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ABSTRACT

Ear husk characteristics which may influence infestation by Sitophilus zeamais were investigated in four maize
varieties; Gbogbe, NH2, Sekou 85 TZSR-W-1 and EV 8443-SR. Seven replicates were used for each variety
consisting of 25 ears. An ear was confined to 20 adult 0-1 week old weevils using three ear exposure methods; tip.
base and complete ear, for 14 days. Of the different variables used to assess weevil behaviour and husk
performance, number of weevils that penetrated maize ears, husk extension and compression, and number of husk
leaves, were better indicators of good husk cover. The complete ear or ear tip could be exposed to weevils when

screening maize for husk protection.
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INTRODUCTION

High degree of susceptibility of some improved
maize varieties to the maize weevil, Sitophilus
zeamais is a concern in West Africa. Reports from
Kenya (Giles and Ashman 1971), Malawi (Golob
1981, 1984; Kydd 1989), Nigeria (FAO 1980),
Ghana (Badu-Apaku ez al. 1992), Cameroon (Almy
and Asanga 1988) and Benin Republic (Anon. 1989
a, b; Kossou et al. 1993) confirm this information.
Husk characteristics are important in protecting the
cob against insect infestation (Eden 1952; Floyd and
Powell 1958; La Prade and Manwiller 1977; Barry et
al. 1986; Golob and Hanks 1990). The maize weevil
is one of the most serious storage pests in the tropics
and often lays eggs in the ripening crop before
harvest (Caswell 1962). These pre-harvest
infestations could be conducive to post-harvest
insect population build-up (Floyd 1971; Pointel
1969; Kossou et al. 1992). Although the techniques
for artificially infesting field plots with weevils have
been revised and improved (McMillian ez a/.1968),
systems for measuring and improving laboratory
assessment of resistance to maize weevil have been
confined to the assessments of kernel damage and
infestation (Widstrom et al. 1972; Schoonhoven et
al. 1972; Dobie 1974,1977). The characteristics of
husk in relation to maize resistance to weevils have
not been extensively researched. Yet maize ears
remain a popularly used form of storage in both
tropical and sub-tropical regions (Markham ez al.
1994; Abate et al. 2000).

The objectives of this study were to: 1) identify
husk characteristics that could be used to measure ear
resistance to the maize weevil, 2) study weevil

behavior in relation to husk cover quality in local and
improved maize varieties and 3) compare three
methods of ear exposure to the maize weevil.

MATERIALS AND METHODS
Maize varieties

Four maize varieties grown at the farm of the Faculty
of Agriculture, National University of Benin, were
used for this study. Two of these, Sekou 85 TZSR-
W-1 and EV 8443-SR were improved varieties
obtained from The International Institute of Tropical
Agriculture, [badan, Nigeria. NH2 a local improved
variety and Gbogbe a farmers traditional variety,
were obtained from the Centre de Recherche sur les
Cultures Vivriéres, Niaouli and Centre d'Action
Régionale pour le Développement Rural, Mono
Province, respectively, both in Benin Republic. The
varieties were planted on April 29th, 1997 using a
randomized complete block design with seven
replications. Each replicate was made up of twelve
10 m rows; seeds were planted at 75 cm x 50 cm
spacing and plants were thinned to two per hill. A
compound fertilizer equivalent of 60 kg N, 60 kg
P,0, and 60 kg K,O ha' was applied during land
preparation and was supplemented with urea at the
rate of 60 kg N ha', 4 weeks after planting. Seventy-
five ears from the six middle rows of each plot were
randomly harvested and sets of 25 ears were
subjected to one of three treatments (see below).
Ears were handled gently in order to avoid tearing of
husk leaves, placed in cotton cloth bags and stored in
a freezer for at least three weeks to eliminate any
insect infestation carried over from the field.
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Insects

Samples of §. zeamais obtained from Faculté des
Sciences Agronomiques, Université Nationale du
Bénin, were cultured on bulk grain to ensure an
abundant supply of newly emerged adults.

Treatment design

Cloth bags (60 cm x 35 cm) served as infestation
containers. Three treatments were used to test the
ability of weevils to reach the maize grain: (1)
exposure of the tip of the ear (from the middle
portion to zone of husk extension around the silks);
(2) exposure of the base of the ear (from the middle
portion to the shank). In the third treatment (3) a
complete ear was exposed in a cloth bag with the
insects. One replicate was set up at a time with 25
ears per treatment and per variety. Twenty insects of
0 to 1 week age were randomly chosen from stock
culture. They were used to infest a single ear for a 2
week exposure period. The three lots of 100 units
each were randomly arranged by treatment in storage
cages. Each cage made of ply-wood, measuring 60
cm x 90 em x 60 cm had three air holes of 30 ¢cm
diameter covered with fine wire mesh. The storage
chamber had a mean temperature and relative
humidity of 22 + 3°C and 72 + 2% respectively, over
the test period.

Data assessment and analysis

At the end of the exposure period, ear samples were
assessed individually for different variables related
to weevils, husk, cobs and grains. Counts of number
of insects entering the ears and damaged grains were
made for all samples. Husk compression and husk
extension were determined at ear tip on treatments
(1) and (3). Husk compression was determined using
a device (Figure 1), which gave a measure of how
loose the husk is; the lower the value the tighter the
husk. The numbers of husk leaves were counted in all
treatments (2) and (3). Ears from treatment (2) were
used for measuring husk weight (excluding extended
portion of the tip), weight of 3 cm x 3 cm cut portion
in half husk leaves, number of xylem vessels within 3
cm portion on the third external husk leaf and
diameter and length of cob. Weight of husk leaf per
square centimeter was expressed in two ways using
dimensions of cob and husk weight (WTHCM 2) or
husk dimensions and weight (WTHCM1).

Analysis of variance was performed by treatment
across varieties and correlation coefficients among
variables were determined. Treatment means were
also compared for variables using Newman Keuls
test.
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Fig.1 : Husk compression measurement device
M- Compression load (= 645.0g), L- Lever, P- Pointer, E-Support,
S-Graduated scale

RESULTS

Ear husk tip characters varied among varieties and
showed significant effects on weevil activities (Table
1). Improved varieties had loose husk and short husk
extension when compared with local variety
(Gbogbe). Mean values of husk compression ranged
from 7.31 to 5.77 mm for improved varieties and was
4.57 mm for Gbogbe. Husk extended longer in local
variety ears (9.5 cm) as compared with improved
ones (7.1 to 7.8 cm) and variety ranking was not
similar for the two variables. As a consequence,
more insects penetrated improved variety ear tips,
attacked grain on cobs and more insects were found
alive. Altogether, ears with loose husks had a
tendency to be shorter in extension as indicated by a
highly significant riegative correlation coefficient
between these two variables (Table 2). Besides,
while a positive relationship was found between
husk compression and each of the variables
describing the weevil's behaviour on the ear, the
effect of husk extension with the same variables was
negative. Number of insects that penetrated husk
leaves was highly positively correlated with number
oflive insects or damaged kernels recorded at the end
of exposure period.

When ear husk base was exposed to weevils,
varieties Sekou 85 TZSR-W-1 and EV 8443-SR
were penetrated about three times more than NH2
and Gbogbe (Table 3). At least one damaged kernel
was found per ear on all tested varieties. Mean
number of xylem vessels per square centimeter was
lower (36) in husks of Gbogbe variety which
exhibited higher pressure on cob (71.8 and 111.7 mg
cm’) for the two computation methods used.
Correlations with insect behaviour were weak
among variables for ear husk base characteristics
(Table 4). Variables describing insect behaviour
were highly and positively correlated.
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Table 1. Effect of Sitophil is infe on husk tip characteristics
after two weeks of exposure
Maize Vanery" Husk tip Husktip  No. ofinsect No.oflive No of

mp insects ear’’ damaged

(mm) (cm) ;r (out of 20) (out of 20) grains cob™!

Gbogbe 457¢ 95a l4c 13¢c 08¢
NH, 577b 78b 30b 28b 15b
Sekou 85 TZSR-W-1  737a 73 be 543 52a 27a
EV 8443-SR 731a AN 453 42a 23a

Means within a column not followed by similar letters are significant at 5% level (Newman-
Keuls test).

a - Seven replicates of 25 ears per variety

Table 2. Corvelation coefficients among ear husk tip characteristic

variables on_Sitophilus zeamaisinfestation across varieties’

When insects were given a choice for site of
penetration between the tip and the base of ear husk,
variety EV 8443-SR was penetrated most by
weevils, resulting in more live insects recorded
(Tables 1 and 3). The number of damaged grains
recorded per cob was similar to that of Sekou 85
TZSR-W-1 and higher than those of NH2 and
Gbogbe (Tables 1,3 and 5). Husk compression and
extension data showed a similar ranking for the
varieties when compared with the results obtained

. S T — from samples submitted to husk tip characteristics.
el s -
— 2 = = Gbogbe recorded the tightest (4.70 mm) and the
usk cot ion (8} -029 i .2

Husk extension @ o34 o 0% longest (10.1cm) husk, but mean numbers of husk
No.of e asectiear = - A= leaves per ear were similar among varieties (Table
o.of demageyl goinsicsh G) 5). Numbers of recorded live insects or damaged
1 - Gbogbe, NH, Sckou 85 TZSR-W-1, EV 8443-SR 1 1 1 1 1
s e grains per ear were higher for international improved
Table 3. Ear husk base characteristics and Sitophil is inf ion of four maize varieties after two weeks of exposure

Maize variety No.of husk No. of xylem Weight of Weight of Insect No.of live Number of

Leaves/ear vessels husk (mg.cm™) husk (mg.cm”) p ions/ insects/ damaged
3em (WTHCMI)* (WTHCM2)** (out of 20) {out of 20) grains/cob

Gbogbe 94a 3620 71.8a 11.7a 08b 0.7b 06b

NH, 95a 379a 6410 1023 b 06b 05b 03b

Sekou 8STZSR-W-1 91a 378a 599b 85.2d 19a 1.7b 09ab

EV 8443-SR 94a 373 a 60.6b 9%40¢ 22a 192 142

Means within a column followed by dissimilar letters are significant at 5% level (Newman - Keuls test)

a : Seven replications of 25 ears per variety
* - Computation based on a 9 cm? husk cut portion weight

** - Computation based on cob length and diameter and husk weight without extended tip portion

Table4. Correlation coefficients of ear husk base characteristic
variables on Sitophilus zeamaisinfestation across varieties.

Correlation coefficients *
Variables m @ (3) @ 5) (6 (W)

No. of huck leaves/ear (1)  0.14%** 0.12°* 0.18*** -0.08* -0.06 -0.06

No. of xylem 2) -002 -004 003 004 0.01
vessals/3cm

Weight of husk (wg.cm”) (3)  062%% -004 -002 -0.04
(WTHCM) G

Weight of husk (wg.cm ) (4)  -006 -004 -002
Insect penetration/ear (5)  0.96°** 0.70°**
No. of live insects/ ear 6) Q.70
No. of damaged grains/cob ()

a: Gbogbe : NH2 : Sekou 85 TZSR-W-1 : EV 8443-SR
b : Level of signi of vaalues followed by ***=P<0.001 :
**=0.001 <P<0.01:* =001 <P <005
¢ - Computation based on a 9%cm’ husk cut portion weight
d : Computation based on cob length and ddiameter and husk weight without
extended tip portion.

varieties (Sekou 85 TZSR-W-1 and EV 8443-SR).
But when the whole cob was offered, more live
insects and insect penetrations were found in Sekou
85 TZSR-W-1 compared to EV 8443-SR (Table 5).
Correlation coefficients among variables for the ear
husk characteristics when whole cob was infested
were similar to those found when maize samples
were tested for husk tip effects (Tables 2 and 6).
Mean numbers of husk leaves appeared to be
negatively correlated to husk extension.

Comparison of results across varieties for the
three ear exposure procedures to weevil attack
showed that ear tip and complete ear are comparable
methods for assessing the S. zeamais activities on ear
husk and did not seem to affect the number of

Table 5. Ear husk characteristics on Sitophilus zeamais infestation after two weeks of exposure

_ Husk tip Husk tip No. of Insect No of live No. of
Maize variety 2 compression extension husk leaves/ penetrations/ ear insccts/ ear damaged
(mm) (cm) ear (out of 20) (out 20) grains/cob

Gbogbe 470¢ 10.12a 9.1b ldc 3¢ 0ib
NH, 575b 81b 95ab 1.7¢ 1.7¢ 16b
Sekou 85TZSR-W-1 749a 72¢ 92b 60a 56a 3la

EV 8443-SR 746a 68c 93b 47b 43b 35a
Means within a col not foll d by similar letters are signifi at 5% level (Newman - Keuls test).

2 Seven replicated of 25 ears each per variety
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Table6. Correlation coefficients among ear husk characteristic
variables on Sitophilus zeamais infestation across

varieties'.
Correlation coefficients”

Variables (nh @ (3) (4) (5) (6)
Husk compression (1)  014%** 0.12** 0.18*** -008* -0.06
Husk extention 2 -002 -004 003 004
No.of husk leaves 3) -0.04 004 -0.02
Insect penetration/ear 4 0.98%%%(0 7] >
No. of live insects/ear (5) 0.7)%%¢
No.of damaged grains/cob r (6)

a: Gbogbe ; NH2 ; Sekou 85 TZSR-W-1 : EV 8443-SR
b : Level of signicaance : ***=P<0.0001 : 001 :* =0.01 <P <005
recovered weevils when the complete ear was
exposed.

DISCUSSION

In a study of pre-harvest infestation of maize with S.
zeamais, by covering and infesting ear tips in the
field, Giles and Ashman (1971) observed successful
breeding of the weevils. They also showed that 42
percent of sheathed ear, hitherto rated tight, were
infested. But Dobie (1977) using tied cotton bags to
hold weevils on rated ears suggested that visual
rating of ear is a good indicator of the likelihood of an
ear to be attacked. However, data from Mbata (1992)
and this investigation have proved the latter
suggestions to be questionable.

Results obtained for the site of ear infestation
revealed non significant differences between ear

Table 7.  Exposed ear site effect on maize” infestation by Sitophilus
zeamais

Site of No. of insect No. of hve No. of
Exposed p /i /i damaged
ear (out of 20) (out of 20) grains/cob
Ear ip 36a 34a 18b
Ear base 14b 12b 08¢
Complete ear 35a 32a 23a

Means within column not followed by similar letters are significant at 5%
level (Newman-Keuls test)

a :Gbogbe NH2,Sekou 85 TZSR-W-1 and EV 8443-SR in 7 replilcates each

husk tip and complete ear exposure to weevil
infestation, in terms of number of insects that
penetrated the ear and the number of insects found
alive after the exposure period (Table 7). This
indicates that husk tip of the maize ear was probably
the major site of S. zeamais entry to the stored maize
heads. The contribution of ear husk base appeared
minor when complete ear was exposed to weevils.
Therefore, complete ear or ear tip could be exposed
to adult weevils when screening maize varieties for
husk protection. Ranking of tested varieties for
different variables studied showed husk
compression, which reflects the tip looseness as a

good indicator of weevil behaviour on the ear for
these two exposure methods (Tables 1 and S).
Varieties with loose husks lodged more insects.
Significant and positive correlations found between
husk compression and variables describing weevil
behaviour (number of insect penetration, live insects
and damaged kernels) strongly suggest that husk
tightness could play an important role in reducing
the infestation of stored maize ear by the weevils
(Tables 2 and 6). Also, cultivars with more xylem
vessels showed less susceptibility to weevil damage.
Hence, increase in number of husk leaves will
probably yield husks with more xylem, heavier on
cob and reduce insect penetration.

The fact that husk extension is consistently
longer and tighter in local variety (Gbogbe),
contributed to the protection from weevil damage.
Negative and significant correlations found between
variables of weevil behaviour and husk extension
reflect that ears with husks extending far beyond the
tip of the ear should reduce weevil penetration,
damaged kernels and therefore increase insect
mortality as no grain could be reached during
exposure period. Loose husk tip has a tendency to be
shorter and ears with short husk tip may possess
more husk leaves. Besides, as indicated in Table 4,
weevil penetration through the husk leaves may be
reduced as the number of leaves increases leading to
higher pressure on the cob. Therefore, the results
indicate a need for better understanding of a "good
husk cover".

As the variables used to measure weevil activity
were strongly correlated in the three exposure
methods, either one could be suggested as means for
appraisal of insect infestation. The number of
weevils that penetrated ears was significantly related
to the number of husk leaves when the ear husk base
was exposed to weevils. It appeared as the best
indicator, capable of describing both the insect
behaviour and the husk performance against weevil
infestation in ear storage. Meikle er al. (1998) found
resistance to be associated more with husk cover
than with grain from the work done on varietal
resistance to Prostephanus truncatus (Horn) and S.
zeamais. The results of this study show evidence that
husk cover influenced S. zemais infestation. Yet the
majority of African farmers still rely on indigenous
pest management approaches to manage pest
problems (Abate ez al. 2000). To establish practical
criteria for husk cover evaluation, all 3 husk
characteristics i.e. tip compression, tip extension,
and number of husk leaves in relation to weevil
penetration would probably give a better definition
of a "good husk cover" in maize. The value of local
variety Gbogbe as a source of better husk cover for
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breeding purposes was also evident from this study.
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