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ABSTRACT 

 

Rodents often damage crops throughout the growing season, from germination to harvest, 

thus making it difficult to understand its cumulative effects for crops such as rice that are 

able to partially compensate. This study examines response of rice yield to rat damage in 

farmer’s fields and simulated rat damage in irrigated and rain-fed rice (Oryza sativum L.) 

in Morogoro, one of Tanzania’s granary areas. The study was conducted at Hembeti 

village in Mvomero district from September, 2012 to July, 2013 where variety TXD 306 

was used. Two field experiments; viz: farmers’ managed rice field and rodent simulation 

damage were conducted. The experimental design for farmer’s field study was split plot 

laid in Completely Randomized Design (CRD) and a split-split plot layout in a 

Randomized Complete Block Design (RCBD) with three replications for simulation rat 

damage experiment. Five damage levels (i.e. cuts at 0%, 10%, 20%, 25% and 50%) at 

different rice growth stages (i.e. transplanting, vegetative and maturity) and seasons (i.e. 

dry and wet) were carried out for later experiment. Results show that there were no 

significant differences in rodent abundance between seasons and crop growth stage in 

farmer’s managed rice fields. Mastomys natalensis was the most abundant rodent pest 

species while Grammomys dolichurus was found in small proportions. Higher yield was 

recorded during the wet season compared with the dry season. Yield loss was observed 

during all cropping stages for all levels of simulated rat damage for wet and dry season 

crops, with significant compensation noted at the transplanting stage. Damage above 10% 

stem cut and at vegetative and maturity stage resulted in significant reductions in rice 

yield. Grain yield was highly and positive correlated with number of panicles per plant 

and panicles m
-2

, filled grains per panicle, percentage grain fill and 1000 grain weight. 
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CHAPTER ONE 

 

 

1.0 INTRODUCTION 

1.1 Background Information 

Rice (Oryza sativa L.) is one of the most important cereal crops in the world (Banwo, 

2006). It is the second highest produced grain worldwide, after maize (FAOSTAT, 2013). 

It constitutes staple food providing 20% of the world’s dietary energy supply (FAO, 2004) 

compared to wheat (19%) and maize (5%) (FAO, 2005). Apart from being rich in dietary 

energy supply, rice is a good source of thiamine, riboflavin and niacin (FAO, 2005). 

Worldwide the crop is grown in Asia, West Africa, North America, Central and East 

Africa, South and Central America, Australia and United States of America (Worldwide 

rice production, 2011). 

 

Tanzania is an agricultural based country and its economy depends on agriculture, which 

accounts for more than one-quarter of GDP, provides 85% of exports, and employs about 

80% of the work force (The World Factbook, 2013). Crop production to a large extent is 

by subsistence, where most farms range between 1 and 5 acres and are dominated by 

mixed cropping system. However, rice is an exception, it is produced under typical 

monocultural system (Lwezaura et al., 2011; Kihupi, 2011). The system can further be 

subdivided into three agro-ecosystems namely rainfed lowland (74%), rainfed upland 

(20%) and irrigated lowland (6%) (Kanyeka, 1994). Production of the crop is exclusively 

for human consumption unlike maize and wheat which are sometimes used as fodder 

(Ministry of Agriculture of Kenya, 2008). Large amount of the rice consumed in Tanzania 

is produced from five regions, namely Mbeya, Shinyanga, Mwanza, Morogoro and Tabora 

(Kadigi, 2003). Average production ranges between 1 and 1.5 t/ha (ECARRN, 2006; 

RLDC, 2009) which is actually lower than that of Africa (2.2 t/ha) and that of the world 

(3.4 t/ha) (FAO, 2000). 
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Despite the low average production, the crop is also vulnerable to pests such as rodents 

(Mulungu et al., 2013) which, according to Singleton (2010), are animals that have 

continually gnawing incisor teeth and no canine teeth. They can cause damage in crop 

fields from planting throughout harvest and storage. In Tanzania, damage reduces both 

quantity and quality of the crop yield (Fiedler, 1994). Damage to crops by rodents is 

largely attributed to Multi-mammate mouse, Mastomys natalensis, Smith 1834 and Nile rat, 

Arvicanthis sp. (Safianu and Robert 2004; Mulungu et al., 2013). According to Mulungu et 

al. (2010) and Makundi et al. (1991), the Multi-mammate mouse in particular, poses the 

greatest risk to the crops. This species is economically the most important rodent pest in Sub 

Saharan Africa and is an indigenous commensal rat (Fiedler, 1988). 

 

The types of damage imposed by rodents to field crops include the destruction of seeds 

after sowing and damage of the stem of a mature crop (Mulungu et al., 2003a). The 

Regional Agriculture and Fisheries Information Division (2008), named various categories 

of cereal crops losses resulting from rodent damage in the fields as seed removal and 

consumption, seedling cutting, weight loss arising from total grain predation at crop ripening 

and maturity, and loss of viability of seeds due to removal of the embryo from the seed. Each 

season a large proportion of potential crop yield is lost due to rodent infestation (Mwanjabe et 

al., 2002). 

 

According to Singleton et al. (1999), rodents are considered as an inevitable pest and 

hence left without constant control, thus enabling them to produce and occasionally reach 

an outbreak levels. In areas with rice crop, rodent outbreaks have been reported to cause 

severe crop losses and food shortages (Zehrer, 1998 in Singleton et al., 1999) and of all, 

the irrigated rice suffers the greatest damage (Singleton et al., 1999; Sixbert, 2013). 

Studies to determine amount of damage by rodents have been reported in different parts of 
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the world (Lavoie et al., 1991; Meerburg et al., 2009; Sixbert, 2013). For example, in 

Philippines, about 90% rat damage has been estimated in fields (Fall, 1977). In Asia, pre-

harvest rice losses were estimated to be between 5 and 10% (Singleton, 2003a; Singleton 

et al., 2005; Meerburg et al., 2009) while in Madagascar, the overall annual losses were 

estimated to be 62,500 tons of rice paddy or 40,000 tons of marketable rice (Singleton et 

al., 1999). In Bangladesh, Poche et al. (1981) reported that the later the damage occurs 

due to rodent pests, the greater the yield losses except for the <10% damage at tillering 

where rice was able to compensate for yield loss. 

In Africa, Safianu and Robert (2004) reported yield losses of rice in Nigeria to be 12.6% 

in 1991 which is nearly three times higher than that of 1990 (4.8%). Sheyo (2010) 

estimated rat damage on famers’ rice fields in Tanzania during wet season to be 5% while 

Sixbert (2013) reported 12% rodent crop damage during the dry season and 6% during the 

wet season. Mulungu et al. (2013) reported that rodent population was higher during dry 

season in comparison with wet season. Little information, however, exists on which level 

of rodent damage and on the growth stage, at which the crop can compensate for rodent 

damage hence little impact at small holder farming scale in Tanzania. Therefore, there is a 

gap in information pertaining to rodent damage levels and crop growth stage(s) at which 

implementation of control measures becomes most economical in irrigated rice 

agrosystems. 
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1.2 Objectives 

1.2.1 Overall objective 

The overall objective of this study was to investigate the impact of both natural and 

simulated rat damage to rice grain yield in irrigated lowland rice production area. 

 

1.2.2 Specific objectives 

i. To establish rodent species composition at different rice crop growth stages 

especially at seedling, vegetative and maturity. 

ii. To assess the rodent population dynamics in a different rice crop growth stages 

(i.e. seedling, vegetative and maturity). 

iii. To estimate the effect of different damage levels at different rice growth stages on 

farmer’s fields 

iv. To determine the critical rice growth stage(s) where control measures will be most 

economical. 
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CHAPTER TWO 

 

2.0 LITERATURE REVIEW 

2.1 Background Information 

2.1.1The rice plant 

Cultivated rice is generally considered as an annual grass plant, although in the tropics it 

can survive as a perennial, producing new tillers from nodes after harvest (ratooning) 

(NARI, 2001). The life span of this plant varies among varieties and between climates 

(Shao et al., 2001). The plant possesses the following important features; roots, stem, 

tiller, leaf and panicle (Fig 1). It can grow in a variety of environment preferably semi-

aquatic environment (Lwezaura, 2011). 

 

Figure 1: The rice plant 

Source: Haifa (2014). 
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2.1.2 Nutritional value of rice 

Rice is primarily a high energy calorie food (FAO, 2005). It is high in carbohydrate in the 

form of starch, which is about 72 - 75 percent of the total grain composition and it has a 

protein content of around 7 percent which is actually lower than that of wheat (Anjum et 

al., 2007). The nutritive value of rice protein (biological value = 80) is much higher than 

that of wheat (biological value = 60) and maize (biological value = 50) or other cereals 

(Nuss and Tanumihardjo, 2010). Rice contains many minerals just like other cereals and a 

large portion of these minerals are located in the pericarp and germ (Srilakshmi, 2005). 

The phosphorus content of rice is high (about 4%) and is in the form of phyticacid (Nagel, 

2010) and also contains some trace elements and enzymes (Srilakshmi, 2005). 

 

2.1.3 Distribution of rice 

Rice is grown in more than a hundred countries, with a total cultivated area in 2009 of 

approximately 158 million hectares, producing more than 700 million tons annually (470 

million tons of milled rice) (IRRI, 2012). It is cultivated between 53
0
 and 40

0
S latitude 

(Ali et al., 2012). The crop grows in a wide range of environmental conditions as it 

possesses efficient air passage system (shoot to roots). According to Chang (1976), rice 

originated from supercontinent of Gondwanaland which later broke and drifted to form 

Africa, Antarctica, Australia, Malagasy, South America and Southeast Asia. 

 

2.1.4 World production statistics for rice 

Rice has gained more popularity in recent years. According to FAOSTAT (2013), in 2012, 

the world annual planted area of rice was about 163 million hectares, accounting for rice 

grain production of about 71 million tons. In 2011, the top ten countries leading in rice 

production were as per table 1 below. 
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Table 1: Rice yield of the world leading top ten countries in 2011 

County  Rice production (MMT) 

China 202.6 

India 155.7 

Indonesia 65.7 

Bangladesh 50.6 

Vietnam 42.3 

Thailand 34.5 

Burma 32.8 

Philippines 16.6 

Brazil 13.4 

Cambodia 8.7 

Source: http://faostat.fao.org/site/339/default.aspx 

 

In 2012, the contribution of Africa to the worlds’ rice production was only 3.8% 

(FAOSTAT, 2013). In East Africa, Tanzania ranks the first by producing 1.8 million tons 

followed by Uganda 212000 tons and Kenya 122465 tons (FAOSTAT, 2013). 

 

2.1.5 Rice varieties grown in Tanzania 

Tanzania grows numerous varieties of rice ranging from traditional local rice varieties 

which descended from seed imported by Arab traders before 1960s (RLDC, 2009), to the 

new improved varieties produced by National Research Stations (Ngwediagi et al., 2009). 

The local varieties are more preferred by the local people and are characterized by long 

maturation period and low yielding ability (Bill and Melinda Gates Foundation, 2012). 

The improved varieties possess high yielding traits and have short maturing duration. 

However, their adoption by farmers is not much promising due to their low aroma 
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(Coulson and Diyamett, 2012). The improved rice varieties and their days to maturity 

includes Supa and IR 54 which takes 93-100 days, IR 22 (120-134 days), Dakawa (75-85 

days), TXD 85 (98-102 days), TXD 88 (86-95 days) and TXD 306(100-102 days) 

(Ngwediagi et al., 2009). 

 

2.1.6 Significance of rice in Tanzania 

Rice is an important cereal grown as food and income generating crop in Tanzania. The 

crop is a mostly preferred food than maize (Mghase et al., 2010) and according to Shayo 

et al. (2006) reported that about 60 percent of the country population consumes it. Kayeke 

et al. (2010) reported that the crop has been ranked as a national strategic crop on the basis 

of area under cultivation, production and consumption. The annual per capita consumption 

of milled rice shows gradual increase from year to year, example in 1970s it was 15 kg 

(FAO, 2002), and rose to 25.4 kg in 2007 (MAFS, 2009). 

 

The consumption preference is, among others, influenced by grain size, color, taste/flavor 

and the cooking attributes while aromatic rice varieties are more preferred to non-

aromatic. An example of the aromatic rice in Tanzania is the Super and SARO (TXD 306) 

while the non-aromatic is IR64 (Ngwediagi et al., 2009). 

 

The daily caloric intake for rice in Tanzania for the year 2009 was 154 kcal/person/day 

and accounts for a share of 8% for country daily caloric intake (Minot, 2010).  This value 

is expected to ascend in the near future as the consumption of rice is linked to rise in 

income compared to other any factors. 
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2.1.7 Rice production trend in Tanzania 

Tanzania rice production has been increasing year after year (Coulson and Diyamett, 

2012). For example, in the past ten years (2002 - 2011), rice production rose from 985 

metric tons to 2248 metric tons and area under rice production rose from 566000 hectares 

in 2002 to 1119000 hectares in 2011 (FAOSTAT, 2013). Production projection by agro-

ecological condition for the year 2013 and 2018 are as per table 2. 

 

Table 2: Paddy production and yield by agro-ecological conditions 

 Rain-fed upland Rain-fed lowland Irrigated 

Year 2013 2018 2013 2018 2013 2018 

Area (000’ha) 21 31 374 274 290 390 

Yield (000’t) 1 1.6 1.5 2 3 3.5 

Production 

(000’t) 

21 50 561 548 870 1365 

Source: MAFS 2009 

Increase in rice production as predicted in table 2 above is not solely associated with 

increase in rice production per area but also to increase in area under rice production. 

 

2.2 Constraints Facing Rice Production in Tanzania 

In Tanzania, rice is grown almost in all regions but with varying degrees of importance. 

However, production of the crop has been faced with a number of constraints which 

include biotic and abiotic factors such as drought and soil fertility. The biotic factors 

include weeds, insect pests, diseases and rodent pests. It has been reported that pests such 

as rodents are increasingly contributing to rice yield losses in rice fields (Singleton et al., 

1999). 
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2.2.1 Crop loss due to rodent pests 

Rodents, particularly rats, substantially cause damage to rice fields (Singleton, 2010a). 

They eat rice seeds and seedlings, gnaw tillers, damage plants, and feed on grains (Reissig 

et al., 1985; Brown and Singleton, 2000). The level or severity of damage is not uniform 

throughout growth stages of the crop instead it tends to be more concentrated at some 

growth stages (Sixbert, 2013). At planting, for example, rodents may dig up and eat the 

planted rice seeds in nurseries or in fields which are directly planted, and 

consequentlynecessitates repeated late replanting (Mwanjabe, 1993; Makundi et al., 1999; 

Brown et al., 2006) and ultimately result in lower yield (Taylor, 1968; Myllymäki, 1987; 

Mwanjabe, 1993; Mulungu, 2003). 

 

At vegetative stage, rats cut rice tillers while growing and use for building their nests 

(Gergon et al., 2008) and eat (Reissig et al., 1985). Damage can be severe during the dry 

season and cuts are normally seen at the base (Jahn et al., 1999; Sixbert, 2013). At maturity, 

rodents attack both milky and mature grains (Mulungu et al., 2006; Sixbert, 2013). In Asia, 

an estimated rodent damage of 5% to 10% was recorded prior to rice harvest in 1999 

(Singleton, 1999). In Indonesia, rodent pests, primarily the rice field rat (Rattus 

argentiventer), are the most important pre-harvest pests causing annual losses of rice crops 

by 17% (Jacob et al., 2002). In Vietnam, My Phung and Brown (2011), reported rodent 

damage on rice to increase from 2.1% (in the first rice crop, winter-spring), to 3.8% in the 

second (Summer-autumn) rice crop and reached 6.6% in the third (autumn-winter) rice 

crop and caused yield loss of 15%. In Western Kenya, Taylor (1968) reported rodent 

associated losses of maize, wheat and barley to be 20%, 34 - 100% and 34%, respectively 

during rodent outbreak periods. 

During the 1989/90 cropping season, in Tanzania, a total yield loss of 48% in maize, 

sorghum, paddy, and pulses was reported and attributed to seed depredation by rats 
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(Mwanjabe et al., 2002). According to Makundi et al. (1991), the annual pre-harvest loss 

of maize in Tanzania is estimated to reach 15%. Mwanjabe and Leirs (1997) and Mulungu 

et al. (2003b) reported that maize damage at sowing and seedling stages could range 

between 40 and 80%, depending on cropping seasons and location. Furthermore, in 1998, 

rodent pests were reported to destroy over 352173 acres of various grain crops in Lindi 

region (Mwanjabe et al., 2002). In irrigated rice, in Morogoro region, Tanzania, Sixbert 

(2013) reported that crop damage by rodent pests during the dry season was 11% and that 

such damage resulted into yield loss of 12% which is enough to feed about, 7568 

people/year. The author, also reported that during the wet season, rice crop damage was 

6% and it resulted into yield loss of 4.75%, an amount which is enough to feed about, 

2996 people/year. 

 

2.2.2 Symptoms of rat damage on rice crop 

Rat damage on rice crop in fields is easily observed where a large number of tillers are cut, 

but it can go unnoticed when damage is low. In rice nurseries, rats simply chop down the 

young seedlings and also feed on the endosperm (Plantwise, 2014; IRRI, 1990). Rats will 

feed on the freshly sown seeds as well as on pre-germinated grains. In severe cases, 

nurseries have to be re-sown (Makundi et al., 1999). 

 

At the maximum tillering to booting stages of the rice plant, the tillers are gnawed near the 

base, and the heart of the developing buds and heads are eaten (Regional Agriculture and 

Fisheries Information Division, 2008). In the late flowering and grain-filling stages, rats 

make oblique cuts (usually 45° on the rice stalks carrying the inflorescence) (Sudarmaji et 

al., 2003). After severe rat damage (depending on rodent species involved and its feeding 

habit, i.e. nocturnal or diurnal, the field may be left with border plants (‘stadium’ effect) 

(Islam et al., 1993) or the centre plants (‘edge’ effect) (Sheyo, 2010). Under very high rat 
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infestation and depredation all the rice plants are attacked and the crop is totally destroyed 

(Fayenuwo et al., 2007). 

 

2.2.3 Rodent pest species 

Worldwide there are almost two thousands species of rodents, but only a limited number 

of them cause problems in agriculture (Leirs, 2003). The pest status for these rodent 

species varies from one region to another. In Indonesia for example, the Rattus 

argentiventer is a major pre-harvest pest causing damage to crops in every planting season 

(Singleton and Petch, 1994). In Australia, three rodent species, namely Mus domesticus 

(house mouse), Rattus rattus (black or roof rat) and Rattus norvegicus (Norway rat) are 

considered as pests, but the house mouse is the most important agricultural pest (Singleton 

et al., 2003b). According to Fiedler (1994), more than 70 rodent species in Africa, are 

considered as pests but only a few are agricultural pests. 

In Tanzania, there are more than 21 rodent pest species, the main ones being M. 

natalensis, Arvicanthis nairobe (Nile rat), Rattus rattus (House/roof rat), and Mus 

musculus (Fiedler, 1994; Makundi et al., 1991; Mulungu et al., 2010). Most of these 

species belong to family Muridae (Kilonzo, 2006). Of these, M. natalensis causes more 

agricultural damage than any other rodent pest species (Stenseth et al., 2003, Sixbert, 

2013) and it is the most abundant and serious pest of rice (Mulungu et al., 2013; Sixbert, 

2013). The species occurs in fallow and cultivated lands ranging from sea level to an 

altitude of 2000 m above sea level (Msangi, 1968). It feeds on a variety of crops and on 

average an adult M. natalensis rat can consume, up to 10% of its body weight of cereal per 

day (Kilonzo, 2006). During rodent outbreaks which occur occasionally and during 

population densities exceeding 1000 animals/ha (Leirs, 1995), damage and economic 

losses are considerably higher than in years with low population densities (Mulungu et al., 

2003a). 
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2.2.4 Population dynamics of rodent pests 

Population dynamics of rodents is an important key for planning successful rodent control 

strategies (Sheyo, 2010). It has been reported that positive relationship between 

inhabitants and crops damage exist (Advani and Mathur, 1982; Sheikher and Jain, 1997). 

The availability of food in terms of quantity, quality and preference and habitat in any 

place at a time determines the prevalence and dominance of any pest species. 

In sub-Saharan Africa, background information on field rodents revealed Mastomys genus 

as the most dominant, with M. natalensis ranking first (Mwanjabe and Leirs, 1997). It is 

well established now that rodent population fluctuate seasonally (Kilonzo, 1994; Lalis et 

al., 2009; Sheyo, 2010; Mulungu et al., 2013). Hansson (1998) reported that such 

fluctuations are due to several factors, a combination of which may result into different 

responses depending on the environment. Oosthuizen and Bennett (2009) reported that 

populations of small mammals like rodents are influenced by food availability, plant 

cover, rainfall and environmental conditions. Zhang et al. (2010) reported that occasional 

population outbreak of Lasiopodomys brandtii (Brandt’s vole) in the grassland of Inner 

Mongolia and (Microtus forti) (Yangtze vole) in the rice fields of Dongting lake region of 

southern China, respectively, were associated with the combination of intrinsic and 

extrinsic (mainly rainfall) factors. 

 

In Morogoro, Tanzania, M. natalensis breeding has been reported to be positively 

correlated with short rains (Leirs, 1995; Kilonzo, 2006). Similarly, Massawe et al. (2011) 

reported that population densities of M. natalensis in the area is high during and after the 

short rains, and consequently coincides with the most susceptible phenological stage of 

crops. 
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In Bangladesh the lesser bandicot rat (Bandicota bengalensis) and the greater bandicot rat 

(Bandicota indica) are of high economic importance and reportedly cause great losses to 

ripening cereals (Sultana and Jaeger, 1992). In East Asia, the active reproductive period of 

Rattus tanezumi seems to follow rice growth stages (Singleton et al., 2005), with a peak of 

breeding during the generative period (booting to ripening) rather than the vegetative 

period (Miller et al., 2008). Similar findings have been reported by Lam (1983) and 

Murakami et al. (1990) who observed correspondence of the breeding season of R. 

argentiventer with the reproductive stage of rice crop. 

 

Singleton et al. (2010b) summarized causes of rodent outbreaks and named three 

categories, viz; outbreaks triggered by masting (including bamboo and beech forest) 

which is an multiannual event triggered by flowering and masting of bamboo species or 

other plants and which is not influenced by either climate or farming system; changes in 

abiotic conditions (e.g. seasonal or unusual rainfall and major climatic events such as El 

Nino) which occur irregularly and rodent populations rapidly respond to the peaks in 

increased food availability; and changes in cropping systems where the outbreaks are 

driven directly by delayed or asynchronous planting often associated with calamitous 

weather events, or an increased intensity of cropping per unit area, which is connected to 

both climatic events and market forces. 

 

In irrigated rice systems in Tanzania, Mulungu et al. (2013) reported that M. natalensis 

population varied with habitat and months where Fallow land had higher abundances of 

rodents than rice fields. The highest abundance was observed during the dry season from 

July to October. The authors further observed that M. natalensis is sexually active 

throughout the year in the study area and it reaches the highest level when rice is at the 

maturity stage, suggesting that breeding is highly influenced by the presence of rice crop 

in both seasons. 
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2.2.4 Yield loss in rice crop 

Yield can be defined as an interaction of assimilation rate, leaf area, duration of the grain 

filling period and movable assimilates in vegetative organs available for grain production 

(Walker, 1987), or it can be considered as a measurement of the amount of crop that was 

harvested per unit of land area. Yield can be affected by a number of factors and the effect 

may be positive or negative. Negative or decrease in yield is what accounts agricultural 

losses. Losses usually occur at any stage of crop growth or storage but cumulative effect 

can be measured at harvest for pre harvest losses and on sales or during consumption or at 

any end use for post-harvest losses (Cheaney and Jenning, 1975; Taherzadeh and Hojjat, 

2013). Losses, even in modest amounts, may greatly affect individuals, entire community 

or even the whole society. In the less developed countries any significant loss in yield may 

precipitate economic chaos and in some cases famine (Wiese, 1982). In most of the time, 

agriculture losses are attributed to either or in combination by bad weather, diseases like 

fungus or virus attack, and pests like weeds, insect and vertebrates pest (Sarkar et al., 

2013). The extent of loss depends on crop growth stage, level of damage inflicted on crop, 

feeding habit of the pest and the extent of a bad weather. In case of rice crop to rodent 

pests, they usually attack the crop throughout its growing period (Islam and Hossain, 

2003). Judenko (1973) reported that damage which occurs at early growth stages can be 

compensated completely by the plant. In the other hand damage at maximum tillering 

cannot be compensated for that much and usually result into significant yield reduction 

(Sebastian, 2006). Cuong et al. (2002) examined the effect of rodent damage at different 

stages of rice growth and found that when damage occurs at the seedling stage (15 – 20 

DAS) of rice, the plant was able to compensate for the effect; but at tillering (35 - 40 

DAS) and booting (55 - 60 DAS) stage, there were no compensation effect. The condition 

may be more serious when damage occurs at the maturity stage as it is generally 

considered to result into a total yield loss and the reason for this being insufficient time for 
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compensation to occur (Islam and Hossain, 2003). It is known that farmers usually forego 

damages to some extent but it is advisable to keep pest out of reach of rice in the later 

stages (i.e. vegetative through maturity). 

 

2.2.5 Relationship between rodent density and crop losses 

Proper knowledge on the relationship between rodent pest density and crop loss (damage 

and yield loss) is an essential element in planning a sound management package (IRRI, 

1990). The idea behind this concept lies on the population of rodents and the resultant 

yield loss. The later varies between crop types and within crop varieties depending on the 

ability of the crops to compensate for damage. This idea can be extended more and lead 

into calculation of Economic Injury level (EIL). The EIL is more about pest population in 

relation to cost of imposing control measures (Fishel et al., 2001). Various reports on the 

relationship between rodent abundance and crop damage presents varying observation 

depending on a crop type, crop growth stage and pest involved (Fielder and Fall, 1994; 

Mulungu et al., 2003b). In this case Cuong et al. (2002) reported that rodent damage to 

rice crop is strongly associated with rodent density and yield is negatively correlated with 

rodent density. Singleton and Brown (2000) established a relationship between rodent 

abundance and damage in four different crop types and reported positive relations for 

wheat and soybeans, and unclear trend for rice and maize. Poche et al. (1982) and 

Lefebvre et al. (1989) described a linear relationship in wheat and Mulungu et al. (2003) 

described both sigmoid and linear relationship in maize is possible. In simple terms, linear 

and sigmoid relationship between rodent abundance and damage, means little or 

significant compensation by the crop to damage or injury respectively (Brown et al., 

2006). In terms of rodent management, sigmoid relationship describe that any decrease in 

rodent density will results in a proportionally higher decrease in damage, especially if 

rodent density moves from above to below the threshold value. Some of the established 
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threshold values for rodent management in rice include that of Kishore and Rao (2010) in 

Kumar et al. (2013) through simulation study and reported 4% tillers damage as an 

Economic Threshold Level for rodents in irrigated paddy fields. In Indonesia, where Rice 

rats (R. argentiventer) pose a serious problem, an action threshold of 25% damaged rice 

hills were set for farmers to start poison application (Van Elsen and van de Fliert, 1990). 

 

2.3 Rodent Pest Management 

The history of rodent pest management in Tanzania goes back as early as 1912 when 

rodent (M. natalensis) outbreaks were reported in Rombo district in Kilimanjaro region 

(Lurz, 1913). Studies on population characteristics of this species showed irregular 

population explosions and most of outbreaks occurred during the dry season and last 

through the planting season of October-February (Telford, 1989; Mwanjabe and Sirima, 

1993). In the past, most of the control measures used in then were localized (Mulungu et 

al., 2010). With technological advancement and population growth, several changes took 

place and at present, rodent control options can be grouped into two basic approaches: the 

lethal or non-lethal or preventive approach (Mulungu et al., 2010). 

 

2.3.1 The lethal or population reduction approach 

This approach involves the use of toxicants, traps and biological control (Witmer et al., 

2012). Rodenticides and traps are known to provide immediate effect to the problem and 

are often considered to be the most practical, economical and effective method of 

combating rodents (Pest control newsletter, 2009). The biological method always requires 

a period of time before it become stable and provides substantial results (Bale et al., 

2008). 
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2.3.1.1 Chemical control (Toxicants) 

Poisoning of rodents with rodenticides is a commonest and most preferred method in 

Tanzania (Ngowo et al., 2005). Both chronic (anticoagulants) and acute rodenticides are 

available and effective against most rodent species in the country (Kilonzo, 2006). The 

most known and widely used acute rodenticide in the country (even by smallholder 

farmers) is Zinc phosphide (Buckle, 1999). Zinc poisoning is mediated by phosphine, 

which is thought to act by inhibiting cytochrome C oxidase (Coşkun et al., 2012). In 

Tanzania, this rodenticide is supplied by the government during outbreaks and is strictly 

used under the supervision of Ministry of Agriculture, Food Security and Cooperative 

(MAFC) and it is not allowed to be sold in open markets. Sometimes anticoagulant 

toxicant such as Bromodialone is used at low population density. The mechanism of 

action of anticoagulants is based on their ability to decrease the endogenous formation of 

reduced vitamin K. It appears that the compounds inhibit vitamin K epoxide reductase. 

Reports on the efficacy of rodenticide use under field conditions include that of Saikia and 

Borah (2015) who used zinc phosphide (2.0%) followed by bromadiolone (0.005%) as 

cake 10 days after, under field condition against field rodents in boro and sali rice at 

panicle initiation and milky stage and recorded a reduction of 91.70 and 84.47% in live 

burrow, of 60.22 and 45.23% trap index and of 74.91 and 70.18% cut tillers at panicle 

initiation stage and 87.87 and 82.79% live burrow, 60.36 and 41.16% trap index and 72.87 

and 67.43% cut tillers at milky stage in both boro and sali rice, respectively. Sahni and 

Prabha (2012) tested the efficacy of Zinc phosphide (two concentration, 1% and 2%) and 

bromodioline 0.005% (1
st
 and 2

nd
 day) on rodent population management and reported 

86.91% against 79.76% control for 2% and 1% zinc phosphide, respectively and 96.77 

against 98.83% for bromodioline in the 1
st
 and 2

nd
 day, respectively. 
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However, managing rodent pests on a broad scale using lethal methods is not an 

appropriate long-term strategy given their extraordinary breeding capacity and high 

mobility. Moreover, environmental, animal welfare and ethical concerns regarding the use 

of poisons has decreased the acceptance of mortality methods in recent times. Another 

reason for avoiding lethality is that it may promote a strong selective pressure for 

resistance to the chemical (Smith and Greaves, 1986). Other management strategies have 

been reported to overcome some of the inadequacies of using poison as a conventional 

control. 

 

2.3.1.2 Trapping 

Trapping is a method of rodent control that has been used over a period of time (Fitzwater 

and Prakash, 1989). While it is expensive because it is time consuming, it has its uses to 

remove small numbers of rodents or in place of toxins in areas where poison cannot be 

used safely (Loven and Williams, 2010). Traps are preferred by some people because it 

effectively provides you with a visual result i.e. dead rodent! The success of trapping 

depends on the person using them. When using traps leave the traps unset until the bait has 

been taken at least once, as this reduces the chance of creating trap shy rodents (Vantassel 

and Ferraro, 2005). 

 

Several trapping methods are available, depending on the intended result. Spring-loaded 

"snap" traps are the most common means of killing rodents by farmers in different areas in 

Tanzania (Taylor et al., 2012; Mulungu et al., 2011; 2012). Live traps are designed to 

capture rodents in a cage, but not kill the animals; rodents caught in live traps are either 

released for biological studies or removed from the container and killed separately 

(Mulungu et al., 2012; 2013; 2015). Some farmers use glue boards to catch and 

immobilize rodents who walk over them but should be lighter rodent species such as Mus 

spp or juvenile rodents (Loven and Williams, 2010). 
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However, different trapping nights yield different information, especially on trapping 

numerically rodent species dominance over all species present. Three-night trapping 

sessions, conventionally used by most researchers, should be reliable for testing the 

relative densities of numerically dominant species but may not detect all rodent species 

present especially for rare species in area. Similarly, different trapping methods yield also 

different information. For example, Weihongi et al. (1999) reported that trap grids 

appeared to be better than trap lines for detecting the presence/absence of rodent species 

when two species coexist and one appears subordinate to the other. The authors reported 

that on trap lines the trapping rate of rats was consistently high for five of the first six 

nights. On trap grids the trapping rate was variable on all nights with the first mice being 

caught on the third night. Example of rats control using traps include that of Borah and 

Baglari (2014), who tested the efficacy of two traps namely bamboo and Sherman traps on 

B. banglensis in maximum tillering, panicle initiation and flowering for boro and Sali rice 

seasons in India and reported bamboo traps to be more efficient. 

 

2.3.1.3 Biological methods 

Biological control has been defined as the action of biological organism to maintain 

another organism at a lower average density in relation to than it would attain in their 

absence (Singleton and Petch, 1994). This method involves the use of predators, parasites, 

pathogens and reproductive inhibitors against rodents. There is a growing demand, 

particularly in developing countries, for rodent control strategies that either has less 

reliance on chemical rodenticides or promotes better use patterns resulting in lower costs 

for control, minimal risk of contamination of produce and reduced non-target risks 

(Bomford, 1990). This demand is driven by three main factors. One is the high cost 

associated with the persistent use of rodenticides prior to or during the growing of each 

rice crop. The second is the environmental concerns associated with using chemical 
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rodenticides given their ability to cause both primary and secondary poisoning of a wide 

range of species of mammals and birds (UNEP, 2014). The third is the domestic and 

international marketing requirements for clean agricultural produce that is produced in an 

environmentally-friendly and sustainable manner (Altieri and Nicholls, 2005). 

 

(i) Predators 

The predators of rodents include cats, jackals, foxes, owls, hawks, and snakes. Examples 

of predators use in rodent management include; the use of cats in domestic and snakes and 

owls in field situation (Singleton et al., 2003b). Barn Owls have been used as pest control 

agents of rodents since 1982, and even earlier in Malaysia (Newsome, 1990). Predations 

upon rodents by natural predators considerably decrease rodent numbers, consequently 

lowering crop damage and eliminating the need for less benign methods. The effectiveness 

of this method depends much on feeding behavior of the predator in place. For example, 

Whitaker and Dattatri (1986) reported that a captive snake feeds on one rodent in every 

three days and Neelanarayanan (1997) observed that the barn owl consumes 1-6 

rodents/night with an average of 2 individuals of rodents/day. 

  

It is obvious then, a predator like snake alone cannot impose enough predatory pressure to 

rodents who are mostly fast breeders. For barn owls, provision of nesting sites and T-

shaped perching poles in the field encouraged their predatory activity (Neelanarayanan, 

1997). It has been reported that successful predator to prey management program involved 

the introduction of barn owl in rice fields could in turn reduced crop loss from as much as 

12% to less than 2% within a year of its implementation (Hafidzi et al., 1999). However, 

decline in rodent population in areas with predators will causes predators to leave the area 

(Rao, 2002). 
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Petersen et al. (2003) investigated the effects of different levels of predation pressure on 

the population dynamic of M. natalensis in maize field and its consequences on crop 

damage and maize yield production. The control showed that manipulating predation 

pressure by patch poles and not boxes did not affect rodent population dynamics directly, 

but may have an indirect beneficial effect on maize yield by changing rodent foraging 

behavior. However, sometimes it is not the case. For example, the result of predator 

attraction against predator exclusion study carried out in Denmark and a similar study 

carried out in Tanzania indicated that, the study done in Denmark showed divergent 

results while the one in Tanzania showed positive effect on petch pole and nest box use on 

the crop yield. Despite of that there was no further effect from control on the rodent 

population indicating that the predators affects the foraging behavior of the rodent pest 

species. 

 

(ii) Parasites and diseases 

Research on rodent-parasite interactions can be viewed from two principal perspectives. 

These are: first, analysis and manipulation of the host-parasite relationship in the wild to 

better understand the natural situation; and second, exploitation of pathogenic effects of 

parasites for a practical purpose in rodent control (Singleton and Petch, 1994). 

Microparasites (viruses, bacteria and protozoans) therefore, play an important regulatory 

role in rodent population dynamics (Singleton and Redhead, 1990). Bacteria such as 

Salmonella has been found to be effective against rats in Europe but is a potential health 

risk to livestock and humans which is a major challenge to this approach to rodent control 

(Singleton and Redhead, 1990). 

 

Recently, the potential of an endemic virus was highlighted (Feore et al., 1997). It was 

reported that, for example an endemic apicomplexan protozoon, Sarcocystis 
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singaporensis, could be used for population control of rodents. Sarcocystis singaporensis 

frequently occurs in rodents in Southeast Asia (O’Donoghue et al., 1987; Jaèkel et al., 

1997) and has been found to be host-restricted (Zaman, 1976; Jaèkel et al., 1999; Jaèkel et 

al., 2005). In Southeast Asia, it uses snakes (Python reticulatus) and rodents of the genera 

Rattus and Bandicota to maintain its lifecycle. It has been reported that sporocysts 

containing sporozoites, the stages which are infective for rats, can be obtained in large 

quantities from the snake host (Jaèkel et al., 1999). Its potential as a biocontrol agent was 

recognized (Zaman, 1976; Wood, 1985) because this normally is a pathogenic parasite 

induces a fatal pneumonia in rodents once infection with sporocysts exceeds a certain 

threshold. 

 

According to Boonsong et al. (1999), infection of rats is usually followed by two rounds 

of asexual multiplication inside endothelial cells of various organs; a process by which 

merozoites are formed. Later, about one month after infection, merozoites eventually 

invade the muscles to form characteristic cysts (so-called sarcocysts) in muscles which 

contain a third stage, the bradyzoite. Bradyzoites are infective for pythons once the snake 

preys on rodents and so the cycle is continued (Lampel et al., 2012). 

 

However, Singleton (1994) reported that biological control using macro- or micro-

parasites is a promising for rodent control. The largest impediment to progress is the 

identification of a control agent which is sufficiently pathogenic, high transmission rate 

and is target specific. It has been therefore reported that the best prospects for the 

biological control of rodents lie with agents that reduce fertility rather than increase 

mortality. The development of immuno-contraception using a virus as a vector is preferred 
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as the most promising generic approach for the biological control of rodent pests 

(Chamber et al., 1999). 

There are two ways in which animal/rodents could be infested: fertility control using 

either a non-infectious agent delivered in non-toxic oral baits, or infectious viruses as 

carriers of an infertility agent (Singleton, 1994). In both cases the aim is to vaccinate the 

animal by delivering an antigen (a reproductive protein) that generates an immune 

response, with antibodies in the female host blocking fertilization (Rhodes and Moldave, 

2002). This immunocontraceptive approach is potentially highly species-specific, is 

considered humane and is likely to be cost effective in the long term. Fertility control aims 

to reduce a specific population size by reducing the number of young produced and 

recruited into the population. In Punjab (India), Triptolide was tested on Bandicota 

bengalensis where 0.25% and 0.20% of triptolide was able to inhibit reproduction of male 

and female rats, respectively (Deng et al., 2011; Dhar and Singla, 2013; Singla et al., 

2013; Dhar and Singla, 2014). 

 

2.3.2 The non-lethal or preventive measures 

The non-lethal or preventive measure involves habitat manipulation or cultural practices, 

exclusion/fencing and use of repellants. 

 

2.3.2.1 Cultural practices and/or habitat manipulation 

The agronomic practices employed by farmers in raising crops in the fields plays great 

role in reducing rodent population. Rao (2002) reported that deep ploughing, bund 

trimming and other land preparation measures reduce the carrying capacity of the habitats 

and Massawe (2003) reported that deep cultivation using tractor reduce rodent population 

as compared to slash and burn cultivation system. White et al. (2003) reported a 

significant reduction in damage for fields adjacent to manipulated habitats as compared to 
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fields near un-manipulated habitats. Activities such as weeding and burrow digging also 

deprive rodents’ shelter and alternative food sources. Sharma and Rao (1989) reported a 

decline in rodent infestation in rice fields through reducing bund dimension. Christopher 

et al. (1984) reported a reduction in rodent habitation in animal/human dwellings, stores 

and godowns as the result of periodic removal of garbage and nesting material. 

 

2.3.2.2 Exclusion/fencing 

This method involves setting of barrier to prevent rodents from reaching the area of 

concern. It is mostly practiced in smaller areas or in valuable crops like seedbeds and 

research plots (Fielder and Fall, 1994). Inchaurraga (1973) used galvanized sheet barrier in 

South American rice field to obtain a 5 tha
-1

 yield compared to a 2 tha
-1

 in unprotected 

plot. 

Rodent-Proofing in houses whenever possible is a critical step in controlling rodents. This 

could be through making it impossible for them to gain entry to the house. It has been 

reported that fences which relied on the use of barriers that exceeded the physical 

capability of the rodent pests were reliable (Day and MacGibbon, 2007). 

 

2.3.2.3 Use of repellants 

The use of repellants in rodent management explores the knowledge of predator odours 

avoidance and dietary poisoning to a large extent. According to Masol et al. (1994), the 

behavioral defense of pest against dietary poisoning and on semiochemical influences 

their feeding. Voznessenskaya et al. (2003) reported pregnancy block due to stress and 

failure to implant blastocysts and also reduce in litter sizes at parturition during 

pregnancy, when female rodents were exposed to the odour or urine of strange males or 

cat respectively. Voznessenskaya et al. (1992) reported the exposure to predator odour to 

cause disruption of the oestrous cycle. Voznessenskaya et al. (2003) reported reduced 
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reproductive outputs as the result of exposure to diets, specifically urine products derived 

from meat diets; and urine from rats housed in a crowded condition. From studies, 

responses showed striking similarities in terms of reproduction aspect and MacNiven et al. 

(1992), explained the magnitude of the effects to vary between species and between 

strains. 

 

In Tanzania, Ngowo et al. (2003) evaluated two compounds i.e. thiram and cinnamamide 

treated in maize seeds and reported that these two compounds excel over no treated maize 

seeds in both laboratory against M. natalensis and fields against rodent pest species. 

 

2.4 Integrated pest management 

Despite significant advances in our knowledge of the biology and control of rodents in 

agriculture, rural and urban situations, the rodent problems continue to persist unabated 

with occasionally devastating effects (Mulungu et al., 2010; Singleton et al., 2010b). The 

integrated pest management is not a single pest control method but, rather, a series of pest 

management evaluations, decisions, and controls (FAO, 2010). Establishing a proper IPM 

requires a well arranged step-wise approach; 

 

2.4.1 Establishment of action thresholds 

Before taking any rodent pest control action (Singleton et al., 2005), IPM must first set an 

action threshold, a point where rodent pest populations or environmental conditions 

indicate that rodent control action must be implemented (Fishel et al., 2001). Sighting a 

single rodent in the field does not always mean implementation of the control measure 

(Stenseth et al., 2003; Brown and Singleton, 2006). The level at which rodent pests 

become an economic threat is very critical in determining pest control decisions. 
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2.4.2 Monitoring and identifying pests 

Not all small mammals require control (Singleton et al., 2005). IPM programs work to 

monitor for rodent pests and identify them accurately, so that appropriate control decisions 

can be made in conjunction with action thresholds. The monitoring and identification 

process works to remove the possibility of pesticides use when they are not really needed 

or the use of wrong kind of pesticide. 

 

2.4.3 Prevention 

As a first line of pest control, IPM programs work to manage the environment to prevent 

rodent pests from becoming a threat (FAO, 2010). In an agricultural crop fields, this may 

mean improving field sanitation, use of trap crops, use of pitfalls or use of repellants 

(Nyambo, 2009). These control methods can be very effective and cost-efficient and 

present little or no risk to people or the environment. 

 

2.4.4 Control 

This could be taken as rodent management once monitoring, identification, and action 

thresholds indicate that pest control is required, and preventive methods are no longer 

effective or available (Marsh et al., 2013). IPM programs then evaluate the proper control 

method both for effectiveness and risk. Effective, less risky pest controls are chosen first, 

including highly targeted chemicals or mechanical control, such as trapping or weeding 

(Gacheri, 2012). If further monitoring, identifications, and action thresholds indicate that 

less risky controls are not working, then additional pest control methods would be 

employed (Pierce et al., 2012). Broadcast application of non-specific pesticides is a last 

resort. 

It is apparent from literature that there are 21 rodent pest species in Tanzania (Mulungu et 

al., 2006). Much of the crop losses have been attached to M. natalensis. In rice crop, the 

rat is said to impose much of the damage during maturity stage. It is important to see how 
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the relationship of rice crop to any existing rodent pest during other pheological stages. 

The issue of rodent management especially in Tanzania is based much on rodenticide use 

thus requires more detailed study on the effect of damaged levels and crop growth stages 

at which farmers can apply control strategies. 
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CHAPTER THREE 

 

3.0 MATERIALS AND METHODS 

3.1 Study Area 

The experiments were conducted at Hembeti village (06°16′S, 37° 31′E) from mid-

October 2012 to June 2013 in farmers’ fields in Mvomero district, Morogoro region, 

Tanzania (Fig. 2). The district has a typical tropical climate with bimodal rainfall. The 

long rainy season ranges from mid-February to May and the short rainy season from 

November to December. The remaining months of June to October are dominated by dry 

period. The altitude ranges from 380 to 520 meters above sea level (m.a.s.l.) with an 

annual rainfall of 1,500 - 2,000 mm, and the temperature ranges from 15 to 29°C. Rice is 

the major crop in the area and farmers produce this crop twice yearly. The first cropping 

calendar is in the wet season from January to June and the second one is in the dry season 

from July to December/January, which purely depends on irrigation. Water for irrigation 

originates from surrounding mountains (Nguu mountains) and flows through local canals 

which later open to nearby farms. Land preparation and transplanting are done in January 

and July for wet and dry seasons, respectively. The crop reaches physiological maturity in 

May and November, and farmers harvest in June and December/January for wet and dry 

seasons, respectively. The Booting stage is in April and October for wet and dry seasons, 

respectively. During the remaining months (February and March for wet season and 

August and September for dry season) the crop is at vegetative growth stage. 
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Irrigated growing zone 

Hembeti village 

 

Figure 2: Map showing location of the study area: Wet and dry season crops are 

grown in the same area highlighted as the irrigated zone. 

Source: Mulungu et al. (2013) 

 

3.2 Experimental Materials 

The experimental material used for both seasons (dry and wet) was rice SARO (TXD-306) 

variety. This variety was chosen and used because it was the dominant rice variety grown 

in the area (MAFS, 2009, MAFS, 2011). The variety can grow in lowland rain-fed and 

irrigated ecosystems and (MAFS, 2011), has high tillering ability (30 – 50 tillers/plant), 

high yielding potential (8 – 10 tha
-1

and 4 - 6.5 tha
-1

 in research station and farmer’s fields, 

respectively), and has semi aromatic property. Ngwediagi et al. (2009) reported the variety 

to mature in 120 DAS compared to 180 DAS for the local rice varieties (MAFS, 2011). 
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3.3 Experimental Design 

Two experiments were conducted, viz; farmer’s managed rice fields and simulated rodent 

damage experiments. 

 

3.3.1 Farmer’s managed field experiment 

3.3.1.1Experimental design and layout 

The experiment was conducted at farmer’s rice field in Hembeti village and was laid out 

in split plot in Completely Randomized Design (CRD). Factor A was seasonal effect while 

factor B was crop growth stages. The experiment aimed at estimating crop losses and 

rodent population densities. Two farmers’ fields of 70 x 70 m in area (approximately 0.5 

ha) each were set for removal trapping. These two rice fields were at a distance of at least 

100 m apart, which is above movement range of rodents (Mulungu et al., 2015) and hence 

prevents the latter from moving from one field to another. As such, each population from 

respective fields was independent. Each field (grid) consisted of 7 parallel lines, spaced 10 

m apart and each line was marked with 7 trapping stations at a distance of 10 m apart, thus 

totaling 49 traps per grid. Trapping stations were identified by co-ordinates 1-7 lines (y-

axis) and A-G trapping stations (x-axis) according to Sutherland (1996). 

 

3.3.1.2 Trapping frequency and handling of captured rodent 

The study was designed to cover three main rice growth stages, viz. transplanting, 

vegetative, and crop physiological maturity during the dry and wet seasons (Table 3) for 

comparison in changes of the characteristics of the rodent pest species. Forty nine snap 

traps and 49 Sherman LFA Live traps (H. B. Sherman traps, Tallahassee, FL, USA 

measuring 9.5 x 9 x 23 cm) were used in each field. The two types of traps were arranged 

in alternating order in each grid line. The two different types of traps were mainly used to 

increase trap efficacy on various small mammal species available in the area (Barnett and 
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Dutton, 1995; Ling-Ling, 1997).Trapping was done for three consecutive nights at each 

crop growth stage. Traps were baited with peanut butter mixed with maize bran (Neal, 

1984), placed at appropriate stations and inspected every morning at around 0900 hrs. The 

captured rats were collected and identified to genus or species level, following established 

taxonomic nomenclature (Kingdon, 1974). Before repositioning, the traps were cleaned 

with dettol detergent soap to remove old baits and dropping(s), and re-baited with fresh 

bait. The trapped rodents were euthanized with diethyl ether and their external 

morphological features were examined and recorded according to Nagorsen and Peterson 

(1980). These involved studying the reproductive conditions of both males and females 

including position of testes (scrotal or abdominal) and epididymal gybernacula (externally 

visible or not) in males; and vagina (perforated or closed), visibly pregnant or not, and 

nipples size (small or swollen due to lactation) in females. Males were considered to be 

sexually active when externally seen to be at scrotal position and the gybernacula was 

visible, while sexually activeness in females was demonstrated by presence of perforated 

vagina and the swollen nipples due to lactation, or visible pregnancy and through 

perpation. 

 

Table 3: Rodent trapping plan in rice fields for wet and dry season 

 

Crop growth stage 

Seasons 

Dry                                       Wet 

   

Transplanting 12 - 14 October, 2012 21 - 23 March, 2013 

Vegetative 9 - 11 November, 2012 18 - 20 May, 2013 

Maturity 6 - 8 January, 2013 23 - 25 June, 2013 
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3.3.1.3 Crop damage assessment 

Crop damage assessment was conducted during the three different crop growth stages, viz: 

transplanting, vegetative, and maturity stages. The fields were surveyed by walking across 

to visualize the distribution of rodent damage. The fields were divided into three strata 

depending on the damage intensity, i.e. light, medium, and heavy damage based on the 

ratings of 0 - 25, 26 - 50 and >50% rodent damage, respectively. Within each stratum, a 

quadrant of 25 x 25 cm was selected randomly. The proportional contribution of each 

stratum in the crop field was determined by visual estimates of how much the stratum 

occupy relative to the total field. The sample size was determined by ensuring each 

category of crop damage is represented by 2 - 5 samples and a mean for crop damage from 

each stratum was calculated. 

 

3.3.2 Rodent damage simulated experiment 

3.3.2.1 Experimental design and layout 

The experiment was set at farmer’s field in Hembeti village and was organized as a split-

split plot in a Randomized Complete Block Design (RCBD) with three replicates. Field of 

18 x 29 m with blocks of 13.0 x 8.0 m, and within each block, a plot of 2 x 2 m with paths 

of 0.5 m was used. Fourteen (14) days old seedlings were planted at a distance of 20 x 20 

cm spacing interval with one seedling per hill. The main plot factor considered was season 

(wet and dry). The sub-plot factor was growth stages (seedling, vegetative and maturity) 

while sub-sub plot factor was the damage levels (0, 10, 20, 25, and 50% of stems cut in a 

plot). Within each of the five damage level plots, three of the sub-plots were randomly 

assigned, one for each growth stage. Simulated rat damage was done separately at the 

three growth stages, i.e. transplanting, vegetative and maturity at 14, 45 and 110 days after 

sowing (DAS), respectively. Stems to be cut were chosen at random and each stem was 

cut from 3 to 5 cm above the ground surface (Appendix 1) using scissors at an oblique 

angle (45°) to mimic rat damage characteristic (Poche et al., 1979). 
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3.3.2.2 Crop Management Practices in Rice Fields 

Crop management in the study area followed farmer’s common practices and calendar. 

The rice seeds were first raised in a nursery for two weeks then transplanted in the 

seedbed in mid-October, 2012 and March, 2013 for dry and wet seasons respectively. 

SARO (TXD-306) rice variety was used and planted at a distance as described in section 

3.3.2.1. Weeds management involved the use of a selective post-emergency herbicide, 2, 

4-D Amine (32 DAS), for the control of broad leaved weeds followed by hand weeding 

(40 DAS) for the remaining weeds which did not respond to the herbicide. Nitrogen 

fertilizer in the form of Urea at a rate of 80 kgN/ha was applied in split applications, viz; 

at early stage of tillering (44 DAS) and during panicle initiation (60 DAS). In order to 

curtail possible rat damage during the experiment, the area was kept continuously baited 

with chronic rodenticide (Bromadiolone) put in long bamboo poles (50 cm long x 10 cm 

diameter) placed at each baiting station, set at 10m from one another, and supplied with 

2grams of the bait per station. Bait was replaced every 96 hours (four days). 

 

3.4 Data Collection and Processing 

3.4.1 The farmers’ managed rice fields experiment 

Rodents abundance, expressed as percentage trapping success or rodent abundance index 

[number of rodents caught divided by total number of effective trapping nights multiplied 

by 100] (Aplin et al., 2003), rodent species composition per rice growth stage (i.e. the 

ratio of number of a particular species to the total number of captured rodents in a 

particular habitat at each rice growth stage multiplied by 100), crop damage and its 

intensity (i.e. the ratio of tillers cut to the total number of tillers multiplied by 100 and 

damage intensity in each field was grouped as light and medium damages), number of rice 

plants per sampling point per rice growth stage (i.e. total number of plants either damaged 

or undamaged at transplanting, vegetative and maturity rice growth stages in a 25 * 25 cm 

quadrant) were recorded. 
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At harvest, quadrants from strata with similar damage intensity and the undamaged field 

portion were separately cut, tied in bundles, sun dried for one day, threshed locally with 

eucalyptus sticks, sun-dried again for 4 days. Moisture content was measured with a grain 

moisture meter (Multi Grain Moisture Tester (MT-PRO), Sparex Ltd), and the crop from 

each quadrant was weighed to the nearest 0.1 g and adjusted for variable moisture content 

using the following formula: 

Y = [(100-k)/ (100-12.5)] x j 

where, Y = adjusted weight of sample, k = percentage moisture content of the samples as 

determined by moisture meter, and j = initial weight of the sample 

 

Total observed or actual yield (Yo) was obtained by the summation of yield from 

quadrants and the remaining field after sampling for farmer’s fields. The potential yield 

(Yp) was obtained by taking the actual/observed yield (Yo) multiplied with the ratio of 

number of undamaged stems or tillers (n) per quadrant divided by number of damaged 

stems/tillers (n) and the mean production value for each of the damage intensity was 

calculated. Yield was converted into tonnes per hectare based on each quadrant area of 

0.0625 m². 

 

3.4.2 The simulated rodent damage experiment 

At harvest, the rice plants in each plot were cut and processed in each quadrants by 

measuring the number of panicles per plant, number of seeds per panicle, number of 

panicles per metre square, number of filled grains per panicle, percentage filled grains and 

1000 grain weight were recorded. Numbers of panicles per plant, seeds per panicle, 

cut/uncut tillers were recorded at maturity before plants were harvested. Panicles from 

each plot were bulked, threshed and grains weight together with their moisture content 

recorded. 
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A total of 10000 seeds (N) were taken in three repeats, and socked in water-salt solution 

with specific gravity 1.06, followed by counting the floats i.e. unfilled grains (u) to 

determine the percentage filled grains (f). Filled grains were dried and 1000 grains weight 

was determined through counting and weighting using precision balance. Each time the 

grain weight was taken, the transformation to 14% moisture condition was done. Yield 

was converted into tonnes per hectare based on each plot area of 4 m
2
. 

 

3.5 Data analysis 

3.5.1 Farmers managed rice field experiment 

Data collected from this experiment were subjected to the two way analysis of variance 

(ANOVA) (GenStat (15
th

 Edition); following statistical model; 

Yijk = μ+ βi+ Aj + δij +Bk + ABik + εijk…………………….……………………….......... (i) 

Where: Yijk= Response level, μ = General effect or general error mean, βi = Block effect, Aj 

= Main plot effect, δij = The main plot random error (Error a), Bk = Sub-plot effect, ABik= 

Interaction effect between the main plot and the subject, and εijk= Sub-plot random error 

effect (Error c) 

 

3.5.2 Simulated rodent damage experiment 

Data were subjected to analysis of variance (ANOVA) using the split-split plot model, and 

the Least Significant Difference (LSD0.05) test procedure with parameters of season, 

growth stage, damage level and their interactions.  Analysis was carried out using GenStat 

(15
th

 Edition). Two statistical models were used in the analysis as follows: 

Yijk = μ+ βi+ Aj + δij +Bk + ABik + εijk............................................................................. (ii) 

Where: Yijk= Response level, μ = General effect or general error mean, βi = Block effect, Aj 

= Main plot effect, δij = The main plot random error (Error a), Bk = Sub-plot effect, ABik= 
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Interaction effect between the main plot and the subject, and εijk= Sub-plot random error 

effect (Error c) and 

Yijkm = μ+ βi+ Aj + δij +Bk + ABik + ωijk + Cm + ACjm + BCkm+ ABCjkm+ εijkm.............. (iii) 

Where: Yijkm= Response level, μ = General effect or general error mean, βi = Block effect, 

Aj = Main plot effect, δij = The main plot random error (Error a), Bk = Sub-plot effect, 

ABik= Interaction effect between the main plot and the subject, ωijk = Subject error (Error 

b), Cm = Sub-subplot effect, ABCjkm = The three way (Factors A* B* C), and εijkm= Sub-

sub-plot random error effect (Error c) will be used to test the treatment effects on the 

indices calculated as described by Montgomery (2004). 

 

The first (ii) and second (iii) models were used to conduct Analysis of Variance 

(ANOVA) for split plot and Split-split plot arrangements, respectively.   
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CHAPTER FOUR 

 

4.0 RESULT 

4.1 Farmers’ managed rice field experiment 

4.1.1 Species composition 

During the study period, a total of 166 rodent individuals were captured in the study area 

making 18.8% trap success in 882 trap nights. Rodent species in the study area comprised 

of M. natalensis (Appendix 2) and Grammomys dolichurus. Of these, M. natalensis was 

most dominant (>96.97%) in both seasons and all growth stages (Table 3). More 

individuals were trapped during transplanting than in other crop growth stages (Table 3). 

 

Table 4: Rodent species composition per rice growth stages 

Growth stages Species Number of 

rodents 

Percentage 

contribution 

1. Transplanting Mastomys natalensis 95 100 

Total  95 100 

2. Vegetative Mastomys natalensis 38 100 

Total  38 100 

3. Maturity Mastomys natalensis 32 96.97 

 Grammomys dolichurus 1 3.03 

Total  33 100 

Grand total  166 100 
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4.1.2 Rodent abundance 

There was no significant difference in terms of rodent abundance between season (F= 

0.00, df = 1, 4, p = 0.95), crop growth stages (F = 1.53, df = 2, 4; p = 0.32) and interaction 

of season and crop growth stages (F = 0.17; df = 2, 4; p = 0.85). At transplanting stage, 

rodent population abundance was relatively higher than at vegetative and maturity stages 

across the seasons (Fig. 3). Similarly, relatively higher rodent population abundance was 

observed in dry than in wet season (Fig. 3). 

 

 

Figure 3: Relationship between percentage damage, rodent population abundance, 

seasons and crop growth stages 

 

4.1.3 Effect of rodent abundance on crop losses (i.e. damage and yield losses) 

4.1.3.1 Crop damage 

Highly significant differences between seasons (F = 87.14, df = 1, 4, p = 0.001), crop 

growth stages (F = 94.42, df = 2, 4, p = 0.000), and interaction (F = 68.83, df = 2, 4, p = 

0.001) were observed on rodent crop damage. The damage was significantly higher in dry 

(12.07%) than in wet seasons (0.85%). High rodent damage was recorded at maturity crop 
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growth stage (18.10%) as compared to vegetative (1.28%) and transplanting (0.00%) crop 

growth stages despite the high rodent population in the last two crop growth stages. In 

terms of interaction, the interaction between dry season and maturity crop growth stage 

had the highest rodent damage than other interactions (Fig. 4). Similarly, the interaction 

between dry season and vegetative crop growth stage and interaction between wet season 

and maturity crop growth stage produced the same rodent damage value but both had 

higher rodent damage than the interaction between dry season and transplanting, wet 

season and transplanting, and wet season and vegetative crop growth stage (Fig. 4). 

 

 

Figure 4: Interaction between season and crop growth stages 

 

4.1.3.2 Yield loss 

There was no significant difference (F = 15.63; df = 1, 1; p = 0.16) between seasons in 

terms of yield losses. However, there was relatively higher yield loss during dry (5.02%) 

than during wet seasons (0.75%). 
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4.1.3.3 Relationship between rodent population abundance and crop damage 

In this study, rodent population abundance followed a decreasing trend towards maturity 

when higher rodent damage was observed (Fig. 3). During the transplanting crop growth 

stage of rice in both dry and wet seasons, there was higher rodent population abundance 

than during other crop growth stages where no rodent damage was observed (Fig. 3). 

Between seasons, the vegetative crop growth stage of the dry season had higher rodent 

damage than the transplanting crop growth stage in both seasons. 

Rodent damage recorded during vegetative and maturity rice growth stage in dry season 

ranged from 2.5% to 33.7% as compared to 2.5% recorded at during maturity growth stage 

in the wet season. The recorded rodent damage at maturity growth stage corresponds to 

losses equivalent to 5.02% and 0.75% in dry and wet seasons respectively. Extrapolation 

of grain yield loss from the actual grain yield (Yp) gives grain yield loss of 0.18 tha
-1

 and 

0.04 tha
-1

 for dry and wet seasons respectively. Based on average yield, Tanzania could 

lose between 50 – 80 kgha
-1

 in dry season and 1 – 10 kgha
-1

 in wet season. 

 

4.2 The simulation experiment 

4.2.1Effect of season, rice growth stage, damage levels and their interaction 

4.2.1.1 Grain yield 

Season, growth stage and damage levels showed significant differences for each factor on 

mean yield (Table 5). Average yield for the wet season was higher than dry season (wet 

season = 2.98 t/ha vs. dry season = 2.29 t/ha, LSD0.05 = 0.07, p < 0.001). Mean yield at 

transplanting (2.83 t/ha), vegetative (2.58 t/ha) and maturity (2.49 t/ha) growth stages 

were also highly significant different (LSD0.05 = 0.08, p< 0.001) with transplanting stage 

ranking first with higher yields. The average yield at damage levels was 3.08, 3.11, 2.51, 

2.38 and 2.09t/ha for 0, 10, 20, 25, and 50%, respectively (LSD0.05 = 0.10, p< 0.001). 

Damage at 10% stem cut yielded higher than other damage levels. Interactive effects 
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between season and damage level (Table 6) and growth stage and damage level (Table 7) 

were also observed. No other interactive effects among parameters were noted. Observed 

differences by season, growth stage and damage level were statistically confirmed by LSD 

tests performed after the multifactor ANOVA (Table 8). 

 

Table 5: Multi-factor ANOVA on rice crop yield (t/ha) showing significant effects of 

season, growth stage and damage level on average yield 

Source DF 

Sum of 

squares 

Mean 

squares F 

Rep stratum 2 0.29110 0.14555 5.93 

Residual 58 1.42310 0.02454  

Total 89 9.98332   

Season 1 2.51351 2.51351 10.00
*** 

Growth stage 2 2.36746 1.18373 48.24
***

 

Damage levels 4 10.27010 2.56752 104.64
*** 

Season * Growth stage 2 0.04946 0.02473 1.01
NS 

Season * Damage 

levels 

4 1.75310 0.43827 17.86
*** 

Growth stage * 

Damage levels 

8 1.04821 0.13103 5.34
*** 

Season * Growth stage 

* Damage levels 

8 0.26729 0.03341 1.36
NS 

 

Note: * = interaction, 
*
= P ≤ 0.05, 

**
 = P ≤ 0.01, 

***
 = P ≤ 0.001, 

NS
 = Not significant 

different at P < 0.05 
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Table 6: Interactive effects between season (dry or wet) and damage level on rice 

yield (t/ha) 

Interaction (season & damage level) Mean yield t/ha 

Dry * 0 2.21 b 

Dry * 10 2.69 d 

Dry * 20 2.25 b 

Dry * 25 2.14 b 

Dry * 50 1.87 a 

Wet * 0 3.46 e 

Wet * 10 3.54 e 

Wet * 20 2.80 d 

Wet * 25 2.67 d 

Wet * 50 2.42 c 

Note: * = interaction 

Season = Dry (Irrigated rice), Wet (Rain-fed rice)  

0 – 50% = Damage levels (stem cuts at different levels) 

Mean separation was done using LSD and means followed by the same letter are 

not significantly different from each other  
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Table 7: Interactive effects between rice growth stages in both (dry and wet) season 

and damage level on rice yield (t/ha) 

Interaction (growth stages & damage level) Mean yield t/ha 

Transplanting * 0 2.79 de 

Transplanting * 10 3.40 g 

Transplanting * 20 2.87 e 

Transplanting * 25 2.68 d 

Transplanting * 50 2.39 c 

Vegetative * 0 2.82 de 

Vegetative * 10 3.06 f 

Vegetative * 20 2.44 c 

Vegetative * 25 2.26 bc 

Vegetative * 50 2.12 b 

Maturity * 0 2.89 ef  

Maturity * 10 2.87 e 

Maturity * 20 2.27 bc 

Maturity * 25 2.27 bc 

Maturity * 50 1.91 a 

Note:  * = interaction 

Growth stages = Transplanting, Vegetative and Maturity 

0 – 50% = Damage levels (stem cuts at different levels) 

Mean separation was done using LSD and means followed by the same letter are 

not significantly different from each other  
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Table 8: Effect on average rice crop yield (t/ha) through simulated rodent damage 

when different percentages of rice tillers have been cut at different crop 

growth stages in different seasons (dry or wet) 

Interaction Mean yield 

t/ha 

Interaction 

 

Mean 

yield t/ha 

Dry * Transplanting * 0 2.20 def Wet * Transplanting  * 0 3.37 mno 

Dry *  Transplanting * 10 2.90 kl Wet * Transplanting  * 10 3.90 p 

Dry *  Transplanting * 20 2.60 hij Wet * Transplanting  * 20 3.14 lm 

Dry *  Transplanting * 25 2.53 hi Wet * Transplanting * 25 2.82 jk 

Dry *  Transplanting * 50 2.08 cde Wet * Transplanting  * 50 2.71 ijk 

Dry * Vegetative * 0 2.16 de Wet * Vegetative  * 0 3.48 no 

Dry *  Vegetative * 10 2.67 hijk Wet * Vegetative  * 10 3.45 no 

Dry *  Vegetative * 20 2.17 de Wet * Vegetative  * 20 2.71 ijk 

Dry *  Vegetative * 25 1.87 abc Wet * Vegetative  * 25 2.66 hijk 

Dry *  Vegetative * 50 1.80 ab Wet * Vegetative  * 50 2.44 fgh 

Dry * Maturity * 0 2.25 efg Wet * Maturity * 0 3.53 o 

Dry * Maturity * 10 2.49 ghi Wet * Maturity * 10 3.25 mn 

Dry * Maturity * 20 1.97 bcd Wet * Maturity * 20 2.56 hi 

Dry * Maturity * 25 2.02 bcde Wet * Maturity * 25 2.53 hi 

Dry * Maturity * 50 1.72 a Wet * Maturity * 50 2.11 cde 

Note: * = interaction 

Mean separation was done using LSD andmeans followed by the same letter are 

not significantly different from each other (ANOVA with LSD0.05, P < 0.05). 

 

4.2.1.2 Interaction between rice crop growth stages and stem tillers cut levels 

Interaction between crop growth stages, stem tillers cut levels and seasons was observed 

on mean percent yield loss (Fig. 5). The interaction between crop maturity and stem tillers 

cut (Appendix 1a - d) in both seasons has higher effect to yield losses compared to 

interaction between transplanting and stem cut levels in both seasons (Fig. 5). 
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Figure 5: Yield loss observed due to simulated rodent damage by cutting rice tillers 

at different percentages of each crop area at three different growth stages 

over two cropping seasons. 

 

From these results, the compensatory ability of rice to re-grow new tillers is most apparent 

at the transplanting stage in the wet season where all percentage damage levels have 

approximately the same effect on yield loss. Percentage loss is observed to be generally 

higher in the dry season, at the maturity stage and among the higher rates of damage, 

particularly at 25% (Appendix 1c) and 50% (Appendix 1d). 

 

4.2.1.3 Yield components 

The effect of season, growth stage, damage level and their interaction showed significant 

difference for each factor on number of panicles per plant, number of seeds per panicle, 

number of panicles per m
2
, number of filled grains per panicle, percentage filled grains 

and 1000 grain weight (Table 9).  
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4.2.1.3.1 Number of panicles per plant 

Higher average number of panicles per m
2
 for the wet season than the dry season was 

recorded (wet season = 25.78 vs dry season = 21.11; LSD0.05 = 0.47, p < 0.001). There 

were significant difference in mean number of panicles per plant at transplanting (24.50), 

vegetative (23.40) and maturity (22.43) growth stages (LSD0.05 = 0.58, p < 0.001). Of all 

the three crop growth stage, transplanting produced higher average number of panicles per 

plant than vegetative and maturity. The average number of panicles per plant at damage 

level was 23.78, 23.44, 23.31, 22.94 and 22.44 for damage levels of 0, 10, 20, 25, and 

50%, respectively (LSD0.05 = 0.75, p < 0.001). When comparing the difference in mean 

number of panicles per plant between damage levels, control treatment over performed 

twenty five and fifty percent damage levels. Interactive effects between season and 

damage level (Table 10), season and growth stage (Table 11) and growth stage and 

damage level (Table 12) were also observed. No other interactive effects among 

parameters recorded were noted. The effects of the interactions among season, growth 

stage and damage level were also observed (Table 13). 
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Table 9: Multi-factor ANOVA on rice yield components showing significant effects of season, growth stage and damage level on average 

yield components 

Source DF Mean squares 

Number of 

plants per m
2
 

Number 

of 

panicles 

per plant 

Number of 

spikelets per 

panicle  

Number of 

filled 

grains per 

panicle 

Percentage 

grain fill 
1000 grain 

weight (g) 

Rep stratum 2 2750.1 0.08 112.9 75.48 37.36 0.7590 

Residual 58 402.4 1.25 104.0 44.13 24.12 0.1660 

Total  89 

 

      

Season 1 120853.40
***

 490.00
***

 9351.60
***

 122.50
NS

 1652.54
***

 24.52
***

 

Growth stage 2 3912.80
***

 32.08
***

 1337.50
***

 400.31
***

  26.65
NS

 3.10
***

 

Damage levels 4 4446.50
***

 12.25
***

 1194.50
***

 3384.93
***

 216.79
***

 93.62
***

 

Season*Growth stage 2 7448.00
***

 4.90
*
 1.50

NS
 110.80

NS
 16.96

NS
 7.19

***
 

Season*Damage levels 4 1115.10
*
 8.14

***
 461.80

**
 122.92

*
 95.87

*
 1.49

***
 

Growth stage*Damage levels 8 1635.00
***

 5.84
***

 224.70
*
 96.48

*
 41.31

NS
 1.85

***
 

Season*Growth stage*Damage levels 8 3339.60
***

 4.91
***

  58.70
NS

 99.72
*
 28.66

NS
 1.09

***
 

Note: * = interaction, 
*
 = P ≤ 0.05, 

**
 = P ≤ 0.01, 

***
 = P ≤ 0.001, 

NS
 = P < 0.05, NS = Not significant at P < 0.05 
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Table 10: Interactive effect between growth stages and stem cut levels on rice yield components for both dry and wet season 

Growth stage * stem cut (%) Number of 

panicles per 

plant 

Number of 

panicles per 

m
2
 

Number of 

filled grains 

per panicle 

Number of seeds 

per panicle  

Grain fill (%) 1000grains 

weight (g) 

Transplanting * 0%  23.33 bcd 574.30 ab 194.50 f 228.30 g 85.29 efg  25.93 ijk 

Transplanting * 10% 25.67 e 612.30 d 190.00 f 227.50 g 84.46 d,e,f,g 27.29 m 

Transplanting * 20% 23.50 cd 622.50 d 171.20 cd 214.70 cdef 80.01 abcde 24.50 gh 

Transplanting * 25% 23.50 cd 606.50 cd 170.00 cd 224.00 efg 76.14 a 22.14 d.e 

Transplanting * 50% 24.00 d 564.70 ab 167.20 bcd 221.80 efg 75.56 a  21.27 bc 

Vegetative * 0% 24.33 d 574.50 ab 195.50 f 228.30 g 85.73 fg  25.85 ij 

Vegetative * 10% 23.50 cd 605.5 cd 180.00 e 218.50 defg 82.90 cdefg  26.70 lm 

Vegetative *20% 24.33 d 559.00 a 166.70 abcd 213.20 cdef 78.54 abc  24.22 g  g 

Vegetative * 25% 22.67 bc 570.50 ab 161.00 ab 206.20 abc 78.41 abc  22.82 ef 

Vegetative * 50% 22.17 ab 574.2 ab 165.00 abc 194.50 a 85.28 efg  20.61 ab 

Maturity * 0% 23.67 cd 570.30 ab 196.80 f 224.70 fg 87.72 g 28.84 no 

Maturity * 10% 21.17 a 604.80 cd 174.00 de 212.70 cde 82.33 bcdefg 26.10 jkl 

Maturity * 20% 26.00 e 559.00 a 161.00 ab 212.30 cde 76.71 ab 24.59 gh 

Maturity * 25% 22.67 bc 583.70 bc 166.30 abcd 209.30 bcd 79.38 abcd 22.42 de 

Maturity * 50% 21.17 a 561.50 ab 159.00 a 198.50 ab 80.67 abcdef 20.18 a 

Grand mean 23.44 582.90 174.54 215.60 81.28  25.61 
CV (%) 4.80 3.40 3.80 4.70 6.00 1.80 

SEM 0.46 8.19 2.71 4.13 2.01 0.19 

LSD 1.29 23.18 7.68 11.70 5.68 0.53 

Note:  * = interaction, Growth stages = Transplanting, Vegetative and Maturity, 0 – 50% = Damage levels (stem cuts at different levels), Numbers in 

columns followed by same letter(s) are not significant different at P < 0.05 according to Fisher’s unprotected LSD test. 
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Table 11: Interactive effect between season (dry or wet) and growth stage on rice yield components 

Season * Growth stage Number of 

panicles per 

plant 

Number of 

panicles per m
2
 

Number of 

filled grains per 

panicle 

Number of seeds 

per panicle  

Grain fill (%) 1000grains 

weight (g) 

Dry * Transplanting  22.40 b 577.60 b 175.70 b 233.20 d 75.41 a 24.23 b 

Dry * Vegetative  20.60 a 530.30 a 172.10 ab 222.50 c 77.64 a 24.04 ab 

Dry * Maturity 20.33 a 530.80 a 172.30 ab 222.00 c 77.92 a 23.83 a 

Wet * Transplanting 26.60 d 614.50 c 181.50 c 213.30 b 85.17 b 28.48 e 

Wet * Vegetative 26.20 d 623.10 c 175.10 ab 201.80 a 86.71 b 26.91 d 

Wet * Maturity 24.53 c 620.90 c 170.50 a 201.00 a 84.80 b 26.18 c 

Grand mean 23.44 582.9 174.54 215.60 81.28 25.61 

CV (%) 4.80 3.40 3.80 4.70 6.00 1.80 

SEM 0.29 5.18 1.72 2.61 1.27 0.12 

LSD 0.82 14.66 4.86 7.40 3.59 0.33 

Note: * = interaction, Season = Dry (Irrigated rice), Wet (Rain-fed rice), 0 – 50% = Damage levels (stem cuts at different levels), Numbers in columns 

followed by same letter(s) are not significant different at P ≤0.05 according to Fisher’s unprotected LSD test. 
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Table 12: Interactive effect between season and stem cut levels on rice yield components 

Season * stem cut 

(%) 

Number of 

panicles per plant 

Number of 

panicles per m
2
 

Number of filled 

grains per panicle 

Number of seeds 

per panicle  

Grain fill (%) 1000grains 

weight (g) 

Dry * 0%  21.33 ab 543.20 b 191.80 d 232.70 de 82.44 b 25.87 e 

Dry * 10% 20.56 a 564.10 c 177.70 b 236.70 e 75.12 a 26.69 f 

Dry * 20% 21.78 b 545.30 bc 166.70 a 226.00 cd 73.96 a 24.43 d 

Dry * 25% 20.67 a 558.00 bc 168.00 a 223.90 cd 75.16 a 22.46 b 

Dry * 50% 21.22 ab 520.60 a 162.80 a 210.20 b 78.27 ab 20.69 a 

Wet * 0% 26.22 de 602.90 d 199.40 e 221.60 c 90.05 c 28.75 h 

Wet * 10% 26.33 e 651.00 e 185.00 c 202.40 ab 91.35 c 29.29 i 

Wet * 20% 27.44 f 615.00 d 165.90 a 200.80 ab 82.88 b 27.43 g 

Wet * 25% 25.22 d 615.8 d 163.6 a 202.4 ab 82.73 b 26.57 f 

Wet * 50% 23.67 c 613.00 d 164.70 a 199.70 a 80.79 b 23.92 c 

Grand mean 23.44 582.90 174.54 215.60 81.28 25.61 

CV (%) 4.80 3.40 3.80 4.70 6.00 1.8 

SEM 0.37 6.69 2.21 3.37 1.64 0.15 

LSD 1.06 18.93 6.27 9.55 4.63 0.43 

Note: * = interaction, Season = Dry (Irrigated rice) Wet (Rain-fed rice), 0 – 50% = Damage levels (stem cuts at different levels), Numbers in 

columns followed by same letter(s) are not significant different at P < 0.05 according to Fisher’s unprotected LSD test 
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Table 13: Interactive effect between seasons (dry or wet), crop growth stages and stem cut levels on rice yield components 

Season * Growth stage * stem 

cut (%) 

Number of 

panicles per 

plant 

Number of panicles 

per m
2
 

Number of filled 

grains per panicle 

Number of seeds  

per panicle  

Grain fill (%) 1000grains 

weight (g) 

Dry *Transplanting *0%  20.67 bcd 548.70 cde 193.30 jkl 233.70 gh 82.75 defgh 25.93 ijk 

Dry *Transplanting *10% 23.00 efg 572.00 efg 183.70 ij 247.70 h 74.23 abc 27.29 m 

Dry *Transplanting *20% 23.33 fg 602.70 ghij 170.00 cdefg 222.30 efg 76.61 abcde 24.50 gh 

Dry *Transplanting *25% 23.00 efg 642.00 k 164.70 abcde 233.70 gh 70.48 a 22.14 de 

Dry *Transplanting *50% 22.00def 522.70 abcd 166.70 bcdefg 228.70 fg 72.99 a 21.27 bc 

Dry *Vegetative *0% 21.33 cde 541.30 bcde 191.70 jk 235.00 gh 81.57 cdefg 25.85 ij 

Dry *Vegetative *10% 20.67 bcd 565.30 ef 177.00 fghi 234.00 gh 75.64 abcd 26.70 lm 

Dry *Vegetative *20% 21.33 cde 522.00 abc 166.30 bcdef 227.00 fg 73.29 ab 24.22 g 

Dry *Vegetative *25% 19.00 ab 507.00 a 162.00 abcd 219.30 cdefg 73.88 abc 22.82 ef 

Dry *Vegetative *50% 20.67bcd 516.00 abc 163.70 abcd 197.00 a 83.81 efgh 20.61 ab 

Dry *Maturity *0% 22.00 def 539.700 abcde 190.30 jk 229.30 fg 83.01 defgh 25.84 ij 

Dry *Maturity *10% 18.00 a 555.00 de 172.30 defgh 228.30 fg 75.49 abcd 26.10 jkl 

Dry *Maturity *20% 20.67 bcd 511.30 ab 163.70 abcd 228.70 fg 71.98 a 24.59 gh 

Dry *Maturity *25% 20.00 bc 525.00 abcd 177.30 ghi 218.70 cdefg 81.12 bcdef 22.42 de 

Dry *Maturity *50% 21.00 cd 523.0 abcd 158.0 ab 205.0 abcd 78.02 abcde 20.18 a 

Wet *Transplanting *0%  26.00 ijk 600.0 ghi 195.7 kl 223.0 efg 87.84 fghi 28.72 no 

Wet *Transplanting *10% 28.33 l 652.7 k 196.3 kl 207.3 abcde 94.69 i 30.45 p 

Wet *Transplanting *20% 28.67 l 642.3 k 172.3 defgh 207.0 abcde 83.41 defgh 28.36 n 

Wet *Transplanting *25% 24.00 gh 571.0 efg 175.3 efghi 214.3 bcdef 81.80 cdefg 28.23 n 

Wet *Transplanting *50% 26.00 ijk 606.7 hij 167.7 bcdefg 215.0 bcdef 78.14 abcde 26.62 klm 

Wet *Vegetative *0% 27.33 kl 607.7 hij 199.3 kl 221.7  efg 89.89 hi 28.69 no 

Wet *Vegetative *10% 26.33 jk 645.7 k 183.0 hij 203.0  abc 90.17 hi 29.15 o 

Wet *Vegetative *20% 27.33 kl 596.0 fgh 167.0 bcdefg 199.3 ab 83.79 efgh 27.30 m 

Wet *Vegetative *25% 26.33 jk 634.0 jk 160.0 abc 193.0 a 82.94 defgh 26.23 jkl 

Wet *Vegetative *50% 23.67 fgh 632.3 ijk 166.3 bcdef 192.0 a 86.74 fghi 23.18 f 

Wet *Maturity *0% 25.33 hij 601.0 ghi 203.3 l 220.0 defg 92.42 i 28.84 no 

Wet *Maturity *10% 24.33 ghi 654.7 k 175.7 fghi 197.0 a 89.18 ghi 28.26 n 
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Note: * = interaction 

Season = Dry (Irrigated rice), Wet (Rain-fed rice)  

0 – 50% = Damage levels (stem cuts at different levels) 

Numbers in columns followed by same letter(s) are not significant different at P ≤0.05 according to Fisher’s unprotected LSD test. 

 

 

Table 13 cont…..       

Wet *Maturity *20% 26.33 jk 606.7 hij 158.3 ab 196.0 a 81.45 cdefg 26.62 klm 

Wet *Maturity *25% 25.33 hij 642.3 k 155.3 a 200.0 ab 77.63 abcde 25.24 hi 

Wet *Maturity *50% 21.33 cde 600.0 ghi 160.0 abc 192.0 a 83.32 defgh 21.96cd  

Grand mean 23.44 582.9 174.54 215.6 81.28 25.61 

CV (%) 4.8 3.4 3.80 4.7 6.0 1.8 

SEM 0.646 11.58 3.84 5.85 2.835 0.2634 

LSD 1.827 32.78 10.86 16.55 8.027 0.7456 



 

 

4.2.1.3.2 Number of spikelet per panicle 

The average number of spikelet per panicles for the dry season was higher than those 

recorded during wet season (dry season = 225.90 vs. wet season = 205.40; LSD0.05 = 4.27 

p < 0.001).  For the three growth stages, the mean number of spikelet per panicle at 

transplanting (223.30), vegetative (212.10) and maturity (211.50) growth stages were 

highly significant different (LSD0.05 = 5.23, p < 0.001) with transplanting ranking the first 

with higher mean number of spikelets per panicle. The average number of spikelets per 

panicle at damage levels was 227.10, 219.60, 213.40, 213.20 and 204.90 for damage 

levels of 0, 10, 20, 25, and 50%, respectively (LSD0.05 = 6.76, p < 0.001). Damage level of 

0% produced higher average number of spikelets per panicle than damage levels 20, 25 

and 50%. Interaction effects between season and damage level (Table 10), season and 

growth stage (Table 11) and growth stage and damage level (Table 12) on number of 

spikelets per panicle was also observed. No other interactive effects among parameters 

were noted (Table 13). 

 

4.2.1.3.3 Number of panicles per metre square 

Average number of panicles m
-2 

for wet season was higher than for the dry seasons (wet 

season = 619.5 vs dry season = 546.20, LSD0.05 = 8.46, p < 0.001). For, growth stages, the 

mean number of panicles per plant at transplanting (596.10), vegetative (576.70) and 

maturity (575.90) growth stages were highly significant different (LSD0.05 = 10.37, p < 

0.001) with transplanting ranking the first. The average number of panicles per m
2
 at 

different damage level was 573.10, 607.60, 580.20, 586.90 and 566.80 for damage levels 

of 0, 10, 20, 25, and 50%, respectively (LSD0.05 = 13.38, p < 0.001). 10% damage 

produced more tillers than other damage levels indicating that removing tillers increases 

spaces between and within the plant as the result the plant translocate its resources and 

produces more tillers to counteract the damage. . Significant interactive effects between 
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season and damage level (Table 10), season and growth stage (Table 11) and growth stage 

and damage level (Table 12) on number of panicles per m
2
were also observed (Table 13). 

 

4.2.1.3.4 Number of filled grains per panicle 

No significant difference on the average number of filled grains per panicle for wet and 

dry season (wet season 175.71 vs dry season 173.38, LSD0.05 = 2.80, p > 0.05) was 

observed. However, on growth stages, the mean number filled grains per panicles at 

transplanting (178.57), vegetative (173.63) and maturity (171.43) growth stages were 

highly significant different (LSD0.05 = 3.43, p < 0.001) and was higher at transplanting. 

The average number of filled grains per panicle at damage level was 195.61, 181.33, 

166.28, 165.78 and 163.72 for damage levels of 0, 10, 20, 25, and 50%, respectively 

(LSD0.05 = 4.43, p < 0.001). Zero percent damage had more grain filling percentage than 

other treatments. The 10% damage ranked the second after zero percent damage but there 

were no significant difference in higher (20, 25 and 50%) damage levels. The interactive 

effects between season and damage level (Table 10), season and growth stage (Table 11) 

and growth stage and damage level (Table 12) on the number filled grains per panicles 

were also observed (Table 13). 

 

4.2.1.3.5 Percentage grain fill 

The average percentage grain fill for the wet season was higher than that of the dry season 

(wet season = 85.56 vs dry season = 76.99, LSD0.05 = 2.07, p < 0.001). There were no 

significant difference (LSD0.05 = 2.54, p > 0.05) between mean percentage grain fill for 

transplanting (80.29), vegetative (82.17) and maturity (81.36) growth stages.  The average 

percentage grain fill at damage level was 86.25, 83.23, 78.42, 77.98, and 80.50 for damage 

levels of 0, 10, 20, 25, and 50%, respectively (LSD0.05 = 3.28, p < 0.001). Higher average 

percentage grain fill was observed at zero percent damage level. The significant 
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interactive effects between season and damage level (Table 10), season and growth stage 

(Table 11) and growth stage and damage level (Table 12) on the percentage grain filling 

were also observed. No other interactive effects among parameters were noted (Table 13). 

 

4.2.1.3.6 1000 grain weight 

The average grain weight for 1000 grains for the wet season was higher than that of the 

dry season (wet season = 27.19 g vs. dry season = 24.03 g, LSD0.05 =0.19, p < 0.001). For 

the three growth stages, the mean percentage of 1000 grains weight at transplanting (26.35 

g), vegetative (25.47 g) and maturity (25.01 g) growth stages were also highly significant 

different from each other (LSD0.05 =0.24, p < 0.001). The average 1000 grain weight at 

damage different level was 27.31, 27.99, 25.93, 24.51 and 22.30 for damage levels of 0, 

10, 20, 25, and 50%, respectively (LSD0.05 = 0.30, p < 0.001). Significant interactive 

effects between season and damage level (Table 10), season and growth stage (Table 11) 

and growth stage and damage level (Table 12) on 1000 grain weight were also observed 

ANOVA (Table 13). 

 

4.2.2 Partial correlation between yield and yield components 

Grain yield in rice is a complex attribute and is the eventual expression of its individual 

components. Table 14 presents the partial correlation coefficients between rice yield and 

yield components. The highly significant (P < 0.001) and positive partial correlation (r = 

0.91) was observed between grain yield and thousand grain weight followed by number of 

filled grain per panicle, number of panicle per plant, number of panicle per m
2
 and 

percentage grain fill (Table 14). There were no significant (P < 0.05) partial correlation (r 

= 0.00) observed between grain yield and number of spikelet per panicle (Table 14). 

The 1000 grain weight was highly significant (P < 0.001) and positively partially 

correlated with number of panicle per plant (r = 0.63), number of spikelet per panicle per 

panicle (r = 0.58), number of filled grain and percentage grain fill (r = 0.47) (Table 
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14).There were no significant (P < 0.05) partial correlation (r = 0.50) between1000 grain 

weight and number of panicle per metre square (Table 14). 

 

Percentage grain fill produced significant (P < 0.001) and positive partial correlation with 

number of panicle per plant (r = 0.49), number of panicle per metre square (r = 0.39) and 

number of filled grain per panicle (r = 0.58) (Table 14). It was only number of spikelet per 

panicle that showed significant (P < 0.001) negative partial correlation (r = -0.55) with 

percentage grain filling (Table 14). 

 

Number of filled grain per panicle had significant (P < 0.001) positive partial correlation 

with only number of spikelet per panicle (r = 0.35) (Table 14). Conversely, no significant 

(P > 0.05) positive partial correlation between number of filled grain per panicle, and 

number of panicle per plant (r = 0.21) and number of panicle per metre square (r = 0.08) 

were recorded (Table 14). 

 

Number of spikelet per panicle displayed highly significant (P < 0.001) negative partial 

correlation with number of panicle per plant (-0.35) and number of panicle per metre 

square (-0.36) (Table 14).  

 

Number of panicle per m
2
 displayed highly significant (P < 0.001) positive partial 

correlation with number of panicle per plant (0.71) (Table 14). 
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Table 14: Partial correlation coefficients among yield and yield components 

Character Np/pl Np/m
2
 Nsp/p Nfg/p %gf 1000gw (g/plot) Gy (t/ha) 

Np/pl -       

Np/m
2
 0.71

*** 
      

Nsp/p -0.35
*** 

-0.36
*** 

     

Nfg/p 0.21
ns 

0.08
ns 

0.35
*** 

    

%gf 0.49
*** 

0.39
*** 

-0.55
*** 

0.58
*** 

   

1000gw (g/plot) 0.63
*** 

0.50
*** 

0.05
ns 

0.58
*** 

0.47
*** 

  

Gy (t/ha) 0.68
*** 

0.67
*** 

0.00
ns 

0.72
*** 

0.64
*** 

0.91
*** 

- 

*** 
= Highly significant (P < 0.001), 

ns
 = Not significant (P < 0.05), Np/m

2
 = Number of panicles per metre square, Np/pl = Number of 

panicles per plant, Nsp/p = Number of spikelets per panicle, Nfg/p = Number of filled grains per panicle, %gf = Percentage grain fill, 1000gw 

= 1000 grain weight, grain yield (t/ha) 
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CHAPTER FIVE 

 

5.0 DISCUSSION 

The current observation of high abundance of M. natalansis in the study area is consistent 

with those reported by Vibe-petersen et al. (2006) and Sluydts et al. (2009) in maize 

farms, Makundi et al. (2009) and Massawe et al. (2011) in fallow fields and by Sheyo 

(2010) and Mulungu et al. (2013) in irrigated rice fields.The presence of M. natalensis 

(Appendix 2) in such high population abundances in this area is probably associated with 

availability of food, habitat and/or reproduction potential of the species. According to 

Makundi et al. (2007), the species is a pioneer in colonizing disturbed habitats (e.g. by 

agriculture). Likewise, Odhiambo et al. (2005) and Mulungu et al. (2011) reported that the 

species feeds in almost all types of food in the environment but predominantly prefers 

seeds/grains. Leirs et al. (1997) incriminated M. natalensis to be an opportunistic rodent 

species and named it characteristically to conform with r-selected strategy when 

conditions are favorable. 

 

Rodent populations usually fluctuate from time to time (Aplin et al., 2003). It has been 

reported that the fluctuations can be accelerated by factors like food availability and/or 

other environmental factors such as water flooding or vegetation cover (Douangboupha et 

al., 2009; Mulungu et al., 2015b). In this study, however, high population was observed at 

transplanting although it was not statistically significant with other crop growth stages. 

This is contrary with previous observations by Mulungu et al. (2013) who reported that 

high population was recorded during the dry season at transplanting and vegetative crop 

growth stages. The discrepancy of these two observations in the same area may be due to a 

change of planting calendar. Mulungu et al. (2013) reported that farmers start land 

preparation and transplanting in July and January for dry and wet seasons, respectively 
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whereas in the current study planting and land preparation starts in September and 

February for dry and wet seasons, respectively. The second reason is that in the current 

study, difference in crop growth stages (i.e. transplanting in dry season and maturity in 

wet season) were very close (only one month difference) and may have account for no 

rodent population differences. 

 

Generally, in this study the rodent population decreases with an increase in crop growing 

stages. The present observation concurs with Meheretu et al. (2014) in wheat crop who 

reported that when wheat was at maturity stage, rodent abundance was low. One could 

expect an increase of population as the crop grows due to availability of shelter and cover. 

Quick (1990) reported that an increase in rice damage towards maturity was associated 

with an increase in crop cover (i.e. rice tillers) and food (i.e. rice grain). The same was 

observed by Mulungu et al. (2013) who reported that rodent population abundance 

increases with an increase of rice growth stages. Frequent rains and irrigation, which 

flooded rat burrows, may have effectively kept rodent activities low or forced some 

rodents to migrate to domestic environment as M. natalensis is semi-domestic species and 

in the current study trapping was not carried in houses. As observed in wheat fields (Poche 

et al., 1979), rat activity increased in fields as the crops matured and the plots became dry. 

Fulk (1977) reported similar influxes of rodents into rice fields in Pakistan. As the rice 

ripened and water was drained from the plots, rodent numbers increased rapidly. 

Despite high numbers of rodent individuals recorded at transplanting, rodent damage was 

highest at maturity growth stages in both seasons. This can be attributed to the fact that 

rodents prefer grain/seeds as their main diet (Meheretu et al., 2014; Mulungu et al., 2014) 

regardless its number. In this study, it was observed that an average crop damage recorded 

at maturity crop growth stage in dry season could be associated with few or no food 

alternatives thus rodents concentrate on rice. It has been reported that higher population 
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abundance of rodents in maize crop cause higher damage to crop (Mulungu et al., 2003). 

Similar results in the same study area were reported by Sixbert (2013) who observed 

rodent damage at wet and dry seasons to be 6% and 11%, respectively. 

 

It has been reported that, the relationship between yield and yield components can be 

described as a product of number of panicles/m
2
, number of spikelets/panicle, percentage 

filled grain and weight of 1000 grains (De Datta, 1981). In this study, average grain yield 

on the wet season and dry season were significantly different (P < 0.001). Wet season had 

significantly (P < 0.001) higher grain yield than the dry season. The lower yield observed 

during the dry season is probably attributed to irregular irrigation and/or prolonged 

periods of water stress caused by insufficient water supply. Similar observation was 

reported by Nguyen and Ferrero (2004) and McHugh (2002). According to Raes et al. 

(2007), rice cultivated in the dry season experiences much of the moisture stress (Sumarno 

and Sutisna, 2010) and higher pest and disease incidences than in the wet season. Other 

similar findings include that of Craufurd et al. (2013), who reported water stress to have 

negative impacts on yield and effects vary with phenological stages where generally is 

more severe from the flowering stage onwards. Yue et al. (2006) reported yield loss under 

drought stress could be associated with an increase of spikelet sterility and a reduction in 

panicle filling rate as well as grain weight. 

Results of this study also indicate that rice crop damage through the cutting of tillers may 

have negligible impact on yield, particularly if the damage occurs early in the growing 

season at the transplanting stage of the crop. Tiller damage in this stage is less important 

due to its compensation. The current study shows that vegetative and late damage at the 

time of maturity results in significant percentage yield loss. It has been reported that 

percentage yield loss at these growth stages is roughly approximate to the percentage of 

damage (Singleton et al., 2003a; Poche et al., 1981) which is attributed by the fact that at a 
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late stages the crop cannot produce more tillers to compensate for damage since very little 

time is available for such compensatory growth. This has also been observed on the effect 

of damage levels of zero and 10% rodent damage. These two damage levels are not 

statistically different but differ with other higher damage levels (i.e. 20 - 50%) indicating 

that rice can compensate at lower levels. Compensation in rice crop yield can be further 

observed through the significant interaction between growth stage and damage level. The 

significant interactive effects between growth stage and damage level suggest rice plant 

compensation has occurred. 

Similar findings were reported by Fulk and Akhtar (1981) who showed that rice grain 

yield may not be affected by loss of tillers at their early growth stages as the numbers of 

productive tillers are determined at the late tillering stage. Likewise, Buckle et al. (1979) 

reported that compensation capacity of rice damaged by rodents is higher at each growth 

stage than at maturity of the crop. Aplin et al. (2003) explained the term compensation of 

rice in terms of tiller re-growth and panicle filling. Cut tillers that re-grow before 

maximum tillering likely go through normal panicle initiation. However, a tiller that is cut 

after the plant has entered the panicle-initiation stage will generally not be able to produce 

a new panicle, but the plant may compensate for this loss by diverting its resources into 

the remaining panicles leading to panicles with larger or more numerous grains. Similarly, 

Cuong et al. (2003) observed that the effect of rodent damage at different stages of rice 

growth was low when rodent damage occurred at the seedling stage (15 – 20 DAS) when 

the plant was able to compensate for the effect; but at tillering (35 – 40 DAS) and booting 

(55 – 60 DAS) stages there was no compensation effect. The author further observed that 

the yield loss might be high and probably result in total yield loss when damage occurs at 

the reproductive phase as there would not be sufficient time for compensation to occur. 
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Difference in grain yield in crop plants could be attributed to the effect of weather, pest 

pressure (damage) and field management.  In this study, average number of panicles per 

plant in the wet season was observed to be higher than that of the dry season. This perhaps 

may be due availability of moisture in wet season than in dry season. These results agree 

well with those of Kim et al. (2009) who reported that drought exposure during the earlier 

stages of reproductive growth affects panicle formation negatively. Also, rice rodent 

damage recorded in the dry season was higher than that of the wet season. Average 

number of panicles per plant was also higher at transplanting than other crop growth 

stages. Similar results were supported by Kariali et al. (2012) who observed that late 

formed tillers on higher culm nodes senesce earlier than that of an older tiller and 

contributes less in grain number and yield. In addition, according to Yoshida (1981), 

tillers produced at early growth stages normally produce panicles while those developed 

on later stages may or may not. Further results show that the average numbers of panicles 

per plant between damage levels were observed to be different. The control and 10% 

damage plots had higher number of panicles per plant than other damage levels. These 

results agrees with Mobasser et al. (2009) who reported decrease in tiller numbers and 

increase panicle number as plant density increases. 

The average number of spikelet per panicle was higher during dry than wet season. These 

results agree well with those reported by Yoshida and Parao (1972) who observed higher 

number of spikelet per panicle in dry season. These findings were expected to contribute 

positively in the final grain yield in the dry season but according to Yoshida (1981), 

unfavorable weather conditions during ripening may hamper continued growth of some 

spikelets resulting in unfilled spikelet hence decrease in yield. This was the case for the 

current study where yield during the dry season was lower than that of the wet season. 

However, higher number of spikelets per panicles was observed at transplanting stage 

indicating that early damage leaves the plant with enough time to translocate some of its 
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resources thereby resulting into formation of more seed formation. Similarly, Sarwar 

(2015) reported that, wheat can compensate well for damage at early growth stages. 

Higher numbers of spikelets per panicle were observed in zero rodent damage level and 

decrease with an increasing rodent damage level tiller cut indicating that removal of tillers 

affects plant leaves and therefore chlorophyll and ultimately the ability of the plant to 

process and store its food. 

 

The number of panicles per m
2 

was higher during wet than in dry season. This observation 

agrees with Zubaer (2007) who reported decrease in number of panicles per area as 

attributed by water stress which actually restricts translocation of assimilates into grains. 

Similarly, number of panicles per area was higher at transplanting than other crop growth 

stages indicating that the plant had enough time to re-grow new tillers which developed 

into panicles after damage occurred. 

Average number of panicles between rodent damage levels was observed to be higher in 

10% than other higher rodent damage levels indicating that as more tillers are damaged, 

the plant remains with few tillers which develop into productive tillers (i.e. panicles). 

 

The average number of filled grains per panicle for wet season was higher than that the 

dry season. The differences in grain filling over season observed in this study may be 

accounted by moisture availability. Similar findings were reported by Vries et al. (2010) 

where rice planted in the wet season out-yielded those planted in the dry season. Similarly, 

average number of filled grains per panicle between growth stages was higher at 

transplanting than at vegetative and maturity stages. This could be attributed by time 

difference when damage was imposed. Early damage leaves the plant with enough time to 

compensate thereby more filled grains. The simulated rodent damage levels from the 

control had higher number of filled grains per panicle than others. This also could be 
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accounted by absence of damage imposed giving tillers enough time to develop into 

panicles. 

 

The average percentage grain filling for wet season was higher than that of the dry season. 

The result concurs with Machunde (2013) who reported that decrease in grain filling was a 

result of moisture stress. According to Yoshida (1981), water shortage during plant growth 

stages may cause shortage of assimilates supply due to inhibition of photosynthesis 

process. Similarly, the average percentage grain filling was higher at transplanting than 

other crop growth stages indicating that damage at early crop growth stage have minimum 

effect on grain filling and ultimately grain yield. 

 

Furthermore, percentage grains filling between simulated rodent damage levels was higher 

in control plots than other rodent damage levels of tiller cut plots. This could be associated 

with available number of productive tillers where in control plots, no tiller damage was 

done leaving all control plots rice plants with all their tillers thereby increasing more 

grains. 

A 1000 grain weight for wet season was higher than of the dry season. The result agrees 

with those of Devasinghe et al. (2013) who reported 1000 grain weight of rice in the wet 

season to be 5% higher than in dry season. In addition, Ober and Setter (1990) reported 

that water stress imposed during grain filling, especially at the early stage, usually results 

in a reduction in grain weight. Also, 1000 grain weight was higher in plots were damage 

was imposed at transplanting than on the other growth stages indicating that plants 

damaged at transplanting had enough time to translocate more assimilated than other 

stages. At 10% damage level, 1000 grain weight was higher than zero and other higher 

damage levels (damage 10%) indicating that damage of tillers at 10% gave the remaining 

tillers extra resources to develop into panicles and high assimilates. 
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The partial correlation relationships observed in the current study for the number of 

panicles per plant, number of panicles m
-2

, number of filled grains per panicle, percentage 

grain fill and1000 grain weight were highly and positive correlated with grain yield. 

Similar findings were reported by Chakraborty et al. (2010) for number of panicle per 

plant, Ogunbayo et al. (2014) for number of panicle m
-2

, Sürek and Befier (2003) and 

Ogunbayo et al. (2014) for number of filled grain per panicle, Sürek and Befier (2003), 

Gunasekaran et al. (2010) and Bagheri et al. (2011) for percentage grain fill and Sürek and 

Befier (2003) and Ogunbayo et al. (2014) for 1000 grain weight. These finding are in 

agreement with Ram (1992), Mehetre et al. (1995), Samonte et al. (1998), Sürek and 

Befier (2003) who reported that grain yield was influenced by 1000 grain weight. All 

these components which showed positive partial correlation with yield could therefore be 

used as an indicator for yield variation for estimation even when we need to control rodent 

crop damage. Any damage or stress which affects one or more of these factors will affect 

grain yield. It is therefore possible to develop thresholds based on the named yield 

components for effective and sound rodent pest species management/strategy option. 

 

In this study there was great relation between crop yield loss and stem tillers cut (damage). 

Damage at wet season resulted into lower yield losses compared to dry season. At early 

growth stage such as transplanting, yield loss was observed to be lower compared to later 

growth stages. As damage ascended from zero to 50 % stem tiller cut, yield losses 

followed the same trend; except for 10% stem tillers cut at early growth stages were there 

was compensation. 

These results on the spatio-temporal effects of simulated rodent damage are the first report 

of such work in sub-Saharan Africa. As rice consumption is growing in Africa, 

understanding the potential impact of rodent pests on increased rice production across the 

continent can assist farmers’ decision making on limiting yield loss by rodents. These 
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observations suggest that rodent damage early in the season may not result in significant 

yield losses. However, this may lead to inappropriate decision making where rodent 

populations are left uncontrolled during early growth stages, allowing the rodent 

population to build and subsequently cause more damage at the time of harvest where rice 

plants are not able to compensate for such late damage. African farmers need to 

understand this complexity of rice plant compensation dynamics in order to interpret their 

observations correctly and decide when rodent populations should be managed so as to 

avert significant yield losses. 
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CHAPTER SIX 

 

6.0 CONCLUSION AND RECOMMENDATION 

6.1 Conclusion 

Mastomys natalensis ranks first as an important rodent pest of rice in the study area. Their 

population was higher in dry as compared to wet season and decreases as the crop grows 

from transplanting, vegetative to maturity stage. Similarly, rodent damage was higher in 

dry season as compared to wet season and mostly occurred at vegetative and maturity rice 

growth stages. The ability of rice to compensate for early rodent damage could potentially 

reduce a farmer’s perception of damage. However, failing to control rodents at early crop 

growth stages could lead to increased rodent populations at the time of maturity when 

compensatory effects are limited although all levels tested in this study were significant 

different with no and 10% rat damage levels. In addition, most of the yield components 

measured during wet season over performed compared with dry season reflecting the 

importance of water in rice yield and at the same time in reducing rodents pest pressure on 

rice. In the study area, majority of farm fields are planted in the wet season. 

 

6.2 Recommendations 

Based on this study, rice damage at less than 10% stem tillers cut early in the season 

(when rice is at transplanting or vegetative growth stages) did not result into significant 

yield loss. However, this may lead to inappropriate decision-making where rodent 

populations are left uncontrolled during early growth stages, allowing the rodent 

population to build and subsequently cause more damage at the time of harvest where rice 

plants are not able to compensate for such late damage. Farmers need to understand this 

complexity of rice compensation dynamics in order to interpret their observations 

correctly and decide when rodent populations should be managed to avert significant yield 

losses. 
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APPENDICES 

 

Appendix 1: Simulated experiment, cut at maturity stage (a) 10% cut (b) 20% cut (c) 

25% cut and (d) 50% cut 
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Appendix 2: Some of rodent pest captured(both M.natalensis) in the study area 

 


