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Summary

i, As part of a research project into the causes of internal
stackburn in large-scale maize bagstacks in Zimbabwe, an

experimental stack in which internal heating had been
was dismantled and sampled to determine whether maize

discoloration (stackburn| had ccecurred within the stack and

recorded

its extent. The opportunity was taken to assess the possible
differences within adjacent jute and polypropylene bags.

2. During the field study of the stack, a total of 283 bags
were sampled and analysed by the Grain Marketing Board (GMB)
and NRI. Severe discoloration of the maize was cbserved in
the interior of the stack, being more severe towards the base.
The intensity of discoloration was measured using a Hunterlab

colorimeter and the degree and extent of this discoloration is
summarized picterially in Figure 1.

3. An assessment was made of the loss in weight due to
insect damage, and the (financial) less due to guality changes
associated with the discoloration. Weight loss due to visible
insect damage was estimated to be 2.3%, with an egquivalent
value of Zimbabwe 514,200. Downgrading of maize due to
discoloration was prnviaianall?fl estimated to be Zimbabwe
$11,600. This gives a combined loss of Zimbabwe 525,800 of
the potential value of the stack (or 4.2% of the total}. A

methodology for future stack examination and recommendations
for future trials are cutlined.

/1 Nearly half the maize despatched was to another depot on
transfer. Its final grade is yet to be determined and, if

less than AB grade, will add to the figure given above for
'discoloration loss®.



Figure 1 : Discoloration of maize in the slack
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Introduction

L. The GMB of Zimbabwe has experienced severe discoloration
of white maize in the interior of large ocutdoor bagstacks,
which they term '‘stackburn‘. 1In the past stackburn has been
noticed on the surface layers of stacks, immediately below the
covering tarpaulins. Its present occurrence has been reported
coincidentally with the introduction of polypropylene bags.
During despatch of an experimental stack (number 17) at
Marondera depot it was possible to sample maize to investigate

the incidence of stackburn. The cbjectives of sampling stack
17 were;

{a) to determine the extent and distribution of
discoloured maize, as well as any other associated
guality changes;

(b} to identify and measure losses from the stack; and

ie) to develop and determine a methodology for future
stack examinaticn.

During the field work the opportunity arcse to conduct tests
on maize from adjacent jute and polyprepylene sacks.

History of the stack

2. Maize used in the construction of the stack was all from
the 1989 harvest. Whilst records of variety are not kept by
the depot, the common varieties grown in this part of Zimbabwe
include hybrids SR52, R215, R200 and R201 (Friis-Hansen,
1991). GMB classifies these hybrids as 'white dent maize';
the majority (approximately 95%) was received through depot
transfers from Wedza, and sailid to be of communal farmer
origin. It is likely that this communal maize may have been
stored for a short time on the farm, before it was delivered

to Wedza. The remainder was restacked from another stack at
Marondara.




Table l: The number of bags of maize by grade, used to
conetruct the sack.

Grade of No bags % bags
maize
A 8,325 44
B 10,751 56
Total 19,076 100
i Stack building began on 9 November 1989 and was completed

on 5 December 13989, an interval of 17 days. On request of the
GMB Research Manager, the stack was built without gum pole
dunnage onto a compacted earth floor and covered by ‘write-
off' tarpaulins and plastic sheets. These were glued together
to form a barrier to fumigants and sleepers were placed arcund
the edges. This design was intended to test for any
improvement in fumigation effectiveness.

4. The bottom layer of sacks were all placed in the same
orientation and the standard GMB stacking pattern was then
tollowed from the ind layer upwards. This is shown, together
with the location of sample bags, in Appendix 1. All maize
delivered to GMB comes in polypropylene bags, but during stack
building and despatch some sacks break. Spilled maize was re-

bagged into Jjute sacks both during despatch from Wedza and
construction of the stack.

L Preliminary maize samples (which showed some
discolouraticn)| were taken on 21 March 1991 from the eaves
level of the stack, and 945 bags removed all together. The
stack was then covered until 22 July 1991 when despatch of
maize began and continued until 9 August 1991. All the
remaining bags of maize were cleared by this date from the

site. The grades of maize despatched from the stack are shown
in Table 2.




Table Z: The number of bags of maize by grade, despatched from
the stack

r Grade of No bags % bags

maize

Export 3,156 17
AH 5,255 27
AB (depot 8,406 44

transfer)

oD 2,102 11
Mould damage’l 157 1
Total 19,076 100

Management of the stachk

B. As is customary, black plastic sheets were built into the

sides at the 14th and 2Bth layers, and black tarpaulins placed
on the top and ends of the stack as protection against rain.
The top tarpaulins were pulled back to air the stack
ooccasionally and the airing schedule is given in Appendlix 1.
At the start and finish of each airing periocd a sample of
maize was taken from a single bag for an on-the-spot moisture
content reading using a Marconi meter. These moisture
readings are recorded with the airing schedule. After

construction the day-to-day management of the stack was the
same as for normal stacks.

Ts Fumigation of the stack was carried out by covering the

entire stack with fumigation sheets, sealing the sheats

together by rolling and clamping, and placing sand snakes

around the base of the stack. The fumigant used was methyl

bromide and the gas was dispersed into the stack through lay-
flat tubing, which was placed in a channel along the ridge of
the stack. Usual dosage rates of 40g/tonne are used for an

/1 The mould damaged grain was seen to be severely
discoloured.




exposure period of 48 hours. The fumigation schedule for the
stack is given in Appendix | and shows that the maize was
fumigated a total of seven times, while it was stored at
Marondera.

Mathods

8. Sampling was designed to investigate two different
situations: firstly, to determine the extent and distribution
of maize discoloration and loss of guality from the edges of
the stack to the centre point along transects; and secondly,
to compare adjacent jute and polypropylene sacks as the
opportunity arose.

1-aj Transects

A total of six transects were taken across the width and
length of the stack. Bags running lengthwise in a row
towards the middle of the stack were selected and marked
before being put aside for sampling. To do this
successfully it was necessary to break down the stack in
a orderly fashion, which significantly increased the
labour regquired.

(b} Jute/Polypropylene palred Sacks

As the stack was broken down and as jute bags appeared,
they were marked together with the adjacent polypropylene
bage and put aside for sampling. These sampling pairs
were either in a side-by-side or an end-to-end
orientation.

Sampling Protocol

9, Marked bags were all sampled in a similar manner
according to the following protocol:



(a) a -lkg scoop of maize was taken from three places in

the bag (namely top, middle and bottom) as it was being
tipped into a large sieve;

{b) the =-3kg sample was divided down twice, using a
riffle divider to obtain a -750g sample;

fe) from this sub-sample, -50g was taken for an oven
determination of moisture content analysis, and placed in

an aluminium screw top tin and sealed with plastic tape:;

(d] the remainder was put into plastic bags and
labelled;

[e) the sievings from the whole bag were collected and
put intoc a separate plastic bag.
10. Both the sampling methodology and protocol were designed
with the assistance of the NRI Statistics Section to ensure
that analyses would yield statistically walid results.

Sample analyses

11. Meisture content was determined using the IS0 6540
standard. This method is recommended for accurate
measurements (of *0.1% moisture content); guicker moisture
contents can be cbtained by using a moisture meter that is
calibrated to the IS0 6540 standard for slightly less accurate
readings (in the order of #0.2% moisture content).

12. The method used to determine weight loss due to insects
was that described by Boxall (1986) as the gravimetric methed.
It is a time demanding process but does not require baseline
samples. However, this method only measures visible damage
and cannot take into account hidden insect infestations. It
alsc assumes that insects attack grains at random, which if
not so, can lead to some negative results.



1. Whole grain samples of approximately Z00g were measured
for colour using a Hunterlab Colorimeter. This equipment
produces three colour readings for each sample, namely 'L’
{black to white spectrum), 'a' (green to red spectrum) and 'b‘
{blua to yellow spectrum|. A large number of samples can
easlly be measured in a short time, but the eguipment 1s not
mobile and unsuitable for fiald use.

i14. The number of dead adult Sitophilus spp. and Tribolium
spp. were counted from the bag sievings. Due to the large
numbers found per bag, the sample was divided twice to provide
8 guarter sub-sample. MNevertheless, this analysis was very
time consuming compared to weighing the amount of dust sieved
from each bag.

Reasults - Transacts

15. Full results of the analyses are given in Appendix I and

shown below in Figures 2-9.
Moisture content

16. Figure ! shows that moisture contents were uniform
throughout the stack and generally below the 12.5% level
accepted by the GMB, with an overall mean of 11.1%. These
were, however, small peaks in the profiles in the two lower
transects, both towards the centre of the stack.

Insect sievings

17. The numbers of dead adult Sitophilus spp. and Tribolium
spp. are illustrated in Figqures 3 and 4. The distribution of
both species along the transects does not show any clear
pattern. Two large counts (one for esach species) of over
80,000 insects are omitted from the figures, but were found
near the edges of the stack and on the lower transects. The
numbers of Tribolium spp. tend to increase towards the bottom




Figure 2 : Moisture content
of maize samples taken from
transecls
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Figure 3 : Numbers of dead adult |
Sitophilus spp. sieved from
whole bags of maize sampled
along transecls
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of the stack. The means per bag for the transect samples were
11,700 and 7,300 for Sitophilus spp. and Tribelium sSpp.
respectively and no live insects were found.

Welight loss due to visible insect damage

18. Figure § illustrates the weight losses calculated by the
gravimetric method along the six transects. Whilst there is
no clear trend, it appears that the worst losses are ocften
found within 5-6 metres of the edge of the stack. For all
samples, the mean loss was calculated to be 2.3% by weight.

19. Another method cf assessing the extent of insect caused
damage is to calculate the percentage of maize grains that
show visible damage (holes). Using the same data set as for
the gravimetric method of loss, the results are illustrated in
Figure 6. 17.1% of grains in all the samples showed insect
damage, and whilst no clear pattern emerges from Figure 6, the
highest figures are often found at the edges of the stack.

Weight of dust

20. The weight of dust retrieved from whole bag sievings
averaged S30g. Plotted along the transects in Figure 7 they
do not show any clear trend, except to note that the highest

values were found in the upper transects.
Colour
21. The large differences obtained from the HunterLab

colorimeter could be seen amongst the 'a’" and 'L° values and
these are illustrated in Figures 8 and 9.

12

a0 a0 aamm 0000 _amm. 000 a0



Figure 5 : Weight loss due lo
visible insect damage

of maize samples taken along
transects

wilo, drw

Vgt Ioss %]

- &
& --m =
st 1
l|]!i‘il‘f;I|=||‘J'|"'ilf
L]
transect 2

LR I R |

o i )
[ I B R |

@ F @ @ =k FE op iR 4 8 8

Fansect J

a F B & AN W 1} 1R P TR =R

e Weww Mol scle

Wmgm iosy M)

.
1§ 3 & 38

ir % &0 9

Irarisct 4

F o @ A av s na e il oamal Gk i e

ranassi 5

' . - . ——
AT RIEF R RN R T R

ransec] &

o T =

- it op
¥ B § i@ ovioag 1l cia il il ar OE e faan

imnires bom Easl and



LAt

Figure 6 : Percentage of grains
visibly damaged by insecls

of maize samples taken along
transects
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Figure 7 : Weight of dust sieved

from whole bags of maize sampled
along transects
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Figure 8 : 'a’ colour values (%)
of maize samples taken along
transecls
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Figure 9 : 'L’ colour values (*)
of maize samples taken along

lransecls
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22. Increasing 'a' values, which indicates increasing
redness, are found towards the centre of esach transect, and
this becomes more pronounced towards the base of the stack.

23. This trend is confirmed by the 'L' values, which show a
similar though less proncunced pattern |except for extremely
discoloured lower samples). Although no baseline maize
samples were available for this stack, measurements taken from

/1

similar'* maize give mean readings of 2.4 (*a'}) and 66.5

('L}

Results - Jute/Polypropylene Paired Sacks

24. A total of 49 pairs of sacks were tested, which were
split into two groups; those pairs that were found lying side-
by-side |31l pairs| and those lying end-to-end [lB pairs).
Statgraphics 5.0 was used for comparison of jute and
polypropylene sacks by multifactorial analysis of variance.

Moisture contanot

25. The results of the IS50 6540 determination are shown in
Tahlea 1.

/1 Maize from the same source which was sampled at stack
construction and kept in frozen storage until this study.



Table 3: Moisture contents of paired jute and pelypropylene
sacks by orientation (standard errors shown in parentheses|

Moisture Content (%)
Orientation Significance Jute Polypropylene
of sacks sacks sacks
End-to-end *e 10.8 11.1
(0.6 (0.6)
Side=by-side ns 10.9 10.9
(0.3) (0.3])
All bags * 10.9 11.0
{0.3) {0.3)
na - not significant
= = mel,05
v* = pcl,.01

26. Individual moisture content values ranged from 10.03% to
13.05%, with an overall mean of 10.94%. Analysis of variance,
in which the sack orientation is considered, shows highly
significant difference (p<0.0l) between the moisture content
of the maize in sacks of the two fabrics, when end-to-end, but
no significant difference when side-by-side. Ignoring
orientation of sacks shows that moisture contents were

significantly higher (p<0.05) in polypropylene sacks than in
Jute Sacks.

27. The analysis confirms the experimental design in that,
taking 'pairs' as a factor of the analysis, showed very high
significance (p<0.001) throughout. This indicates that there

are real moisture content differences between pairs (in
different locations in the stack).

28. The small standard errors from the analysis show a
homogeneous population that has a small but significant

difference in moisture content between maize samples taken
from the two types of sack.



Insact sievings

29. The data show that only dead adult Sitophilus spp. and
Tribolium spp. were counted from the bag sievings. The data
were transformed for analysis and the results are shown in
Tables 4 and 5.

Table 4: Humbers of dead adult Sitophilus spp. in pailred jute
and polypropylene sacks by crientation (standard errors shown
in parentheses)

HNo of dead adult Sitophilus spp.
Orientation Eignifican:ejl Jute Polypropylene
of sacks sacks sacks

End-to-end ns 9,300 14,700

| { 3900 (4100)
Side-by=-side ns 10,800 12,000

(2400) 2400
All bags ns 10,300 12,800

| {2000 ) ({2100)

ns - not significant

0. Largely due to the very wide variation in numbers cof dead
adult Sitophilus spp. found (400-77,900 per bag), there were
no significant differences between jute and polypropylene
sacks in the analysis. However, the polypropylene sacks
consistently contained more dead adult insects than the jute
samples. Over the whole sample, this was on average, 2,500
more per bag.

/1 Data transformed by a logarithm transformation for analysis
of variance

20



Table 5: Numbers of dead adult Tribolium spp. in paired jute

and polypropyene sacks by crientation (standard errors shown
in parentheses)

No of dead adult Tribolium spp.
Orientation Significance/1l Jute Polyprepylene
of sacks sacks sacks
End-to~-end ns 5,000 6,100
(900) 1900
| Side=by-side ns 9,100 6,800
{1900} (1900
All bags ns 7,800 6,600
(L300} {1400)

nas = not significant

31, A similar large variation in numbers of dead adult

Tribelium spp. (500-88,300 per bag) did not show there to be
any significant differences in insect numbers between the two
sack types. One very high value in the data set is the
principal cause for the higher mean of jute than polypropylene

sacks within the side-by-side orientation and the overall
samples.

32. Eliminating this one extreme value, the pattern of insect

numbers i1s similar to that found for Sitophilus spp. (with
polypropylene containing higher numbers than jute sacks).
Almost without exception the numbers of Tribolium Spp. are
less par bag than of Sitephilus spp.

Weight loss due to visible insect damage

33. The results of analysis of per cent weight loss by the
gravimetric method are shown in Table 6.

/1 Data transformed by a logarithm transformation for analysis
of variance.



Table 6: Per cent weight loss of visibly damaged maize in

paired jute and polypropylene sacks by crientation |standard
arrors shown in parentheses)

% weight loss of visibly damaged maize
Orientation Significance Jute Polypropylene
of sacks sacks sacka
End=-to-end ns 3.7 2.5
[ 2 P (1.1}
Side-py-side ns 2.3 1.5
{0.4) (0.4)
All bags ne 2.9 1.8
[D.5) (O8]

ng - not signifiicant

34. Whilst the analysis does not show any significant

differences in weight loss between sack type,

consistently higher in jute sacks. This result appears to

thae loss is

contradict the above, which shows larger numbers of dead

insects in polypropylene than in jute sacks, but might be

explained by greater mobhility of insects through the fabric of

qute sacks.

35. The parcentage of visibly damaged grains calculated for

the two sack types is shown in Table

22
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Table 7: Per cent visibly damaged maize grains in paired jute

and polypropylene sacks by orientation (standard errors shown
in parentheses)

® visibly damaged maize grains
Orientation Significance Jute Polypropylene

of sacks sacks sacks
End=-to=-end ns 23.2 17.6

'. (3.0) (3.0)
Side-by-side ns iy oy | 12.9

(1.9) (1.9)
All bags * 19.9 13.5

{1.5] (1.5}

ns - not significant * = p<0.05

36. The analysis reflects the situation shown in Tahle 6,
with maize in jute sacks showing consistently higher levels of
insect damage than maize in polypropylene sacks. In the
overall sample this difference is significant (p<0.05).

Weight of dust

37. This parameter was measured from sievings of whole bags
and showed variations of between 200g and 3.8kg. In reality,
the 'dust' could be seen to contain dust, dead insects and
other organic and inorganic foreign matter (eg. sunflower

geeds and stones). The amount of dust from the two different
sack types are shown in Table H.

T3



Table H: Weight of dust from sievings of paired jute and
polypropylene sacks by orientation (standard errors shown in
parentheseas)

Weight of dust [g)
Crientation Significance Jute Polypropylens
of sacks sacks sacks
End-to=-end ns 950 530
{1713 (180
Side=by-side e 850 520
{80} {80)
All bags ke BBO 520
{ 80) {80)

ns - not significant
** - p<(.01

iB. Jute and polypropylene sacks side-by-side showed highly
significant differences (p<0.0l} in weight of dust, as did the
whole sample. Visual observations during sieaving saw that
jute sacks often contained larger amounts of foreign matter
and stones than polypropylene sacks. It looked as though
these jute sacks had previcusly been filled with other
commodities, whereas polypropylene sacks would have been new
when filled. Furthermore, maize from split bags (spillage|
was rebagged into jute bags and this may have introduced some
extra dust. Although sweepings are sieved by depot staff
before rebagging this cannot remove all the earth coating the
maize while it was on the ground. The apparent differences
between jute and polypropylene, therefore, may be a reflection
of previous sack usage as much as of insect activity.

Colour

39, Tables 9 and 10 show the 'a’' and 'L' values recorded for
samples from the two sack types.
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Table 9: 'a' colour values of paired jute and polypropylene
sacks by orientation (standard errors shown in parentheses)

‘a' value !
Orientation Significance Jute Polypropylene
of sacks sacks sacks
End-te-end ns 2.8 2.7
[0.2) {0.1)
Side=by=g9ide ns 2.6 2.5
{0.0) (0.0}
All bags ns 2.6 2.6
(0.2} (0.2)

ns - not significant

40. There ware no significant differences in 'a‘® wvalues

batwaen sack type, although maize in jute sacks was marginally
reddear .

Table 10: 'L' colour values of paired jute and polypropylene
sacks by orientation (standard errors shown in parentheses|

'LY walue
Orientation Significance Jute Folypropylene
nof sacks sacks sacks
End-to—=end ns 64.7 65.2
(D.4) (0.4
Side-by-side LA &63.3 65.4
(0.4) (0.4}
All bags * 63.6 65.4
[(D.6) (0.6)

ns - not significant
- - p<0.05
wwx - p<0.001

41. The 'L' values recorded for these samples show a very

high significant difference (p<0.001) when the sack
orientation was side-by-side, and a significant difference
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{p<0.05) overall. The lower numbers for the jute sack samples
indicate a shift towards the black end of this spectrum.

Discussion

42. The relationships of the variables were ilnvestigated by
the Spearman Rank Correlation function on Statgraphics 5.0.

The results of the analysis are shown in Table 11.

Table 11: Spearman Rank Correlations of moisture content,
weight loss due to visible insect damage, percentage visible
damaged grain, weight of dust, numbers of dead adult
Sitophilus spp. and Tribolium spp. and *a' and 'L°' colour
values

ST SOl TETEER woult - HE alfre L]
[P FT it - . ikl
=OmE (wtloam)
N vimphly AamE8Ed L1 ] LT3
grp,;ru. (R Fa-+ =R L =
wELghT ot Ll e 11T
diilL | elkET | |8 ] R
wa &l Skl SQELT 23a k8 ATH @l
FrEmgme lud FaELE na el LR L Ll
fim of dams a=hilk d317T 1S dDd .44l e
Fribsliswe nTri| ne mww awm Tuw

&' valow s 1 p] el | ULl Lil SRl L

L o R 5 = Bl ns

L Wil oy -] « . d0F = 3% « - Bl = 07} =l = THY

amm " mmE am T e (LT

ns - not significant
« - pz0.05

s+ - p<0.01

wew - p<0.001

43. These correlations consider linear relationships of the
measured variables and show that moisture content is
significantly correlated with weight loss (p<D.05), visibly
damaged grains (p<0.0l) and the 'a' and 'L' celour wvalues
(p<0.001).
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44. HWeight loss is not only significantly correlated tao per
cent damaged grains (p<0.001), but also to weight of dust,
numbers of dead adult Tribolium spp. (both p<0.001) and to
numbers of dead adult Sitophilus spp. (p<0.0l1). ‘L' values are
correlated to weight loss (p<0.05).

45. The correlations to percentage damaged grains are
significant for weight of dust {p=<0.001), numbers of dead
adult Sitophilus spp. and Tribolium spp. |(both p=0.001), *"a*
colour value (p<0.05) and 'L' eolour value {p<0.001).

46. The methods used for all sample analyses were considered

appropriate for cbtaining thorough baseline data. Further
similar analyses are required to make any meaningful
correlation coefficients more robust. If this proves
possible, subseguent analyses may be dropped (such as the time
consuming insect numbers and insect damage technigues| and
these parameters estimated from guicker analyses.

Conclusions and Recommendations

47. Although there was only one sensor placed at a central,

eave level position in this stack, records show that
temperature rose above 40°C for longer than 70 days. This is
similar to data obtained from other stacks. Savere
discoloration was found in the centre of the stack. In future
trials, extensive heat monitoring layouts within stacks will

be important to relate to the extent and degrees of any
discoloration.

4B. The measured loss due to visible insect damage of 2.3%
equates to Zimbabwe 514,200 at GMB, Grade RB 1991 selling
prices (Appendix 4). The numbers of bags that were downgraded
to Grade DD and the bags that were discarded amounted to a
loss of Zimbabwe 511,600 (in both cases due to discoloration).
This figure may well rise cnce the fate of the remaining maize

7



18 known. These two guantified losses total 4.2% of the total
potential wvalue of the stack.

49. The discolouration was correlated to visible insect damage
and molsture content. The numbers of dead adult insects found
in the samples are positively correlated to visible insect
damage, and the weight of dust retrieved from the sievings.

The value of experimental methods of acoustic insect detection
will help to highlight the role of insects in heat increases
within the stack.

50. The linear correlations are calculated from a total of 210
samples, and whilst showing statistical significance, have cnly
modest coefficients. Future stack examination should cbtain
representative samples along transects through stacks. These
may double up along rows of bags that contain heat and moisture
content sensors. The minimum number of samples along each
transect would be from alternate bags running lengthwise.
Sample size will vary from 500g te l0kg depending on analyses
regquired. This should be determined prior to sampling.

§51l. The factors that may be contributing to maize
discolouration include sack type, moisture, temperature,
insects, moulds and length of storage. Any trial designed to
test these factors will require an experimental design on a
large number of stacks. Stack size cannot be reduced
sufficiently to counteract the large quantities of maize

reguired; a large scale trial to test these effects is
therefore precluded.

52. To test precisely the contribution of insects to heat
development within maize a small-scale trial is recommended.
Small guantities of maize (of up to 50kg) will be insulated,
monitored for heat and treated as follows:

(a) Lincreasing levels of initial insect infestation: and

{b) increasing levels of initial maize temperature.
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The exparimental design for this trial would require 32 lots
of maize to be tested (assuming 4 levels =sach of (a) and (b}
and 4 replicates of each) in a CTH room at NRI.

53. Since the effect of sack type indirectly influences

discoloration, the results of on-going tests on sack type may
be applied to the proposed trial outlined above.

54. It is recommended that a review of results is undertaken

on completion of this trial in order to design the layout,

treatments and instrumentation of a small number of large
outdoor bagstacks.

55. A large-scale validation trial should them run in at

least two countries in sub-Saharan Africa where maize
discoloration has besn recorded.
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Appendix 1

t Stack information

Annex 1 : Number of bags per layer
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Annex J : Position of jute/polypropyvlene paired sacks

Code J/P Position
From raference point
Layer m Horth m West
PJ1 J 37 3 3
PJ2 P kil 4 3
PJ3 J 37 5 3
PJ4 ¥ 37 & 3
PJS J 32 7 7
PJ6 P 12 7 8
PJ7 J 28 3.5 18.5
PJB P 28 3 18.5
PJ9 J 28 3.5 19.5
PJ10 P 28 4 19.
PJ1l1 J 29 4.5 0.5
PJ12 P 29 3 D.5
PJ13 J 29 14.5 3
PJ14 P 49 14 3
PJ15S J 27 7 17
PJ16 P 27 g 3. 17
BJ17 J 27 B 19
PJ18B F i1 B 18
PJl% o 27 8.5 159
PJ20 P 27 8.5 18
PJ21 J 27 9 19
BJ22 P 27 9 18
PJ23 J 27 9.5 19
PJ24 B 27 9.5 18
PJ25 J 22 3 B.5
PJ26 J 22 3 9
PJ27 o 22 3 9.5
PJ28 P 22 4 B.5
PJ29 J 23 3.5 ]
PJ30 P 23 3:5 10
PJ31 J 23 2 9
PJg32 P 23 4 10
PJ33 J 23 4.5 9
PJ34 P 23 4.5 10
PJ35S P 22 4 9
PJ36 P 21 2 9.5
PJ37 J 22 3 B
PJ38 13 22 4 B
PJ39 J 25 3 7
PJ40 P 25 3 6.5




Code J/P Position

From raference point

Layer m NHorth m West
PJ41 J 17 1.5 11
PJ42 P 1 1.5 10.5
PJ4A3 P 22 5 9.5
PJ&4 J 22 5 ]
PJ45 J 22 5 B.5
PJ46 P 22 5 B
PJ47 d 16 3 11
PJ48 P 16 1.5 11
PJAYD J 16 3 12
PJS0 P 16 3.5 12
PJS1 J 16 3 13
PJ52 P 16 1.5 i3
PJ53 P 16 1 12
PJS4 J 16 1 12.5
PJSS J 16 1 13
PJS6 p 16 1 13.5
PI57 J 17 2.5 14
PJISE P 17 3 14
PJSS J 24 [ 7
PJ60 J 24 B 6
BJG1 P 2L 2.5 19
PJ62 P 21 3 1
PJ63 -y 139 4 18
PJI64 J 19 4.5 18
PJGS uJ 24 b.5 B
PJEE P 24 6.5 7
PIGT J 24 T B
PJGE P 24 7 7
PJGT J 24 Sa3 5
BJT70 B 24 5 -
FJ71 J 24 & 5
PI72 o 24 6.5 &
PIT3 J 16 3 7.5
BPJI74 P 16 3 8
BFJT5 J 24 7 5
PITE P 24 7 ]
PITT J 24 T.5 5
PJT8 B 24 TaS 4
BPJ79 ) 24 T &
PJBOD J 24 b 4




Coada

JfP Pasition

Fraom reference point

Layer m MNorth m West
PJE1 J 24 B3 4
PJB2 J 24 5 4
PJA3 P 24 4.5 4
PJE4 P 19 2.5 19
PJBS J 19 k| 19
PJEG J 21 3.5 19
PJE7 F 21 4 19
PJES g 20 6 19.5
PJBY P 20 6.5 19.5
PJ90 P 24 5 3
PJ91 P 24 H:5 3
PJ92 P 24 [ 3
PJ93 P 19 2.5 4
BJ94 J 19 3 i
PJ95 J 19 3.5 2
PJ96 P 18 4 2
PJ97 J 21 3.9 3
PJ9B P 21 4 3
PJ99 P 24 6.5 3
PJ100 J 24 Tal &
PJ101 P 24 T+5 7
BJ102 J 14 13 g
PJ103 F 13 13 3.5
PJ10D4 J 5 12.5 13
PJ105% P 5 12 13
BPJ1O6 P 4 5 10.5
BJ107 J 4 5 10
PJ110 J k| 2.5 14
PJ11l1l P 3 9 14
PJ112 J 3 5 10
PJL13 B 3 6 10
PJT11S J ) B B
PJLLG P 2 B.5 5




Anpnex 4 : Alring schadule

Date

opaning Molature Closing Holisture
Time Timn
|

04.12.89 07 .40 11.8 12.10 11.1
O8.12.89 I 07.50 1.5 15.30 10.9
15.12,.89 Q7 .55 11.1 132.14 10.9
40.13.089 | 0e.15 11.4 16.04 10.8
09.061.90 a8.00 18,7 15.00 10.6
24.01.90 07 .58 11.4 15.30 10,7
01.02.90¢ | 07 .58 i 15.38 10.8
09.02.96 | 07.5%& 11.:3 16.04 10.7
15.02.90 . a7 .45 11.2 16.28 10.6
26.03.90 . 08,15 it 16.3% 10.9
03.03.90 87.54 11.3 15.06 10,8
08 .03.90 08.54 1 1€.53 10.7
os.03.90 | 08.59 11.2 16.05 10.7
ol 0350 09.30 b 1545 10,5
d2.04.30 10.36 ii.0 15 .50 6.7
09.04.90 16,20 11i.5 15.40 ii.0
20.04 .90 nR.g3 11.6 15.04 11.1
i0.04.90 L% .04 11.5 15.15 10.9
07.05.90 69.51 11.0 - -

11.05.50 - - 14.56 10.7
l4.06.90 | 11.00 10.9 13.586 Lo.&
405,90 09 .40 11.0 14.20 107
Ge.06.50 0%.30 11.E 1%.35 11.%
18.06.90 LO.40 11.4 16,00 11.2
21.06.90 | LO. 45 114 15,49 11.0
02.07.90 | 09.30 11.3 - =

2607 .30 | - = 18,158 10.7
11.97 .90 10,20 10.9 - -

06 .OE.99 - = 1%.00 10.7
I7.08.90 | Ga. 34 16.7 15.44 10.48
Z0.08.90 | 67.50 10.% - -

31.08.90 | - - 1§.05 1B.5
03.09.90 a9 .30 10.% - -

LO.09.90 - - 15.16 0.8
2L.0%.90 I1.00 10.9 = =

28.09.90 - - 16.20 106.6
a8.10.90 08.00 11.0 - -

11.10.90 = - 13.4% 106
23.10.90 g8.50 10.0 - -

02.11.90 - - 16.04 10.6
05%.11.90 08.321 - B = -

06.L11.90 - - 15.50 10.6
12.11.90Q oB.do0 10.8 15.47 i0.6
20.11.%0 a7 .84 1a.7 16.00 10.5
28.11.80 09.40 10.8 15.45 10.6
07.12.90 10.326 k.8 15.30 10.6
id.12.90 08 .00 LO.B 15.30 Lb. B
16:81.31 oa.0@ 10.7 16.486 10.6
25.01 .91 10.20 18.7 12.20 0.6
28.01.91 07.40 11.6 16.45 10,6

iii——




Date

opening Hoisture Cloaing Hoisture
Time Time
04.02.51 a7.54a 10.9 15.25 10.7
14.02.91 497.41 10.8 16.14 10.6
18.09.91 87 .55 18.7 1§ .55 10.6
26.02.91 0|.20 10.E 15.52 10.5
01.03.51 0g.55 10.8 16.51 10.4
08.03.91 aB.35 11.2 1355 10.9
16.03.91 07.30 11.0 16.54 10.4
23:03.01 0R.1E5 11:1 16.00 1d.4
47.03.91 06.45 11.4 16.30 10.7
08.04.91 0g.as5 11.8 15.35 1.8
15.04.91 a7.40 19.9 15.340 10.6
23.04.91 08.03 10.8 16.40 10.6
A0.04.51 09 .00 10,8 15,10 10.7
08.05.591 10.45 10.8 15.45 10.6
13.05.91 a7.59 10.7 16.45 10.6
20.05.91 07 .41 i0.B 1%, 40 10.5
31.05.91 07 .45 10.8 L6.00 10.86
04.06.91 09 .00 10.9 16.05 1.6
11.06.91 08 .00 10.8 = =
14.06.51 - = 15.30 10.7
21.07.91 B9.00 10.7 16.45 10,6
05.07.91 OB.50 10.6 16.230 19.3
11.87.31 a7 .44 10.8 15.584 16.7
15.07.91 a7 .40 10.7 dpened




Annex 5 : Fumigation timetable

|
Date of fumigation Days in storage Intarval between |
fumigations [days)
05.02.90 62 =
14.05.90 160 98
12.06.90+ 189 29
19.06.90* 196 7
03.12.50 163 167
21.03.891 471 108
19.07.91 591 120
i Experimental fumigations to test fumigant

concentration levels. The timing of these fumigations would
not be considered 'normal’ management practice.
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