
Stored Grain Losses

15

Abstract

A simulation trial was established in Kitui district
to fit with farmers’ practices. Two commonly used
outside cribs were built. Another set of trials was
established in dwelling houses again to conform to
farmers’ shift of storage practices. In one of the
outside cribs, two 90 kg bags of maize were treated
with a “cocktail” of pirimiphos methyl 1.6 % and
permethrin 0.3 % (actellic super dust) while the other
had untreated grain. Similar quantity of treated and
untreated maize was placed in the dwelling house
on poles serving as dunnage. Treatments in the house
were separated by about 2 metres. At every 4-week
sampling interval, about 500g of grain was removed
for damage analysis and translated into percent
weight loss. Concurrently, consumption and damage
levels were likewise assessed from farmer maize
stocks. Data from the simulation trials and farmer
stocks were compared.

Damage levels of 70 and 61 % were recorded
for crib untreated and treated grain respectively, after
6 months storage, signifying the impact of
Prostephanus truncatus (Horn) invasion. Average
cumulative weight loss of 29.1 and 19.1 % within
the same period for treated and untreated maize
respectively were recorded. Weight loss
experienced in farmer stocks in Kitui compared well
with treated samples from simulated trials. These
weight loss results suggests that Kitui farmers took
control measures to protect their grain though
sometimes inappropriately. High damage and losses
in treated grain could be due to late treatment. In
order to achieve food security and alleviate poverty
grain damage should be reduced to less than 5 %.
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Introduction

The production of maize, an important staple
food in Kenya fluctuates between 2.2 and 2.7 million
metric tonnes (Anon, 2000; 2001) of which 80 %
is stored on the farm and the 20 % at the central
storage system. As in many tropical countries,
storage of maize is adversely affected by its
susceptibility to weevil damage (Sighamory et al.,
1985; Jakai and Daoust, 1986; Jilani and Saxena,
1990). In Kenya, De Lima (1979) reported the main
causes of damage and weight loss in maize to be
insect pests (4.5 %) and rodents (1.5 %). Other
studies estimated weight loss due to insect pests at
4.3 %, birds 1.35 % and mould 11.3 %, giving a
combined weight loss of 16.8 % (Anon, 1980). The
establishment of the larger grain borer (LGB)
Prostephanus truncatus (Horn) (Coleoptera:
Bostrichidae) in Kenya for over 20 years now has
since introduced new dimensions in the level of
storage losses. The real losses caused by P.
truncatus to unprotected maize during one storage
season has been estimated to be between 10 % and
slightly over 30 % by weight, significantly more than
2-3 times of what is normally lost as a result of attack
by indigenous insect pests (Tyler and Boxal, 1986).
Golob et al., (1982) recorded 34 % loss in Tanzanian
maize stored on cob with husks for 3 - 6 months.
Muhihu and Kibata (1985) reported 35 % weight
loss making the pest a serious threat to food security
in the country but more so in food deficit areas of
Kitui district which therefore necessitated frequent
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food donations at enormous costs.
Intervention methods designed to reduce losses

at smallholder level have relied mainly on the use of
insecticides supplemented by cultural control
methods such as use of ash, botanicals and store
hygiene. Biological control of P. truncatus has also
been tried  (Giles et al., 1995) through the release a
histerid beetle, Teretrius nigrescens in selected
areas with the aim of suppressing the pest population
in the wild vegetation. More studies on predators
impact on population of P. truncatus need to be
carried out.

A survey carried out in 2001 in Kitui prioritised
maize storage as a major constraints that needed to
be addressed. The constraint then formed the
objective of the on farm trials set up to assess weight
losses on stored maize due to pest infestation. The
results were to be compared with losses incurred in
a few selected individual farm stores and farmers’
coping strategies due to LGB. The survey had also
shown that maize was temporarily stored in cobs in
outside cribs and later transferred into the living
house after shelling and treating with chemical dusts.
Hence, the influence of the two storage environments
on the impact of maize storage pests was also
assessed.

To have a better understanding of the impact of
the pest on the storage system, it was necessary to
conduct on-farm trials simulating farmers’ practices.

Geographical site description-Kitui lies about
160 km to the east of Nairobi at an altitude of
between 1,100 and 1,700 m above sea level. The
district receives between 750 and 1,150 mm of rains
in two short seasons with the most reliable falling in
October - December period. According to Jaetzold
and Schmidt (1983) Kitui is divided into two main
agro-ecological zones: upper midlands UM2, UM3
and UM4 and lower midlands LM3, LM4 and
LM5. The leading food crops including maize are
grown at UM4 and LM4 where daily temperatures
range between 19 and 21EC and 21 - 24EC
respectively.

Methodology

Six farmers with a history of high maize production

and who were likely to store for at least six months
were randomly recruited with the help of the field
extension staff. The quantity of maize found in the
store was estimated in terms of 90 kg bag equivalent.
Information on harvesting dates, pesticide
application, frequency of use and members of the
family were recorded. At a selected homestead, two
prototype cribs with a capacity of about half a tonne
(5 bags of 90 kg) of shelled grain were put up. Eight
bags of untreated shelled maize were purchased
from farmers at prevailing market price. Admixing
of the pesticide with shelled maize was done using
“the fuffle” a device which allows rain to pass
through metal baffles achieving thorough mixing
within a few seconds). Two bags had their maize
treated with a cocktail of 1.6 % pirimiphos methyl
and 0.3 % permethrin at the recommended dose
rate of 50 g/90 kg and then stored in one of the
outside cribs. The other two bags were left untreated
and placed in the other crib about 2 metres away to
serve as the control. The remaining four bags were
placed on wooden logs in a room in the house making
sure that the treated were separated by a 2-metre
gap from the untreated.

Sampling from the stores of the six farmers and
the simulation trial was done every 4 weeks. The
bag from which grain was removed for cooking was
first weighed to 1.0 kg accuracy. The farmer was
then asked to remove the quantity normally used
for cooking which was weighed. The weight
multiplied by the number of the times maize was
cooked in a week gave the weekly consumption,
which was then converted to monthly figures.
Monthly grain consumed averaged 15.4 kg (range
12.3 kg - 25.8 kg), which was way above the
quantity of maize obtained for simulation. Without
the 25.8 kg consumed around the month of
February, the average use of maize for the five
months was 13.3 kg. The removal of 10 kg per
month from the 90 kg bag was felt to be close to the
consumption pattern established and 1 kg samples
from farmer maize and simulation trials were
analysed in the makeshift laboratory.

The samples were first sieved to remove dust,
foreign matter and free-living insects. Moisture was
determined using the Dickey John meter and a riffle
divider helped to reduce the grain quantity to four
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sub-samples of about 65 g. Three sub-samples were
analysed for grain damage with each category being
expressed as a percentage of the 1 kg sample taken.
The parameters investigated were changes in grain
moisture, foreign matter, grain damage, weight loss
and insect population in both crib and house
environments. The data was analysed using both
EXCEL and Statgraphic software. Analysis of
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storage onwards. There was a steady increase of
dust and foreign matter and a comparison between
treatments shows significant differences (P>0.05)
between 8th and 20th weeks (Table 2a). Untreated
maize in the crib had consistently higher figures
compared with treated samples. A similar trend was
observed in the house trial (Table 2 and 2a). Table
3 shows progressive level of insect damaged grain
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variance (ANOVA) was used to identify the ma
factors affecting maize storage and the multiple ra
test based on the Least Square Differences (L
separated treatments with significant difference

Results

Baseline moisture content was between 12.
and 12.7 %. Grain moisture in both farmer crib/st
environments and the simulated trial fluctuat
slightly but remained below 13.5 % considered s
for storage (Table 1 and 1a). However, signific
differences (P>0.05) occurred from 8th week of

Table 1. Changes in percent moisture content in

Sam
Treatment 0 4

Crib treated 12.4 a 11.2 a 1
Crib untreated 12.6 a 11.3 a 12
House treated 12.7 a 11.2 a 11
House untreated 12.4 a 11.6 a 11
LSD (0.05)   0.6   0.6   0

Column means followed by the same letter wer

Table 1a. Percent moisture content in individual

Farmer Sampl
Code 4 8

A  11.3 12.2
B 11.2 11.8
17

C 12.0 13.3
D 11.5 11.8
E 10.8 11.9
F 10.8 11.8
Mean 11.3 12.1
n
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in 1 kg samples. While the baseline data show
weevil damage of between 4.1 % and 6.9
subsequent analysis indicate a steady rise from a
3 % at 4 weeks to 61 % at the 24 week perio
treated maize from the crib. Untreated maize 
consistently higher figures of up to 70 %. A simi
pattern was observed in the house trial though
final figure was slightly lower than in the crib (Tab
3a). The feeding of insect results in direct weig
loss in the stored food. Table 4 shows that altho
percent weight loss was initially very low, below 4 
by the 16th week, there were a steady increa
indicating some insect activity, which resulted in
higher weight loss from 20 weeks. A comparis

simulation trial.

pling period (Weeks)
12 16 20 24

.9 ab 12.8 c 13.4 b 12.8 c 12.
2 b 12.6 bc 13.0 ab 12.6 b 12.3
8 a 12.0 a 12.7 ab 11.9 a 11.9
8 a 12.1 ab 12.4 a 11.8 a 11.8

  0.6   1.0   0.3   0.4

 not statistically different (p>0.05).

farmer samples.

ng period (Weeks)
12 16 20 24

12.9 12.7 11.9     -
12.8 13.4 12.2 12.5

13.8 13.8 13.1 13.1
12.4 12.7 12.1 12.4
12.0 11.9 11.8 11.9
13.0 13.8       -    -
12.9 13.1 12.2 12.5
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between treatments shows that marked differen
only occurred after 16 weeks and at 24 weeks
8.8 % weight loss in the house treated maize 
the lowest. Farmer samples recorded much lo
weight losses except during the initial stages (4
weeks) as shown in Table 4a. Cumulative wei
loss, an important factor that clearly demonstra
the impact of insect infestation in the face of
intervention shows much higher loss figures
untreated compared to treated maize in both 
and house trials (Table 5). Farmer samples 
higher cumulative weight loss figures than in 
simulation trial between 4th and 16th week before
comparing favourably with treated maize in t
simulation trial in the 20th and 24th week (Table 5a)
Increase in live insect pests sieved out of the 
samples was indication of poor performance of
control method adopted. However, as Tabl
shows, live insect pest population increased grad
from about 10 per kilogram of maize to almost 3
at 24 weeks in the simulation trial. High number
live insects was noted in farmer samples in theth

Table 2. Changes in dust and foreign matter in s

Sam
Treatment 0 4

Crib treated 2.9 a 0.2 a 0
Crib untreated    1.6 a 0.4 a 1.
House treated    1.6 a 0.2 a 0.
House untreated    2.6 a 0.8 a 1.
LSD (0.05)     1.7 0.9 0

Column means followed by the same letter were not s

Table 2a. Changes in dust and foreign matter in
Farmer Samp
Code 4 8

A 5.6   3.0
B 1.2   0.5
C 2.2   1.2
D 4.8 14.0
E 6.0   1.9
F 2.2   7.2
Mean 3.7   4.6
18
week compared to treated samples in the simula
trial but declined in the 20th week (Table 6a). This
would probably point at the rising tolerance leve
problems in the pesticide formulation or both.

Discussion

The area of study represents a productive va
in otherwise a maize deficit part of Kitui Centr
division. Although maize was grown primarily fo
use at home, consumption patterns showed l
quantities were sold, exchanged in barter trad
used as crop security to guarantee food when 
stocks ran out (Table 5a).  Farmers store their m
with varying levels of extraneous matter, which th
claimed would prevent against pest attack. T
explains the high quantities sieved out of the sam
from farmer stores. The benefit of such a prac
could not be established as insect damaged g
and percent weight loss increased gradually as sh
in Tables 3 and 4. Simulation trial indicated init
damage to be 5.4 %, which rose to reach 70 %
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ulation trial.

pling period (Weeks)
12 16 20 24

.5 a 1.0 a 1.3 a 2.5 a 3.3
 b 2.1 b 2.9 b 3.5 b 4.4 
 a 1.1 a 1.5 a 2.8 a 3.9
 c 2.6 b 3.0 b 3.0 ab 3.8 

0.7 0.3 0.7 1.1

tistically different (p>0.05).

ndividual farmer samples.
ng period (Weeks)

12 16 20 24

13.0   58.5 96.0     -
  0.9     0.8 39.8 26.9
  1.2     1.6   1.2   1.0
  5.9   16.5 18.1   7.9
  6.2     9.3  3.1   1.0
25.6 101.0       -     -
  8.8   31.3 27.9   9.2
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Table 3. Changes in per cent holed grains in sim

Sam
Treatment 0 4

Crib treated      5.6 b    3.3 a 1
Crib untreated     5.8 b    5.7 a 21.
House treated     4.1 a    5.9 a 10
House untreated     6.9 b    8.1 b 31.
LSD (0.05)  0.9         1.8  16

Column means followed by the same letter were not st

Table 3a. Changes in percent holed grains in ind
Farmer Sampl
Code 4 8

A  3.7   7.2
B 2.5   1.9
C 1.2   0.7
D 2.7 65.4
E 1.9   1.6
F 5.2 31.8
Mean 2.9 18.1

Table 4. Percent weight loss in simulation trial.

Sam
Treatment 0 4
19

Crib treated -0.3 0.04  1.8
Crib untreated -0.1 1.5  2.0
House treated 0.5 1.1  -0.2
House untreated  0.5 0.5   3

Table 4a. Percent weight loss on individual farme

Farmer Sampli
Code 4 8

A  -0.9  0.8
B  0.2 -0.5
C -0.2  0.3
D -0.2  9.2
E  0.7  0.4
F 14.8  8.4
Mean 2.5 3.1
lation trial.

pling period (Weeks)
12 16 20 24

.1 a 6.1 a   14.7 a 37.4 a 60
 a 36.9 b   43.9 b 70.4 b 70.3
 a 14.7 a   15.6 a 32.9 a 50.2
 a 31.7 b   44.3 b 49.5 ab 56.8
5       9.6 12.1        16.7 22.5

tistically different (p>0.05).

vidual farmer samples.
ng period (Weeks)

12 16 20 24

  7.9 34.4 80.2     -
 1.4  1.8 17.0 12.9
  0.0  0.2   0.0    1.0
10.1 16.7 19.1 16.3
 3.3  4.9   3.5   5.7
69.7 73.4    -      -
15.4 21.9 24.0   9.0

pling period (Weeks)
  -0.6     1.3   5.7 13.0
   1.7    -0.1 10.3 12.6

   2.5     1.2   4.0   8.8
.0    2.0     3.6   8.3 13.0

r samples.

ng period (Weeks)
12 16 20 24

      2.4         0.6        21.3     -
      0.1         0.7          3.8    2.4
      0.0         0.3          0.0 -0.01
      1.3         2.5          2.7    2.6
      0.3         0.8          0.7    1.8
    11.2        12.7            -      -

2.5 2.9 5.7 1.7
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Table 5. Cumulative weight loss in simulation tria

Sam
Treatment 4 8

Crib treated 0.04 1.8
Crib untreated 1.5 3.5
House treated 1.1 0.9
House untreated 0.5  3.5

Average cumulative weight loss of untreated grain in 

Average cumulative weight loss of untreated grain in 

Table 5a. Cumulative weight loss in Farmer’s m

Sampli
Storage Mean stocks Qty. Actu
Period (Wks) (kg) removed con

4 1857.2 426.4
8 1430.8 196.6
12 1234.2 380.0
16   854.2   44.0
20   810.2 167.9
24   642.3 642.3

Table 6. Number of live insect pests maize samp

Sam
Treatment 0 4

Crib treated 9.5 a 0.0 a 1

(10.5) (1.5) (13

Crib untreated 8.5 a 36.0 b 2

(11.5) (40.5) (3

House treated 9.5 a ) 0.5 a

(9.5 (2.5) (173.

House untreated 12.5 a 26.5 b 4

(14.5) (29) (108.

LSD (0.05) 0.9           0.3 1

Figures in parenthesis denote total number of insects.

Column means followed by the same letter were not statis
20
.

pling period (Weeks)
12 16 20 24

1.2 2.5 8.2 21.2
5.2 5.1 15.4 28.0
3.4 4.6   8.6 17.3
5.4 9.1 17.3 30.2

oth environments – 29 %.

oth environments – 19.3 %.

ize stocks.

g period (Weeks)
l stated Qty. put to Mean % Cumulative
umption other uses wt loss % wt loss

3.6 412.8 2.5   2.5
4.5 182.1 3.1   5.6
3.1 366.9 2.5   8.1
3.0   31.0 3.9 12.0
5.8 142.1 5.7 17.7
2.3 630.0 1.7 19.4

s in simulation trial.

pling period (Weeks)
12 16 20 24

.5 ab 0.5 a 0.5 a 18.0 a 103.

) (86.5) (172.5) (386) (957)

.5 ab 24.5 a 73.0 b 166.0 b 287

) (30.5) (135) (389) (1025.5)

.0 a 2.0 a 5.5 a 42.0 a 101

) (131.5) (159) (365) (661.5)

.0 b 109.5 a 84.5 c 92.5 ab 32

) (144) (158.5) (177.5) (77)

8           2.0 1.3           0.8     0.7

ally different (p<0.05) .
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57 % in the untreated samples from the crib a
house trials, respectively. The fact that farmer sto
samples appear to have suffered markedly lo
damage, between 2.9 % and 24 %, could be
to a number of reasons. Farmers normally treat t
grain with the recommended pesticides. Farm
again usually disposed their grain at will or wh
they detected infestation. They could also bring
new grain from other sources or change to a n
bag when the one previously sampled was dispo
off. These factors could hence explain the l
damage levels.

Experience with the larger grain borer for ov
20 years has taught farmers to be on high a
whenever they see any appreciable amounts of
from the bags and they quickly apply an array
pesticides combined with cultural methods a
botanicals. Such strategies on how to cope witP.
truncatus could also be used to prepare farm
where the pest is yet to be established The long d
from 1 - 3 months when cobs remain in the outs
crib without any protection and inappropria
application methods especially pesticide mixing w
grain appear to be responsible for the huge lo
farmers sometimes encounter. In a differe
experiment, it was found that a delay of 1, 7 and
days resulted in 87 %, 50 % and only 33 % morta
of the larger grain borer (Mbugua, Paddy and Ng
unpublished, 2001).  The pest spends most o
time feeding inside the grain and any chemica

Table 6a. Number of live  insect pests in  farmer

Farmer Sampl
Code 4 8

A 11 (51)   3 (18)
B   0 (11)   1 (8)
C   0 (10)   0 (4)
D   0 (1) 74 (94)
E   2 (34)   2 (10)
F 38 (62) 38 (57)
Mean   9 (28) 20 (32)

Figures in parenthesis denotes total number of insec
21
the surface has little or no effect on it. It is theref
imperative that grain protection should be done e
in the storage season.  This is supported by ea
trials by Mutambuki and Ngatia (1996) (unpublish
report) which showed the same chemical use
this trial and by most farmers was able to maint
damage levels of less than 5 % over a 6-mo
period.

Consumption patterns established indicate 
farmers reserved from about 20 bags at the sta
storage season later declining to about 7 ba
Effective admixing of such quantities with chemic
dusts is a daunting task, which may explain w
farmers find it necessary to repeat pestic
application at short intervals. Exposure to sub le
doses has the major disadvantage of making in
pests develop tolerance, which may lead
resistance. Without adequate labour saving de
or patience while admixing chemical dusts to achi
proper admixture, there is a likelihood that farm
would continue to apply chemicals as they prese
do and will therefore suffer frequent food shorta
occasioned by the dreaded LGB.

Weight loss of less than 2.6 % on individual farm
samples at the 24th week agrees with studie
conducted in Tanzania where after taking in
account food removals for home consumption,
real food losses were less than 2 % over a pe
of 7-9 months (Golob, 1988). In comparison, lo
of about 13 % in simulation trial indicated the kin
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’ maize samples.

ng period (Weeks)
12 16 20 24

  27 (36) 384 (432) 394 (404)  -
    0 (3)     0 (4)   86 (112) 59 (7
    0 (2)     1 (32)     0 (5)   0 (4
  56 (84)     4 (190)   76 (203) 26 (7
    0 (35)  154 (431)     2 (50)   2 (1
294 (318)   12 (54)      -  -
  63 (80)   93 (191) 112 (155) 22 (5

s.
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of losses that are found when account of declining
quantity of grain is not taken into account grossly
overestimating the real losses. This was further
reflected in the average accumulation loss of 29 and
19 % for untreated and treated maize respectively
in both environment recorded in the simulation over
a period of 6 months (Table 5).

Based on these results, Kitui district with an
average production of about 130,000 bags (11,700
tons) of 90 kg (Ministry of Agriculture, 2000 &
2001) could experience a loss of 30 % as
established in the simulation trial, which translates
to 39,000 bags for a six month period and in
monetary terms 58.5 million Kenya shillings
(841,000 US dollars) at the current price of Kshs.
1,500/= per a 90 kg bag. Such an amount would
suffice to institute different and long term projects
including farmer training to avert constant food
shortage in the area.

Conclusion

The study showed that farmers are continually
faced with the cyclic threat from the larger grain borer
despite the experience of over 20 years. Information
gathered show that farmers are yet to fully adopt
recommended storage practices. Had this been
properly undertaken, perhaps efforts to de-husk,
shell, dry and treat within the first month could be
embraced. Farmers have completely accepted the
use of chemicals, but often over dose in their effort
to eradicate all live pests, which survive due to
inappropriate mixing and extended delay without any
protection. Adulterated pesticides are another
problem farmers have to contend with. Strengthened
efforts must be put in place to reduce insect damaged
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