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1.0 INTRODUCTION

The present progress report is the fifth one, it
presents the complete results on the experihenc undertaken at
Settat on wheat storage using underground pits in which two types
of in side lining are used : straw versus plastic. The following

data are given to remind the reader of the important phases of the

experiment:

1. December 30th, 1987 : 16 pits were filled with wheat (8
straw + 8 plastic lined) as shown in fig.1.

2. April 5th, 1988 : first opening : 2 straw lined pits (BS
and 0S) and 2 plastic lined pits (EP & KP).

3. June 30th, 1988 : second opening ; 2 straw lined pits (PS
&NS) and 2 plastic lined pits (CP & HP).

4. September 30th, 1988 : third opening ; 2 straw lined pits
(GS & IS) and 2 plastic lined pits (AP & MP) were emptied,

5. May 18th , 1989 : 1last opening ; the last four pits (2
straw lined : JS & LS and 2 plastic lined : DP & FP) were emptied
after about 16 months of scofage.

The partial results of the first three openings have
been presented in the Previous progress reports. In addition to
the measured data and analysis of the samples taken in the last
opening, the present report gives the overall evaluation of the

underground storage of wheat in straw lined pits versus plastic



Fig.1: Disposition of the 16 experimental
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All the data gathered during the sixteen months of
storage (physical, environmental, biological as well as
biochemical and chemical) show that the plastic lining insures
better storage conditions than the straw lining. The farmers as
well as the extension technicians of the Ministry of Agriculture
and Agrarian reform at Settat are in favour of the plastic lining.

Two joint seminars between the storage group
participants have been organized ; the main objectives were 1)
share the results obtained from the investigations of each
participant ; 2) correlate the important factors in
multidisciplinary analysis ; 3) outline the important scientific
papers that will cover all the aspects of the present research.
Some papers will be published 1in the proceedings of the
storage to be held in Rabat 1in

international seminar on grain

Novembre 1690.

The achievements obtained this far are being
disseminated in the Chaouia plain, the Sais area and the Middle
Atlas, where the plastic lining of the wunderground pits |is
the

favorably introduced to improve the quantitative as well as

qualitative underground storage conditions of cereals.



2.0 - RESEARCH ACCOMPLISHMENTS

2,1 Sampling of pits opened

As outlind above, the last opening comprised two straw
lined pits (JS & LS) and two plastic lined ones (DP & FP) as
illustrated in fig.l. The sampling location are showen in fig.2.
They correspond to the position of temperature sensors. The
sampling procedures as well as the types of analysis are similar

to those defined in the three previous progress reports,

2.2 Research evaluation

As mentioned in the fourth progress report, the theéls
defense of Mr. El1 Ghali Abdellatif, a third cycle student in
Agricultural Engineering, has been the second opportunity of the
on going research evaluation, the defense has taken place at IAV
Hassan II in November 27, 1989. The joint seminars between the
storage team members held in February 1990 were another

opportunity of multidisciplinary research evaluation of the

present project.

This interdisciplinary evaluation shows that:

1. the storage conditions of grain are very good in the

underground pits ;
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2. the plastic lining preserves better the quality as
.well as the quantity of grains stored in the underground pits
compared to the straw lining (less than 1% of welght loss are
obtained in the plastic lined pits against 20% in the average 1in
the straw lined pits ) ;

3. the germination potential of the grain decreases
significantly storage in straw lined pits where it approches zero

after six months of storage.
2.3 Analysis of 16 months of storage
2.3.1. Agricultural Engineering

The Agricultural Engineering Department continued the
overall coordination of the present project under the supervision
of Dr. H. BARTALI, and Dr. A. DEBBARH. The tasks included: Ehe
preparation and the material organization of the pits openings,
data monitoring and processing, reports preparation and project
evaluation.

Dr. H. BARTALI and Dr. A.DEBBARH are actively 1involved in the
preparation and the organization of the International Conference
on grain Storage to be held in Rabat-Morocco in November 1990.
Abstracts related to the different themes of the conference have
been already sent by participants coming from more than 25
countries representing the five continents of the globe. Five
papers related to the present project will be presented in this

conference.



2.3.1.1 Data Monitoring

Temperature, relative humidity and carbone dioxide
levels in the pits were regularly monitored by the Agricultural
Engineering Department during the 16 moncgs of storage. The
results have been progressively analysed in the previous

reports. The analysis of the data recorded lately is presented in

the following.
2.3.1.2, Temperature variation

Temperature data are plotted here in terms of depth; in
fact the average of the maximal daily temperatures for each month

is distributed for a particular pit over {its depth.

Figures 3 to 5 represent temperature profiles in the
soil for the sixteen months of storage. It is clearly shown that
the gradient becomes slow below the first 20 to 30 cm of the soil;
it is ascendant during the cold season and descendant during the
hot period; figures 6 to 8 represent monthly maximal temperature
distribution over the depth of the plastic lined pit, Figures 9 to
for the

11 represent similar vertical temperature istribution

straw lined pits. From the comparison of the above figures, the

following conclusions can be made

1. Temperature profiles of the plastic lined
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Fig.3 . TEMPERATURE GRADIENT IN THE SOIL.
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pits look similar to those of the soil, this indicates that the
main mechanism of temperature transfert in the plastic lined pit
is due to heat conduction. In the grain bulk temperatures are

higher than those of the corresponding points in the soil ;

2. The shapes of temperature profiles of the
straw lined pits are different from those of the plastic lined
ones, in general temperatures are higher in the grain bulk of the

straw lined pits than those of the Plastic lined pits ;

3. The temperature measured at the top level
of the bulk of grains in the straw lined pits is much more higher
than that of the soil surface above these pits, the reasons are
related to important biological activities at this level (micro-

organisms and grain respiration; there might be a certain

disponibility of oxygen at this level because the closing of the

hole above the stored bulk of grain is not completely sealed),

2.3.1.3. Relative humidity

Because of some technical problems, the sensor of
relative humidity placed at the center of one plastic lined pit
was mnot functionning properly. Relative humidicy measures were
taken for the straw lined pits only. The results have already been
discussed in the previous progress report. Table 1 shows the
evolution of cthe relative humidity of the interstitial air and

measured by an hygrometer at the center of each pit at the various
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Fig.6 : PLASTIC LINED PIT
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openings. It is clearly seen that the relative humidities inside
of the straw 1lined pits are higher than those inside of the

plastic lined pits.

Table 1 : Relative humidity measured inside pits at each opening

Storage period Plastic _lined pits Straw lined pits
3 months lst opening 67.50% 80.00%

6 months 2nd opening 65.00 & 75.00%

9 months 3rd opening 64.50 % 30.50 %

16 months 4th opening 66.00 % 89,00 &

2.3.1.4. Carbon dioxide

The corresponding data have been reported and discussed
in the previous progress report. The CO0y level has been found
higher in the straw lined pits than in the plastic lined pits
(about 4% of differences), this consolidates the hypothesis . of
greater bilological activities inside the bulk of grain stored in

the straw lined pits (Fig 12 and 13).

2.3.1.5. Unit weight and moisture content

a, Unit welight

Table 2 shows that the unit weight of wet grain after 16
months of storage has decreased from its initial value of 775.5
g/l to an average value of 674.16 g/l for the straw lined pits
while table 3 shows that this decrease 1is very small (almost

negligible) for the plastic lined pits (the average value is
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Figl12:variation of CO2 levels at bottom of pit
From 12-30th1987 to 5-10th 1989

200 400 500 Days of
SlOng?
O Plaostic * Slrow
F19.13: Variation of CO7 levels at side of pit
From 12 -30th 1987 to 5-10th 1989
20
19 -
18
17
16
15
1% -
13
12 -
1N o
10+
;2 9 -
=~ 3
o~ 7 A
O ¢ J
O
‘ -
3 @
2 -
‘ 1]
0 ;— T T T T 1
0 200 400 500 Days of
storage

D NMlastkc * Straw



- 16 -

around 754.74 g/l1),

b. Molsture content

Tables 2 and 3 indicate that the average molsture
content of pgrains stored in the straw 1lined plits and much more
higher than that of the plastic lined pits (17.91 % in the average
for the straw lined pits against 12.49% for the plastic 1lined
pits).

c¢. Damage and waste evaluation

Tables 4 and 5 give the complete data on the percentage
of grain damages respectively for straw and plastic lined pits. It
is clearly shown that this percentage of damages is much larger
for the straw (26.59% in the average) than for the plastic lined
pits (9.29% in the average). Table 6 shows that the grains stored
in straw lined pits presents large percentage of waste (4.46 %) in
addition to various chemical and biochemical changes that are
illustrated by the changes of odor and color, those changes have
not been observed in the plastic lined pits (see table 7). Tables
8 and 9 give the losses by dry weight method respectively for the
straw and plastic lined pits after sixteen months of storage. It
is clearly shown that the losses calculated by dry weight method
are five te six times higher for the straw than for the plastic
lined pits (19.03% a gainst 3.62% in the average). Tables 10 and
1l confirm the obscrvation made thus far that is the losses

evaluated after sixteen months of storage are more important in
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TABLE 2

- Unit weight and moisture
pit, 16 months of storege

content of grein: straw

Unit Weight Moisture con- Unit weight Volure of Average unit Average mois-
Fit Sample of wet grain tent (%) of dry grain| zone in % vweight of turerzs:tent
(g/1) (g/1) wet grain °f g(%J
{g/1)
LS (DZ 1) £ & 4 AT 94 J06 %,50
Ls1_ 300 A6 34 3573 1,90
Ls2 309 25,85 3149 A3, 20
s Ls3 616 T ,Lé 3y A 43,30 | 63T A | 23,23
LS4, ¢ %% A ;36 145 20,90
LS (Dz 2) 50% L, 6% GAL &,>0
viean 659,42 A%, %0 EX WS
St.Dev. 1519/‘ ‘2/ 39 SH’HS
Js (nz 1) | 655 AT, 67 661 1,50
S I VRN B 75 E B 1T S B O -
As % ™ RO
s 383 6673 AL, 4A Z‘é& Y3 ,30 (o?}“w?fﬁ AT 4R
Jss 639 A1, 4O L5 20,90
Js (Dz 2) 6AF 29, &b 655 6,30
fiean 6 E%;S /1('5, L'S ?03113
St.Cev. 3,06 5, A0 39,14
Meen Q—:“‘I./ib A—"'%A
St.Dev. 5,565 04%/‘
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TAZLZ 3 @ Unit weizns
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=iint 2nd meisturs contant of grainsplastic
pit, 13 months of storaga
Unit wsight “oisture Unic waight Velume of Avaraze unit Average mois-
X ~ of w2t grain contant % of dry grain zone in % «2ight of wat jture content
Pit Sample (g7t ) (z/1) zrain (g/1) of grain (%)
T2 (Toz) -*5['( Ai,GO }Gg O,")L{
ce o1 -(.52 A2 .55 ‘1{‘%08 Ag,%g
2 2 15 A2, 42 AL,0
” =3 129 A5 A 15 4 53,20 | 18204 | 4, (a5
- s 166 THNn! 186 22,89 ’
Mean .‘\'53,80 /\24'5/1 %0@
S5t.Cav. "{'Lls Ol S K . Si-i A
5 139 AZ,30 I 0,99
At 341 N, 335 A0 %% ¢
. o2 158 AIRE 11y AL, 0D EAEPLVIC T BV PR
] £P3 139 AL, 370 53, 34
P4 162 A2, 54 ER LY 22,89
Mean —‘“{S AQ.‘*'ZI —}%A, 21
St.Dav. 40,68 O,AZ 4,91
Mean ’{’5(” l}u /\Ql &'%5
St.Dev. A 0,33 O, 043
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the straw lined pits. All the above data show that the plastic
lining 1insures ©better conditions of grain storage in the

underground pits with negligible weight losses and no odor and no

color changes.

2.3.1.6 Distribuction of plastic bags to farmers and
survey.

40 plastic bags were confectionned under the supervision of the
Department ¢f Agricultural Enginneering in April 1990 and handed
out to the farmers in the Settat area prior to their stoarge of
the 1989 harvest by the extension service. A questionnaire ;as
established by the Department and was to be filled by the
extension to evaluate the feelings and reactions of the farmers

after using th . ves the plastic on their own pits. Reactions of

farmers after 6 months of storage were very positive,

2.3.2 Plant Pathology
Dr. B. EZZAHIRI

Test for germination and for storage fungi were conducted after 16

months of storage
2.3.2.1 Germination

The results of the germination test are presented in

table 12. After 16 months of storage, the grains stored in the



TASLE - Larage evaluatizn (3 :
A 388 &valuatiza (2) Shraw pip, g Tonihs of sitrage

2 -

_ -2Zslaors- , Insect Shran«zn B RE—— —_——
it Sz~nle tizn Rer- g attazred Rarnsls Total cf Volu=2 of | % Zama-
nel . kernels Caregzd Zone in E:_:-
kernels % %
— [Lls{cz ) - . ] —— ]
Ls 1 YO 1 30 | AT0 ) = 400 — AGO ER
Ls 2 350 | 690 | 930 | ovo | QOF 501 333 | assy 1o
Ls Ls 3 L0 | A30 4t 0 6,90 | o ,?28 %"‘ZO ;A,AO A% 20 I3y
Ls 4 o ANo | As0 TG < ' ' 739 1.0 | <N
Ls (3z2) L('}__ —_ _ 0% 9.0 240 0 A LD L9030
AT AR — Aco — | AoO 630
] s2n . X0 12035 020 0,033 ot AT T————
St.2=v. Q591 Aléq’ 01153 0'033 02 3'.2.’(5 qé'tg
35 (271 _ — — -0 7] 0.0 739 —& O3 | 4Y,75)
35 1 490 250 | 4,30 0 | gios [A%P o [roD TS50
i s 2 3,90 0,80 A,90 g,% O 8 ;’;‘8 —‘?'Abg A%.59 2'10
77| w30 [430 f2040 faoo #2380 [ {145 ]43%9 [ b8y
38 LS < A,}_O /1—,:5_0 0,¥ O 5,06 AOA'OO D30 I AL G }030
- - — 0 — [10D !
220 LSS [ ANY A9 ol o —=t—-—1 - | 73
o | ons | 03| 03% | 985, [Oows IS Y,
—— =71 0.0W | 51eb | o35 [ ygg
Mean 2_5, gg
St.Dev. 05




TAZLE - ~ara mua .
LES Ce: 252 svalyatice- {%}, plastin pit, 18 ronths of storzze
S5

Inse:t§ "\ I
fe:i;;:d, ah demaze g;f;;fg‘ :zigvfnof ::3:3
S k s r )
0,60 WW‘O\\O SN N
0,50 [ f1xo [ gdd | ¢ g 230 | 3310 | 094
ANO | .50 o' s 3 5 2,00 £50 |10,%%
SR Bl I PR T R Y O
0.50 1440 fons [ o 0 240 355 |99.¢9
0T [7Cw —]
0'2.‘% 0,,3'} g‘}g 8 o ‘2—:06 O.')f/‘
7 239 [ o30 Taag 5 | 9 o.we&\
i Mo |2 35 c3e | & [0 (L0 oar o5y -
= F:j 3,‘2—0 0.¢5 2.30 O,'L{S 0 (3 2_,, Yo} 9,90 10,2%
14°]0,69 {25 [ o050 2 239 19,40 [5320 | 9
T = 0 O 2,20 |9 ¢5 :
“z3n B,S L’g 0,18 W O ‘1 (o] 0\ ) 2’1 A ' .22'8;3
5t.2ay O.L93] 0 A O' 92 ! 6 236
'\J ' N O'Q}% ! '
\J\J\JO\ °© | ooy DYy S
Mean ‘3'{{3{
»Js:.dev. O‘-Z,OY




TASLEALY 6 - Percentagzs of was color avaluation
fleead 6
Straw Pit 15 mCNths o
7

- 22 -

; Samats Percentage Volura of zore Per:ewtaga of
Pit =erese Of wasta in % waste in pit g Cdor Color
::31[321) H q__E ;{5'%5 C? Odor of molg Yellow witn grey spot I
L32 (";2' '1_5’ 20 L( Lj 2— slitht - 21d odor Darker tran normal :
32 ")} & / ’ 5 " " i
LS L33 L45 43,30 )
Lse 2,0 (3 9 stron; .old odor '
43 ) Yellow j
L3(0z2) (L9S G, 30 ;
“leen QIL’}
5t.0ev 0, (.( 55
45 (oz1) 5, A0 8,50 Odor of motg Yellow «ith gry spot
381 L( BX ':} %"O slitht mold odor Darker than normal
Js2 L’ OS A —5 io L, /O " "
JS J53 L,’S—* L"B)BO '3 "
354 ({’3(4 20 ! (%O tron "old odo Yell
s Z m r ellow
S(072) 4,09 6,30 3
Maan . (.' ’56
St.0ev, 0)3%5
2an L( ’ L| (:
St.Dev. Ol 0 6




TABLE 7 - Percentage of waste, odor and color evaluation
plastic pit 16 months of storage.
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R Percentage | Volume of :zone Percentage of Odor Color
Fit Sample of waste in % waste in pit %
DP (Top) 5.65 0.94 Normal
DP1 3.98 10.88 "
DP2 3.17 12.09 "
DP DP3 5.84 53.20 3.61 "
DP4 3.15 22.89 "
Mean 3.806
St.Dev. 0.38
FP (Top) 4.15 0.94 Normal Normal
FP1 3.13 10.88 " v
FP2 3.36 12.09 3.60 " "
FP FP3 3.97 53.20 " "
FP4 3.06 22.89 " "
Mean 3.53
St.Dev. 0.497
Mean 3.605
St.Dev. 0.007
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Unit weight (z/1) ilaisturs content Loss of dry Volumes of Lczs of dry
w2ight per zone in % weight in
Sampls zone in % %
Initial Final Initial % Final %
LS (0z 1) 135 52 66 A M 36 A%.9 24,61 3,50
L31 “ 300 N A/ Agﬂo 1,80
Ls2 “ Yol " A 33 Ay 0 A3,29 A% 93
LsS3 " 682 ” RS At 0b 43,30 !
Lse " 691 " A6SS 1 AYA | 9590
LS (0Z 2) " 50% v 23,61 4 %,34 6.30
T15.52 | 65¢ %1 Ar 76 T 9Y 2 A 19
0,00 35,94 0,00 2,584 A3'49
Js s 1) 15,52 | 655 A, 36 AT 6D 2,12 8=so
Js 1 " 6 9% y ALY A4.19 190
Js2 . T0A " Ab,RS Ay, i A3H,20 -2,0,0%
Js3 “ 6673 v g, 44 120,95 43.30
Js4 . 637 v A4 0 A%, At 2309 O
Js (DZ 2) " 6 A} % 29,66 36,538 (>0
115,52 668,50 | A4,76 A9,45 9 A, AR5
0,0° | 34506 | "5 o0 5.0 g, 94
Mean ACD,O'B
St.Dev. A v3
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TAZLEQ

: Loss by dry weight m2thoz.pla

stic pit 13 months of storage

Unit weight

(z/1)

Moisturs content

Loss of dry Volame or S
waight per zone in % Loss of
Pit Sarple 70nz in % dry wesignt
Initial Final Initial Final ) in %
07 (Tap) 13552 [ 35y AA RS A2,60 310 0,94
0P 1 4 T59 u ./1"2',55 B,AB AO,%% . /{
b? 0° 2 ! 159 " ALGE L Te a0 20
0P 3 5 T 62 " AL 54 2.5% 53,20
0P 4 v 166 " Ay 41 2.0% | 92.%9
t15.52 17359 30 AN Y6 AL, 54 .14
0, b0 Y. 49| o0 00 0, 0% 0.62
FP(Tep) }—}5’52/ 119 AA|:H:: AQ_,’% 3 5'3% 0 9y
. FP1 I T Ur I ALAD 4,10 /10:3%
FP2 Z } 56 " A&'SS 3:A5 vA2,03 Lbeg
FP3 N “,39 1 AipY% 5,q2’ . 53ILO
Foa e y AL 5 A L 5% 3219
135,52 | ¥49,00] 4436 1232 |y
0,00 10.65] p, 00 0, 1% 4 Sk
Mean 3’66
[St.Dev. [ A5/1
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TASL= 10

- Loss evaluatian

* Thousand

15 months of Storage

Grain Mathes Straw Pit,
.

“2izht of w“2izht of Total Mumber of |[Loss of dry | Volums of Loss of
Pit Samzle undzmazsd danaged waight damaz=d weisht 2 zons in ° dry weight
kernals kernels (2) Kernels = ° = * hethe pit g
(z) (g)
GNS (DZ1) 0 48 <0 q%,950 A 00O 2 ALY %,50
GMS 1 44,00 64§ q1‘qf Ash 232 1.10
GNS 2 44,290 Q,EO quQ A3 3,23 N 3,20 %IBH
G3 GuS 3 39.40 .55 46, 6) 293 5,35 4330
GNS 4 39,60 .60 9&29 A3S 4,22 2050
GNS (DZ2) 0 TG, Y¢S 54, ¢8 A DOg 42,31 £30
26 .34 | LA AT 4z, sY 50,63 | 23S
20,19 23.246 3 NE% §2 53V A61Y4
IS (Dz1) 0 L ¢, 97 4% 97 AJD O 1 AL 3.0
Is 1 39 €5 3, AS 4%, 00 Ak 3,99 1,90
IS I3 2 40,00 6,20 46,X0 A33 4,473 N30 1 33
Is 3 3% 16 T, 24 46,60 2 06 4 Gy 4330 '
IS 4 -59:,4() LR B Y ¢6,3¢ A9 3 AT 40,90
IS (022) 0 6,90 56,90 |AcDD 6,30 6,30
26,49 | 22,4y | gy 460,33 | 42,55
Maan %, 0¢5
St.Dev

0,340
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Plastic fit,

ASLEN - Lass Evaluation

18

: Thousand

Srain Method

months af Storace
=]

Weight of W2ight of Total ! "umbsr of fLoss of dry| Volums of Loss of
undamagad Camagad wa2ight damaged weight zone in dry wesight
Pit 3a-ple kernels kzrnels (3} kernals % in the pit
(5] (g) (%)
MP (Tap) Lo3o 490 45,20 AND 0.6% 0,9y
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MR 3 (10'30 5,08 45,99 PR /1'7:/1 53,20 /
e 4 2,90 $.A0 G190 | A2% ATY 291
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AR TR 0,35 AARSL A3
AP (Tap} (‘lO,AO q,%S LQLI%Y AlO A.-).)E ) 0,9y
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O.2%[ 3k 0,%Y 130 5 8%
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straw lined pits 1lost completely their viability, while in the
Plastic 1lined pits, a relatively high germination 1level was

maintained.

Table 12 - Percentage germination of durum wheat kernels after
16 months of storage in two types of pits,

Sampling location % Germination*
Plastic Straw

Top of pit 86 0

15 em from top (1) 88 0

Center (2) 64 0

Bottom (3) 44 0

Near the edge (4) 68 0

* . Average of 3 subsamples, 100 kernels each (1) to (4) number of
sampling location,

2.3.2.2 Test for fungt

The methods utilized were described in a previous
report. The kinds and the frequencies of storage fungi in the two
types of pits after 16 months of storage compared to 9 months of
storage are presented Iin table 13,

The two species A, glaucus et A. versicolor continue to
be dominant after 16 months of storage in both types of pits, with
lower frequencies in plastic than in straw lined pits.

Other species present 9 months after storage in both

types of pits were not detected after 16 months of storage.
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Table 13 - Percentage of surface desinfected durum wheat kernels
from which storage fungi grow after 9 and 16 months of
storage in plastic lined pits and straw lined

STORAGE FUNGI $ INFECTED
Plastic lined pit Straw_lined pit
9 mo 15 mo 9 mo 15 mo
Aspergillus candidus 3.8 0 4.7 1,5
A. flavus 0.6 0 0.6 0
A. glaucus 7.3 6.8 36.2 26.6
A. niger 3.1 0.7 2.4 0.1
A. fumipatus 1.4 0 0.5 0
A. ochracens 0.2 0 0.2 0
A. versicolor 3.5 2.4 23.8 27
A. wentii 0.4 0 0.5 0
A. clavatus 0.5 0 1.9 0
Penfcillium sp. 5.2 6.5 15.1 5.3

mo: months
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2.3.3 Plant Breeding

Mr Z. FATEMI

2.3.3.1 Germination

This test was run in the laboratory of the D.P.V,

C.T.R.F. as described in the first progress report.

Table 14 Percentage germination resulis alter 16 wonths of

storage
Type of pits Sample location Mean Standard
deviation
Real top 0 0
15 cm from top 0.375 0.517
STRAW Center 0.625 0.916
Bottom 0.125 0.354
Near the side 0,500 0.534
Real Bottom 0 0
Real Top 27.000 11.314
15 ecm from top 27.250 1.832
PLASTIC Center 17.350 1.062
Bottom 13.000 1.604
Near the side 13.120 2.800

The percentage germination of the seeds from the real

top and the real bottom of the straw lining pits was nul.

In order to assess if there 1is any effect of lining,
site or their interaction on seed germination, an analysis of
variance was run (table 15). The model used is the same as the one

described in the second progress report,
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Table 15 Analysis of variance table for germination
Source of Df ss Hs E P
varjiation
Lining 1 4778.3 4778.3 1101.73 0.0000
Replications 7 31.484 4.4978 1.04 0.4815
Error 1 7 30.359 4.3371
Site 3 542.05 180.68 143,10 0.000
Lining*site 3 533.67 177.89 140,89 0.000
Error 2 42 53.031 1.2626
Total 63 5968.9

The analysis of variance (table 15) shows that the
effect of lining, site and their interaction are highly
significant.

A contrast analysis was run to do a rultiple comparison

of means for which the results are summurised in table 16.



Table 16 Pairwise comparisons of percentage germination means

a/ Straw lined pits

Percentage

germination mean 0,125 0.375 0.500 0.625

Site Bottom Side Center Top
Percentage

germination 13.000 13,120 17.350 27.000
mean

The wvalues which do not differ significatly are
underlined in table 16. For the straw lined pits, the highest
germination was shown by the seed from the center. The germination

of the seed from all sites of the straw plts didn’'t differ

significantly,

For the plastic lined pits, the percentage germination
didn’t differ significantly between the bottom and the side.
Elswhere, the differences were significant., Figure 14 show the
evolution of percentage germination of the seed from the plustic

(a) and the straw (b) lined pits.

In the plastic lined pits, the percentage germination

showed a large decrcase between 9 and 16 months of storage.

In the straw 1lined pits, the decrease was really

lmportant so that the germination percentages were near 0%,
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2.3.2.2 Early vigor test

This test was run as described in the second report,
A summury of the seedling dry weight after 16 months of storage is

given in table 17.

Table 17 - Seedling Dry Weight after 16 months of storage (mg)

Iype of pits Sample location Mean Standard
deviation

Real Top 0 0
15 cm from top 0 0

Straw Center J.750 2.500
Bottom 1.250 2.500
Near the side 2.500 2.887
Real bottom 0 0
Real top - -
15 cm from top 68.750 2.500

Plastic Center 62.500 10.410
Bottom 50.000 7.071
Near the side 51.250 8.539

The also, the seedling dry welght from the seed from the

real top and the real bottom of the straw lining pits was nul,

The analysis of wvariance (table 18) shows that the
effect of lining, site and their interaction are highly

significant,
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TABLE 18 Analysis of variance table for seedling dry weight

Source of DF SS MS F
variation

Lining 1 25312 25312 450,00
Replications 3 81.250 27.083 0.48
Error 1 3 168.75 56.250

Site 3 462.50 154.17 5.29
Site*lining 3 550.00 183,33 6.29
Error 2 18 525.00 29.167

Total 31 27100

P
0.0002
0.7182

0.0086
0.0042

A multiple comparison of means by a contrast analysis

was done. Those results are summurised in table 19,

Table 19 - Pairwise comparison of seedling Dry welght Means

a/ Straw lined plts

Site Top Bottom Side

Seedling dry
welght means 0 1.250 2.500

b/ Plastic lined pits

Site Top Bottom Side

Seedling dry
weight mean 68.750 50.000 51.250

Center

Center

62.500

The seed from the plastic lined pits showed a decrease

in vigor between 9 and 16 months of storage., The vigor of the seed

from the straw lined pits was not far from O.
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For the straw lined pits, the seedling dry weight means didn't
differ significantly. They were renlly\;lower than those of the
Plastic lined pits. For the latters, the mean for the seed from
the side and the bottom didn't differ significantly elswhere, the
differences were significant. Figure 15 shows the evolution of the

seedling dry weight of the seed from the plastic (a) and the straw

(b) lined pits,.
2.3.3.3 Conclusion

The plastic lining seems, so far, to protect the best
the seedling vigor and the germination but after 9 months of
storage, this protection didn't seem to be very protective that is
the seedling dry weight and the germination were not very

satisfactory after 9 months of storage.

2.3.4 Entomology
Mrs K. Bourarach
2.3.4.1 Situation before incubation
Materiel and methods used in this study are similar to

those described in our previous studies. Grain samples were 1is

leved. The trash and the broken grains werc examined fo detect any
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form of Arthropode presence. The distribution of the different
insects found assoclated with grains In "matmoras" are represented
in table 20. Our results show the presence of 2 live Coleoptere
specles in matmoras tarped with plastic film. These two specles

are : Sitophilus orizae and Rhizoperta dominica. These were found

with an average number of 0.25 and 1, respectively. Dead
individuals of the same species were also detected with an average

of 2.57 for S. oryzae and 1 for R. dominica. Dead individuals of

another specle (S. granarius) were present with an average of 0.5.
Samples from plastic "matmora" did not show any live insects,.

However, one dead adult individual of S. orizae was found.

In straw matmoras, no live or dead insect was detected
in the pit JS. However, 2 live and one dead (weevil) were found in

the pit LS. These (weevils) belong to_S,oryzae et S granarius. The

first species were found with an adult average of 2.25 alive and
0.5 dead. The second species was present with higher adult
averages: 21.75 alive and 5 dead. During the opening of this

second matmora, a high mite infestation was notliced.

2.3.4.2 Situation after incubation

After the 1incubation periode, plastic matmora samples

showed a low infestation with 3 coleopteres specles. These pests

present in matmora F.P., were §, oryzae (m = 0.25), S, granarius (

n = 0.5) and R. dominica ( m = 0.5). In the same matmora and



Table.20 . Pest counts before incubation .
=0 &.lU

Matmoras with plastic lining

Matmoras with straw linin g
Sample ' N s E ¢ 1 5 I - I N S E ¢ T s o’
> Q "\
Sitophilus .oryzge Sitophilus.granarius Rizopertha. dominica ,“"o (006 Sitaphilus.oryzae Sitophilus.grangrius Rizopertha.dominica Y."o
Live Dead | Live Dead| Live Dead Live Dead | Live Dead] Live Dead
FP, 0 0 0 0 0 0 - LS 0 0 22 5 0 0 -+
F P2 0 0 0 0 0 0 —_— LS?2 8 2 28 4 0 0 —+
FP3 0 1 0 0 0 0 —_ LS; 1 0 17 7 0 0 -+
FPe. 0 0 0 0 0 0 - LS. 0 0 20 4 0 0 +
m 0 025 0 0 0 0 m 225 05 21,75 5 0 0
DP1 0 1 0 0 1 0 —_ IS 0 0 0 0 0 0 —
DP2 0 0 0 1 0 0 — JS: 0 0 0 0 0 0 —_
DPs 0 10 0 1 1 1 — JS;3 0 0 0 0 0 0 —_
DPy 1 0 0 0 2 0 - IS, 0 0 0 0 0 0 —
m 025 2750 o 05| 1 025 i 0 0 0 0 0 0

-62-
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before incubation there was only one dead individual of S.orlzae.
In the second matmora (DP), the same two species S.oryzae and R.

dominica found before incubation were detected again after

incubation but with higher numbers then those detected before. The
average adult number was 7 for S.oryzae, and 1.25 alive and 0.25

dead for R. dominica (table 21).

Examination of samples form (JS) "straw" matmoras did
not reveal any insect infestation. L.S. samples were heavily

infested with S,granarius. This species was found with an average

number of 83.5 alive and 4 dead individual. A high mite

infestation was also noticed in these samples.

Insect infestation degree does not depend on the type of
matmora, neither on a site of sampling. The insect distribution
inside the matmora was heterogenious and does not follow ary

particular repartition (Table 22).

Concerning losses, there were more weevil-eaten grains
or grains without germ in "straw" matmoras than in "plastic"
matmoras. No damage of grain cotyledons was noticed in plastic
matmoras. In "“straw" matmoras grains with damaged cotyledons were

present with an average of 8.5 per sample.
2.3.4.3 Discussion and conclusion

One of straw "matmoras" dit not show neither during the
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Pest counts and damages after incubation.

-t

D A M A G 3 S INSECTS NUMGB E R S

: : N - - Acarians
Sample [ [Seains, ‘éi‘g‘fn“s Samage |Srin o |Greins srains | Sitophitus oryzae Sitophilus. granarius| Rizogertha.dominica

roles spots cotyledon 9 germes 3 T =
Live Dead | Live Dead |Live Dead —
© FP| 3 54.1 0 0 0 6 6 g 0 0 0 0 0 0 —
- FP2| 3 26 0 0 0 26 5 18 0 0 2 1 0 0 _
o Fprs| 7 40 | 34 0 0 7 3 14 0 0 0 0 2 0 —
a FP.] 6 56 0 0 0 28 0 0 1 0 0 c 0 0 _
_if o |m 475 44 85 0 0 16751 35 925 0,25 0 05 0,25 05 0
2 c
o < [DPi| 15 52 0 0 0 | % 5 |36 0 0 0 0 3 0 —
s — |orP| 11 31 0 0 0 10 8 23 0 0 0 0 0 0 —
€ DPs| 27 38 0 0 0 16 3 12 26 0 0 0 7 1 —
- DP.| 12 sS4 0 10 0 8 4 21 2 0 0 0 7 0 —
* sl wes|an] o | 5] o w5 13 7 o] o 0 425 025
> LS| 63 36 73 3 1 6 6 10 0 0 106 0 0 0 + 4+
5 LS2| 119 3% 22 0 5 15 7 16 0 0 77 16 0 0 | + +-
= LSs| 210 45 85 0 0 10 3 5 0 0 95 0 0 0 +  +
Posel 0 |63 |26 0 0 8 | 4 2 0 0 | 56 0 0 0 | 4+ 4+
L
-’;‘ o |Mm | 155 | 445 | 515 075{ 15 975 S 13,25 0 0 835 4 0 0
C

w e |TSi| ¢ 28 75 5 0 12 5 16 0 0 0 0 0 0 _
Z = |1sz2! s S4 p4s 4 1 11 7 15 0 0 0 0 0 o} —
g TS3| 47 383 2 0 13 16 | 11 50 0 0 0 0 0 0 -
= Js«| o 30 |64 81 56 14 3 3 0 0 0 0 0 0 —_
O
= M} 14250 375 02475 | 25 | 175 | 1325] 65 | 2225] o 0 0 0 0 0




Table 22

: Pest counts by level of matmora after incubation.

Grains {Grains | Rotten oth?r | Grains Broken | Grains | sman
o with with grains damages| without grains | without geains Sitophilus oryzae Sitophilus granariu Rizepertha .dominica
S | hotes { brgcx cotyle- germes : ; z
s ’ spots don
o Live Dead Live Dead Live Dead
° w 1] 9 53 ol of o |10 |ss |25]| o 0 0 0 15 0
s % o 2] 4 285| 0 0| o 18 | 65 | 205 0 0 1 0,5 0 0
€25 3] 17 39 17 0| o ns | 3 13 13 0 0 0 45 05
é § S |4 9 55 0 51 0 |18 |2 [105 15 0 0 0 35 0
w32 ) Live Dead |Lijve Dead | Live Deagd
o r] 335 32 74 4 05| 9 55 | 13 0 0 53 0 0 0
° 7 o | 2| 625 a | 135 2 3 13 7 15,5 0 0 38,5 8 0 0
Ecs )3 1285 | 415|985 ]| o 65 | 13 7 27,5 0 0 47,5 0 0 0
g 3 < 4] 35 65| 45 405 | 28 1 35 | 15 0 ) 28 0 0 0
!
P9
1- FPy + DP i LS, + JS, ':’
= 2 2 ]



opening nor after incubation any 1insec: infestation. This 1is

probably because of

a. The sample number was not sufficient to glve a
better idea of the real degree of infestation.

b. The stored grain was initially non infested with
insects. The observed high level of COy9 is due to microorganism
fermentation and not to insect or mite activities,

In the second "matmora", there was quite high degree of
infestation by Arthropodes which were favored by the climatic
conditions during the storage periode. The presence of high

biological activity in this second matmoras indicated, the

presence of insects and mites.

In plastic “"matmoras", only few alive insects were
detected when samples were examined after the opening. After
incubation the some samples were found to be highly infested. UE
think that during storage, the plastic film used in "matmora"
inactivate 1insect development, which may become normal when

conditions are favorable.
2.3.5 Food Chemistry and Biochemistry
A. KAANANE

This report gives the results relative to the samples

taken on 5-10-1989,
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2.3.5.1 Methodology

a) Samples

Five samples were taken from each of the four pits that
were opened on 5-10-1989 (16 months and ten days of storage). Two
plts with straw lining and the other two with plastic lining. The
sampling experimental design can be found in other part of this

report. It should be noted that all "determinations were done in

duplicate.

b) Methods of Analrsis

Refere to the six months progress report of January-

June 1988,

2,3.5.2 Results and Discussion

The results obcained for moisture content, water
activity, fat content and total acidity of all samples are shown
on table 23, As it can be seen all values are higher 1in case of

pits straw 1lining than values relative to pits with plastic

lining.



Table 23 Moisture content, water activity, fat acidity of
different samples of cereals stored in pits with
plastic and straw lining after 16 months of storage

* LS, JS = straw lining
* FP, DP = plastic lining

..............................................................

Samples* Moisture Water Fat content Fat acidity
content activicy ] mg KOH/100g
gh20/100¢g

LS 18.6 0.81 1,73 130

LS1 16.8 0.79 2.01 139

Ls2 17.7 0.79 2.17 162

LS3 21.8 0.81 1.57 174

LS4 19.0 0.79 2.75 152

JS 19,2 0.83 1,23 168

JSs1 16.3 0.79 1.59 167

JSs2 15.9 0.78 2.23 158

JS3 19.8 0.82 2.25 170

JS4 18.5 0.80 2.28 167

FP 14.0 0.72 2.12 34

FP1 13.7 0.69 1.93 42

Fp2 14.9 0.75 2.05 42

FP3 16.4 0.76 2.04 42

FP4 14,7 0.73 1.88 47

DP 13.5 0.71 2.04 21

DP1 12.3 0.69 2.15 30

DP2 13.4 0.68 2.24 22

DP3 13.5 0.68 1.99 13

DP4 12.2 0.67 2.30 33

2.3.6 Food Microbiology
Study of molds and mycotoxins

Dr. A. TANTAOUI ELARAKI

In this report, the results related to mycological
analysis of the samples taken on May 11, 1989, will be given, and

those relative to mycotoxin research in all the samples will be

presented,
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2.3.6.1 Mycological analysis

As for the perious sets of samples, fungal contamination

was assessed by the following

- percentage of seeds contaminated with molds

- number of molds spores by gram of product.

The techniques used were described in previous reports
Table 24 summarizes the results which represent a confirmation of
what we had adready observed, i.e., that plastic liners cause a
drastic decrease in the number of fungal spores/gram of product.

The percentages of seeds contaminated are also lower in

"plastified matmoras".

2.3.6.2 Mycotoxin Analysis

All the samples collected from the begining of this
investigation were checked for Aflatoxin Bl, Ochratoxin A and

Zearalenon.

Extraction and detection prosedures have been described

in perious reports.

None of the samples was contaminated with any of the

three mycotoxins,
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In the final report, we will discuss the overall results

of this investigation,

Table 24. Mycological analysis of samples
taken on May 11-1989

Disignation $ of seeds Numbey of Number of molds
of Samples contaminated Fungal isoclated and
spores/g stored
JS top 67 3.74%10° 1
Js1 53 1.30%106
Js2 32 1.67+199 3
JS3a 63 2.93%107 2
JS3b 45 1.63%106 2
JS3e 39 1.56x106
Js4 57 1.06%107 2
JS bottom 73 5.50%107 1
LS top 80 3.40%10% 2
LSl 55 1.19%10% 3
LS2 89 1.62%107
LS3 57 3.60%10° 2
LS4 39 2.93%10% 2
LS bottom 51 2.70%106 1
FP top 87 1.30%10%
FP1 51 1.10%10% 3
FP2 56 1.66%102 4
FP3 17 7.20%10% 4
FP4 42 . 1.18%10° 3
DP top 100 1.70%102
DPL 70 70 8
DP2 40 53 2
DP3a 34 29 3
DP3b 16 27 1
DP3c 34 34 2
DP4 32 28
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2.3.7 Food Science

Dr, M. BAKHELLA

Mixograph ané falling number tests
2.3,7.1 Procedures used; Refer to previous reports
2.3.7.2 Results and discussions

a) Falling number test

In general the latest data collected show once more that
wheat samples still are very hypodiastasic with very few
exceptions. More comments will be made on these data and the

previous ones in the final report.

b) Mixograph results

Discussions on the parameters of the mixograms will be
made in the final report. In general the results resemble those of
the preceding openings with more indices of serious rheological

degradation of samples issued from straw-lined pits.
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Table 25 Falling number of wheat stored for 16 months

Sample Falling number Sample reference Falling number
reference (l4g m.b) (l4% m.b)
Straw lining Plastic lining

JS (top) 67 FP (top) 820

JSs1 586 FPl 762

JS2 716 FP2 409

JS3 68 FP3 279

JS4 66 FP4 424

LS (Top) 749 DP(Top) 271

LS1 879 DP1 314

LS2 867 DP2 333

LS3 70 DP3 249

LS4 494 DP4 795
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3.0 NEW RESFARCH FACILITY FOR_GRAIN STORAGE

The Agronomic and Veterinary Institute of Rabat has completed the
experiment station for storage of grain and legumes in Meknes
Dkhissa in another grain producing area of Morocco. This
experiment was built by the funds of the project obtained by the
Institute from the Ministry of Agriculture and directed by Dr H>
Bartali, principal 1investigator. The station 1is designed and
managed by tne Department of Agricultural Engineering of the

Inscitute. The research work will be carried out by the



- 50 -

multidisciplinary team involved in the Science Advisor Project of
Settat. Objectives of this research are the evaluation and
comparaison of some storage systems adapted to the conditlons of
Morocco and other developping countries. The facility covers 5

types of storage systems:

-Underground storage improved with plastic lining according to the
findings of the research conducted since 1987 under the Science
Advisor grant,

-small farmers silos made with reed and lined with pastic and clay
-two appropriate storage units newly tested in Morocco: a clay
straw silo and a bulk emergency storage technique.

-2 steel silo equipped with mechanical ventilation

Two seminars were organised on graln storage on tﬁe site of the
experiment station. The first one on November 10 th on the day of
the inauguration of the station. The second on April 4 th on the
occasion of the first control after 3 months of storage, the topic

of this seminar was Techniques of sampling and monitoring of

stored graian.

4.0 INTERNATIONAL SEMINARS ON STORAGE

Dr H. Bartali, principal investigator was invited as a key note
speaker to the seminar on Post Harvest Systems organised 1in
Abidjan (Ivory Coast) from January 28 vto February 2 nd. The

seminar was sponsored by the Association of Partially and Entirely
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French Speaking Universities and hosted by the School of Agronomy
of Abidjan. Dr Barctlai presented a key note paper on Post Harvest
Situation in North Africa and a second paper on Underground
Storage of Grain showing the research methodology and result from

the Science Advisor/IAV project.
International Seminar on Storage Structures

An international seminar on "Storage Structures for Grain, Legumes
and their Derivatives" is Jointly organised by the Aronomic and
Veterinary Institute of Rabat, the Moroccan Association for Land
Reclamation, Irrigation and Drainage (ANAFID) 1in collaboration
with the International Commission of Agricultural Engineering
(CIGR). The seminar will be held in Rabat Morocco from November 28
to 30 th, | .

Participants from 22 countries from the five continents have
submitted their intention to attend. 5 papers dealing with the
research conducted with the Science Advisor Grant on underground
grain storage will be presented by the Institute in this
seminar. Visits to the research sites on grain storage will be

organised for the participants. Attached is a copy of bulletin 1,

5.0 PLANS FOR NEXT SIX MONTHS

5.1. Preparation of the papers to be presented at the

International seminar on grain storage of November 1990 and to be

included in the final report,
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For this purpose, a series of regular meetings of the research
team was initiated in January 1990 by a meeting with Dr SEDRATI,

Director of the Institute and founder of the Study and Reserch

Group on Grain Storge (GERS).

5.2, Continuation of the extension work for the use of plastic

bags through seminars such as those held in the experiment station

of Meknes.
5.3, Visit of Dr H. Bartali to USA

As principal investigator, Dr H. Bartali will make a visit to the
US in June 1990, The dates of this visit will be determined in
concertation with Dr Florence Dunkel, principal coinQestiagtor. Dr

Bartali will visit some reseach labs on grain storage and AID.
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RAJAT, LIEU 2U SEMINALRE
RASAT, VENLE CF ThE SEMInax

Rataz, ville imperiale et capitale du yaure du
Marce dispese de nortrewx hotels de toutes les
catégories. Tsus les effarts sercnt faits pour
teger chague Farticipant dars la catégorie de scn
choix. Rabat étant ure ville c3tidre pcsséde un
climat temgdreé,

En Noventre, la températire acyenne se situe
autour de 16:C,

Ratat, the irpecial city and capital of the
Kirgdom of Mcrecco offers nunerous hotals of all
ctasses, Every effors will be mace t3 back each
Farticizant in the hatel of his choice.

Racat being on the atlartic ccast has a fairly

@ild weather, 42an temperature in Neve~ber is
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APFEL AUX COMMUNICATICNS
CALL FCR PAPERS

Les propositions de comunicaticns cevront étre

adressées avant le 31 Mars 1990 au Secrétariat du

sémiraire, sous la forme d'un résuné d'une page
cactylographide au maximm (200 mots).

Elles seront scumises au Comité de lecture qui
avisera les auteurs de sa décisicn avant le 30
Avril 1§90,

Abstracts should be submitted to the secretariat

of the semirar before March 31st, 1990 in one page

typed at most (200 words).

The authors will be notified by the selection
cormittee before April 30th ,1990.
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