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Abstract The African white rice stem borer (Maliarpha
separatella Ragonot) is a major pest of rice in Kenya. To
understand and develop appropriate management packages,
its population dynamics were studied at Mwea irrigation
scheme in Central Kenya. This was for two wet and two dry
periods. Farmer fields located in different parts of the
scheme and outside the scheme were sampled every fortnight.
Farms sampled represented five water provision schedules
(System of Rice intensification (SRI), rain fed, flood
irrigated, sporadic irrigation, and fallow period). Five
planting regimes (on season, off season double cropping,
ratoon, and late planting) and three management styles
(controlled by National Irrigation Board (N.I.B), not
controlled by N.I.B and out-growers) were studied. During
each sampling, a ImxIm quadrant was used randomly and
pest counted on all the plants within the quadrant. Results
showed that the number of M. separatella varied
significantly (p<0.05) in the scheme. Pest densities were
highest in off season planted rice (13.1). High numbers were
also found in Non N.I.B controlled fields with sporadic
irrigation (8.1) and the lowest in the N.I.B, fallow (2.5) and
this was significant (p<0.05). There were no significant
differences in pest infestations on the normal season crop
(0.3) and the ratoon crop (0.6) p<0.05 and SRI and
conventional irrigated fields (p<0.05). From the results it is
recommended that off season planting of rice be discouraged
and that efforts are made to ensure that farmers synchronize
planting dates and other cultural practices for the crop,
within the scheme and in rice farms outside the scheme.
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1. Introduction

Globally rice is one of the most important food crops in

the fight against hunger. The total annual production stands
at 400 million MT of milled rice [12], it is also the most
rapidly growing food source in Africa. It has been suggested
that food security in Africa will only be achieved through a
sustainable increase in local rice production [14].
Resource-poor farmers in developing countries, who
currently rely on rice, lose an estimated 10% in yield each
year because of insect pests [12]. Reports indicate that the
African white rice stem borer, Maliapha separatella Rag. is
a major rice pest in sub Saharan Africa and islands of
Comoros and Madagascar [2],[8]. It is the major species in
the major upland rice growing areas of West Africa [1],[14],
but in East Africa it is important in lowland irrigated rice.
Crop loss yield estimates from Kenya varied from 7-34% [5],
[6]. This was mainly on late planted crop and on the ratoon in
the irrigation schemes at Mwea in Central Kenya and Ahero
in Nyanza [5], [6] and [15].

The recommendation from National Irrigation Board
management (NIB) was to grow a single crop of rice in a year,
and then leave the land fallow for the rest of the year [19].
Reports indicate that this system allows for a closed season,
the prolonged fallow period favours the exponential increase
of natural enemies increasing their effectiveness as
biological control agents, the flooding also kills the larvae
and pupae and this results in low rice stem borer infestations
[3], [8]. However this was not followed and there was
continuous cropping of rice in the scheme.

System of Rice Intensification (SRI) is a methodology that
involves intermittent wetting and drying of rice paddies,
unlike in the conventional rice culture where the rice paddies
are permanently under water. In Kenya, it was being piloted
on 16 hectares by 10 farmers at Mwea irrigation scheme [11].
However, information of M. separatella population
dynamics under this system is scanty.

Ratooning is known to give a steady yield for three years
under most conditions, for the crops for which it most often
is used. However, a ratoon crop extends the crop’s
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availability that supports additional pest generations [5], [8].
It has been demonstrated that the synchrony of stem borer
generations in rice fields is influenced by the synchrony of
rice planting in a rice growing area [3], [8]. It has also been
reported that the severity of stem borer infestations increase
with increase in intensity of rice cultivation [4]. In studies
carried elsewhere, availability of host plant greatly
influences stem borer’s population dynamics [8]. The pest
has a narrow host range, which is limited to cultivated rice
and a few wild rice species [8]. Feeding by M. separatella at
the tillering stage causes a reduction in plant height and
number of filled grains. However, when infested at the
booting stage, plant height is not affected but total number of
grains per panicle, number of filled grains per panicle, and
grain weight are significantly reduced [1]. To see the
influence of some of these factors on M. separatella
distribution, a study was carried out to find out whether
there were any hot spots of the pest within the scheme, what
periods the pest was most abundant and what factors
influenced this distribution. This was at Mwea irrigation
scheme in Central Kenya where over 80% of rice in Kenya is
grown.

2. Materials and Methods

The study was carried out at Mwea Irrigation Scheme (0°
40°S; 37° 18’E). The scheme is located in Kirinyaga County
and to the west of Mwea division, in Central province of
Kenya. It is in the low altitude agro ecological zone, LM 4 at
an altitude of 1,100 to 1200 meters above sea level. The
annual rainfall ranges between 350 to 1650 millimeters with
an average of 950 mm. The rainfall has bimodal distribution

Table 1.
July 2011

with long rains in March to April, and short rains in October
to December. The predominant soil type is black cotton soil
with few areas having patches of red volcanic and murram
soils [7]. Rice farms were selected with the help of
management of Mwea Rice Growers Multi -Purpose Society
and represented five water provision schedules (System of
Rice intensification (SRI), rain fed, flood irrigated, sporadic
irrigation, and fallow period). Five planting regimes (on
season, off season double cropping, ratoon, late planting),
and three management styles (controlled by National
Irrigation Board (N.I.LB), not controlled by N.I.LB and
out-growers) were studied. Description of treatments
(irrigation ~ water provision, cropping system and
management style) is given in Table 1.

The fields were sampled each fortnight for nine months.
This was from 22 September 2010 to 29 June 2011, a period
of nine months, which represented two dry and two wet
periods. During each sampling, a Imx1m quadrant was used
randomly and pest counted on all the plants within the
quadrant. Data was also taken on tunneled tillers and
panicles with white heads. The number of tunneled tillers at
harvest was used to represent M. separatella population
density.

Tunneled tillers from sampled farms were used to
elucidate Maliarpha separatella density. Data was subjected
to Analysis of variance (ANOVA) and Tukey’s Honestly
Significant Difference (HSD) post hoc test (p<0.05) enabled
identification of specific pairs of means between which the
differences were statistically significant. This was by use of
SPSS version 16.0 for windows [15].

Irrigation water provision, cropping system and management style categories at Mwea irrigation scheme during the study from September 2010 to

Water provision

Flood irrigated

Sporadic irrigation

System of rice intensification (SRI).

Cropping system

Description

Conventional method at Mwea. Rice grown under continuous flooded condition

Frequent water shortages and application of irrigation water varied from time and in most cases with

prolonged dry spells.

Alternate wet and dry irrigation. The crop is maintained in semi aerobic conditions during the vegetative
phase, followed by shallow flooding after panicle initiation[11]

Main season crop

Double crop

Ratoon crop

Fallow period
Management style

Controlled by National Irrigation Board
(N.LB)

Out-growers

Not controlled by N.I.B

Conventional crop which was planted normally and within the main cropping season with the following
cropping sequence (rice-fallow period-rice)
Rice crop planted immediately after the harvest of the main crop and in most cases was planted late in the
following sequence (rice —rice-rice).

Main crop was harvested when the stems were still green and stalks cut before the main crop was fully
mature, leaving main crop stubble with 2-3 nodes which sprouted to form the next crop in the following
sequence (rice-ratoon-rice)

A single crop of rice was grown in one half of the year and on being harvested, nothing else was planted.
The land was left to lie fallow and animals grazed on the land until the following year [19].

These rice farms were within the formal scheme and the fields were managed as per the recommendation
from NIB where a single crop of rice was grown in a year and the land then left fallow for the rest of the
year. NIB also supplied the farm inputs, milled and marketed rice for the farmers.

These paddy fields were to the tail end of the scheme where there was limited irrigation water but the
infrastructure was maintained by NIB
Rice fields were outside NIB control and outside the scheme and farmers had introduced a second rice
crop through either by planting a second crop in the year or by ratooning the previous season stubble.
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3. Results

Results of the study showed M. separatella population
density varied significantly (p<0.05) in the scheme and that
there were hot spots of the pest in the scheme. Water
provision (p=0.001) and planting time regimes (p=0.001)
had a significant influence M. separatella population density
while scheme management (p=0.10) was of no significance
on the pests distribution in the scheme. There was interaction
between water provision and time of planting. The highest
pest population numbers was in Non N.I.B controlled fields
with sporadic irrigation and lowest in the N.I.B controlled,
flood irrigated with fallow period and this was significant
(p<0.05) (Table 2).

Table 2. Anova Table for Mean Tunneled Tillers Caused By M.
separatella in the Various Rice Cultivations Cultural Practices at Mwea
Irrigation Scheme

SOURCE DF SS MS F P
Water provision 4 18.71 4.68 7.12 0.001%**
Time of planting |, | 107 | 417 | 635 | 0.001%#

regime
Scheme
2 331 165 | 252 | 0.100 NS
management
Py
Water provision 1 3.13 313 | 476 0.038*

Time of planting

Total 11

*** Highly significant; *
NS Not significant

41.82
Significant at 5% level

Results of Tukey’s paired comparison tests showed that
the highest M. separatella mean differences occurred where
rice had been planted off season in SRI water provision
followed by off season crop under the conventional irrigation
water provision. There were no significant differences
between SRI and conventional rice culture. High M.
separatella infestations occurred in the off-season planted
rice irrespective of whether the rice culture was conventional
or SRI (Table 3).

Table 3. Paired Comparison Of Mean Differences For M. separatella
Population Density In The Various Rice Cultivation Cultural Practices At
Mwea Irrigation Scheme

Mean P
difference
Ratoon Off-season -1.01 0.019%***
SRI Off season -2.83 0.0071 ***
Conventional Off-scason 2.67 0.001%**
crop
Conventional Sporadic -2.30 0.060*
Conventional late 2.27 0.014%**
SRI Conventional 1.60 1.00 NS
*** Highly significant; * Significant at 5% level
NS Not significant

Pest density (p<0.05) was also high in off season planted
rice (double crop) and low on ratoon crop (Figure 1).
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Figure 1. M. separatella Population Density Represented by Mean Number of Tunneled Tillers in the Various Farm Categories at Mwea Irrigation

Scheme
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There were significant interactions between water
provision management and time of planting (p<0.05), late
planted crop and water provision (p=0.001) and late planted
crop and system of rice intensification (SRI) (p=0.001)
indicating that the time of planting was of critical importance
in M. separatella fluctuations.

4. Discussion

The high pest population numbers in Non N.I.B controlled
fields with sporadic irrigation is consistent with reports from
Litsinger et al. 2009 who found that rain fed wetland rice
system which may be equated with sporadic irrigation at
Mwea was more prone to physiological stresses than flood
irrigated crop and this minimizes crop compensation and
accentuates losses [10]. Expanded growth period also

favoured vegetative pests build up in flooded rice cultivation.

It has been reported that pest management in irrigated rice
production systems is compromised by cultivation practices,
such as monoculture of similar varieties, intensive use of
chemical inputs (fertilizers and pesticides) and asynchronous
planting [2], [5]. These factors are similar to situations in
Mwea where farmers grow the aromatic Basmati 370 rice
variety which is highly susceptible to insect pests and also
use a lot of pesticides and fertilizers. The results from this
study are also consistent with reports which show that if a
rice-growing area comprises a mixture of farms sown at
different times, there will be many oviposition periods,
leading to overlapping generations [17]. Litsinger et al.
2009 reported that insect pest damage particularly from stem
borers was greater in areas where farmers staggered their
planting up to 3 months apart and used a set of varieties that
matured in 140-210 days than where farmers planted rice
within 1 month, used 120-d varieties and planted at the start
of rainy season [10]. These cultural practices are similar to
Mwea where farmers cultivate rice Basmati 370 variety
which is has been reported to be susceptible to stem borers.

Non adherence to grow a single crop in a year
recommendation by NIB and late planting in some parts of
the scheme resulted in the presence of a mosaic of rice farms
at different stages of rice crop development throughout the
year. The result of this was an increase in intensity of stem
borer infestations. These findings are supported by findings
of Heinrichs in 1998 which showed that the severity of stem
borer infestations increased with increase in intensity of rice
cultivation [4].

Kuriah et al. also found out that the growing of a second
crop rice crop in a year was technically inefficient [9] and
Khan et al., 1990 reported that availability of host plant
greatly influenced stem borer’s population dynamics [8].
Previous studies indicated that high M. separatella
populations occurred in late planted rice and on the ratoon
[51, [6]. Reports have also been made of low stem borer
infestation in rice grown under SRI [18]. However, in this
study, very low infestations were found in the ratoon crop
and there was no evidence that M. separatella population

density was lower in the SRI system than in the conventional
method of growing paddy rice. The presence of high M.
separatella infestations in the double crop planted rice
irrespective of whether the rice culture was conventional or
SRI, underpinned the importance of “double cropping” on
stem borer infestations.

Recommendations

From the above results it is recommended that off season
planting of rice be discouraged and that efforts are made to
ensure that farmers synchronize planting dates and other
cultural practices for the crop, within the scheme and in rice
farms outside the scheme. The study also suggests that
research is made to identify suitable dry land crops that can
be rotated with rice during the year. Efforts must be made to
ensure that farmers synchronize planting dates and other
cultural practices for the crop, within the scheme and in rice
farms outside the scheme. Finally, further studies need to be
done to evaluate the effects of ratooning and SRI on pest
densities and yields.
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