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Abstract

A field experiment was conducted at Namulonge Agricultural and Animal Production R h Institute during
the short rains in I998(ou:esslhedfeaofnnizepluumhitecmmon!hetaivilyofwmewnﬁlcpmdam,
Nine varieties consisting of four Uganda hybrids, one local cultivar (Ekwakoit) from Serere, eastern Uganda, one
Kenyan open-pollinated variety (Katumani), a Ugandan line (LP 16), Kawanda composite and Longe- | were used
in the study. The activity of two ant species Od hus h daand Lepisiota sp. was significantly higher
(P< 0.05) in varieties characterised by an erect leaf system than varieties with decumbent leaf arrangement. The
activity of O. haematoda had a positive correlation (2 = 0.72; P< 0.05) at mid-day sampling and during late
evening sampling (r* = 0.83). Maize stem base wetness was observed to be a result of stem flow of water
(accumulated dew) from the erect leaf axils to the soil at the base of the plant. Results of the study indicate the
potential of exploiting indigenous predators in combination with host plant characteristics in the management of
termites and possibly other soil pests of maize.
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Introduction

Since the early 1950's, persistent organo-chlorine insecticides were used to cffectively control termites
in annual crops, Following the restriction or banning of these substances on environmental and human
health grounds, new and less persistent insecticides (Wood eral., 1987), formulations of non-persistent
insecticides (Majer, 1986) and baiting techniques (El Bakri er al., 1989) have been developed for the
control of termites. These, however, have not been widely used by smallholder farmers in developing
countries due to high costs and, in some cases, poor availability (Logan etal., 1990). Thus, alternative
strategies are needed for the management of termites in smallholder agriculture where they can cause
significant crop losses.

Host plant resistance and biological control are widely seen as providing both stable insect control
and less environmental damage on non-target organisms than chemical pest control (Howarth, 1991,
Thomas and Waage, 1996). Although the role of predators in regulating natural populations of termites
is largely unknown (Wood er al., 1987) termites are reportedly prey to a wide range of vertebrates and
invertebrates (Wood and Johnson, 1986). Recent research reviews clearl y indicate the important role
of ants as predators of these pests (Grace, 1997).

Ants have frequently been used as biological control agents in the past (Claunsen, 1940; De Bach,
1974). In Uganda, Od. hus h da and Paltothyrus sp. for example, are commonly seen
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attacking, killing worker termites and carrying away the dead bodies (Okwakol, 1991). Ponerine ants
are also known to raid termite nests, causing extensive worker mortality (Sudd, 1970). Nests of
Myrmicinae and Componotinae often occupy large portions of dead mounds, suggesting their ability
to exterminate termite colonies and colonising the mounds (Okwakol, 1991). However, little is known
about the impact of ants on termites under field conditions or the effects of plant architecture on
predatory activity of ants. Habitat modification in perennial crops has in a few instances, effectively
reduced pest populations by favourable habitat conditions for predatory ants (Majer, 1982, 1986) In
this study, we examine the effect of different maize plant architectures associated with open-pollinated
and hybrid varieties on the physical environment beneath the plants and on the activity of predatory
ants in vicinity of the plants.

Materials and Methods

The study was conducted at Namulonge Agricultural and Animal Production Research Institute
(NAARI), Mpigi, Uganda. Previous observations from trials conducted in this region of the country
have reported that ground foraging ants (Hymenoptera: Formicidae) are the most obvious insect
predators in maize ficlds (Sekamatte, 1998 unpublish.). The experiment was established during the
second cropping season of 1998, a period usually characterised by shorter rains than in the first season.
The experimental plots were 13 m x 10 m, and maize was planted at a spacing of 75 cm between rows
and 50 cm between plants within rows, to give a seedling density of approximately 53,000 plants per
hectare. Plots were separated by 1.5 m wide alleys and weeds were managed by hand-hoe weeding.
Weeding was done three times, at a monthly interval starting three weeks after seedling emergence.
The treatments were arranged in @ randomised complete block design with nine treatments (maize
varieties) and three replicates. The 9 varieties consisted of four hybrid varicties developed by the
Uganda National Cereals Programme (hybrids A-D), one local variety from eastern Uganda (Serere),
one Kenyan open pollinated variety (Katumani), a line from Namulonge (LP16) and the open
pollinated Kawanda composite and Longe-1.

Sampling for ants

Ants were sampled by visual observations on three middle rows of every plot. By inspecting every
other hill in the 3 rows, a total of 50 plants were sampled per plot. Observations were performed on
three occasions 4, 20 November and 3, December, 1999 (corresponding to 60, 75, 90 days after
planting, respectively). The average maximum and minimum temperatures on the three data recording
days were 27.9 and 16.0 °C, respectively. Also, observations were made at three intervals of each
sampling day i.e. 6.00 - 7.00 hr, 11.00 - 12.00 hr and 17.00 - 18.00 hr. Because of the difficulty of
counting the number of individual ants foraging or nesting at each hill, especially for the small species,
a relative index of abundance was used where; < 5 ants = +, 6-10 = ++ and > 10 +++.

Moisture status of the soil at stem bases and degree of maize plant root exposure

It was casually observed during the previous cropping season that plants of the hybrid varieties
collected dew during the night which later in the mid-moming dropped around the maize plant stem
base, making the surrounding soil wet. Thus, during each sampling for ants, the moisture status (wet
or dry) was recorded on cach of the 50 sample plants per plot. For cach of the 50 plants, the number
of exposed root layers was also recorded. The proportion of plants with exposed roots was then
expressed as a percentage and the frequency of occurrence of plants with a given number of root layers
determined, '
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Termite damage to maize pl

All the sample plants in each replicate plot were examined for symptoms of termite damage. Damage
on roots, stem base and leaves was recorded as a compound index (expressed as proportion of plants
showing termite damage out of the sampled plants) for each treatment plot.

Statistical analysis

Data from the three sampling occasions were pooled to obtain seasonal means for the individual
parameters. Statistical analysis for ant activity and moisture status of the soil around stem bases was
done separately for each hour of sampling. The data for ant activity was arcsin transformed while that
for soil moisture was square root transformed to normalise variances (Steel ef al., 1997). Analysis of
vanance (ANOVA) was performed and means separated by Tukey's honestly significant difference
test (Steel et al., 1997). A least squares regression analysis was also done to establish the relationship
between antactivity and soil moisture atdifferent hours of the day, root layers per plant, termite damage
and percent plants with wet stem base,

Results

A description of the leaf system and variation in root exposure in the nine maize varicties used in the
ant activity study is presented in Table 1, The erect leaf system is specific to the new hybrid varicties.
Three of the hybrids (A,B & D) had a significantly higher (P < 0.05) number of exposed root layers
than any of the other varieties (Figure 1). Hybrids B and D exhibited significantly more prop root layers
than hybrids A and C. The open pollinated variety Katumani had significantly the lowest (P < 0.001)
number of exposed root layers (Table 1),

Od. hus hae da and Lepisiota sp. were the dominant ants observed on maize plants
during the growing season. Of the two species, however, O. haematoda showed greater activity in all
the treatments, possibly because of its foraging behaviour. Ant activity in the carly morning (6:00 -
7:00 h) was significantly lowest (P <0.05) in Katumani plots (Table 2), a variety with the lowest root
exposure (Table 1). Variety differences in respect to ant activity were more apparent, close to mid-
day when temperatures rose above 25°C. At this time, significantly higher (P < 0.05) ant activity was

Table 1. Leaf architecture and degree of root exposure of the nine maize varieties used in the study

Treatment  Maturity Leaf system % plants with Number of Number of
days exposed plants wih plants with
roots exposed wet stem bases
root layers

Longe - 1 118 decumbent 74.7a 0.89abc 0.71c
Serere 150 decumbent 83.1a 0.55bc 1.18bc
Katumani 95 decumbent 27.3b 0.03¢c 0.71¢c

LP 16 105 decumbent  87.3a 0.89abc 0.88bc
Kawanda 150 decumbent  67.3ab 0.90abc 0.71c
Hybrid A 125 eroct 85.3a 1.15ab 2.59abc
Hybrid B 125 erect 95.3a 143a 353a
Hybrid C 125 erect 78.0a 0.15ab 2.67ab

Hybrid D 125 erect 86.7a 1.64a 2.67ab

Moans within a column followed by the same letter(s) are not significantly different based on Tukey's testat P < 0.05
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recorded in plots with hybrid maize varieties (Table 2). The hybrids A, B and C characterised by an
crect leaf system also showed a higher level of ant activity than the rest of the varieties, but the
difference was only significant for hybrid B (Table 2).

No statistically significant differences among varieties were observed for O. haematoda activity
during the evening sampling although their activity around hybrid varieties was always greater than
that around open-pollinated varicties. Lepisiota sp. was most active during the evening in plots of
hybrid A although this was not significantly different from S others (Table 2). The activity of this ant

Table 2. Mean percentage of maize plants with predatory ants in plots with different maize varieties in the earfy
morming, mid-day and evening of 4™ and 20™ N ber and 3 D ber 1998 at Namulonge.

Variety Early moming Mid - day Late afternoon
Odonl” Lepisiota.  Odon{  Lepisiota.  Odonto’. Lepisiota
Longe- 112.75b 2.86a 11.08b 249 15,192 2.29abe
Serere 12.400 3.04a 11.25b 144a 12.19a 1.18¢
Katumani 7.67b 321a 8850 258 11.38a 2.46b
LP 16 23.67adb 297a 18.10ab 241a 14.03a 2.41abc
Kawanda 22.43ab 3.55a 18.73ab 221a 15.88a 3.68abc
Hybrid A 22.53ab 392a  3057a 283a 16.63a 4.72a
Hybrid B 34.23a 306a 3703 4.12a 19.00a 4.19abc
Hybrid C 25.33ab 351a  3397a 1.58a 10.70a 3.14abc
Hybrid D 21.93ab 3.16a 31.17a  3.28a 11.43a 4.70ab

'Mmm-mwwmml«w“mwdﬂommPso.os.rwnhomm
significant difference test. “Odontomachus haematoda, Lepisiota sp. ~ Pooled data for the recordings on 4, 20
November and 3 December.
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Figure 1. Effect of maize varieties on activities of O.haematoda and Lepisota ants In maize.
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was greatest in the evening, possibly coinciding with the reduced activity of O. haematoda (Table 2).

There was no significant correlation between Lepiosta sp activity and the proportion of plants with
wet soil at the stem base during the period from 6.00to 7.00 h., between 11.00 and 12.00 h and between
17.00 and 18.00 hrs across all varieties. However, there was a significant positive correlation between
activity of O. haematoda and the proportion of plants with wet soil at the stem base (©* = 0,7205, P <
0.05) (Figures 2 and 3).

Discussion

The results presented here are preliminary, as they cover observations of a single maize growing
season, and will therefore require replication at different sites and season, and perhaps with more
cultivars, Nonetheless, the results clearly indicate significant differences in the behaviour of predatory
ants and termite infestation in phenotypically different maize varieties. The hybrid varieties in this
study showed asignificantly higher frequency of plants with exposed roots and a larger number of prop
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Figure 2. Linear relationship between the moisture status of soll around maize plants stem bases and predatory ant
activity at mid-day.

3%, y =6,1245x + 89262
AN = = R =0.8288
30 - @ % Acantholepis o .
25 -
§°
s 15 -
0.3 y = 0.744x + 1.8996
’3 R = 0.4855
* Y S -
0 e e —

0 05 1 15 2 25 3 as 4
' % plants w ith weet soll around stem base

Figure 3. Linear relationship between the moisture status of soil around maize plants stem bases and predatory ant
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root layers as well as a more erect leaf architecture.

The latter feature appeared to result in greater amounts of stem flow of water from the leaf axils to the
soil at the plant bases . These two features provide a generally more humid and shaded environment
at the stem base of the hybrids as opposed to the open-pollinated maize varieties which we speculate
is particularly favourable to the activity of the ant species studied. The strong positive relationship (P<
0.01, *=0.72) between plants with wet stem base at mid-day and ant activity (Figure 2) appears to be
a result of the combined effects of the erect leaf system and well developed prop root system on ant
activity. An even stronger relationship (P< 0.01, r* = 0.83) was obtained in late evening sampling
(Figure 3). These features of hybrid varieties may be very important if the natural ant community is
to be used as part of an integrated pest management programme. The use of ants as biological agents
has a long history (Perfecto, 1990).

The preference for moist conditions for foraging by these species is revealed by the high level of
activity observed immediately following rains (Sekamatte, pers. observation). Some evidence exists
that plant architecture can influence dispersion of herbivores and searching by natural cnemics
(Thomas and Waage, 1996) but as yet, little is known about the effects of plant architecture on
herbivore/natural enemy interactions (Price, 1986). ;

Although the importance of either ant species studied as predators of termites has not been quantified
as yet, we have observed workers of both species attacking, killing and carrying workers of the three
dominant genera of termites at Namulonge (Pseudacanthotermes, Macrotermes and Microtermes) on
many occasions. It was particularly surprising that groups of the small Acantholepis sp. preyed on
Macrotermes workers some several times their own body size. Individual O. haematoda were
commonly seen carrying worker termites into large nests up to the time of harvesting. Ponerine ants
are specialist termite predators but little work has been done on their effects on termite abundance in
agro-ecosystems. However, the connection between ant abundance and reduced termite damage to
maize was previously observed in a survey of farmers fields in 5 maize growing districts of Uganda
where a strong negative correlation (= - 0.57; P < 0.05) between numbers of ant nests at the base
of maize plants and termite damage to the plants was established across all sites (Sckamatte, 1998 un
publ.). In eastern Uganda, ants appear to play an important role in reducing termite damage to maize.
Ants have been used for hundreds of years in Yemen to control date palm pests (Claunsen, 1940), and
in China to control citrus pests (Groff and Howard, 1924) and have been found to be effective
biological control agents in temperate forests and perennial crops (Room, 1973; Majer, 1982). Studies
in cotton (Jones and Sterling, 1979; Sterling er. al., 1984; Fillman and Sterling, 1985) and in soybean
(Whitcomb et al., 1972) in the tropical and subtropical zones of USA emphasise the role of ants as
natural control agents,

Other authors however, have cast doubts on whether ant species could be used in pest termite control
(Grace, 1997). Indeed the use of ants alone may not offer satisfactory termite control to maize below
an economic threshold. Their use however, in combination with other methods of biological and
cultural control has potential for stable regulation of pest termites at a level below which would
otherwise cause economic damage under conditions of smallholder maize producers in Uganda and
probably elsewhere in sub-Saharan Africa. Preliminary studies on the use of proteinaceous and sugary
baits to increase ant activity and thereby reduce termite damage to maize have given promising results
in both on-station and on-farm trials (Sekamatte ef al,, Unpublished).
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