabat, sanpling will take place on site,

4.2 .Visit of Dr F.Dunkel

A second visit one week long 1s scheduded for Dr F.Dunkel
(prinecipal CO]!]VOSLi;“l(OF) at the time of the firste opennigof pits and
analysis of grain simples(End of March 1988).Thisg vislie is fmportane
because 1t wil]] Strengthen the efforts of the

rescarch team cvo

toordinate lts work regarding adeguate analysis of grain samples.



- o -

4.31. Reuse of pgrain for a long term storage

Iclsplnnncdtousupnrtoflheuhnnttukenoucofchﬁhopmwd
plits on March 30, o fil1] 2 underground plits similar to rhose on
the farm site in Chaoula which will be Insralled on the Institute
Campus In February 1938. The wheat wili be kept stored In these pluvs
for a much longer period (5 years). This experiment will permit to
Investlpgate the evolution of quality of grain when the latter remaing
underground rfor longer perfods. This long term storage used to be
practiced by some farmers and may still take place when the farmer'’s
sltuation permtes. ThiulnngLurmslorngugoesheyondthetimelimitof
the AID sponsored broject, but {ts resulvs wiil be beneficial to the
research on underground storage. The cholce of Institute Campus to
extend this experiment {5 nade In order to reduce costs and avold any

disturbance to the farmer who 1s hosting the present experiment.

4.4. Second_pits opening

The second pits opening {s scheduled forthe«nuiofJunel988,L.e
six months after the f1lling . 4 pirs wil] then be opened (2 straw
lined and 2 plascic lined). Sampling of grain from plts will be
carrled out on stite {n the same way as for the first opening .
This second opening will coincide with the visit of bpr. Raymond

sterling (Principal colnvestigator) to Morocco.

4.5. Completionof pro curement and {nsta .’..JAi!,LLQLLQ_fl_Eﬂ,LE__‘_),EﬁU_‘.I!!.il’0"1‘3 nt

ThceqnipmentnrdnrvdfromnbroadwillsLillbenrrivingdurhw

the next months.Its testing and installation will then take place.
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4.6 Pa

Several visits are planned to both the experiment site tn Ghaouia
and to the one campus. These vis{ts will ensble researchers ,maroccan
farmers, extension peopole know ahout the ongolng expeviment. The next

Progress report will summarlze and comment these visits,

5.0.Revised Gnare chart for project

A revisfon of the Gnatr chart is shown in Table 11.This revision

Wan o necessary to cope with new planing conditton .
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» Expenditures are made in dollars and local currency

in Morocco (dirhams).

»lxpenditares in dollars are based on information obtained

from University of Minnesota up to hecember 31,

. Rate used in preparing financial status (between doltar

and dirvham) 1s 1§ - 7,82 DI,

. Chtgue from USAID arrived to Institute on January 7th
1988,



