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ABSTRACT

Insects and mites infesting wheat, maize and wheat bran, stored in plants at Riyadh and Dammam, Saudi Arabia, were
scanned in 2 seasons, 1987 and 1988. Grains from the local markets and dust from both provinces were also surveyed. Infestation
of these commodities by a granivorous group of pests, expressed as least squares means of sum of the pests, was found to be
dependent upon factors of season, province, height inside bin, type of commodity and storing/sampling period within season
(main effects and interactions). Infestation differed pronouncedly according to the factors included in 9 models selected for
comparison. Accordingly, to predict infestation of stored commodities by granivorous pests, it was recommended to specify
storage conditions precisely. Infestation by another non-granivorous group of pests was, in most cases, not affected by the factors

studied. The latter group included predators and parasites of extreme importance, thus their role in suppressing infestation by the
granivorous species requires detailed study.
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Abundance of insects and mites infesting stored grain and animal feed in Riyadh and Dammam provinces, Saudi Arabia

INTRODUCTION

Identification and relative abundance of some insect and
mite species infesting grain and animal feed stored in bins and
general stores in Saudi Arabia was previously carried out [1].
These pests were classified into 2 main groups, a granivorous
group including 16 insect species, and a non-granivorous
group containing 26 insect species and 7 mite species. Data
surveying the effects of environmental factors like season,
province, height inside bin, type of commodity and storing
period, on the extent of infestation by insects and mites in
Saudi Arabia, are not available. This encouraged further
studied towards this goal.

MATERIALS AND METHODS
Sampling techniques

Commodities used in this survey were: locally cultivated
wheat variety Yocora Saudi 2, wheat bran (animal feed)
obtained from the same lot of wheat grain, and maize imported
from Dubai. These commodities were stored in Riyadh and
Dammam plants (Grain Silos and Flour Mills Organization,
“G.S.F.M.0.”), for two seasons, 1986/1987 and 1987/1988.
The Riyadh area is a central arid locality, while the Dammam
region lies on the western humid cost of the Arabian Gulf,
Samples of grain were taken periodically from several heights
inside bins and the effects of season, province, height inside
bin, type of commodity and storing period of infestation was
recorded.

In the Riyadh plant, wheat was stored in 10 concrete star
bins, each 29.3 m high and filled with about 350 tons of grain.
Complete filling of bins was accomplished in December at the
beginning of each storing season, and storage extended for
about 11.5 months. Five bins of wheat were treated as
controls, viz., exposed to routine treatment of fumigation with
pesticides and/or recycling, whenever found necessary during
storage. The other five bins of wheat were not exposed to any
treatment during the entire storing period (experimental bins).
The limited amount of maize (260 tons) was stored in one star
bin only, and was treated as control commodity, due to its high
susceptibility to infestation and heating. At each sampling
period, wheat was obtained from one experimental and one
control bin, and these bins were not used again. Maize
samples were obtained from the same bin at each sampling
period. Five samples of wheat, each about 1 kg, were obtained
from 3 different heights inside each bin, an uppermost, a
lowermost and at about mid way of the bin. The § samples
from the upper height were taken by a grain sampler, 1.5 m in
length. The bin was then discharged completely and samples
representing the lower height were obtained during the first 5
min. of discharge, 1 kg every minute. Samples representing
mid way of the bin were similarly obtained during the 70th -
75th min. of discharge. The latter time was predetermined in a
separate bin, by placing plastic colored blocks midway of
grain during filling. Periodic samples of maize were taken
from an upper and a lower heights only to avoid unnecessary
disturbance of grain. Maize samples from the lower height
were obtained by partially discharging the bin manually from
the lower outlet for 5 min., 1 kg every min.
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Wheat bran was kept in a store of final products at the
plant, packed in 50 kg. bags, treated as control, and 5 samples,
each 1 kg, were taken from a different bag each sampling date.

In the Dammam plant, due to the limited space available,
only 2 concrete star bins were used, each 28 m high and filled
with 255 tons of wheat. Wheat in one bin was treated as the
control and in the other as the experimental grain. To avoid
superfluous disturbance of grain, periodic samples of wheat
were only obtained from upper and lower height of both bins.
Maize and wheat bran were kept in an animal feed store in the
Dammam plant, and treated as bran in the Riyadh plant.

Grain samples

At the beginning of each storing season, 5 random samples
from stocks of all commodities, 1 kg each, were obtained from
the upper height only (A and G samples, representing base line
data, at storing period of 19 + 9.7 days). During each season,
periodic sampling was made from both plants in February,
April, June, September and November (B, C, D, and F in
1987, at 60.2 + 5.1, 118 + 12.1, 189.2 + 11.6, 2722 £ 11.6
and 335.2 £ 11.6 days respectively, and H, I, J, K and L in
1988, at 23.8 £ 15.9, 70.3 £ 16.3, 133.0 = 16.1, 208.8 £ 35.7,
292.8 £ 18.5 and 341.5 £ 16.0 days respectively).

Dust samples

Dust was collected from the Riyadh and Dammam plants
by hand sweeping 2 places: the floor around the upper
openings of wheat bins, and a store of final product of animal
feed. Dust was obtained on the same dates as the grain
commodities.

Private stores

Samples of local wheat grown in Saudi Arabia, wheat and
maize imported from Dubai, United Arab Emirates, and wheat
bran were obtained from the local markets in Riyadh and
Dammann cities, to represent commercial private stores. Three
samples of each commodity, each about 2 kg, were purchased.
These were obtained at the same date of getting regular
samples from the Riyadh and Dammam plants. Such
commodities, although of wunknown storage history,
represented material ready for direct human and animal
consumption.

Moreover, in April 1988, 300 - 500 kg of each of
experiment wheat, maize and bran, were obtained from
Dammam plant, packed in 50 kg bags, and placed in a
concrete store (10 x 6 x 3.5 m) in an open area in the campus
of King Faisal University (KFU), Dammam City. These
commodities were treated as experiment materials and
sampled at 53, 171, 222 and 249 days of storage
(corresponding to I, J, K and L periods, respectively). Samples
were taken from new bags at each sampling period.

Extraction of insects and mites

Three replicates of each sample (25 gm of bran, 50 gm of
grain, and up to 25 gm of dust, each), were extracted by
Tullgren funnels for 24 hr. Numbers of specimens/sample
were calculated and recorded as “estimated numbers/kg
sample”.
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Statistical analysis:

Infestation was calculated as the sum of estimated numbers
of insects’kg sample of all granivorous or non-granivorous
species. Main effects and interactions between five factors
used (season, province, height inside bin, type of commodity
and storing/sampling period within season) upon infestation
were analyzed by the GLM test, and the results were expressed
as least squares means * standard errors (LSM + S.E),
utilizing the following linear model:

Yiumo = U + SS; + P + Hty+ Cy + Sdp + SS*Py; + SS*Hity +
SS*Cy + SS*SDy, + P*Hty + P*Cy + P*SDy, +Ht*Cy +
Ht*SDyy + C*SDyy + €imm, Where:

Yijiimn = the nth sum of estimated numbers of granivorous
or non-granivorous species /kg sample for the I j k 1 m classes;
U = grand mean; SS; = ith effect of season, I = 1,2 (1 = 1987,
2 = 1988); P; = jth effect of province, j = 1,2 (1 =R, 2 =
Dammam); Hty, = kth effect of height inside bin, k=1, 2, 3 (1
= uppermost, 2 = mid way, 3 = lower-most); C;= lth effect of
type of commodity, 1 - 10 types (experimental and control
wheat, maize, bran, 2 types of dust, local and imported wheat,
maize and bran from local markets); SDy, = mth effect of
storing/ sampling period. m = 2nd to 6th period in each
season (B-F and H-L in 1987 and 1988, respectively); 1st
periods at each season (A and G samples) were excluded from
the model as they were taken from upper height only, and
because almost no infestation was recorded in both samples;
SS*P; = interaction between season and province; SS*Hty =
interaction between season and height; SS*Cy = interaction
between season and type of commodity; SS*SD;, = interaction
between season and storing/sampling period; P*Hy
interaction between province and height; P*C; = interaction
between province and type of commodity; P*SDy,
interaction between province and storing/sampling period;
Ht*Cy = interaction between height and type of commodity;
Ht*SDy, = interaction between height and storing/sampling
period; C*SDy, = interaction between type of commodity and
storing/sampling period; €jimn random error, assumed
normal distribution with zero mean and equal variance.

To facilitate comparison, the main effects and interactions
of selected combinations of the 5 factors tested were presented
as 9 models, e.g. in model 1 factors of season ( SS: 1987 &
1988), province (P: Riyadh & Dammam), height inside bin
(Ht: upper & lower), type of commodity (C: wheat in
experiment or control bin) and storing/sampling period {SD:
B-F & H-L in seasons 1987 & 1988, respectively) were
statistically analyzed by the LSM1S.E. technique. Results of
the main effects of the 5 factors and their interactions (SS*P,
SS*Ht, SS*SD, P*Ht, P*C, P*SD, Ht*C, Ht*SD and C*SD)
were expressed as LSM1S.E. of infestation of commodities by
sum of granivorous or non-granivorous group of pests. The
GLM test was executed by SAS program. Levels of
significance were either non significant (N.S: > 0.05%),
significant (S : 0.05 - 0.01%) or highly significant (H.S: <
0.01%).

RESULTS

1. Infestation of bulk commodities by granivorous group of
insects (Table 1)

1.1 Main effects

Season affects infestation significantly in models 4, 5,6
(1988 > 1987) and 8 (1987 > 1988). In models 1, 2, 3 and 7
differences between both seasons were N.S.

Province had positive effects in all models tested.

However, in models 1, 5 and 7 infestation in Dammam >

Riyadh, while in model 8 the reverse was true.

Height infestation at the upper height inside bin that at the
lower height in models 3 and 4, while the reverse was true in
model 1. In model 2 difference between heights was N.S.

Commodity infestation in maize > wheat and/or bran in
models 3, 6 and 8. In model 1 infestation in experiment wheat
> control wheat. Differences were N.S. in models 2 and 7.

Storing/sampling period except in model 2, infestation in
commodities stored in Riyadh and Damam plants (models 1,
3, 4, 5 and 6) showed a significant trend of increase with
increasing storing period.» In models 7,8 and 9 maximal
infestation occurred at D and J sampling periods (1987 and
1988 seasons, respectively).

1.2 Interactions between factors the interactions between the
above mentioned factors proved to have significant non-
significant effects on infestation in different models
selected as follows:

Season*Province season affected infestation in both
provinces significantly in models 5 (Dammam > Riyadh in
1988, and N.S. difference in 1987), 7 (Dammam > Riyadh in
1987, and N.S. difference in 1988) and 8 (Riyadh > Dammam
in 1987, and N.S. difference in 1988). Non significant

- interactions were obtained in model 1.
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Season*Height season affected infestation at different
heights significantly in models 1 (lower height > upper height
in 1987, and N.S. difference in 1988), 2 (upper height >
middle height in 1988, and N.S. difference in 1987) and 4
(upper height > lower height in 1988, and N.S. difference in
1987). Non significant interactions were obtained in model 3.

Season*Commodity Season affected infestation of
different commodities significantly in models 1 (experiment
wheat > control wheat in 1987, and N.S. difference in 1988), 6
(bran > control maize in 1988, and N.S. difference in 1987)
and 8 (height in bran, followed by maize and local wheat, and
least in imported wheat in 1987; in 1988 maize > other 3
commodities). Non significant interactions were obtained in
models 2, 3 and 7.

Season*Storing/Sampling period season affected
infestation at different storing periods significantly, and peaks
of infestation were detected in different periods (F and J in
1987 and 1988, respectively, in model 1; L in 1988 in model
3; F and L in 1987 and 1988, respectively in model 4; K in
1988 in models 5 and 6; D-E in 1987 and 1 1988 in model 8).
Non significant interactions were obtained in models 2 and 7.

Province*Height province affected infestation at different
heights significantly in model 1 (lower > upper height in
Dammam, and N.S. difference in Riyadh).
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Table 1

Main effects of, and interactions between, 5 factors on infestation of 10 types of commodities by a granivorous group of insects;
results expressed in least squares means of infestation standar error (LSM S.E.) of 9 different selected combinations of factors
(models); means having the same letters were significantly different; B-F = samples B, C, D, E and F; C= type of commodity; CM
= maize in control bin; Cwt = wheat in control bin; DA and DB = dust collected from around upper openings of wheat bins and
from a store of animal feed, respectively; DM = Dammam; Ewt = wheat in experiment bin; Ht = height inside bin; H-L = samples
H, 1, J, K and L; IM = imported maize from local market; IW = imported wheat from local market; KFU = store at King Faisal
University campus at Dammam city; LB = wheat bran from local market; LH = lower height inside bin; LW = local wheat from
local market; MH = height inside bin; P = province; RD = Riyadh; PR = probability; SD = storing / sampling period; SS = season;
UH = upper height inside bin; WB = wheat bran; N.S, S and H.S. = non-significant > 0.05%, significant between 0.05-0.01% and

highly significant differences < 0.01%, respectively

Model
Factor 1 2 3 4 5 6
SS 87,88 87,88 87,88 87,88 87,88 87,88
P RD, DM RD RD RD RD,DM DM
Ht UH, LM UH, MH, LH UH, LH UH, LH o .
C EW, CW EW, CW EW, CW, CM CM WB CM, WB
SD B-F, H-L B-F, H-L B-F, H-L B-F, H-L B-F, H-L B-F, H-L

1. Main Effects
S8
87 50.9+16.4 1.1120.43 13.8£10.0 39.3+18.6a 113.1+132.6a 186.1+136a
88 33.4%13.8 0.6510.43 36.9£10.0 108.7+18.6a 654.7£132.6a 634.4%136a
PR 0.416 N.S 0.446 N.S 0.105N.S 0.012 S 0.006 H.S 0.024S
P
DM 83.3116.4a . _ . 744.4+134.1a _
RD 1.00+13.8a _ _ _ 23.3t131.3a _
PR 0.002 H.S _ . . 0.0003 H.S. o
Ht .
LH 68.6+14.6a 1.00+0.52 4.0£10.0a 10.0+18.6a _ —
MH _ 0.64+0.52 _— L — — -
UH 15.8+14.6a 1.0010.52 46.7+10.0a 138.0£18.6a _ _
PR 0.008 H.S 0.885 N.S 0.003 H.S. 0.0001 H.S. . o
C .
E. Wt. 61.8+14.6a 0.8940.43 1.33+12.3a _ . _
C.Wt 22.6+14.6a 0.8740.42 0.67£12.3b _ _ __
CM _ _ 74.0£12.3ab _ _ 76.1+136a
WB o _ o . - 44.4+136a
PR 0.049 S 0.979N.S 0.0001 H.S. . . 0.001 H.S.
SD
B,H 1.67121.8a 0.00+0.68a 0.00£15.9a -0.00+29.4a 0.00£232.3a 0.0+235.5a
Cl 7.92421.8b 2.2240.68a 2.78+15.9b 3.33+29.4b 160.0£232.3b 156.74235.5b
D, 51.7420.3¢ 0.5240.67 3.33£15.9¢ 10.0+29.4¢ 236.74232.3¢ 2601235.5¢
EK 37.9432.7 0.5610.68 11.7+15.9d 33.334+29.4d 1720.0£232.3abed  1745.0+235.5abed
F,L 111.7£21.8abe 1.1140.68 108.9+15.9abed 323.3329.4abced  186.74232.3d 300.0+235.5d
PR 0.003 H.S 0.185N.S 0.001 H.S. 0.001 H.S 0.001 H.S 0.001 H.S
II Interactions

Ss * P
87 DM - 100.8+26.4ab _ . __ 228.9+189.7a .
87 RD 1.00+19.5ac . o o -2.76+185.5b _
88 DM 65.9£19.5¢d . _ - 1260.0+189.7abc _
88 RD 1.00+19.5bd . _ __ 49.4+185.5¢ _
PR 0.416 N.S _ . . 0.012'S .
§§ * Ht
87 LH 100.8+21.7abc 2.00+0.74a 5.33t14.2a 12.0+12.3a - o
87 MH . 1.3340.74 _ L _ _
87 UH 0.97421.7a 0.00+0.74 22.2+14.2b 66.7+26.3b _ _
88 LH 36.3+19.5b 0.00+£0.74 2.67t14.2¢ 8.00126.30 _ _
838 MH _ 0.05+0.74ab . . _ .
88 UH 30.5£19.5¢ 2.001+0.74b 71.1%14.2abe 209.3+26.3abc _ .
PR 0.019 S 0.016 S 0.071N.S 0.008 H.S _ .
88 * C
87 E.Wt 91.9421.7ab 0.89+0.60 1.33t17.4a _ _ _
87 C.Wt  9.961+21.7a 1.3340.60 0.67£17.4b _ — _—
87 C.M _ 39.3+17.4¢ _ _ 143.3+192.3a
87 WB 228.9+192.3b
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Table 1 Contd.
Model

Factor 1 2 3 4 5 6

88 E. Wt 31.7£19.4b 0.89+0.60 1.33+17.4d — _ _

88 C. Wt 35.2419.7 0.4110.60 0.67+17.4¢ _— - _—

88 CcM __ _ 108.7117.4abcde _ _ 8.89£192.3¢
88 WB _ _ . . _ 260.0+192.3abc
PR 0.032 S 0.466 N.S. 0.074 N.S . . 0.004 H.S
sS * SD ,

87 B -0.001£30.9ab 0.00+0.96 0.00+22 4a 0.00t41.6ab 0.0+328.5a 0.0+333.1a
87 C 1.67+30.9¢d 2.2240.96 1.114£22.4b 0.00+41.6¢d 6.671328..5b 3.331333.1b
87 D 10.4126.3ef 1.11+0.96 5.56122.4¢ 16.7+41.6e 80.0+328.5¢ 183.3+333.1¢c
87 E 45.81+57.6g 0.0010.96 20.0+22.4d 60.0x41.6f 266.7+328.5d 330.0+333.1d
87 F 196.7+30.9ac 2.2240.96 422422 4e 120.0+41.6acghi 360.0+328.5¢e 600.0+333.1e
eghijkl
88 H 3.331£30.9hm 0.00+0.96 -0.00+22.4f -0.00+41.6gj 0.0+328.5f 0.0+333.1f
88 I 14.2430.9i 2.2240.96 4.44122 4¢ 6.67141.6k 313.314328.5¢ 310.04£333.1g
88 J 93.0130.9bdfjm 0.08+0.9 1.11£22.4h 3.33441.6h1 393.31+328.5h 336.74333.1h
88 K 30.0+39.9k 1.111£0.96 3.33422.4i 6.67+41.6a 3173.3%328.5abce  3160.0+333.1abcd
dfghi efghi
88 L 26.7+30.91 0.0040.96 175.6122.4abcdef  526.7+41.6bdefijk  13.3+328.5 0.00+333.1i
. ghi Im

PR 0.001 H.S, 0.468 N.S 0.005 H.S 0.0001 H.S 0.0001 H.S. 0.0001 H.S

P * Ht

DM LH 136.2+21.7abc _ — — — —

DM MH . ___ . . . o

DM UH 30.5421.7a _ — _— — —_

RD LH 1.00£19.5b _ _— _ — —

RD MH o B _ B B _

RD UH 1.00+19.5¢ . o _ _ .

PR 0.008 H.S _ . _ _ e

P o= C

DM E. Wt 122.2421.6abc _ . [ — —_

DM C. Wt 44.5+21.8a _ _ —_ — _—

DM C.M . . _ _ o _

DM WB . _ . o _ _

RD E. Wt 1.33%19.5b . o - _ .

RD C. Wt 0.67119.5b _ — — — -

RD C.M _ o . . . .

RD WB o . . _ _ _

PR 0.05 S _ _ _ _ _

| SD

DM B.,H 3.33130.9ab . _ _ -0.001+328.5a _

DM C,1 13.3330.9¢cd _ _ - 306.7+328.5b .

DM DJ 103.4%26.4acefghi _ _ _ 373.31328.5¢ __

DM E,K 75.0157.6k _ . _ 342.71+328.5abcde .

fghi
DM F.L 222.7430.9b _ . _ 360.0+328.5d .
delmnop

DM B,H -0.00+30.911 . _ _ 0.001+328.5¢ _

DM C.i 2.501£30.9gm _ _ _ 13.3£328.5f —

RD D,J 0.00+30.9hn — _ . 100.0+£328.5g _

RD EX 0.83130.9i0 _ . _ 13.31328.5h .

RD EL 1.67+30.9jp _ o _ 13.3+328.51 _

PR 0.004 H.S B B . 0.0001 H.S _

H * C

LH E.Wt 97.8420.2abc 1.33+0.74 1.33%1.74a — _— _

LH C.Wt 39.4120.2a 0.6710.74 0.67£17.4b . _ —

LH C.M _ . 10.0£17.4¢ _ _ —

MM E.Wt . 0.00+0.74 —_ — — —

MM C. Wt . 1.2940.73 _ —_ —_ —_

UH E. Wt 25.7420.1b 1.3340.74 1.33£17.4d — — —

UH C.wWt 5.78+20.1¢ 0.6710.74 0.67£0.74 . _ .

UH CcM _ - 138.0+17.4abede _ _ —

PR 0.326 N.S 0.313N.S 0.0002 H.S . _ .
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Table 1 Contd.
Model
Factor 1 2 3 4 6
H * SD —
LH B,H 2.50+30.9a 0.00x1.17af 0.00122.4a 0.00141.6a —
LH Cl 11.7430.9b 1.67+1.17 2.22422.4b 3.33441.6b _
LH D,J 49.5+28.3¢ 0.00+1.17bcg 4.44422 4Ac 13.3341.6¢ _
LH E.K 63.4141.6d 0.0011.17de 2.22422.44 6.671+41.6d _
LH F,.L 215.8+30.9abedef  3.33%1.17abdfghij 11.1122.4e 26.7141.6¢ _
ghi klmn
MH B,H _ . 0.00£1.17hno - —
LH (oN | 11.7+30.9b 1.67%£1.17 2.22422.4b 3.33141.6b —_—
LH D,J 49.5+28.3¢ 0.00£1.17bcg 4.44122 .4c 13.3441.6¢ —
LH E.K 63.4441.6d 0.00+1.17de 2.22422.4d 6.67+41.6d
MH C,I . 1.67+1.17 _ — —
MH D,J . 1.55+1.13 _ — —
MH E.K _ 0.00+1.17ip _ . —
MH F.L _ 0.00%1.17jq __ _ —
UH B,H 0.83130.9¢ 0.00+1.17kr 0.00122.4f -0.0041.6f —
UH C,1I 4.17430.9f 3.33t1.17ceopqrst  3.33122.4g 3.33441.6g —
UH D,J 53.9428.4¢ 0.00+.171s 2.22422.4h 6.67141.6h —
UH E.K 12.4141.6h 1.67+1.17 21.1+22.41 60.0+41.6H _
UH -F,L 7.50%30.91 -0.00+1.17mt 206122 .4ab 620.0141.6a —
cdefghi bedefghi
PR 0.002 H.S 0.345N.S 0.0001 H.S 0.0001 H.S .
c * SD
E. Wt B.H -0.0130.9a 0.00+0.96 0.00+27.5a _ —
E. WT C,I 5.00+30.9b 2.224+0.96 3.33+27.5b . —
E. Wt D,J 67+27.8¢ 0.00+0.96 -0.00+27.5¢ _ —
E. Wt E.K 41.44+41.6d -0.00+0.96 -0.00+27.5d _ _
E.WT F,.L 195.01£30.9a 2.2240.96 3.33427.5¢ _ .
bedefghi
C. Wt B,H 3.33£30.9¢ 0.0010.96 -0.00+27.5F _ _
C. Wt C.E 10.8+30.9f 2.2240.96 1.67+27.5¢g — —
C.Wt D,J 36.0+28.9¢ 1.03+0.93 -0.00+27.5h . —_—
E. Wt E.K 34.4+41.6h 1.11+0.96 1.67+27.51 _ —
C.Wt F,L 28.3430.9i 0.00+0.96 -0.00+27.5j o —
CM B,H . _ -0.00+27.5k _ 0.00+333.1a
CcM C.I _ __ 3.33127.51 - 6.671333.1b
cM D,J . . 10.0+27.5m . 146.74333.1¢c
CcM E.K . _ 33.3+27.5n _ 63.3+333.1d
C.M F,L _ _ 323.3327abedefg _ 240.04+333.1e
hijkimn
WB B.H . . _ . 0.00+333.1f
WB C,1I . __ . . 306.7433.3.1g
WB D,J . _ . _ 373.31333.1h
WB E.K . . _ _ 3426.74333.1a
bedefghi
WB F,.L - . - o 360.01+333.1i
PR 0.029 S 0.413N.S 0.0001 H.S _ 0.0001 H.S
Model
Factor 7 8 9
SS 87,88 87,88 88
P RD, DM RD, DM KFU
Ht _ _ _
C DA,DB LW,IW,IM, LB EW, CM,WB
SD B-F, H-L B-F, H-L
I-L
I. Main Effects
SS LSM1S.E LSM1S.E LSMtS.E
87 95.3%17.2 85.0+12.1a _
88 54.0421.1 40.5%12.1a _
PR 0.134 N.S 0.018
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Table 1 Contd.

Model
Factor 7 8 9
P
DM 123.3+17.0a 38..0£12.1a _
RD 26.1+21.2a 87.5t12.1a _
PR 0.006 H.S 0.004 H.S
C DA 60.2+18.8 L.W 46.3%17.1a E.Wt. 256.7t53.4
_ DB 89.1+18.4 1. W 10.7£17.1bc C.M 251.7453.4
. 1. M 108.0+17.1ab WB 336.7153.4
o - L.WB 86.0+17.1¢c .
PR 0.256 N.S. 0.0004 H.S. 0.462 N.S
SD
B,H 33.9426.6a 25.0%19.2ab -
CI 74.3127.7b 83.3+19.2ac 124.4161.7abc
D,J 151.6127.7abc 116.3119.2bde J 444 .4%61.7ad
EX 26.7827¢ 63.8+19.2d K 393.3+61.7b
F,L 86.9+40.5 25.4%19.2ce L 264.4161.7cd
PR 0.014 S 0.003 H.S 0.003 H.S
II Interactions
ss * P
87 DM 191.7424.1abc 43.3t17.1a _
87 RD -0.97+24.6b 126.7+17.1abc .
88 DM 54.9423.9a 32.7£17.1b _
88 RD 53.2434.7¢ 48.3%17.1¢ _
PR 0.0007 H.S 0.497 S .
s§ * C
87 _ DA 85.3124.1 L.W 79.31+24.2ab .
87 - DB 105.4+24.6 LW 6.67+24.2acd _
87 _ _ I.M 104.7+24.2¢ .
fgh
87 _ _ L.B 149.3+24.2b __
dijk
88 _ DA 35.1428.7 L.W 13.31£24.2fil _
88 . DA 72.9+27.3 LW. 14.7424.2gjm _
88 _ . .M. 111.3124.2¢ _
Imn
88 _ _ L.B 22.7424.2h o
kmn
PR 0.726 N.S 0.015S _
S8 * SD
87 B 1.73140.1ab 40.8427.1a L
87 C 103.3128.3¢ 63.3127.1b _
87 D 216.7138.2ac 192.5+27.1abc o
defgh defghi
87 E 40.0+38.2d 102.5+27.1¢jklm .
87 F 115.0+38.2b 25.8+27.1djm .
88 H 66.0135.0e 9.17+27.1eko L
88 1 45.4440.1f 103.5+27.1fnopq L
88 J 86.61+40.1g 40.0127.1g _
88 K 13.3138.2h 25.0+27.1hlp _
88 L 58.8171.5 25.0£27.1im _
PR 0.162 N.S 0.006 H.S .
P C
DM _ DA 112.5424.6a L.W 64.74+24.2ab o
DM . DB 134.1£23.4bc LW 8.00+24.2cd .
DM _ o 1M 43.3£24.2¢f _
DM . . L.B 36.0+24.2gh o
RD _ DA 8.0+28.4ab L.W 28.0+24.2ij L
RD _ DB 44.2428.1¢ LW 13.3+24.2kl _
RD _ _ I.M 172.7424.2a L
cegik
RD _ _ L.B 136.0:242b .
dfhji
RD 0.774 N.S 0.002 H.S
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Table 1 Contd.

Model
Factor 7 8 9
S SD
DM B,H 63.5135.0a 48.31+27.1ab _
DM C1I 105.4140.1 42.51+27.1cd _
DM D,J 246.7+38.2abc 60.0127.1e -
DM E.K 53.3+38.2b 15.0+27.1fgh _
DM F,L 147.5£38.2def 24.2427.1ijk _
RD B.H 4.2140.2¢d 1.67+27.1Imn _
RD CI 43.3438.2¢ 124.2427. 1acfilo _
RD D,J 56.6140.1 172.5£27.1bdegjmp _
RD E,K 0.0138.2f 112.5427.1hknq _
RD F,L 26.3171.5 26.71+27.1opq —
PR 0.358 N.S 0.014 S _
C* SD
_ B,H DA 26.74+38.2ab L.W 80.0+38.3a _
. C1l DA 5.4+40.1cde L.W101.7438.3x> EWtI
6.67+106.9abcde
— D,J DA 120440.1¢ L.W 28.3£38.3bcd E. WtJ
820.0+106.9afgh
hijkl
— EXK DA 33.3138.2fg L.W 3.33138.3¢ E. WtK
fgh 106.7+106.9fmn
—_ F,L DA 115.0+51.5 L.W 18.31£38.3ijk = E. WtL
93.3+106.9gpqr
_ B.H DB 41.1437.2h I.W 1.67+38.31 —
mno
_ CI DB 1.W.3.33£38.3p _
143.3438.2adfi qrs
. D,J DB 1.W 8.331+38.3t _
183.3138.2beghjk  uvw
_ EK DB 20.0+38.2ij I.W 36.7+38.3xyz __
_ F,L DB 57.9451.5k LW 3.33438.3 _
a’b’c’d’
— B.H _ LM _
8.33138.3¢’f’g’h’
- Gl - 1M 178.3+38.3 CMI
beilptxa’e’i’j’k’1 13.3+£106.9hstuv
— D,J . I.M 191.7438.3 CMJ
acfimquyb’m’f’'n’o  340.0£106.9bis
p
— E.K - I.M 121.7438.3 C.M K 580.0+106.9
gnrve’g’q’r cmptwxy
_ F.L _— 1I.M 40.0+38.3 CML
i'm’s’ 73.3£106.9jwza’
. B,H _ L.B 10.0+38.3 -
i'n’q’t
o C,l . L.B WB 1
50.0+38.3k’0’u 53.3£106.9kxb’c’
_ D,J . L.B 236.7+38.3a WBJ
dhkoswzd’h’r’s’t’ 173.31106.91yd’e’
vv'wx’
_ E.K . L.B 93.31+38.3v’ WBK
493.31106.9nquzb’d’
— F.L _ L.B WBL
40.0+38.31p°w’ 626.7£106.9a’c’e’
PR 0.156 N.S 0.006 N.S 0.001 H.S
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Province*Commodity province affected infestation of
different commodities significantly in models 1 (experiment
wheat > control wheat in Dammam, and 8 (in Riyadh
infestation was highest in maize and bran, followed by local
wheat and imported wheat, while in Dammam infestation in
commodities differed N.S.). Non significant interactions were
obtained in model 7.

Province*Storing/sampling period province affected
infestation at different storing periods significantly, and peaks
of infestation were detected in different periods (D, F, J and L
in Dammam in model 1; E and K in Dammam in model 5; C,
E, I and K in Riyadh in model 8). Non significant interactions
were obtained in model 7.

Height*Commodity at the lower and upper heights
infestation was significantly higher in maize than in
expei’iment and control wheat in model 3. Non significant
interactions were detected in models 1 and 2.

Height*Storing/sampling height affected infestation at
different storing periods significantly, and peaks of infestation
were detected in variable periods (F and L at lower height in
model 1, and F and L at upper height in models 3 and 4). Non
significant interactions were obtained in model 2.

Commodity*Storing/sampling period type of commodity
affected infestation at different storing periods significantly,
and peaks of infestation were detected in different periods (F
and L in experiment wheat in model 1; F and L in maize in
model 6; C-E and I-K in maize, D and J in bran in model 8; J,
K and K-L in experiment wheat, maize and bran, respectively,
in model 9). Non significant interactions were obtained in
models 2 and 7.

2. Infestation of bulk commodities by non granivorous
group of insects and mites (data non tabulated)

2.1 Main effects

Commodity Infestation was significantly affected in
models 6 (maize > bran) and 9 ( maize > experiment wheat
and bran).

Province Infestation in Dammam > Riyadh in model 8.

Storing/sampling period in model 9 infestation peaked at
K period.

2.2 Interactions between factors

Province*Commodity: province affected infestation in
different commodities significantly in models 7 (dust from a
store of animal feed > from around openings of bins in
Dammam, and the reverse was valid in Riyadh) and 8 (maize
> local and imported wheat and bran in Riyadh, and N.S.
differences in Dammam).

Commodity*Storing/Sampling period infestation in
different commodities was affected significantly by
storing/sampling period and showed variable peaks in models
8 (in maize and bran at C and 1 periods at 1987 & 1988,
respectively) and 9 (in experiment wheat and maize at K
period at 1988).
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DISCUSSION

Models used in comparison had different interacting
factors which lead to specific results for each model. In
general, infestation of commodities by the granivorous pests
was, in most cases, dependent upon the main effects of, and
the interactions between, factors investigated (season,
province, height inside bin, type of commodity and
storage/sampling period). Infestation by the non-granivorous
pests was primarily not affected by these factors. This was
mostly due to the very low number of individuals extracted.
Non-granivorous species, however, included predators and
parasites of extreme importance and interest, and their role in
suppressing the level of infestation by granivorous insects
should be investigated. Accordingly, to predict incidence and
population levels of either group, storage conditions must be
carefully specified.

Parallel data dealing with main effects and interactions
between prevailing factors on infestation are unavailable,
though the effects of one or more factors have been discussed,
e.g. height inside bin [2, 3, 4, 5, 6, 7, 8 and 9], storage period
and/or seasonal changes [10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22 and 23); and type of commodity [24, 25, 26, 27 and
28].
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