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ABSTRACT
Laboratory food choice tests were conducted to determine the level of attack and the
extent of damage caused by Macrotermes nigeriensis Sjostedt. (=bellicosus
Smeathman) (Isoptera: Termitidae) to the common food plants in cassava-maize
mixtures and in the hedgerows in alley cropping. Test plants included cassava,
Manihot esculenta Crantz, maize, Zea mays L., yam, Dioscorea rotundata Poir,
'Egusi' melon, Citrullus lanatus L., hedgerow species, namely: Leucaena
leucocephala L., Gliricidia sepium L. and Cassia siamea L., and the siam weed
Chromolaena odorata L. Macrotermes nigeriensis attacked all the cuttings, actual
consumption was observed on maize stems and roots, cassava stems, yam tuber sets
and the stems of hedgerow species L. leucocephala and G. sepium, with a higher
consumption of maize cuttings. Roots of cassava, melon, siam weed and Cassia were
not consumed. In an alley cropping field of cassava-maize with the hedgerow species
above, attack was also observed on all test plants, with a higher preference for maize
as observed in the laboratory trials.

INTRODUCTION
Termites (Isoptera Termitidae) attack various species of crops in the tropics.

However, the preference of some plant species over others by various termite species
has been reported (Malaka, 1973; Wood et al., 1980; Umeh and Ivbijaro, 1997;
Umeh et al, 1998). In tropical Africa, multiple cropping is the dominant system
practised by most subsistence farmers. There may arise situations in which the various
component crops in the system are preferred food for a termite species. Such
situations often pose pest management problems if undetected. With the introduction
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of alley farming as a means of increasing the nutrient status of the soil, and to prov
fodder for livestock by using hedgerows of leguminous plants in maize - cass
cropping systems in the rain forest ecological zone of south western Nigeria arose
problem of termite damage. Consequently, there was the need to determine the fc
preference of the termite species and the extent of damage they cause with a view
planning control measures. Because damage to cassava, maize, and some hedger,
plant species has been observed in an untreated demonstration field in south-west-
Nigeria by the International Institute of Tropical Agriculture (lIT A) during the ra:
seasons (H. J. W. Mutsaers, personal communication). The current study VI

designed to test the susceptibility of these crop mixtures and hedgerow species to J

nigeriensis in both laboratory and field trials.

MATERlALS AND METHODS
Laboratory food choice tests

The food choice tests were conducted in three stages using roots and stems
maize, cassava, yam, Leucaena leucocephala. Chromolaena odorata, Cassia siame
Gliricidia sepium and "Egusi" melon obtained from lIT A's demonstration field;
follows:
i. trials on preferred roots (Fig. 1)
ii trials on preferred stems (replacement of roots in Fig. 1 with stems)
iii trials on only the consumed roots and stems in tests i and ii above ( modification (
the arrangement in Fig 1 by placing only the consumed root or stem).
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Macrotermes nigeriensis Sjostedt cultures were set up in the laboratory using
two plastic trays of different sizes. The smaller tray (a) of 25 em diameter and 10 cm
in height containing moistened mound material with "fungus comb" (Ausat et
:11.,1960) was placed .inside a bigger tray (b) of 35 em diameter and 14 em in height.
Fungus combs are the products of the growth of fungi belonging to the class
Basidiomycetes on faecal combs of termites of the subfamily Macrotermitinae. The
function of the fungus appears to be mainly the breakdown ofiignin, and the supply of
nitrogenous materials and vitamin to the termites (Pearce, 1997). The fungus combs
were found to be essential for the survival of Macrotermes species. The space between
the two trays was filled with water to 113 the level of the inner tray. The water acted
as a barrier against termite escape and ant predators.

A mixed caste of M. nigeriensis collected from a mound, consisting of 600
workers, 200 soldiers and 200 nymphs was introduced into the mound material in the
inner tray for each of the trials, starting separately with the root tests, then the stem
tests. Twenty four hours after each termite culture was established, three replicates
each of fresh neatly cut root and stem of the plant materials (6 em in length and 3 g
per piece) were placed alternately around the termite cultures (in completely
randomised design) at a distance of 10 ern from the centre of the inner tray and at
equal distance (3.2 ern) between each other for the termites to feed upon (Fig 1). For
the test on combination of stems and roots consumed by termites in the separate stem
and root tests, 4.3 em gaps were kept between cuttings because fewer of the latter
were used. Control experiments with the stem and root cuttings as arranged in stages
1, 2 and 3 of the tests were set up accordingly with no termite. All the cultures were
kept in a dark room for seven days till the end of the tests. At 12, 24,48 and 72 hours
after the inclusion of the cuttings, the extent of gallery formation on each of the
cuttings was determined by measuring the free end of the cuttings using a flexible
measuring tape, and subtracted the measured distance from the initial length of the
cutting. Percentage gallery coverage was calculated from the measurements. Total
gallery coverage of the cuttings was recorded as hundred percent coverage. Each
cutting was removed on the eighth day after seven days of observation when the
galleries have dried and no further M. nigeriensis activities were observed. The
quantity of food consumed was determined using a digital balance. The weight (wt.)
loss due to feeding was calculated from wt. of cutting in culture minus wt of cutting in
control. This approach takes into account weight loss due to dehydration in consumed
cuttings.
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Field infestation of plants by M. nigeriensis

The studies were conducted in a demonstration field at Ayepe in the rainforest zone of
south western Nigeria (latitude 7° 151 N, longitude 4° 81 E) during the 1993 and 1994
cropping seasons. The two studies were conducted in 20 m x 40 m plots in different
portions of the same field. Prior to sampling plants for termite infestation, twenty
spots in the farm together with residues found in them were sampled with a soil auger
to determine their level of infestation by M. nigeriensis. Eighty percent infestation was
scored as suitable for the trial. Test plants in the field which included intercropped
maize variety TZSR-W and cassava (TMS 30572) arranged between alternating rows
of two year old Leucaena, Cassia and Gliricidia hedgerows were sampled using the
stratified random sampling method. During each of the cropping seasons, the field was
divided into 4 portions (regarded as replicates), and five plants were sampled from
each portion. A total of twenty plants of each of the test species was earmarked and
examined for attack by M. nigeriensis. During the first cropping year, the hedgerow
species were pruned once during the growth of maize, and the plants were sampled at
25, 60 and 90 days after planting (dap). In the second year field trial, plant sampling
was done fortnightly over a period of approximately three months. The hedgerow
species were also pruned once during the growth of maize. Damage studies
commenced three weeks after maize and cassava were planted and terminate; two
weeks after maize was harvested fresh.

ANOV A was computed for the weight of cuttings consumed by termites .n the
laboratory choice test after applying the square root transformation (X - Ct ~ ; : and
for the percentage of plants attacked by termites after applying a;~ sine
transformation. Significant (P=O.OS) rr·eans were separated using Duncan \: ...tiple
Range Test

RESULTS
Laboratory food choice tests

Foraging galleries were formed on all the stem cuttings provided in the .::~J~ure
and the percentages of gallery formation varied with the time of observation .. -\'. 12 h
after the introduction of cuttings into the culture, galleries of 55 and 100 % coverage
were formed on the stem and roots of maize respectively and between 10 - 60 ,0'-0 on
the stems and roots of yam, melon and cassava (Table 1). Whereas maize and yam had
more galleries on their roots than on the stems, cassava and melon had more galleries
on the stems than on the roots with the least gallery coverage on melon. Apart from
.he stem of Chrornolaena weed, the stem of all the hedgerow plants had more galleries
of 20 - 80 % \\ ithin 48 h than their roots. Chromolaena roots had 48 % gallery
'overage in 12 h. Stem cuttings of Gliricidia had the highest gallery coverage of 80 %
..hin 24 h among the hedgerow plants.
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However, not all the stem cuttings covered by foraging galleries were actually
consumed by M. nigeriensis as confirmed by the absence of feeding injuries and
weight losses in them. Only maize, cassava, Leucaena and Gliricidia stems were
consumed (Fig. 2a). Of all the test plants, maize stem was significantly (P<0.05) most
preferred with a mean weight of 1.4 g consumed; while Gliricidia and Leucaena stems
had only 0.2 g and 0 1 g consumed respectively. Cassia, Chromolaena and yam vines
were not consumed. Besides maize cuttings, no significant (P>0.05) difference was
observed between the weights of other consumed or rejected stem cuttings.

Table 1. Gallery coverage of plant stems and roots by M. nigeriensis in food choice test in
the laboratory

Mean % of cutting covered with gallery (± s.e.)
12 h 24 h 48 h

Plant species Stem Root Stem Root Stem Root
Maize 55 ± 4.7 100 100 100 100 100
Cassava 45 ± 8.8 20 ± 0.5 100 20 ± 0.5 100 20 ± 0.5
Yam* 10 ± 2.0 60 ± 4.7 29 ± 2.9 80 ± 17.5 29± 2.9 100
'Egusi' melon 12 ± 2.6 10 ± 3.0 30 ± 4.4 10 ± 3.0 30 ± 4.4 10 ± 3.0
L. /eucocepha/a 0 30 ± 4.0 32 ± 3.3 30 ± 4.0 43 ± 3.2 30 ± 4.0
G. sepium 25 ± 32 20 ± 0.9 80 ± 17.6 38 ± 4.7 80± 17.6 38 ± 4.7
C. siamea 0 15±2.1 26 ± 5.1 15 ± 2.1 26 ± 5.1 15±2.1
C. odorata 12 ± 2.6 48 ± 3.7 20 ± 2.6 48 ± 3.7 20 ± 2.6 48 ± 3.7

*Yine was used as stem. while tuber was used as root

Apart from the roots of maize and yam that had 100 % gallery coverage within
12 - 48 h, it is the stem of cassava that recorded 100 % gallery formation in 48 h.
Except for maize and yam roots, no actual consumption of other plant roots was
observed despite the galleries formed on them. Maize roots were the most preferred
with a mean of 0.2 g consumed, followed by yam tuber with 0.17 g consumed (Fig.
2b) However, there was no significant (P<0.05) difference between the mean
consumed weights of all tested root cuttings.

Combining roots and stems in a food choice test.
Evidence of M. nigeriensis preference for maize over other food types was

confirmed in the test result in Table 2. Total coverage of both maize stem and root
was observed at 12 h, while 80 % gallery coverage was observed on yam tuber, and
no further gallery increase was observed on the latter till the end of the test. Cassava
stems had 60 - 80 % mean gallery coverage in 12 - 24 h, while stem cuttings of
Leucaena and Gliricidia had low gallery coverage.
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Table 2. Confirmation in a food choice test of preferred plant cuttings by J/. nigeriensls

Plant species Mean % of cutting covered with gallery (± s.e..
12 h 24 h .•1i h

Maize stem
Maize root
Cassava stem
Yam tuber
L leucocephala stem
G. sepium stem

100 100 lOll
100 100 io.
60 ± 2.3 80 ± 16.3 8ii = 1ti. 3
80 ± 12..+ 80± 12.4 8:/ = 12 -+
20 ± 1.6 20 ± 1.6 ::>1 = 1 6
lOx 16 20 ± 0.9 2;" = Ii <)

Maize stem was significantly (P<O.OS) more consumed than the other cuttings
with a mean weight of 1.3 g (Fig. 3). The next most preferred cutting was cassava
stem with 0.15 g consumed, followed by maize roots and yam tubers each with a mean
weight of 0 12 g consumed. Leucaena and Gliricidia stems were ro: consumed
There was no significant (P>O.OS) difference between the consumed weights of the
latter cuttings
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Field trial in cassava-maize alley cropping
At the initial sampling period 25 dap during the first cropping year of 1993,

maize had the highest percentage (10 %) of A1acrotermes-attacked plants followed by
G. sepium and L. leucocephala hedgerows with 5 % of attacked plants each. Cassava
and C. siamea were not attacked (Fig. 4). There was no significant (P>0.05)
difference between the percentages of attacked plant species. At 60 dap, the.
percentage of attacked maize was higher than that of any of the other plant species.
Although this was only significantly (P<0.05) higher than those of C. siamea and
cassava. A similar trend was observed during sampling at 90 dap, except that in
addition to maize, G. sepium was also significantly (P<005) more attacked than
cassava and C. siamea. Termite attack was characterised by soil sheaths on the stems
of attacked plants reaching 1 m height on maize stem and even on some side branches
in the attacked hedgerow species.

In the second cropping year (1994), maize recorded. the highest percentage of'
M. nigeriensis attack, starting from an initial 10 % infestation to 30 % (Fig. 5).
Cassava stands were not attacked despite side attacks observed on some residues of
cassava cuttings which littered the field. Up to 15 and 5 % of the G. septum and L
leucocephala hedgerows were attacked respectively at the loth week of sampling.
However, these attacks did not exceed 15 % till the termination of the trial in the 14th
week (Fig. 4). There was no attack on C siamea stands.

i3Maize
IlilG. septum
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Fig. 5: Percentages of crops and hedgerows attacked by M.
nlgerlensls In the second year alley cropping trial.

-------_.



22 V. C. UMEH and M. F. IVBIJARO

DISCUSSION
Although foraging galleries were formed on all food cuttings in the laboratory

tests, actual consumption was only restricted to the preferred food plants. The extent
of recruitment of foraging workers to the food sources is believed to influence its
consumption. 0100 & Leuthold (1979) found that in a laboratory situation, the
detection of food stimulated other foraging workers of Trinervitermes bettonianus
Sjostedt. to the source of food. Similar observations were made by Malaka (1996) on
A evuncifer Silvestri, whereby, recruitment of foraging workers was maintained in
food of the same kind placed differently in the same soil arena. This shows the
importance of recruitment in termite foraging behaviours whose stimuli may vary
according ~to termite species and the type of food involved, although there may be
other regulatory mechanisms to communicate food information to other colony
members However, the extent of gallery formed on a food type may be connected
with its preference by M. nigeriensis, since species belonging to this genus usually
feed under foraging galleries in soil cover. Butler (1967) found that the intensity of an
odour trail and its attraction to other foragers in the colony vary with the quantity and
quality of the available food. In the present situation, the quality of the tested food
cuttings varied with the food type and this could have been responsible for the
recruitment of more foragers towards some food cuttings than on others. The
preference of maize by M. nigeriensis over other plant species in the laboratory was
confirmed in the two field trials by the higher percentage of maize stands attacked in
the presence of cassava and the hedgerow plants. In addition to the non-consumption
of cassava root, melon and C odorata stems and roots in the laboratory food choice
tests, the non-consumption of C siamea in the field and its very low consumption in
the laboratory tests as well indicate the food preference of M nigeriensis when given
a choice. Parry (1956) listed species of Cassia as being resistant to termite attack. The
consumption of the food crops and hedgerow species by M. nigeriensis in the
laboratory as well as the field showed that laboratory food choice tests can be used to
establish the food preference of some termite species when the necessary conditions
for termite activities are maintained. The present results indicate the potential dangers
of termites attacking both the crops and hedgerow species in alley farming, a system of
farming that is being promoted in parts of West Africa especially with maize. Since
plants with injuries are more prone to termite attack than undamaged ones, pruning of
hedgerows in alley farming should be properly done to avoid plant die-back due to
injury which increase susceptibility to termite attack (Sivapalan et aI., 1981). The
consumption of cassava stem cuttings observed in the. food choice tests was not
observed on the growing ones in the field, despite the attack of stem residues which
littered the experimental field. Cuttings in the laboratory tests and the residues in the
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field had entry points accessible to termites unlike actively growing cassava which has
been reported as possessing highly poisonous hydrocyanic acid released by the decay
of linamarin (Onwueme, 1978; Umeh & Ivbijaro, 1997). The root region is known to
contain a relatively high quantity of the hydrocyanic acid and may have accounted for
the non consumption of cassava roots in the laboratory food choice trial (Onwueme,
1978) despite the low gallery coverage on cassava roots.

The studies shows the food preferences and multiple attacks of M. nigeriensis,
especially in cassava-maize intercrops whereby hedgerows of C. siamea, L.
leucocephala and G. sepium are used. The present study has clearly shown that the
food choice of M nigeriensis in a maize-cassava intercrop is similar to its food
preference in a laboratory choice test. This suggests that knowledge of the
susceptibility to termites of plants to be used as hedgerows in alley cropping is
required to ensure the design of an effective control system for termites in alley
croppmg.
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