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ABSTRACT

xii

Large within and between farm variability of banana {Musa spp., group AAA) yields in Uganda 

are caused interalia by a complex of soil fertility differences, pests, and light availability. These 

biophysical factors are again influenced by crop management practices, which show large spatial 

variability. Previous studies did not sufficiently take into account the large spatial variability in 

biophysical factors that prevail under on-farm conditions. The objective of the study was to 

quantify the relative contributions of soil fertility factors, pests and diseases, and crop 

management practices (e.g. planting density) to banana yield losses within and between farms 

that cover a range of wealth and slope classes. From a total of 50 farms covered under a 

preliminary diagnostic survey in Ntungamo district (southwest Uganda), 10 farms representing a 

gradation of biophysical (slope position) and socioeconomic (wealth status) variability were 

selected for on-farm monitoring of plant performance in Butare sub county. On each farm, 15 

mats of the most dominant genotype (cv. Enyerti) were selected for the study along a transect 

parallel to the slope such that they fell within a range of relative distances (RD), close, mid and 

remote from the homestead. The crop management, growth from emergence to harvest, 

pest/disease status and yields of two ratoon suckers were quantified. Soil samples were collected 

per mat at the start of the study and analyzed for physical and chemical properties following 

standard laboratory methods. Boundary-line analysis revealed that soil fertility factors 

collectively contributed to 60% yield limitations, pests accounted for 30.0% and crop 

management 10.0% of total yield limitations. Among the limiting factors, banana weevil 

{Cosmopolites sordidus (Germar)) damage accounted for the highest (26.7%) yield limitation, 

soil K/Mg ratio (20.0%), soil pH (16.7%), excessive leaf pruning (10.0%), clay fraction (10.0%), 

exch. Ca (10.0%), Ca/K+Mg+Ca and nematodes each 3.3%. Banana streak virus, black Sigatoka 

and leaf spots depressed bunch weights by 21.5%, 17.9% and 16.9%, respectively in severely- 

infested plants compared to disease-free ones. Low pH and inadequate Ca limited yield 

improvements only among poor fanners as opposed to high weevil pressure among medium and 

rich fanners. The former had nematodes as an additional constraint and high soil K/Mg ratio, 
which also occurred among resource rich fanners. Mat spacing was significantly (p < 0.05, R2 = 

0.904) negatively correlated with bunch weight, and the heaviest bunch occurred at 2.6 m x 2.6 

m (1512 mats ha'1) compared to the recommended 3.0 m x 3.0 m. However, the poor farmers 

who had significantly (p < 0.001) higher plant densities than wealthier ones indicated, proper
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Wealth classes, Diagnostic survey

xiii

spacing should be a greater concern among poorer farms. Pests and foliar diseases could not be 

attributed, but leaf pruning, to reduced number of functional leaves. Farmers should therefore 

aim at maintaining nine leaves at bud emergence to maximize yields, amidst the heavy 

defoliation. Poor farmers should invest in soil fertility management practices that improve soil 

pH and exchangeable bases availability in addition to proper spacing and weeding since their 

soils (were of similar inherent fertility in all farm categories) were relatively less fertile than 

those for wealthier farmers accordingly. Wealthier fanners should allocate their resources for 

pest control more especially banana weevil and for soil inputs for a good K/Mg balance. They 

should circumvent heavy defoliation through moderate leaf pruning (gradually remove diseased 

leaves) and avoid cutting of green leaves for preparing steamed food.

Key words: Yield limitations; Spatial variability; Boundary-line analysis; Relative distance;



CHAPTER ONE

Banana (Musa spp) is among the four most important food crops besides rice, wheat and

maize in the world (FAO, 1993; 2003) based on gross value of production (Gold et al..

2002). Twenty five percent of the total world output of banana is from East Africa (Waller

and Eden-Green, 1998). Uganda alone contributes 10% of the world output (FAO, 2001)

which is greater than the total production of Kenya and Tanzania combined. Uganda’s

banana contribution to the world has perhaps increased based on an increase of 9 to 10.5

million t yr’1 (FAO, 1994; 2001). More than 75% fanners in Uganda cultivate bananas

(Karamura, 1993) on 1.40 -1.51 million ha (PMA, 2000; NARO, 2001) mostly for

subsistence on smallholdings (Kashaija et al., 1994). The produce of smallholder farmers is

both for home consumption (Price, 1995) and the surplus is traded locally for income source

(Speijer et al., 1999).

Uganda is ranked second to India in annual banana production (FAO, 2005) but leads the

world in per capita consumption estimated at 220-460 kg per annum (Zake et al., 1999;

FEWSNET, 2004). Annual consumption per habitat is estimated at 228 Kg (Bekunda, 1999)

making bananas among the most important food crop in the country (MAAIF, 2000;

Woomer et al., 2002; Kajumba et al., 2002). Most bananas or “matooke," are consumed as a

cooked starch-rich puree (Karamura, 1994). Broadly, banana holds a social, cultural,

commercial and nutritional value (Frison and Sharrock, 1999) for both subsistence, semi­

commercial and pure commercial farmers (Kalyebara, 2002; Bagamba et al., 2004).

1

i

1.0 INTRODUCTION
1.1 Background



It provides a high nutrient food in terms of starch, vitamins and minerals (PNB, 2007);

designconstruction materials,building and

Materials for instance mats and ropes (Mbwana et al., 1998) and firewood; good animal feed

(Karamura, 1993) while standing bananas conserve soil from erosion (Karamura, 1993).

corresponding production increase of 4.3 MT for the period 1980-2004 (UBS, 2005).

The increased output is clearly a result of increased extensification (increase in cropped

land) rather than due to intensification. Bekunda (1999) reported 4.2 and 6 t ha"1 yr'1 in 1998

in Masaka and Mukono, respectively, while Smithson et al. (2004) reported 3.1-4.9 t ha'1 yr'

yields were all way below the crop’s potential of up to 70 t ha'1 yr’1. Farmers have often

identified deteriorating soil fertility and weevils as their key problems (Gold et al., 1999a).

Bekunda and Woomer (1996) and Sseguya et al. (1999) have identified the most serious

yield constraints as soil fertility. The other constraints have been reported to be pests and

diseases (Talwana, 2002; Gold et al., 2003), deteriorating banana production management

(Gold et al., 1999a; Rukazambuga et al., 2002), and moisture stress (Zake et al., 2000;

Rufino, 2003; Taulya, 2004) are others.

The aforementioned studies identified causes and mechanisms of yield loss but the majority

of these trials do not represent on-farm conditions in terms of crop management practices

and spatial variability. Typically, the constraint(s) were introduced or manipulated while in

some, specific sites with extremes of factors (e.g. high/low pest pressure) were selected

(Gold et al., (2002; Oketch et al., 2004) - atypical of the average smallholder fanning

2
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Such multiple uses probably explain the increase (475,000 ha) in planted area and a

1 and 14.4-18.9 t ha'1 yr'1 in Luwero and Ntungamo districts, respectively. These reported



systems who are the major banana producers. Whereas Abera et al. (1999) and Smithson et

the roles played by diseases and pests, reduced

management and nutrient deficiencies in banana yields decline. It should also be noted that

there are various interactions between and among the yield-limiting factors (Bekunda and

Woomer, 1996) that were not considered in the aforementioned studies. For example, poor

management to which Rukazambuga (2002) ascribed the observed yield decline also

exacerbates pests and diseases (INIBAP, 2001 cited by Gold et al., 2002) and soil fertility

decline (Gold et al., 1999). Crop management and soil type perhaps explained site

differences in nematode densities in Central Uganda (Speijer et al., 2001). ‘Well-managed

banana stands have produced stable yields for over three decades, even under low input

conditions’ (Gold et al., 2002). Rubaihayo et al. (1994) supported this postulation although

they never stated the pests and disease severity/incidence on the study farms, yet pest

damage cause drastic losses (Jones, 2000a). High weevil and nematode pressure reduced the

effect on yields of mineral fertilisers (Ssali et al., 2003; Smithson et al., 2001). Variability in

local conditions (Lufafa et al., 2003) was not captured in the above studies on absolute and

relative contributions of yield-loss factors. The relative contribution of each of the

aforementioned constraints under on-farm conditions hitherto remains poorly understood.

1.2 Problem statement

Declining yields have undermined the status of bananas as a sustainable food crop in the

East African Highlands (Gold et al., 1999a).Yield limiting factors such as pests and

diseases, soil quality problems, show

country, regions, villages and even (and most importantly) within farms. Previous studies on

3

a high spatial and temporal variability within the

al. (2001) hold opposing views on



a single constraint (e.g. Rukazambuga et al.,

1998; Talwana et al. (2003; Gold et al. 2004), or tried at best to explain variability in

constraints and yields between regions (Smithson et al., 2004) and sometimes between

farms (Oketch et al., 1996; Gold et al., 1999a, Oketch et al., 2006). Such studies often

assumed that constraints other than the one that is primarily studied are either (i) not

important, or (ii) do not vary between treatments and plots. Given the large production

gradients within and between farms (which remains unaddressed), any advice on how to

increase yields with minimal resource investments should take into account how yield

constraints vary both between and within farm(s).

Reduced and low banana yields also result in reduced income (Bekunda, 1999) which makes

it difficult for fanners to invest their limited resources to overcome the yield limiting factors.

Resource limitations also vary per farmer, as a function of its socio-economic status (i.e.

human resources and capital) (Bananuka and Rubaihayo, 1994). The challenge therefore, of

prioritising ‘which constraint to address first’ requires detailed information on the magnitude

of each yield loss factor and the relation between these factors.

Most of the existing information is inadequate to answer complex problems banana farmers

face. An understanding of how production (yields, pests and soil fertility) and crop

management gradients are related will help to identify what management practices would

help to reduce yield variability within farms, and thereby substantially increase productivity.

1.3 Objectives

This study was conducted to rationalize the contribution of soil fertility, pests and diseases

and crop management practices to the banana yield losses within and between farms that

cover a range of wealth and slope classes in a banana producing valley.

4
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yield loss factors in Uganda often focused on



1

• To quantify the contribution of soil fertility factors, crop management, and banana

pests and diseases to the yield gap in the farmers’ field.

• Evaluate the interactions between soil fertility gradients from the homestead on

within- farm banana pest damage and disease severity.

• Determine within-farm variability in banana yield, yield-limiting factors and

constraints among fanners of different resource endowment.

1.4 Hypotheses

• Soil fertility factors and banana pests contribute additively to the fann yields.

• There is a negative interaction between soil fertility factors and banana pests; i.e.

banana yields decrease and pest damage/disease severity increase with increasing

relative distance from the homestead.

• There is larger variability in banana yields and yield-limiting factors among resource

poor fanners than among wealthy fanners because input use is higher and more

evenly distributed within the latter fanns.

1.5 Justification

Partitioning the yield gap will help establish cause-effect interrelationships that will be used

to refine models for use in decision support systems. Yield loss is the result of the combined

interaction of other factors (Stover, 1996) - a fact that most researchers concur to, but the

determination of the relative contribution of each factor assists decision markers establish

the actual and/or potential constraints within and across farms. However, even within farms,

management varies (Bananuka and Rubaihayo, 1994) often associated with on-farm

5
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Specific objectives of this research were:



conditions (Mutsaers et al., 1997; Schlecht et al., 2006) and spatial heterogeneity of the soil

(Gold et al., 1994). The need to employ analytical procedures sensitive to such variability is

inevitable in this context. This study henceforth exploits and analyses the environmental

variability and its effects (Webster and Oliver, 1990) on growth performance of each plant

over one cycle to explain the driving factors to yield loss.

6
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CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Banana production constraints in Uganda

Despite its importance as a cash and food crop (Speijer and Kajumba, 2000) and its other

potential uses (RELMA, 1999), banana production is generally declining in Uganda (Van

Asten et al., 2004). Reports on banana yield as early as the 1940s and 1950s (Masefield

1949; McMaster, 1962) were attributed to an insect pest (banana weevil) and declining

management (Nye cited by Tothill, 1940). Average yields have dropped from 8.5 t ha’1 yr'1

Currently, the actual yields of 5-30 t ha'1 yr'1 are far lower than the potential yield of 60-70 t

ha'1 yr'1 (Smithson et al., 2001; Van Asten et al., 2004). An equivalent output level realised

in 1970 is only possible today with extra 0.5 million hectares (MAAIF, 2005). Banana

production is constrained by biotic and abiotic factors, which differ between farmers and

between regions (Gold et al., 1993).

Declining soil fertility (Van Asten et al., 2004) resulting from various causes (Smaling,

1993; Rubaihayo et al., 1994; Oketch et al., 1996; Hartemink, 2003) may be the major

abiotic constraint (Speijer et al., 1999). Although declining soil fertility is specific to long-

lived production systems (Abera et al., 1999), there is evidence to challenge this argument.

Smithson et al. (2004) found increasing imbalance of K in particular, in the non-traditional

production areas of southwest Uganda. Exportation of K in bunches (Van Asten et al., 2004)

and other elements are probable causes of nutrient depletion. Soil fertility decline is a widely

believed cause for yield loss; unfortunately, this argument is not supported by time series

1

(from non-cross sectional surveys) georefrenced soil sampling and analysis data.

7

in 1970 to the current level of about 5.7 to 5.9 t ha'1 yr'1 (FAO, 2004; MAAIF, 2005).



In addition to soil constraints, pests particularly root nematodes and banana weevil borer

Cosmopolites sordiclus (Germar); (Gold et al., 2002) and diseases especially leaf spots

(Tushemereirwe et al., 1996) contribute to the observed yield decline. Nematodes-related

EAHB yield losses of 15-50% (Talwana et al., 2003) and of weevil damage averaging 42%

not significant) of other limiting factors, interacting with pest damage to the yield loss

attributed to pests alone is yet to be quantified.

Gold et al. (1999) cited farmer reports to the effect that poor agronomic management of

EAHB plantations contributed to the observed yield decline. Rubaihayo et al. (1994) and

Lufafa et al. (2003) concur with the fanners’ reports cited in Gold et al. (1999). However,

there is still controversy over what practices constitute best-bet agronomic management

practices for EAHB (Ssali et al., 2003) in relation to the standard practices recommended to

fanners (RELMA, 1999; Lufafa et al., 2003). Management in banana production should be

viewed in a broad perspective because according to Bananuka and Rubaihayo (1994), such

agronomic practices differ even among farms mostly dictated by financial status. Banana

management as a function of household wealth of farms is an area that deserves further

illumination. The identification of sub-constrains within the framework of major constraints

will be of great practical importance in making effective management decisions in

smallholder banana based systems.

8
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2.2 Soil quality problems in East African banana (EAHB) systems

Ferralsols and Acrisols (Van Asten et al., 2004), which have a low inherent fertility

(Sanchez et al., 1989). Most banana soils in the region (Rubaihayo et al., 1994; Banananuka

and Rubaihayo, 1994; Wortmann and Kaizzi, 1998; Smithson et al., 2001; Rufino, 2003) are

old, highly weathered materials with low mineral nutrient reserves (Ssali, 2006). Soil

fertility management is maintained by recycling of crop residues traditionally involving

mulching (Bekunda and Muzira, 2003). Fortunately, most fanners preferentially transfer

annual crop residues and other organic inputs to banana fields making soils in banana plots

relatively richer in P and K than soils in other crops’ fields (Bekunda and Woomer, 1996;

Wortmann and Kaizzi, 1998). Indeed, Rufino (2003) and Smithson et al. (2001) observed

that banana soils in Uganda have optimum soil fertility. However, bananas grown near the

homestead are more often mulched and receive more organic plus other household residues

than plots further away (Price, 1995; Rishirumuhirwa, 1997; Bekunda, 1999; Rufino, 2003).

Hitherto, within smallholder farms, strong gradients of decreasing soil fertility with

increasing distance from the homestead exist (Vanlauwe et al., 2006) although there is a

general negative nutrient balance for both nearby and far-away fields (Ssali, 2004). Rufino

(2003) and Smithson et al. (2001) supported the above findings using foliar analysis and

identified K deficiency as

based cropping systems in Uganda. Nonetheless, there is limited data to support the claim

that soil nutrient depletion is one of the major constraints to banana productivity (Smithson

et al., 2001). Phosphorus deficiency does not seem to be a frequent problem in the banana

growing regions (Van Asten et al., 2004). Likewise, Zake et al. (2000) observed strong yield

increases at 25-200 kg K ha'1 combined at 100 kg N kg ha’1 and with less than 100 kg P ha'1

9
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The soils on which EAHB {Musa spp, AAA-EA) cultivation is most widely practiced are



and Rubaihayo et al. (1994) reported increases from 2 to 9 t ha'1 yr'1 when mineral fertilisers

alone were applied. The response to mineral fertilisers was reported to be Tess effective’

(lower) with high nematode and weevil pressure (Smithson et al., 2000; Ssali et al., 2003).

As opposed to low nutrient concentrations in and limited quantity of organic inputs (Batiano

and Mokwunye, 1991) used by fanners (Bekunda and Woomer, 1996); the use of mineral

fertilisers to correct the deficits and compensate ‘moved’ nutrients (Smithson and Giller,

2002) is almost inevitable in the near future. Consequently, studies that better explain (i)

what constraints are most important, (ii) what the spatial variation of these constraints are

and (iii) how the constraints can best be overcome, will be of great value to farmers that

have to select where to invest their limited resources to obtain maximum yield increase.

2.3 Soil fertility gradients within small farms and determinants of soil fertility status

variability at farm-level

Within smallholder farms in Africa, strong gradients of decreasing soil fertility are found

with increasing distance from the homestead (Ruthenberg, 1980; Prudencio, 1993;

Vanlauwe et al. 2006). Variability in soil fertility at farm scale may be associated with

topography, soil types, land degradation (e.g. erosion and leaching) intensities, sharp

physical discontinuities (e.g. rocky outcrops), and within farms to land-use history or

distance from the homestead and livestock facilities (Tittonel et al., 2005).

Even within the smallest farms in a smallholder farming system, strong fertility gradients

exist (CIAT, 2003). In a study in Western Kenya, East Africa, Tittonell et al. (2005)

observed “even in farms with land areas as small as 0.45 ha, gradients existed where

productivity declined with increasing distances from the homestead.” The same authors

ascribed variability to “distance from the homestead which tended to affect the allocation of

10



production activities and resources.” Apparently, the differential long-term management of

fields has created these gradients in soil fertility status (Tittonell et al., 2005). Causes for

such variability include among others:

■ Unequal distributions of organic fertilisers in these farming systems (Bekunda, 1999) in

which homestead plots receive more organic inputs and are more often mulched (Van

Asten et al., 2004).

■ Continuous concentration of organic wastes and nutrients in the small areas around the

homesteads (Smaling et al., 1997; Elias et al., 1998; Scoones and Toulmin, 1999)

creates these gradients. Organic wastes like bran from pounded cereals, animal manure

and other crop residues are deposited to crop plots close to homesteads (Bekunda, 1999;

Bekunda and Manzi, 2003) including some household wastes. The latter include kitchen

wastes, sweepings and wastes collected from in and around the house (Tittonel et al.,

2005), such as ashes from fuel wood (Obiefuna, 1991) and other cooking energy

sources, and food leftovers.

■ Inadequacies in supplies of both organic and inorganic nutrients have as well created soil

fertility gradients within a household (CIAT, 2003). Some farmers typically remove and

transfer harvest products/crop residues from their ‘outfields’ (Wortmann and Kaizzi,

1998) and devote their scarce soil inputs to small market ‘infields’ (CIAT, 2003). Since

the labour effort to carry wastes will be greater as the distance from the house increases

(Bekunda, 1999), the wastes are easily thrown within nearby locations.

■ The present farmers’ judicious management practices (‘precision fanning’) create micro­

variability of their fields (Schlecht et al., 2006). Most fanners show preference in

removal of organic inputs like biomass (crop, tree and animal products) from fields. For

11
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including trees and other biomass transferred out of the household disproportionately

impoverish respective source plots. This affects nutrient availability across plots (fields)

because such nutrients are not available for recycling as organic inputs to crop plots.

The net end result is large differences in soil productivity over time between these two field

•ypes (CIAT, 2003) later reflected in the final yields. Rugalema et al. (1994) observed taller

-and more vigorous plants in homestead plots than from remote fields in northwestern

Tanzania. In Masaka and Mukono districts of South-Central Uganda, Bekunda (1999) made

a similar observation: “banana fields show a gradient from high yields near the household to

lower yields towards the outer field boundaries.”

Understanding how to manage the limited nutrient supplies across such fertility gradients is

a key component in raising overall productivity in farms. Hierarchically, the sources of

variability in soils status of a homestead are the same factors for variation across farms.

Thus, these factors are likely to influence recommendations on soil fertility strategies.

Indeed de Jager et al. (1998), Wortmann and Kaizzi (1998), regard as household level an

important scale for storing and transferring nutrients but

management decisions (Defoer et al., 2000).

2.4 The major EAHB pests and diseases and associated yield losses

Pests and diseases are serious production constraints in their own right (Gold et al., 2001,

2002; Gowen and Queneherve, 1990) but their status reflects, in part, the management

system (Gold et al., 2002). The banana weevil Cosmopolites sordidus (Germar) (Coleoptera:

Curulionidae) is an important insect pest of highland bananas (Stover and Simmonds, 1987;

Gold et al., 1993) in Africa (Gold et al., 2001). In Uganda, the pest is implicated in the

decline and disappearance of EAHB (AAA-EA) in central areas (Gold et al., 1999b, c). The

12
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nsect can cause yield losses of up to 100% (Sengooba, 1986; Koppenhofer et al., 1994)

through sucker death, toppling and snapping (Gold, 1995; Rukazambuga et al., 1998;

■VIcIntyre et al., 2000), and shortens plantation life span (Rukazambuga et al., 1998; Gold et

mL, 2004) if not controlled. Premature leaf senescence (Ndege et al., 1995) reduced plant

size and vigour (Rukazambuga, 1998) are other symptoms of weevil infestation.

Nematodes are as well important pests and represent a key constraint to Musa production

world wide (INIBAP, 2001) and in East Africa (Kashaija, et al., 2004; Gowen et al., 2005).

In East Africa, a complex of migratory endo-parasitic nematodes including Pratylenchus

goodeyi Sher & Allen, Radopholus similis (Cobb) Thome and Helicotylecnhus multicinctus

(Cobb) Golden (Gichure and Ondieki, 1977; Bridge, 1988; Sikora et al., 1989; Speijer and

Bosch, 1996) attack bananas. Production loss in EAHB caused by these species in Uganda

respectively varies from 30% to 50% but can also exceed 50% (Speijer and Kajumba, 1996)

and from 15 to 50 % (Speijer et al., 1998, 1999; Speijer and Kajumba, 2000; McIntyre et al.,

2000). Gold et al. (1994) asserts that attack by the different species is not easily

differentiated in the field, implying that a given level of yield loss cannot be attributed to

one specific species. Nematodes impair absorption and transportation of water and nutrients,

and disrupting plant anchorage (Talwana et al., 2003), resulting in a reduction in bunch

weights, loss of bunches due to toppling, increase of crop cycle duration and decrease of

plantation longevity (Gowen, and Queneherve', 1990; Queneherve et al., 1991). Delayed

ratooning (Blomme, 2000), stunting of plants, lengthening of vegetative cycle, reduction in

size and number of leaves (Speijer and De waele, 1997) are other significant types of

damages.

13
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Diseases are limiting factors in smallholder and export production (Jones, 2000a). Among

the diseases, banana streak virus (BSV) is by far the most important constraint of highland

bananas (Tushemereirwe et al., 1996) and of recent banana bacterial wilt. The same authors

reported losses of up to 100% of saleable yield in bananas infected with BSV during early

growth stages. Leaf spot diseases caused by species of Mycosphaerella result in moderate to

severe damage wherever significant rainfall occurs (Jacome et al., 2003) and actual yield

losses are not known in on-station trials (Tushemereirwe, 1996) so far but not under

different management systems. Only, intercropping bananas with finger millet (Holdemess

et al., 1999), poor sanitation and pest infestation (Kungu’u et al., 1992) have been reported

to exacerbate leaf spot diseases in Uganda and Kenya, respectively. Conversely, mulch and

manure through their effects on plant growth are reported to decrease leaf spot diseases

(Holdemess et al., 1999; Speijer et al., 1999).

Black leaf streak, better known as black Sigatoka {Mycosphaerella fijiensis) is the most

important fungal disease, of considerable importance in warm areas below 1400 masl

(RELMA, 1999). This suggests that the disease might be of minor significance in highland

areas of Southwestern Uganda (IITA Foodnet, 2002). De-leafing or detrashing is useful

practice for management of black leaf streak but of great limitation in heavy rainfall areas

(RELMA, 1999).

Declining yields of Musa spp. are also directly attributed to poor management (Gold et al.,

1999a; Rukazambuga et al., 2002) of plantations. Okech et al. (1997) reported significantly

higher bunch yields in ‘well’-managed fields and postulated that banana pest problems could

i

2.5 Influence of crop management on pests and disease status, growth and yields of 
EAHB

be reduced effectively through practicing good plantation management. ‘Well’ management

14



ss however relative, based on compound [categorical attribute] rather than proxy

—<iicators of crop management.

“'eeds and intercrops compete for soil mineral nutrients and water (Wallace, 1938), which

—e often low in poor soils as a result the stressed plants are susceptible to more attack

ones, 1986). Mulching has been partially successful in weevil control (Oketch et al., 1999;

Bold el al., 2002) and the thickness of mulch in plantations has been reported (Gold et al.,

999a, b) to affect activity patterns of C. sordidus.

Homestead plots are more often mulched than plots further away (Van Asten et al., 2004)

combined with moist discarded organic matter plus crop residues favour weevils (Treverrow

sr al., 1992) more in former than latter plots. Equally, homestead plots receive more organic

inputs (Van Asten et al., 2004) like poultry and animal manures, wood ash. Such inputs

(wastes) are common in most Ugandan households, which rear poultry and generate wood

ash usually from kitchens. Based on Obiefuna (1991) findings, (i) animal manures

significantly reduced weevils in Nigeria; (ii) application of poultry farm yard manure and

inclusion of wood ash in the manures reduced weevil but also minimised nematode damage,

respectively. It could be assumed that a trend with reduced pest and disease incidence near

homes is apparent in most banana farms in Uganda. In addition, crop management practices

are better frequently done in homestead than remote banana plots (Bekunda, 1999) for

instance covering remaining stumps in the soil with hard compacted soil believed by farmers

to eradicate weevils (McNutt, 1974).

Just like soil fertility variability within a homestead, the above observations and findings

demonstrate the spatial heterogeneity of pest pressure as a function of distance to kitchen.
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2.6 Interrelationships between soil factors and banana pests and diseases »

There is a clear relationship between soil fertility and expression and severity of diseases

(Van Asten et al., 2004), in the sense of the plant’s ability to resist disease-pathogens and

pests. Several studies have highlighted interactions between soil fertility and pests while

others report no direct link. Tushemereirwe (Unpubl.) in Van Asten et al. (2004) observed

that crop damage due to BSV and black leaf streak disease decreased with improved soil

fertility management. Yield losses of 10 and 30% due to BSV ascribed to well and poor crop

management respectively (Murekezi, 2005) reflect, in part, the soil nutrients/disease

interactions since soil fertility management was a component in that study. Decrease in leaf

spot disease due to mulching and manure application (Holdemess et al., 1999) could be

attributed to the effect of nutrients on plant tolerance, which also suggests interrelations

between the soil nutrients and leaf spots.

Likewise, pests do not operate as discrete entities in the field (Stover, 1996) but are

intimately associated with soil factors. Soil-bor ne pests, specifically nematodes and the

banana weevil, attack plant roots and vascular system reducing the plant’s capacity to take

up nutrients. Once deprived of the required elements, nutrient stress in the plant may be

aggravated (Van Asten et al., 2004), which may lead to severe pest damage. For instance,

reduced levels of magnesium and potassium may have weakened resistance to banana

weevil (Bosch et al., 1995). The same authors (1996) suggested that weevil damage might

be related to plant and soil phosphorus and cation concentration, particularly P, Zn, Mg, K

contents and K/Mg ratio. These findings are in contradiction with those of Smithson et al.

(2003) who found no effect on foliar concentrations or weevil damage at different levels of

K and Mg. Equally, Ssali et al. (2003) did not find any effect of (in) organic soil

amendments on the percentage weevil damage.
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Although in both studies, the authors agreed that fertilisers become less effective at high

nematode and weevil pressure,

desirable under on-farm conditions. Low input management systems are typical of

smallholder farms (unlike in the above studies) hence such interactions were envisaged to be

significant in the study herein reported.

The relationship between nematode damage on plants and nutrient uptake/concentrations

(Talwana, 2002) indicated that higher Ca concentrations occurred in nematode-infected

bananas (AAA-group) and plants showed better growth. Bwamiki (2004) suggested that

mechanisms of nematode suppression are linked to K, Ca, Mn and Zn uptake. Nematodes

could partly be mitigated through increased application of plant nutrients (Bwamiki, 2004)

with more elucidation of interactions between the parasites and nutrients.

17
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Site description and characterisation

3.1.1 Location

The study was based in Nyakyera sub-county of Ntungamo district (southwestern Uganda)

where 67% of banana production in Uganda occurs (Kangire at al., 2000). The district lies

between latitudes 0°52.88'and 0° 53.79' S and longitudes 30° 13.66' and 30° 13.85'E with an

elevation range of 600 - 2000 masl (average 1440 masl); one of the highest points being

found in Nyakyera sub-county (Ntungamo District Report, 2002). The district was chosen

due to its Agro-Ecological characteristics which are broadly representative of the situation

found in other tropical highlands of East Africa.

3.1.2. Topography

The sub-location is a “hot spot” for soil loss by water in an area characterised by steep

topography, evidence for soil erosion (cf. Appendix 1) is rampant (exceedingly deep

gullies), in part, a result of high rainfall (Ntungamo District Profile report, 2000).

3.1.3. Climate

Ntungamo receives 800-1500 mm rainfall per year with a bimodal distribution (March to

May and September-December). Average minimum and maximum air temperature range is

15°-28°C. Rainfall record at the study site from 20Ih February 2006 to 30th September 2007

indicates that precipitation averaged 1036 mm and 676 mm for 11 and 9-month periods

18



respectively, with considerably wet and long second season (Figure 1). Records of the first

and early- (August and September) second seasons for 2007 depicted the similar pattern to

2006. Dry periods occurred in July but were extreme in June 2006. Figure 1 shows the

monthly cumulative rainfall during the monitoring study period.

Mean daily minimum and maximum air temperatures are 14° and 26°C, respectively (FAO

data, World climate). The experience of the producers reveals that the comparatively lower

temperatures in upper slope positions compared to those of lower slopes explain a lag in

harvest periods on farms located in the former slope positions.

n n

Months of the years (2006-2007)

3.1.4. Soils anti mineralogy

The soils are highly weathered sandy-loams with very low weatherable mineral reserves

(Zake, 1993) and belong to the Karagwe-Ankole system (Anon, 1962). The soils in Butare

have developed on metacalcareous rocks underlined by granite beds and are very old, that is,

rocks date to Proterozoic period (Nyakaana and Katumwehe, 2005). The type of parent
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Fig. 1. Total monthly rainfall during monitoring of follower ratoon crops of banana at 
Butare, Ntungamo district. Data for the period February 2006 to September 2007
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-material and the long period that these soils have been exposed to weathering, makes such

soils to contain low stocks of weatherable bases. The soils are therefore often slightly acidic

in nature, have substantial amount of sand and silt, and hence have relatively low to

moderate CECs and base saturation. Consequently, nutrient availability in such soils is

highly dependent on soil organic matter management. Consequently, it is expected that

‘man-made’ soil fertility gradients strongly relate to crop performance.

3.1.5. Vegetation

The vegetation is of two broad classes namely Grassland Savannah and swamps. Savannas

are of three major types, namely; grassland characterised by short grasses, dry Acacia

associated with Themeda spp. and moist Acacia associated with Hyparrhenia spp. (Anon,

1962; Ntungamo District Profile Report, 2000).

3.1.6. Farming system

The western banana-coffee-cattle farming system is not typical of the traditional cropping

systems (Akello, 2002) where originally coffee instead of bananas predominated. Semi­

subsistent households primarily undertake banana production. Although locally consumed as

staple food (Matooke - steamed banana paste) or beer (IFPR, 2004), increasing demand for

bananas in urban areas (UTA Foodnet, 2002) means increasing commercial producers in

rural areas. Mixed cropping is common with beans, finger millet, groundnuts and cassava at

times associated with bananas (Osiru, 2006). Cattle are a major component of the farming

land. Poor farming practices (Akello, 2002) including widescale forest clearing, bush
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“burning and over grazing have led to serious land degradation through more importantly soil

erosion (Osiru, 2006) at macro-level.

3.2 Overall study approach

The approach used consisted of a combined diagnostic survey of 50 farms in the first phase

out of which 10 farms were selected based on relative wealth status of household and

physiographic location of the farm for an on-farm banana monitoring study in the second

phase. A list of household heads was obtained with the help of key informants including

district agricultural officials and local area leaders. The base line survey of the banana-based

cropping system identified and described biophysical and socio-economic characteristics of

the site. The characteristics included resource endowment, farm size, production activities,

household characteristics, landscape features (slope position and description, erosion), off-

farm and on-farm income. The information for characterisation and wealth classification as

described by Crowley (1997) and Tittonell et al. (2005) was adopted.

3.2.1 On-farm verification of production constraints

Established plantations of surveyed farms consisted of plots (n = 66) and a plot was

distinguished as a unit of at least 50 mats with similar management and similar biophysical

characteristics like slope position. The area (m2) of each plot was determined, farm size and

total banana surface area per farm calculated.

Three bunches per plot (n = 198 bunches) from mature stands were weighed (precision 0.5

Kg) to estimate the actual yields in the farms. The girths (cm) at base and at 100 of seven
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arvested plants were measured for the purpose of relating growth/yields to biophysical

characteristics of a plot.

-Weevil and nematode damage at harvest and flowering (n = 7 plants plot'1), respectively

=md Carlier et al. (2002). The severity of foliar diseases was scored using modified Stover

—(1971) scale and the method proposed by INIBAP (Jones, 1994). The position of youngest

spotted leaf was used as an indicator for black Sigatoka severity (Rubaihayo et al., 1994).

From each plot, soil (0-30 cm depth) and foliar samples (lamina 3) were collected on

recently flowered plants for diagnoses of most deficient nutrients. The foliar nutrient

concentrations were compared with DRIS norms for bananas (Wortmann et al., 1994) to

establish the most limiting nutrient (s). Deficiencies of Cu, Zn, B and Mo were detected

using lamina 3 concentrations developed by Turner and Barkus, (1977) and Lahav et al.

(1989).

Socioeconomic information (like family size, livestock, labour and other capital assets),

among others, was obtained by using Participatory Rural Appraisal (PRA) techniques

(Bhandari, 2003) particularly interviews on farms and observations.

3.2.2 Selection of banana mats for monitoring study

For each of the 10 farms selected for the monitoring study, 15 mats of the most common

cultivar (Enyerit) were selected along a transect parallel to the slope from the homestead.

These 15 plants also covered a range in plant performance. Of the 15 mats selected per farm,

5 mats were selected from each of the relative distances (RD) designated as ‘near’, ‘mid’

i

and ‘remote’. Each mat was assigned a number for its identity. A map was drawn showing
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the distribution of selected mats and distance of mats to homesteads. A kitchen, the major

and commonest source of organic inputs within a household, was used to determine mat-to-

homestead distance. The plant growth from sucker emergence to harvest was monitored on a

monthly basis for one follower ratoon (‘Rl ’) after mat selection. Data were also collected on

crop management and pest damage/disease severity over the monitoring period.

Mat surface area was calculated using the Thiessen-polygon approach. Thiessen polygons

define the individual 'regions of influence' around each of a set of points such that any

location within particular polygon is nearer to that polygon's point than to any other point,

and therefore, has the same value (Heywood et al., 1998). Measures taken are assumed to be

more homogenous within (equidistant points of closest mats) to the mat of interest.

Practically, wooden pegs were placed in mid-distances between a mat of interest and the

closest plants in the neighboring mats.

Mat surface was then calculated using Hero’s formula; area equals the square of the average

distance between the four nearest mats (Dildine, 1999).

5.3 Collection and analysis of soil and plant samples

fo show and explain variability in nutrient status of soils within and across farms

^presenting biophysical variability in the site (Appendix 1), 3 to 5 soil cores were taken

From the 0-30 cm depth in the mat area for each of the 150 selected mats in the study for

aboratory analysis at the start of the monitoring phase. The samples were air-dried,

Processed and analyzed for texture, pH (water), organic carbon (SOC), total nitrogen (N),

ivailable phosphorus (P), exchangeable potassium (K), calcium (Ca) and magnesium (Mg)

bllowing standard laboratory methods (Okalebo et al., 2002).
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All the selected mats were regularly monitored for flower bud emergence and the records

kept by a farmers’ coordinator resident in the study area.

Foliar samples (0.1 by 0.2

monitoring study for nutrient status assessment. ■

After solar-drying for one to two weeks, the samples were ground to pass through a 2 mm

sieve and analyzed for K, N, P, Ca, Mg and Zn in the laboratory using standard methods.

From the laboratory analytical outputs, Diagnosis and Recommendation Integrated Systems

(DRIS) indices following Raghupathi et al. (2005) procedures were computed using norms

and critical values developed for highland bananas (Wortmann et al., 1994) to establish the

most limiting nutrient (s).

3.4 Evaluation of farmer management of plantations

Farmers were responsible for all the cultural practices in their plantations, the selected mats

inclusive. Mat level management rather than that for the farm level was monitored on a

monthly basis using selected indicators detailed below to assess allocation of resources on

farms (Schlecht et al., 2006) and within farms (Tittonell et al., 2005).

3.4.1 Animal manure and fertiliser application

Records (frequency, quantity, type, quality) on use of manures within the mat area were

taken on monthly basis. Similarly, records by farmer on use of chemical fertilizers were

collected in addition to observations made during monitoring.
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m strips) of inner lamina of leaf 3 (Martin-Prevel et al., 1979)

were taken from the third fully expanded leaf within 14 days of flowering during the
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4.2 Detrashing or rouging

i.4.3 Intercropping

'he number and dale of planting of major intercrops in the mats was recorded. For

ntercropped mats, component crop density (number of plants m‘2) was computed on a

nonthly basis. Intercropping bananas with beans, soy beans, finger millet and potatoes,

jmong other crops, is a traditional practice in Butare valley. Some of these crops have been

eported to affect differentially banana productivity particularly pest status (Holdemess et

il., 1999).

3.4.4 Leaf pruning and defoliation

Leaf pruning is the removal of diseased leaves (including those with more green tissue) but

^Tushemereirwe, 1996). The number of functional leaves (>50% green) was recorded once a

month during growth monitoring data-taking and also at flowering to assess the extent of

fanners’ practice of defoliation, a common practice among most banana fanners in Uganda

jTushemereirwe, 1996).
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jcorded monthly. Cumulative number of dead leaves at harvest was used to indicate the
■
requency of removal of senescent leaves and sheaths over the growth period of the plant.

he number of dead or dried-up leaves hanging on the plant (index of detrashing) was

for alternative usessome farmers also remove leaves perceived non-functional



3.4.5 Mulching

The type (self mulch, crop residues, and hill and swamp grasses) and depths of mulch in the

mat area was recorded. Thickness (cm) of mulch was measured at five randomly selected

points perpendicular (three points) and parallel (two points) to the direction of mat growth.

Cumulative mulch within the mat area at plant harvest was computed from the average

monthly mulch depths applied (mulch per month = mean depth of five points).

3.4.6 Spacing and mat density

Spacing is normally reflected by mat area, the basis of computing the number of plants per

hectare. The mat area was used to compute mat density (population ha’1). Mats were of

different sizes and average values were typical of spacing for each monitored farm.

3.4.7 Weeding

Weed control was entirely by hand-hoeing and hand picking in some mats. The type, height

and proportion of mat area (%) covered by weeds was measured. Weeds were noted as

either broad-leaved or grasses and heights were taken from exact points where mulch

measurements were made. Weed infestation index (no units) was computed as a product of

2 2average weed coverage (cm ) and average weed height (cm). Mat area (cm ) covered by
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weeds was calculated as weed coverage (%) x mat area (cm2).
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3.5. Justification of choice of crop management evaluation at farm level

Bekunda and Woomer (1996) and Achan (2002) developed from surveys an inventory of

management by farmers. The authors classified farmers into five different management

categories (very poor, poor, medium, rich and very rich). Although Lufafa et al. (2003) used

management applies to a 'copy, cut' scenario that is, similar types and levels of crop

management are used from farmer to farmer. Considering the range of practices and

heterogeneity of levels used among fanners in Butare, proxy management indicators

aforementioned for instance mulching were used rather than compounding and branding

plantations as ‘well’ managed.

3.6 Measurement of growth and yield variables

Plants were harvested when farmers perceived bunches as being mature indicative of colour

of apical fingers. Yield at harvest, bunch weight, number of clusters and fingers were

recorded. Finger to bunch ratio, above-ground biomass, and harvest index were computed.

Plant height, leaf number, girths, level of‘high-mat’ was measured at flowering as described

below.

Height (cm) was measured using a graduated stick of 6 m (precision 5 cm) from the ground

surface to the point where the top most pair of unfurled leaf forms a v-shape with last open

leaf.

Girths were taken at base (0) and at 100 cm above the ground surface at the fully round part

of the pseudostem using a plastic tape measure.
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a parallel approach to attribute yield decline to management, grouping farms by crop



The level of ‘high mat’ was measured with a plastic tape measure (precision 1 cm). The

number of fully opened leaves was counted and recorded. Leaves with broken petioles and

those with more than 50% surface necrotic area were considered dead.

At harvest, the pseudostem was cut at the collar and all leaves present trimmed off at the

point the lamina spreads out from the stalks. The bunch was cut off at the point of

emergence from the pseudostem. The fresh bunch weight (kg) was determined by weighing

on a Salter balance (precision 0.5 kg) and yields were expressed as kg^ha^yr'1 to determine

actual yields in the area. The number of hands and number of fingers on the bunch were

counted after detaching the clusters. The bunch stalk was weighed and weight of fingers

determined as the difference between bunch and peduncle weights.

The total fresh weights (TF) of the pseudostem and leaves were separately recorded in

addition to the total fresh weights of the entire bunch for each bunch harvested at maturity.

From each of the biomass fractions (pseudostem, leaves, and peduncles), a representative

sample was taken immediately after harvest. For the pseudostem, the sample was taken by

cutting a 2-3 cm disc from the distal, mid and proximal positions of the pseudostem from

each of which a portion was removed to constitute the sample. A similar approach was

followed in taking the peduncle samples. For the leaves, sub samples were taken from the

close to the apex, mid-lamina and close to the petiole. One finger was sampled from the

middle of each of 3 clusters (the second last, mid-bunch and top cluster). Each sampled

finger was sliced longitudinally down the middle then one half discarded while the other

was retained to constitute the finger sample.
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Sub samples (150-200g) of all above-ground organs were solar dried to constant weight and

moisture content (% MC) determined. The % MC was used to correct the TFs to dry matter

(1-%MC

determined. The TDM of peduncle and fingers was summed to give TDM of bunch.

The above-ground biomass was determined by adding the TDM of bunch, pseudostem and

leaves. Harvest index was calculated as the ratio of bunch to above-ground TDM (Ssali et

al., 2003).

3.7 Pest and disease assessments

The major and most prevalent banana pests and diseases in the fanners’ fields from the

survey were assessed as described below.

3.7.1 Nematode damage

Nematode status was determined at flowering according to Speijer and De Waela (1997) and

x 20 cm hole dug at the

base of recently (+14 days) flowered plants. Observations were made on number of

functional and dead roots and root necrosis (Speijer et al., 1998; Speijer and Ssango, 1999).

Nematode damage assessment consisted of selecting randomly five primary live roots,

reducing their length to approximately 10 cm and splitting them longitudinally.

One-half of each of the five roots was scored for root cortex necrosis; each of the five root

segments representing 20% i.e. (the necrosis in each root segment was estimated out of 20%,

for 100% for the five root segments). The damage was expressed as percentage of dead roots

and necrotic tissue.

29

<

Carlier et al. (2002). Roots were excavated from a 20 cm x 20 cm

x TF) yield of each component and total dry mass (TDM) of fruit and pseudostem



3.7.2 Weevil damage

Weevil damage to the banana conn was assessed at harvest time using the cross-sectional

rethod (Gold et al., 1994; Speijer and Gold, 1996). Two cross-sections were made at the

zollar (pseudostem/corm junction) and at 10 cm below the collar. For each cross-section of

estimated independently for the central cylinder and the outer corm. Total weevil damage

oer plant harvested was derived by averaging the damage scores for the upper and lower

sections of the corm.

3.7.3 Foliar and fungal disease severity

The severity of leaf spots on the plants was assessed using the Stover (1971) scale [0: no

5%, 2: 6 -15%, 3: 16 -33%, and 4: > 33% symptom severity]. Modificationsdisease, 1:

were made using a scoring system 0-4 (not visible, mild, moderate and severe respectively).

Banana streak virus severity was evaluated using Dahal et al. (1998b) method with the same

modification to the Stover scale. The number of youngest spotted leaf was used as index for

black Sigatoka severity (Rubaihayo et al., 1994). Observations were on external symptoms

like occurrence of lesions on plant for BSV and leaf spot diseases severity (Seem, 1984;

Filajdi'c et al., 1994) for disease expression. Considering periodicity of disease expression,

severity was treated as a mean of monthly scores but the value was similar to a single score

at flowering.
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he corm, the percentage of surface area consumed by weevil larvae (galleries) was



3.8 Data processing and analysis

The data were entered into Microsoft Excel Spreadsheet and preliminary analysis

(descriptive and transformations) was performed. Data from survey and monitoring studies

with SPSS Release 11 for Windows (SPSS Inc. 2001) and SAS version 9.1 (SAS® Institute

Inc. 2003). Correlation and regression (Gomez and Gomez, 1984) of yields and all

biophysical parameters was performed to establish the relationships among variables.

Socioeconomic characteristics of farms from the survey were subjected to similar analysis

and to ANOVA. Characteristics like resource endowment, production goals and constraints

(Tittonell et al., 2005) and income strategies (Reardon and Vosti 1995; Ellis, 2000)

distinguishing wealth classes were used to develop a farm typology.

3.8.1 Quantification of the contribution of soil fertility factors, farmer management,

banana pests and diseases to the yield gap in the farmers’ field

Soil fertility, farmer management and disease and pest effects on yield are intricately

interwoven. In order to partition them, the boundary analysis approach developed by Schnug

et al. (1996) (BOLIDES) was used to obtain the line of best performance representing the

maximum yields under various levels of soil nutrients, pest damage and management

indicators. A boundary function is written as:
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were analyzed separately but using the same statistical packages. Analyses were performed
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stive) minimum amount (von Liebig, 1863); and f(Xj) is the maximum attainable yields

■i independent variables i = 1,2,3,..N.

= principles and procedures (Webb, 1972; Lark, 1997; Schnug et al., 1996) used to select

fit boundary lines were:

- (+) 0.30 between factors (pests andco) correlations with rSelecting significant (P

diseases, soil nutrients, management practices) and yields. Removing outliers, a critical

step to BOLIDE fitting, even more so than in traditional regression analysis, was done

Grouping (was by relative distance) of data points according to their predictor values,

i.e. sorting the independent in ascending or descending order for positive and negative

correlations respectively

Creating boundary points using the BOLIDES algorithm, IF (logical.test, valuedf.true,

valuedf.false). Comparing yield values within each group and with successive maximum

values and those which did not fit observed trend were discarded

Identification of the “maximum-yield subset’’; the data subset representing maximum

yields at each predictor value

Fitting of a curve to the maximum-yield subset (boundary points) was by hand for only

straight-line regression (Casanova et al., 1999) and quadratic polynomials (Schnug et al.

1995, 1996). For non-linear functions, logistic/sigmoid-type models like Richards

generalized functions;

(1 + 6 (exp (- X/))'") (UTA, 2002) were used to obtain reasonably good fits by least

tiare procedures.

inch weight-pH function) at each relative distance was taken to be the yield prediction at
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, = a

ic minimum yield predicted by any of the individual, single-response boundary lines (e.g.

=re Y refers to yields of bananas determined by yield-influencing factor present in
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it location. Henceforth, the constraint to yields was identified and its occurrence within-

mal versus potential yields at each RD plotted.

i.2. Determination of vvithin-farm variability in banana yield and constraints among

,jta of all yield variables were analyzed as randomized complete block design. Analysis of

fiance was performed with RD as sub-plot treatment, farmer resource endowment as main

pt and individual farm as a replicate or block using SAS version 9.1. Fisher’s /-test (LSD)

;is used for separation of means.

considered yields as a function of relative distance to

imesteads, farmer wealth class and their interaction, where:

= overall mean

= effects due to relative distance, z = close, mid, and remote

= effects due to wealth class, j - poor, medium and rich

i = variation within relative distances and wealth classes (i.e., error term).

ree wealth classes exists’ was tested using the Levene’s test of homogeneity of variance

,evene, 1960) in One-way (in randomized blocks) ANOVA. Yield and growth parameters

hich varied significantly (Levene’s test, P < co) between wealth classes were noted; and
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le null hypotheses (Ho: Oi= 02 - 03), ‘equal variability of yield(s) within farms from the

rmers belonging to the different wealth classes

= observation for each of the farms

J among farms counted. Yield limitation of each factor was expressed as a percentage of 
j

yield limitations. The modal performance in predicting yields was tested and a graph of

ie model Y = li + T + B + E 
ij I j V



means of groups (wealth class) were compared using t test to confirm which variances

differed significantly between wealth classes.

The most frequently yield-limiting factors (constraints) with RD from homestead and among

farms of different resource endowment was determined from BOLIDES.

34



I

CHAPTER FOUR

he characteristics of the 50 surveyed households from two villages in Butare parish, in

jyakyera sub-county of Ntungamo district are shown in Tables la and lb. Three farm types,

por, medium, and rich were identified based on the local criteria that were obtained during

lie PRA. The household wealth features and production levels differed between these three

0.05) betweenlasses. Mean (0.43 ±0.27 ha) arable land differed significantly (p

ousehold wealth classes. The majority (70%) owned more than 0.43 ha. The rich compared

j the medium and the poor types, farmed more land (mean = 0.61 ha vs. 0.52 ha and 0.37

a) and owned more livestock units (9.95 vs. 6.97 and 5.57 units).

(11 farmers cropped bananas on 70% of their arable land for consumption and selling

<50%) of the bunch harvests. All the rich farmers were engaged in selling bananas, while

bme 75% of the medium and 47% of the poor fanners sold part of their produce (Table la).

louseholds mostly (above 82% farmers in each class) supplemented the income from

ianana fruit sales with off-fann earnings.

Nonetheless, sources of income varied between the wealth classes and the fraction of

armers earning from a source differed significantly (p 0.05). For instance, the wealthy

louseholds generated most of their income from bunch sales and a sizeable proportion
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0 RESULTS
I

,1.1 Household characteristics

1 Diagnostic survey (study approach one)

40%) received a salary compared to less than 4% and none of the medium and poor



useholds, respectively. In addition, the rich received support from their families living

;ewhere. Although, land rental were not a popular source of revenue (<10% rented out

id), its frequency among the rich households was roughly two and five times more than

0.05) more engaged in trading merchandise than the5 majority, were significantly (p

or and rich. Besides, half of the medium level farmers worked on wealthier farms and few

pended on selling charcoal. Poor farm types had charcoal selling as the main income

urce in addition to selling labour on wealthy farms, apart from their own. Although

usehold production objectives did not vary much, yields were higher on wealthy than

and 4.3 kg greater than for bunches from plantations belonging to medium and poor

useholds, respectively (Table lb).
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long the medium and poor households, respectively. The medium households who were

prer farms. The mean weight of three bunches from plantations of rich households was 5



ible la: Household characteristics of banana farmers in Nyakyera sub-county (50

Farm typesjiaracteristic

Medium RichPoor

n= 17 n — 5n = 28

0.61±0.070.52±0.050.37±0.04

0.43±0.090.37±0.040.24±0.03

1.4±0.08 2.0±0.301.5±0.11

866

6.97±1.6 9.95±3.45.57±1.8

89 10082

75 10047

3.6 40.00

29 54 40

45.45

4.5

0.05, values followed by same letters are not significantly different
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iUseholds surveyed)
i

significant at P
>%, 50% and 60% poor, medium and rich fanners, respectively owned cattle (mean = 3,4 
id 5) respectively. Average livestock units for each livestock category was computed as; 
iproved cow = 1, local cow = 0.8, goat = 0.2, sheep = 0.1, pig = 0.4, and chicken = 0.01.

rm description

fm size (ha)*

mana surface(ha)

t>. banana plots*

p. of children

yestock units*

come strategies

ff-farm revenues / income

0
ircent that sell bunches

13.6a

19.4 

38.9ab

12.5 

12.5ab

18.2a

25.0

87.5 b

13.9

52.8b

im salary (%)

ell labor (%)

ell charcoal (%)*

ade in merchandise (%)* 

ented land (%) 

imily support (%)*



Farm types''aracteristic

Medium RichPoor

centage of fanners 6.0 7.0 60.0

19.9±2.8715.6±1.1 15.0±0.78

36 41 41

64.0±4.061.3±1.8 61.5±1.4

»anic C (%) 2.25±0.92 3.89±2.41.32±0.11

>al Soil N (%) 0.18±0.030.14±0.01 0.27±0.12

eevil conn damage (%)

nge of weevil damage (%) 4.5 - 6.3 2.3-5.92.1- 4.5

matode root necrosis (%) 4.3±0.5 4.6±0.4 4.4±0.8

2.2±0.11 2.3±0.54 2.4±0.07

42.923.5 100

nily labor 2.14±0.23 3.44±0.36 1.88±0.35

0.05, values followed by same letters are not significantly different
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it spacing (m)

■cent that hired labor*

■ith at base of harvested 

pt (cm)

ceiving yield increase

ich weight (kg)

bunches harvested/month+

sses
I

i>le lb: Banana yields from established plantations, soil status and management

iource use (Mean ± SDEV) in June 2006 in farms belonging to different wealth

5.4±0.4ab 4.7±0.7ab3.3±0.5a

gnificant at P 
riteria used: house quality =f(mud/bricks, thatched/iron sheets, cement/earth floor, 
int/no paint, door and window type). + based on farmers’ estimate
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12

□ <0.2 ha10 ■

□ < 0.4 ha
8 -

□ <0.6 ha
6 -

■ <0.8 ha
4 -

2 •
r0

richpoor

Fig. 2. Banana plantation sizes within and between wealth classes

4.1.1 The primary causes of declining banana yields as described by fanners (50

households interviewed)

Farmers have different perceptions on banana yield trends over the years. Sixty percent of

the fanners state that yields are declining while 28.6% said that the yields are stable.

However, some 12.2% said there is an increasing trend in yields, largely the rich formers

(Table 1 b), but gave no reasons. Farmers were simply asked to compare what they have

experienced since plantations establishment Comparison was not by quantifying the amount

of yields but farmers reported from their production experience for at least the past three

years. Farmers’ estimate of monthly number of bunches harvested was used to show

possible differences in annual yields. On average, farmers estimated that they harvested

some 36 bunches per month. The average fresh weight of three randomly picked bunches (n

= 198 bunches) on a 0.33 ha banana plot1 was 15.7±4.7 kg, ranging from 5 to 60 kg.
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Wealth Class

C/3

J
o 

J
z

1 Plot was distinguished as units with similar management and similar biophysical characteristics (position on 
slope) with a minimum of 50 mats



-Dcluction was constrained by a number of factors and the causes of declining yields stated

farmers were logically categorised into major problems (Table 2). Pests and diseases

tire considered the most important constraint with a weighted score of 294 on a 1-5 ranking

.ale. The banana weevil (C. sordidus) was identified as the major pest in all farms. Ninety

c percent of the farms were aware of this insect pest and related this to pseudostem

lapping. Weevil damage on recently harvested plants (mean = 4.7% corm necrosis) was

:ghly variable (3.3-51.4%) across farms. Only 20% of the farmers knew about nematodes

-though they mentioned nematode-associated losses. Nematode-related damage of root

.ortality (%) on seven recently flowered plants per plot averaged 16.8 ±1. Root necrosis

leraged 4.48% but varied from 0.86-11.71%. Toppling was observed in 23.5% of the

,:rveyed banana plots.

he proportion (%) of farm plots with major diseases was: Banana streak vims (74.5%),

iisarium wilt (60.4%), black Sigatoka (74.5%) and matooke wilt (50%). Except for BSV

id Fusarium wilt that were severe (score

igatoka (Mycosphaerella fijiensis') and matooke wilt severity was of minor importance.

irmers perceived soil fertility status as a secondary factor in decline of banana yields and

Psion was observed as the most important soil problem (Table 2). Farmers used

idigenous indicators (not presented) for instance, weed types, stoniness, leaf color, crop

gour and yields to rate soil fertility. Deteriorating management associated with lack of

•ganic inputs (mainly mulch and manure) and less attention paid to plantation management

ere mentioned among other constraints to banana production as well as bad weather

specially hailstorms, winds and drought) and economic limitations of funds or capital.
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***) in 15.2% and 26.2% of the plots sampled,
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I)le 2: Banana production constrains as identified by 50 farmers in the sub-locations

"Vtungamo district

% fanners who ranked the constraint■istraint

rank5rank3 rank4rank2rankl

2947.730.6 15.650.0 52.0sts and diseases

1.3 General soil and foliar nutrient status of bananas in Mujwa and Mugwanjura

llages

le slope position categorized as ‘upper’ (summit, upper), ‘middle’ and ‘lower’ (lower and

Iley bottom) of a fann had no significant (p 0.05) effect on soil status of farms selected

the diagnostic survey. Only small differences in all soil fertility indicators between the

•pe positions were noted, with farms on ‘middle’ slope having slightly higher C and N

lues than those in the upper and lower slope positions, respectively (results not presented).

(e major physical and chemical characteristics of the soils from the 66 plots sampled in the
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or soils
=teriorating management 
onomic constrains 
d weather

24.0
16.0
4.0
6.0

26.0
14.0 
8.0 
0

51.0
14.3 
2.0 
2.0

64.1
11.1
6.7
2.2

87.2 
0 

2.6 
2.6

276
100
40
21

Weighted 
score*

alculated as follows:

= f ft.
/ = !

-score attributed by farmers (from 1-most important to 5-least important)
- number of farmers attributing a given score or rank
urce :( adopted from Bagamba et al., 2003 Baseline survey, Lwengo and Nyabubare 
bcounties 2001)

o villages and ratings of soils are presented in Table 3a. Soil pH varied from 5.5 to 6.2
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3ian = 2.14%. The total N content varied from 0.08% to 1.11% with a median of 0.15%;

"actable P (mean = 32.0 mg kg’1) highly varied between plots and exchangeable K.

raged 0.87 cmol(+)kg’’.

I tests that were significantly correlated with soil C were total N, exchangeable Mg (p

], r = 0.972, r = 0.939) and exchangeable Ca (p < 0.05, r = 0.288), respectively.

ble 3 a: Soil chemical data (0-30 cm) of surveyed farms (= 66 banana plots sampled)

two sub-locations in south western Uganda

RangeMeanjperty

Slightly acidic5.5-6.25.8

1.37-6.19 Moderatejl Organic matter (%) 2.50

ch. Ca (Cmolc kg'1) 2.8-7.4 Low4.61

Ch. Mg (Cmolc kg’1) High0.1-4.30.71

Ch. K (Cmolc kg’1) Moderate0.86 0.2-2.5

ail. P (mg kg’1) Medium*32.0 0.7-123.5

tai N (%) 0.08-1.11 Moderate0.17

lings for tropical soils as cited by Okalebo et al. (2002) do not apply to K in banana soils, * Source: Lahav

I Turner (1983)

e incidences of foliar nutrient deficiencies by DR1S norms (Angeles et al., 1993) and the

itical Value (CV) ranges (Lahav and Turner, 1993 cited in Angeles et al., 1993) are given
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Classification

n a median pH of 5.8 and organic matter (SOM) content ranged from 1.4 to 6.2%,

Table 4 b. Phosphorus concentrations in 3rd lamina were generally within the CV range in



banana stands. Equally, K concentrations fell within the critical value range in all plots

I foliar Mg was below the range in only 8 plots. Banana stands were deficient in S (62

its), Cu (65 plots) while Zn deficiency was apparent in all banana plots. Using, critical

rient level interpretations by Lahav and Turner (1983) and Lahav et al. (1981), Mn, Ca

1 Fe were found to be adequate for banana production in most plots. Ca excess was not

dent with K or Mg to Ca ratio falling within the CV range (results not shown).

jble 3 b. The incidence of DRIS deficiencies in existing banana ratoons at two sub-

jations (N = 66 plots) in Ntungamo

MnCa Zn FeP K Mg

%

142.0 756.90.78 0.21 6.47 10.870.18 2.83 0.32lean value

3.04* NA NA NA0.23 0.41 0.8 NA NA

9.0 18.0 8.0 25.01.66- 0.25- 0.25- 0.230.12-

0.46 2.100.41 5.40
^ts:

'low CV

00 0 8 0 62 65 66 0

64 66 54 34
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Cu

-mgkg1

hge

kis 
ficiency

US

)rm* (%)

7 range

A not available; *Angeles et al. (1993) for P, Mg, Ca; ‘Source for K (Wortmann et al., 1994), Tower limits 
S and micronutrients (Lahav and Turner, 1983)

’ (critical value) range from 24 published sources cited in Angeles et al. (1993);
some plots, leaf contents were above the CV for some elements



4. Relationships between plant performance and biophysical factors

ch weight and plant growth parameters (girth at base and at 100 m) at harvest, plant

ients concentrations at plot level, varied considerably between farms but all the plant

0.05) related to biophysical factors in the‘ormance indicators were not significantly (p

ases, weeding intensity and mat spacing), only weevil corm damage bore a relationship

ivars tended to decrease with increasing levels of mean conn necrosis (X) from

ividual plants in a plot. Girths of plants at harvest for cultivar Enyeru decreased as:

—0.2963% + 72.193.

!On-farm monitoring (study approach two)

1 Soil fertility status within farms selected for the monitoring study

ils were mostly sandy clay loams and sandy loams (19.3% samples). The results of soil

ilysis of banana mats in three relative distances (also called ‘plots’); close, mid-distant

i remote from the homesteads are presented in Table 4. Banana mats near the homestead

! significantly (P = 0.03) higher soil exchangeable K than distant mats. Soil pH was lower

I organic matter (%) was higher in close than in mid-distant and in remote plots but the

0.05). Similarly, soil N, available P and

hangeable bases were higher in banana mats closer than far away from the homestead.

rrelation analysis indicated that available P decreased significantly (p < 0.05, r = -0.288)

h the distance from the homestead and so was exchangeable K (p < 0.01, r = -0.456).
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i pseudostem girth. Scatter plots (not shown) revealed that girths at harvest (Y) of most

s. Among biophysical parameters (soil fertility, nematode damage at flowering, leaf spot

erences were not statistically significant (p



Dth soil P and K. exhibited high variability within short distances (Figure 3 and Table 4) of <

-e homesteads.

able 4. Soil chemical and physical properties (0-30cm) within farms (N=120 samples)

oil property Ratings

Moderate2.87±0.672.97±0.692.68±0.65oil organic 2.97±0.66

ratter (%)

0.10±0.00 0.11±0.03 Low0.12±0.04 0.12±0.04otal N (%)

Slightly5.6±1.45.6±1.5 5.7±1.45.4±1.4■H

acidic

Medium25.99±13.96 28.29±17.6532.77±15.92 26.10±22.26tvail. P (mg

Very high0.85±0.361.10±0.43 0.75±0.28 0.71±0.23xch. K

tmol.(+)kg'1

Very lowxch. Ca 2.08±1.13 1.91±1.17 1.98±1.07 1.99±1.10

1.42±0.93 1.32±0.97 High1.37±0.96 1.37±0.94

34.6±7.0 34.7±4.7 33.7±2.8 SCL34.3±5.0
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:mol.(+)kg'’
I
xch. Mg

Mean±SDEV 
(37.63±18.50 m)

mol.(+)kg'1
I
lay+Silt (%)

Close Mid-distant Remote
(20.9±9.2m) (37.2±12.4m) (54.7±14.9m)

H in 1:2.5 soil: water suspension; C by acid-dichromate digestion; Ca and Mg by Mehlich 3 extraction 
jixture; K and P by bicarbonate-EDTA; SDEV (plot) indicates amount of variability within a relative distance 
pm homestead; SCL stands for sandy clay loam; ’Kitchen was considered for determining average distance 
»m homestead

f Relative distance from of plot from the kitchen



1

'he above soil properties differed significantly (p 0.001) across farms but differences

/ere not significant (Dunnett’s t-test, p > 0.001) within most farms except a few (Figure 3).

)ifferential fertility gradients between farms was neither clearly explained by age nor by

ize of the farms. With respect to age, only soil exchangeable K increased in the order of

arm age (higher in older than recently established farms accordingly). Within farms, the

radients in all soil parameters were negative though not significant (p 0.05) with

ficreasing distance from homesteads, except in two farms (whose gradients are not shown in

pproximated by the owners) leading to superimposed soil fertility gradients. It was hence

difficult to explain observed gradients using distances from the present and previous

omesteads. However, soil organic matter decreased systematically away from the previous

esidential house (in one farm) and available P was generally higher in locations near than

istant from the previous old houses (in both farms). Generally, no gradient was apparent for

ny measured soil property on the two farms, even with soil available P which was highly
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ariable (65.0-458 mg kg’1, mean = 252.2 mg kg’1).

jig 3). These farms had residential houses relocated or shifted (in last 10 years as
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(C) and exchangeable K (D) with distance (metres) from the kitchen. Parenthesis 0 indicates

significantly (p < 0.001, Dunnett’s t-test) different farms for each property. Farms in italics

are not significantly (p > 0.001) different by the same t-test of group comparison.

4.2.2 Foliar nutrient status within farms and relationship with biophysical factors

The levels (%) of leaf P: 0.06 - 0.21, K: 2.01 — 4.59, Ca: 0.14 -1.11, and Mg: 0.19 -0.61 and

most nutrient ratios, apart from K/N, K/P, Ca/K and Ca/P highly significantly (p < 0.001)

varied across farms. Although levels of N, ranging 1.49 to 3.22% (mean = 2.49%) differed
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Fig. 3: Soil fertility gradients within farms (n = 120 composite samples).
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■lificantly (p = 0.008) across farms; levels of foliar N and also K were not significantly (p

05) influenced by slope position of the farms (results not presented). Nonetheless, mean

els of leaf nutrients were not statistically different between farms on the three slopes

0.001) higher in plantations onzzept for P and Ca only, which were significantly (p

per than on mid slopes.

arrelation analysis revealed a positive significant (p < 0.01) association between foliar Mg

th soil parameters, Mg (r = 0.61), pH (r = 0.58), organic matter (r = 0.40), total N (r =

32) and available P (r = 0.33). Leaf Mg concentrations were also related positively to

ulch thickness (p < 0.01, r = 0.26) and negatively with nematode root necrosis (p < 0.05, r

0.01) correlated with foliar-0.24). As expected, soil pH was positively significantly (p

:vels of P (r = 0.45), K (r = 0.35) and Ca (p < 0.05, r = 0.19). Significant positive relations

itween leaf levels of P (p < 0.05, r = 0.36), Mg (p < 0.01, r = 0.37) and K (r = 0.23) and

meh weight were detected.

lean concentrations of nutrients (Table 5) and ratios within eight farms with a single

0.05) different between close, mid-distant andsrtility gradient were not significantly (p

mote distances of the homesteads. The levels of N, P, K, Ca and Mg were generally

milar in the three relative distances. DRIS analysis revealed a positive index of foliar K of

magnitude far above zero in all the distance classes (Table 5). Nitrogen deficiencies and

ation imbalance (with low Ca in particular) increased when moving away from the

omestead.The converse was observed with respect to foliar P deficiencies which decreased

om close to remote areas from the homesteads.
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_ble 5. The foliar nutrient levels (mean±SDEV) compared with DRIS norms in

oking bananas and DRIS indices in cultivar Enyeru at Butare farms

from Nutrient expression (%) and DRIS indicesD

2 kitchen

Ca MgN P K

0.66±0.14 0.35±0.090.15±0.03 3.48±0.612.51±0.35ose

-1.3818.48 -7.472.02 -11.65

0.67±0.18 0.35±0.09lid- 2.44±0.26 0.14±0.02 3.46±0.53

stant
-7.78 -0.90-2.78 -8.84 20.29

2.49±0.20 0.15±0.02 3.44±0.54 0.65±0.21 0.36±0.09emote

-0.92 -9.98 17.33 -9.01 2.58

2.48±0.27 0.15±0.02 3.46±0.55 0.66±0.18 0.36±0.09lean

3.15 0.25 3.04 1.13 0.48
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ource: DRIS norms in bananas grown in highlands of East Africa (Wortmann et al., 
94). DRIS indices are in italics and the magnitudes (irrespective of sign) indicate the 
itrient status compared to the optimum

3.1S 
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1.3 Yields of banana (cv. Enyeru) in the monitored farms at Butare

e yield characteristics of banana-growing fanners at the study site are presented in Table

Mean yields were 13.52±4.17 kg bunch’1 and ranged from 4 - 37.0 Kg of fresh bunch

:ight. Yield variables at harvest, particularly the above-ground biomass, numbers of

0.7) related togers and clusters per bunch were significantly positively (p < 0.01, r

0.01) correlated with measured growthnch weight. Bunch weight was significantly (p

rameters with plant height (r = 0.70), girth at base (r = 0.82), girth at Im (r = 0.74), and

mber of functional leaves (r = 0.47) at flowering. Similarly, biomass yield was

0.6) correlated with plant height, girth at base and atjnificantly positively (p 0.01, r

ys) differed significantly (p = 0.04) between farms. The period from flowering to harvest,

is significantly (p = 0.025) longer on farms located in the upper slope- (140 days), mid-

?pe positions (135 days) than in the lower slope positions (132 days).

ible 6. Banana yield parameters at Butare valley in Ntungamo district

*Mean±SDEVMaximumMinimumeld component

13.5±4.2)sh bunch weight (kg) 6.6 37.0

mber ofclusters 6 10 7±1

60 161 106±24

0.60 0.90 0.88±0.04

4.1 17.5 8.28±2.84

0.25 0.82 0.40±0.08
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mber of fingers
i
ger to bunch ratio

an values computed from 90.7% (n = 272) plants that reached maturity at time of data compilation, 
ilculated as TDM of bunch/ total above ground dry matter

ove-ground biomass DM (kg)

west Index*

i, and number of functional leaves (r = 0.39) at flowering. Maturation days (mean = 135



.4 Banana growth and yields within farms

thin farms, plant performance in terms of growth and yields was generally higher in

ser than in mid and in remote plots, according to relative distance of the homesteads.

■nt height, girth at base and at Im of flowered plants differed significantly (p 0.05)

0.05) higher banana growth in terms of taller, thicker and■nesteads had significantly (p

□re vigorous plants than mid-distance and remote locations.

□wever, differences between mid-distance and remote plots to homesteads were not

0.05). Bunch characteristics were also better in close than in theatistically significant (p

her two areas of the farms (Table 7). Bunch fresh weight was 0.6 and 2.2 kg higher in

□ser than in mid-distance and remote areas respectively.

::cept for the number of fingers, all other yield components, like biomass, did not differ

0.05) between the relative distances of the homesteads. The number ofgnificantly (p

ligers was significantly (p = 0.025) higher from bunches in closer than remote plots (Table

imestead.
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. Finger filling was slightly greater in stands from distant than close locations of the

_ween close, mid-distance and remote plots of the homestead. Close areas of the



I

Table 7. Means (± SDEV) of banana yields in three distance classes within farms

Relative distance from homesteadYield component
Mid-distance RemoteClose

13.88±3.62 12.26±4.07Bunch weight (kg) 14.37±4.64

0.89±0.020.86±0.07Finger to bunch ratio 0.89±0.02

8.70±3.20 7.63±2.92ABG biomass (kg) 8.50±2.41

0.40±0.040.40±0.130.39±0.05IndexHarvest

3.9±0.93.7±0.74.1±1.0
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1

114±25a 108±23ab 94±19bNumber of fingers*

(Bunch/ABG)

Mat area (m2)

SDEV (distance class) is the standard deviation used to show variability of yield in the same relative distance, 
♦statistically different at 5%; values followed by same letters in a row are not significantly different. ABG 
stands for above-ground biomass computed on dry weight basis
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The follower ratoons, designated as R1 of existing stands (M plants) were monitored from

sucker emergence to harvest for growth and yields quantification. The major biophysical

factors affecting banana yield(s) were established and the most yield-limiting soil factors,

pests and management factors determined. However, most M plants were monitored for

about 1-2 months prior to flowering hence little data was collected on crop management of

the existing stands. Therefore, to understand the contribution to yields of all the different
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Fig.4. Banana (M and Rl) growth at flowering within farms with a single productivity gradient: 
differences in plant height (A), pseudostem circumference at 100cm (B) and at base (C) between 
plots in three relative distances of the homestead. Vertical bars indicate mean (n = 5) ± s.e
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actors across farms and compare constraints among wealth classes of farms; results from

br only R1 are presented in sections below primarily to highlight crop management aspects.

1.2.1 Contribution of soil fertility factors to banana yields (cv. Enyeru)

>oil factors were the most important biophysical factors driving banana performance in

kitare valley accounting for 70.0% and 60.0% of the yield limitations in M and R1 plants,

espectively. The relative contribution of soil fertility factors to yields determined from

BOLIDES are presented for both ‘AT and ‘7?/’ plants in Table 8. All soil nutrient ratios

K/Ca)Mg/(Mg+Ca+K), Ca+Mg+K,K/(Ca+Mg+K),C:N, K/(Ca+Mg), except

Da/(Ca+Mg+K) and K/Mg, were not correlated to yields. Exchangeable Mg explained yield

variability across farms but did not limit yield of R1 plants. Unlike Mg, exchangeable K was

•either among the soil factors limiting yield, nor correlated to bunch weight.

Nevertheless, soil K/Mg was the most critical yield-limiting soil factor. Soil pH was the

Second most critical factor to K/Mg among soil factors that limited banana yield. Although

0.01) correlated (r = 0.42) to bunch weight,

'T nitrogen in soils.
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1

9

oil carbon and total N were significantly (p

ianana yields were neither determined by the percentage of SOM nor by the concentration



Ill

■ able 8. Soil fertility (0-30 cm) properties determining banana (M and R1 plants)

ields and their relationship with bunch weight (Rl) in Butare

Soil parameter correlated (p < 0.01) toYield limitation (% plotsSoil attribute

bunch weightconstrained by factor)

0.423pH

0.59710.0 10.0Exch.Ca

0.51106.7Exch. Mg

-0.40920.0K7Mg ratio 20.0

0.5993.33.3Ca/(Ca+Mg+K)

-0.41510.010.0Clay

60.070.0Total

4.2.1.1 Influence of soil pH on banana yields

Bunch weights tended to increase with increasing pH values in the range 5.1 to 6.2 (Fig. 5).

The mean bunch weights for four quartiles of pH ranging from 5.0 to 7.4 shows an increase

in yields for every five-fold increase in soil pH (Table 8). However, below pH 5.3, weights

of bunches were less than the mean weight (13.5 kg) with the smallest bunch (10.2 kg)

recorded at pH value 5.0. At high pH values, there was no effect of decreasing acidity on

bunch weight, which remained constant at 20.3 kg from pH 6.2 to 6.8, although 20.4 kg

occurred at pH value of 7.2.
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Fig.5. Effect of soil pH on bunch weight

Table 9. Predicted maximum bunch weights (Mean ± SDEV) obtained in the pH range

(5.0-7.4) from relative distances! (N = 30) as derived from BOLIDES

Bunch fresh weight (Kg)Soil pH range Mean pH

13.2±5.95.0 - 5.6 5.3

5.6 - 6.3 6.0 18.0±l.l

6.3 - 6.9 6.6 20.4±1.3

6.9 - 7.4 7.2 20.5±1.4

f Yield predictions were made at relative distance level
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2.1.2 Relationships of bunch weight to soil exchangeable Mg and K/Mg

=anana yields were also strongly related to soil Mg and its ratio with K (Table 8 above).

unch weights increased, exponentially at low Mg levels (0.36 - 1.04 cmol(+)kg'!) from 9.4

o change in bunch weight with further increase in Mg levels from 2.3 to 6.8 cmol(+)kg'

_The fitted logistic regression curve indicated that the maximum weight of 22.6 kg was

ttained at former Mg level (Figure 6a)

(a)
25 -I

■e—»■&

20 •

15 -

io ■

5 ■
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(Figure 6b) shows a drastic decrease in bunch weights with increasing K/Mg ratio. The

maximum bunch weight (22.0 kg) occurred at 0.15 but higher yields could be achieved at

lower K/Mg ratio. Indeed, by extrapolation, a yield increase of 1.0 kg would be equivalent to

a decrease in K/Mg ratio from 0.15 to 0.125.
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Figure Fig.6a. Fitted logistic regression curve on boundary points of bunch weight on soil 
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Fig. 6b. Boundary relationship showing bunch weight response to soil K/Mg ratio

4.2.1.3 Interrelations between soil pH and exchangeable bases on banana yields

As described earlier, yields increased with both increasing soil pH and increasing

concentrations of exchangeable bases (except K). Soil pH was significantly (p 0.01)

positively related to exchangeable Mg (r = 0.588) and Ca (r = 0.731) but not to soil K.

Figure 7 shows that while soil Mg tended to increase with soil pH, increases in K levels

corresponded to increasing pH values in the range 5.7 to 6.4 (K/Mg ratio declined beyond

pH 6.4). From computations, bunch weight (kg) significantly decreased from 18.7 to 15.1 at

respective K/Mg ratio, as shown in Figure 6a above.

Generally, decreases in K/Mg ratio occurred beyond pH 6.4, but were not considerable and

likewise increase in bunch weight was not substantial; the values were approximately equal

(results not shown).
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4.1.2.4 Influence of soil clay fraction on bunch weights

The average bunch weight for soils with clay contents between 18.5% and 21.4% was the

0.01, R2 = 0.847) above 21.4 % clay (Figure 8). Boundary linestrongly negative (p

analysis further revealed differences in bunch weight between areas with clay fraction from

about 23.2% to 28.0% clay. In addition, areas with extremes of clay contents > 28% had

bunch weights well below average.
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Fig. 7: Scatter plots showing the relationships between soil exchangeable Mg and K with 
increasing soil pH. Data points are average (n = 5 sampled mats) values from 30 locations
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Fig.8. Boundary relationship between bunch weight and soil clay contents in banana plots

4.2.2 Pest status, disease severity and their contribution to yields

Banana pests accounted for (30.0%) of the yield limitations in the farmers’ fields. Although

soil factors collectively were the primary yield determinants, the banana weevil accounted

for the highest proportion of 26.7% yield limitations compared to all the important factors

affecting yields. Nematode yield losses (minus plant toppling) amounted to 3.3% of total

limitations in bunch weight. Further, nematodes caused a 7.3% and 5.3% (11 and 8 plants)

yield loss due to toppling in ‘Rl’ and ‘M’ cycles, respectively.

Although diseases were not among the primary limiting factors, they reduced bunch weight.

Increasing severity however did not significantly (p 0.05) reduce bunch weight and other

yield components (data not shown). Banana streak vims, black Sigatoka and leaf spot

diseases depressed bunch weight by 21.5%, 17.9% and 16.9% respectively in severely

affected plants compared to disease-free ones.
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4.2.2.1 Banana weevil pressure and yield-related losses

Weevil damage on recently harvested plants (Range: 0 - 66.5%; mean: 7.4% total corm

necrosis) significantly decreased number of fingers (p < 0.01, r = -0.483), number of hands,

0.05; r = -0.269). Bunch weight decreased(p < 0.05; r = -0.297) and biomass yield (p

5% (Figurelinearly with increasing weevil pressure, mostly on plants with corm damage

9). Bunches from plants with the highest corm necrosis at harvest were reduced in weight by

54.1% relative to plants with <5% corm damage. The bunch weights of plants with the

lowest (<1.4%), moderate (5%) and high (>31.9%) corm damage were 22.0, 20.1 and 9.2

kg, respectively (Figure 9). Other yield losses included, mat disappearance (n = 8) of which

5 occurred in R1 and plant snapping (n = 2) in the same cycle. Assessment of corm for

inner rhizome (maximum = 95% and mean = 34.2%).
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Fig.9. Boundary relationship between bunch weight and weevil corm necrosis at harvest: 
Plants that died pre-harvest were excluded in the relationship

i

weevil necrosis on plants which died prematurely revealed a much higher damage in the
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4.2.2.2 Nematode infestations and yield losses

Root necrosis due to nematode damage ranged from 0- 17.6% with an average of 6.4% and

root mortality at flowering highly varied (0 - 80%, mean = 23.26± 12.58). Root necrosis was

strongly related to bunch weight (p < 0.05, r2 = 0.765) and also negatively correlated (p

0.01, r -0.426) to the above-ground biomass. Bunch weights tended to gradually decrease

with increasing nematode infestation (Figure 10). However, a small increase of 3.0%

necrosis from 6.2 % was projected to reduce bunch weight by 15.9%.
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Fig. 10. Relationship between bunch weight and nematode root necrosis at flowering

4.2.2.3 Severity of banana diseases and influence on yields

Banana streak virus and leaf spots were the most common diseases observed on the plants

during the monitoring study. Of the 88.8% plants which showed LS symptoms at flowering,

plants (mean = 29.4%) with mild, moderate and severe degrees of LS were approximately
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(±2.5%) equal. Ninety eight percent plants showed BSV symptoms and 45% had high

severity. .

Black Sigatoka was observed on only 5% of the plants mostly on the youngest leaf numbers

8, 6 and 10 in the order of increasing frequency.

0.05), althoughThe severity of the diseases above did not reduce yields significantly (p

the number of clusters in particular was higher in non-diseased than diseased plants (Table

10). There was a significant (p = 0.000, T value = 7.36) difference in number of hands in a

bunch with black Sigatoka incidence on plants with and without spots. Bunch weights were

also depressed in severely-diseased plants compared to plants with mild and no symptoms of

BSV and LS.

Table 10. Disease severity on selected yield variables (Mean±SDEV) at harvest

Degree1 of disease severityYield

Mild Moderate Severecomponent Absent

14.0±8.412.4±2.28 13.2±4.0717.9±0.0Bunch fresh BSV

13.1±3.811.9±3.2 14.5±4.8weight (Kg) LS 15.8±4.2

13.7±4.0 11.2±6.2

7.4±0.94BSV 7.3±1.0 7.5±0.76Clusters 9.0±0.0

LS 7.4±0.9 7.2±0.9 7.2±0.78.0±0.8

7.5±0.8 6.3±0.5

ABG dry BSV 9.1±0.0 8.4±2.67.32±2.3 8.5±3.4

weight (Kg) LS 9.3±4.2 7.3±2.5 8.8±2.9 8.2±2.1

8.4±2.8 6.5±2.9

*
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1

P = 0.000 (Matched paired T test, d.f =57), tSoi?/re.‘ Jones (1994) severity scale (0) absent, 
(1) mild, (2) moderate and (3) severe, ABG stands for above-ground biomass

Black Sigatoka*

Black Sigatoka*

Black Sigatoka*



4.2.3 Crop management aspects in banana plantations at Butare

The levels of farmer management practices, intercropping, deleafing

mulching, did vary between farms but these practices were not related to banana yields.

Mats were weedy for 2 to 12 consecutive weeks and on average, weed duration was 7

successive weeks or 36 days. Weeds covered 15 - 80% of the mat area (2.4 - 6.2 m2)

equivalent to a weed index (114 - 2100). Weed growth, in terms of height (cm) and

coverage (% mat surface) on average was 11.39 cm and 45.0%, respectively. About 75% of

the mats were intercropped with common beans (81 mats), sweet potatoes (9 mats) and some

(21) mats had maize, millet and pumpkins. The densities (plants

except common beans were less than 1.0, thus the density of beans was considered and

averaged 8.4 (±1.1 s.d.). Generally, bean intercrops were removed prior to harvest, mean

duration on mats was 53 days.

Banana residues or self mulch was the dominant material (80% of mat surface) used for

mulching of bananas. However, self mulch was supplemented with other external mulch

materials, largely crop residues in most mats. Mulch thickness ranged between 1.0 - 2.7 cm

covering 37.6 - 74.9% of the mat area Thickness and coverage of mulch were significantly

(p < 0.01, r = 0.77) related.

The removal of old leaves and sheaths largely depended on the frequency of weeding.

Cumulative dead leaves appended on the plant at harvest were significantly correlated (p

0.01, r = 0.46) to frequency of weed observations in a mat.

There were no additions of inorganic fertilisers in all the study farms. Animal manures (cow

dung, goat pellets and chicken droppings) were not deliberately applied around banana mats.

Rather, such organic inputs were often dumped within adjacent areas to homesteads which

seemed to be convenient and labour saving to the fanners.
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4.2.3.1 Contribution of crop management practices to banana yields

The cultural practices which

farms were spacing, leaf pruning,

number of functional leaves, weed index and age of the plantation, respectively).

0.05; r = -0.314) to mat density. The regression:Bunch weight was significantly related (p

, p < 0.01 of bunch weight (Y) on plant density (D), explained 8.31%

(R„rf7 = 0.0831) of the variability in bunch weight. Boundary relationship between bunch

weight and mat density (Figure. 11) indicates that heaviest bunch (22.3 kg) occurred at plant

density 1512 (2.6 m

a drastic decrease in bunch size from 22.9 to 16.0 kg, accordingly. Bunch weight was

however unaffected between 2,102- 2,906 mats ha''(2.2 m2 - 1.9 m2 mat area). Interestingly,

the spacing of 3m

bunch weights with increasing plant population, there was no yield limitation due to high

plant densities.
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kg lower than that at the higher density of 1512 mats ha'1. In spite of the strong decrease in

weeding and replanting (indicative of plant density,

x 2.6 m spacing) and high densities (1,961- 4,993 mats ha'1) resulted in

were related to yields and explained yield variability between

x 3m (1,111 mats ha'1), gave mean bunch weight of 21.5 kg, which is 1.2

T = 18.47 + -1.75e’3D
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Fig. 11. Boundary relationship between bunch weight and banana mat density

A tenth of the total yield limitations in follower ratoons (and 13.3% in ‘M’ stands) was

attributed to few functional leaves. The number of functional leaves (defined as >50% green

and with unbroken stalk) at flower bud emergence ranged from 5 to 12 (mean = 8.7±1.2)

between farms.

The number of standing leaves at flowering was positively and significantly (P 0.01)

related to bunch weight (r = 0.583) and to above-ground biomass (r = 0.464). Bunch (kg)

weight increased exponentially (11.0 to 18.5) at low leaf numbers (6.3 to 8) and slightly

(lag-phase) with more leaves, to a maximum of 21.9 kg for 12 leaves (Figure 12).
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Hence, bunches from banana plants with 50% less leaves than the maximum at flowering

were reduced in weight by 58% (Table 11). The relationship however, diminished and

disappeared after nine leaves in spite of further increase in number of functional leaves as

indicated by a constant bunch weight of 21.8 kg. Therefore a 50% increase in bunch weight

corresponded to an increase in number of leaves from 6 to 9.
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Fig. 12. Fitted regression curve showing the boundary relationship between bunch weight 
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Average number of standing Bunch weight (Kg)±SDEVRange of standing leaves

leaves

14.6±5.676-8

20.6±0.599

21.8±1.71110- 12

20.18.7Mean

*Leaves present at flowering, +Average bunch weight calculated from logistic regression equation

However, no significant correlations appeared between the number of functional leaves

present at flowering and severity of foliar diseases and root and corm damage. The number

of functional leaves was only negatively related with weed infestation index (p < 0.05, r = -

0.339) and root mortality (p 0.01, r =-0.368).

0.05) related to bunch weight, weedAlthough weed pressure was not significantly (p

infestation in the mat area was negatively correlated (p < 0.05, r = -0.337) to above-ground

biomass yield. The scatter data in Fig. 13 indicates that biomass yield decreased with

increasing weed index (WI), but was not apparent in less weedy-mat (less than 400 WI).

From boundary-line analysis (graph not shown) average dry matter (17.5 kg) in weed-free

mats was the same for mats infested by weeds at 700 WI. However, a 36% increase in weed

index was equivalent to 50% loss in biomass yield, comparing yields at weed indices 794

and 1252.
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Table 11. Predicted maximum bunch weight in three distinct ranges of number of functional 
leaves* as derived from BOLIDES
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significantly (p < 0.01) different, only between farms of age 4, 50 and 90 years.

4.2.3.2 Influence of crop management practices on pest damage, disease severity and

soil nutrient status of plantations

Removal of old leaves from plants significantly (p < 0.05) influenced positively the severity

of foliar diseases. Mulch coverage (% mat surface) and thickness (cm) influenced negatively

weevil pressure and positively nutrient concentrations in the soil.

Weevil damage to the banana conn was positively and significantly (p 0.01) correlated

with mulch cover (r = 0.31) and depth (r = 0.38) in the mat area. Increased levels of mulch

thickness away from homesteads (p < 0.01, r = 0.38) positively affected weevil pressure

within fanns. Such an effect was reflected by increased (p < 0.01, r = 0.27) weevil corm
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Fig. 13. The relationship between weed infestation index and above ground biomass yield at 
plot level
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were not statistically different among farms of different ages. Bunch weight was

The age (4-90 years) of the plantations was not a yield limiting factor and yield variables



necrosis moving from near to remote distances to the homestead. Soil Ca and Mg (prior to

monitoring) were positively significantly related (p < 0.01; r = 0.38, r = 0.36) to thickness of

mulch material, applied in the mat area after the monitoring period respectively. Initial soil

Ca and Mg status was higher for the same mats that received more mulch thickness (results

not shown).

Mulching also influenced weed growth around the banana mats indicative of a significantly

0.01) strong correlation (R2= 0.80) between weed infestation index and mulch depths(P

(Figure 14). Regression of weed infestation levels on cumulative mulch (mean depths at

harvest) explained only 12.9% of the variability of weed growth in mats; boundary-line

analysis revealed that lowest to moderate weed infestation (WI = 0 and 600) were found in

mats mulched between 2.0 and 3.0 cm respectively (Figure 14).

.♦ mm

0.5 1.0 1.5 2.5

Cummulative mulch depths (cm)

The severity of leaf spot (LS) disease and banana streak virus (BSV) was significantly

influenced by crop sanitation levels of rouging or detrashing. The total number of old leaves
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Fig. 14. Boundary relationship showing the effect of mulch depths on weed infestation in 
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0.05) higher on severely diseased than non-diseased plants with leafwas significantly (p

spot diseases at flowering (Figure 15). Number of dead leaves (mean = 4) on plants with no

foliar symptoms of LS

(15) and mild (6) symptoms.

Similarly, comparing plants that showed BSV symptoms, the disease expression was

= 26.6) influenced by cumulative dead leaves (CDL) on thesignificantly (P

plants. Generally, higher severity (score

plants and CDL was consistently higher on plants which had severe, moderate, and mild

chlorotic streaks respectively (Figure 15).

0 1 2 3

Disease severity score
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Fig. 15. Cumulative number of hanging leaves at harvest on plants with varying degrees of 
disease severity
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4.3 Boundary line model performance

Figure 16 shows that the yield potentials determined by multivariate boundary line model

were attained with biophysical factors investigated. The relationship between actual and

expected yields (R2 = 53.05%) is a good fit of the boundary line model.

Excluding non-yield limiting factors (SOC, total N, Mg, banana density and weed index)

which were related to yields, multiple regression between yields (bunch weight) and soil

fertility factors (7?2 =0.328; p 0.0J), and with pests (R2 =0.108; p 0.044), as well with

crop management aspects, leaf pruning (R2 =0.223; p 0.000) was significant (R2 =0.536;

0.000). Soil fertility factors collectively explained 26.3% (Rnf/j. = 0.263) of theP

variability in bunch weight (Y), in a relationship below:

7 = 1.115 pH-Q.783 Exch.Ca-Q.2Q3 °/0Clay-0.595 K !Mg + 24.405 Ca + Mg + Ca) + 3.406

However, the model linking yields to all its related biophysical factors, resulted (7?2 = 0.54;

0.000), indicating the insignificance of non-yield limiting factors to model performance.P
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4.4 Soil factors/pests interrelationships and interactions on banana yields (cv. Enyeru)

Significant relationships were observed between soil fertility factors and nematode, and

weevil damage and disease expression on the plants. Yields were also determined by tire

interactions between some soil factors and pests.
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Fig. 16. Yield potentials of highland bananas determined by boundary-line model. 
A regression line explaining amount of variance in the observed yields spatially due 
to yield-limiting factors



4.4.1. Pests and soil fertility status within farms

Soil fertility parameters generally decreased with increasing distance from homesteads

within farms as elucidated earlier (section 5.2.1). Pest pressure significantly (p 0.05)

decreased with increasing absolute distance from homesteads. Within farms, nematode root

necrosis decreased (r = -0.330) and weevil conn damage decreased (r = -0.265) with

increasing distance from the homesteads. There was no significant difference in pest damage

between relative distances (Appendix 2). However, mean root necrosis and weevil corm

damage was generally higher in closer than either mid-distant or remote relative distances of

the homesteads (Table 12).

Table 12. Mean nematode and weevil damage ±s.e. (n = 40) from three relative

distances within farms

Relative distance from the kitchen*

Close Mid-distant Mean±SDEVPest damage (%) Remote

Root necrosis 7.06±0.58 6.73±0.57 6.08±0.56 6.62±2.28

Root mortality 25.45±1.9 23.3±2.2 23.0±1.9 23.9±8.0

Corm damage 7.43±1.83 5.17±0.76 6.14±0.79 6.25±4.92

*
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A kitchen was used to determine the distance between a mat and homestead since it was 
the major source of organic wastes within households



The necrosis and number of dead roots due to nematode damage were negatively correlated

to most soil properties (Table 13). Root cortex necrosis (%) significantly (p 0.01)

decreased with increasing soil fertility parameters as indicated by significantly negative

correlations between nematode damage and soil properties (Table 13). Using multiple linear

regression models, the model:

1.072 (exp.-2) + 0.112 exch.

32.7% (p = 0.000) of nematode status between farms (Appendix 3). The relationship was

further analyzed using stepwise regressions where root necrosis was regressed against

factors (soil pH, SOC, total N, avail. P, Ca, Mg, silt, distance to homestead).

Root necrosis (%) = [-0.986 Ca + 12.445 Total N + 7.228, rn(y. 0.353; Root necrosis (%) = -

0.556 Ca + 7.956, rm/7-. 0.298, p = 0.000]; soil exchangeable calcium explained 29.8% of the

relationship between soil factors and nematode status.

Soil available P (r = 0.47) and organic carbon (r = 0.46), and leaf P (r = - 0.34) and Ca (r= -

0.32) were significantly (p 0.01) positively and negatively related to weevil conn damage

respectively. Leaf spot severity on plants was significantly (p 0.01) correlated with soil

pH, organic matter and total soil N (Table 13).

Black Sigatoka incidence on plants varied significantly (p = 0.000, T value = 57.6) with

proportion of clay particles.

75

4.4.2 Interrelationships between soil fertility factors and pests between and within 
farms

Root necrosis (%) = 0.216 pH - 0.249 SOC +12.362 Total N +

K - 1.319 exch. Ca + 5.307exp'2 Silt -5.307exp.’3 distance to homestead + 6.562, explained



Table 13. Interrelations between soil fertility factors and pest damage in bananas

Correlation to soil factor

Soil pH Avail. P Silt (%)Pest status (%) SOC Total N Ca Mg

cmolcKg"'(%) (ppm)

Root necrosis -0.35** -0.56** -0.47**-0.43** -0.33*

Dead roots -0.32* -0.30* 0.33* -0.29* 0.34** -0.26*

0.47**CS damage 0.46** 0.29* 0.37** 0.62**n.s.

0.33*IX damage 0.50** 0.40** 0.46** 0.66**n.s.

Leaf -0.44* -0.45* Nil Nil Nil Nilspot

severity1

4.5 Banana yields within farms of different levels of resource endowment

4.5.1 Yield trends w ithin and across farms of different wealth classes

Generally banana yields at harvest differed but not significantly (p 0.05) within farms as

well as among fanners of different wealth classes (cf. Appendices 5A and 5B). However,

within fanns, the number of fingers was significantly (p 0.05) higher only in CF than in

RF (Appendix 4B iii). Similarly, differences in plant growth at flowering though significant

0.05) within farms, were not statistically larger in closer than in mid-distant plots (data(P

not shown).
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-0.41**

0.51**

-0.31*

-0.41**

0.41**

-0.41*

Severity expressed as a score (+, ++, +++), n.s. (not significant)
*Significant at p < 0.05, ** Significant at p < 0.01, CS (Cross sectional) and IX (inner 
cylinder) damage



cluster specifically were greater in rich than in medium and poor types of farmers according

to their resource levels (Table 14). Other bunch characteristics and biomass were larger in

wealthier than poor farms; the trend was not in the order wealthy > medium > poor (cf.

Appendix 4C iii-v).

The magnitude of yield variability was larger within farms of the poor than those for the

medium and rich households in relation to resource endowment (Table 14). The Levene’s

test for homogeneity of yield variables was not significant (p 0.05) among wealth classes

(Appendix 4C) except for the number of hands (Levene’s test, p = 0.0383). Hence,

variability in number of hands was significantly higher within farms of the poor than

medium and rich categories.
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Comparing yields among fanners from three wealth classes, mean bunch fresh weight and



Level of

Average values of yield variables in three RD of the homesteadresource

endowment Mid-distantClose Remote

in fam?

Mean± SDYield variable

10.8±3.6 13.25±(4.59)14.5±4.9Bunch weight 14.5±5.3Poor

7.33±(1.12)6.7±0.87.5±1.27.8±1.3No. clusters

105.9±(25.6)Number of fingern = 3

13.54±(4.37)13.7±3.7Bunch weight 14.3±5.0 13.1±4.1Medium

7.4±0.7 7.40±(0.79)7.6±0.9 7.3±0.8No. clusters

108.1±(24.9)Number of fingern = 3

13.0±5.0 13.89±(3.27)Bunch weight 13.7±3.1 14.9±1.5Rich

7.2±0.9 7.44±(0.58)7.6±0.2 7.5±0.6No. clusters

Number of finger 106.7±(11.7)n = 2

4.5.2 Foliar nutrient status among farms of different resource endowment levels

The nutrient concentrations in the leaf except for N (p = 0.003) did not significantly (p

0.05) differ among rich, medium wealthy and poor farms. The level of leaf N in plantations

belonging to poor farmers was statistically similar to those of the rich farmers, which was

significantly higher than in those of medium farmers (Table 15). However, rich farms had

significantly higher leaf Ca and Mg than medium farms. There was no N imbalance in only

78

Table 14. Yield trends (mean ± SD) within farms (n = 8) belonging to three wealth 
categories

* Two farms (medium class) were not considered because of superimposed fertility gradients which affected 
yield trends from analysis. Eight farms had never shifted homesteads in history and had single productivity 
gradient
(Squared deviations) from group means are in parenthesis represent the magnitude of within-group variability, 
values followed by same letters in a row are not statistically significant at P < 0.05

108.7±8.4a

119.2±24.8a

105±17.9b108.0±31.9b

99.7±17.4b

115.6±27.1a

114.8±21.9b

110.7±6.3b

83.8±18.0b



plantations of poor farms while Mg deficiency occurred in those of medium farms. P and Ca

imbalances (negative indices) occurred in plantations of all the wealth classes, but the

magnitudes were larger in poor than medium and rich farms accordingly.

homesteads of rich farms (0.39%) than in similar areas of medium (0.35%) and poor ones

(0.34%). Likewise, Mg and Ca in mid-distant (0.41% and 0.79%) and in remote areas

(0.39% and 0.79%) respectively, of rich farms were relatively higher compared to values in

corresponding distances of poorer farms. That is, leaf Mg was 0.36 % vs 0.31% and Ca was

0.61% vs 0.63% in MF of medium and poor fanners, respectively and Mg 0.38% vs 0.35%

and Ca 0.64% vs 0.60% in RF, respectively. DRIS indices within plantations of different

computation of a nutrient index by relative distances difficult.
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Within fanns, leaf Mg was higher though not significantly in close distances from

a missing nutrient ratio (s) renderedwealth categories are not presented because



Table 15. Mean (±SDEV) of foliar nutrient concentrations and DRIS indices among

farms of different resource endowment levels

DRIS indicesNutrient (%) MeanWealth category

0.78N Poor

-5.24Medium

-3.62Rich

-10.45PoorP

-8.89Medium

-7.18Rich

-9.28Ca Poor

-6.41Medium

Mg

-2.99Medium

1.03Rich

17.993.37±0.70PoorK

Medium 3.57±0.51 23.52

16.21Rich 3.48±0.51

Differences in yields among wealth classes of farms were explained by some of the

biophysical factors which affected yields between farms. Factors including number of

functional leaves, weevil damage, soil K/Mg ratio and % clay did not significantly (p

0.05) differ between farms of different wealth classes (Appendix 4).

80

I

Means followed by similar letters within a column indicate statistically (P > 0.05) similar levels of nutrients 
between wealth classes

Rich
Poor

-6.44
0.96

4.5.3 Abiotic factors explaining yield differences among farms of different wealth 
classes

0.64±0.24ab

0.73±0.15b
0.37±0.10ab

0.64±0.14a

0.15±0.02ab

0.33±0.06a

2.60 ±0.29a

0.14±0.03a

2.36± 0.28b

2.52±0.15ab

0.38±0.11b

0.16±0.01b



Among soil fertility factors that significantly (p 0.05) varied with wealth class of farms

were, pH, exchangeable Ca and Mg. Mean soil pH was significantly (p = 0.0191) higher in

plantations of the rich than in those of the medium and poor farmers. But plantations

belonging to the medium and rich farms had no significant differences in soil acidity (Table

16). The rich farms had significantly (p = 0.0027) higher exchangeable soil Ca than those for

medium and poor farmers, respectively. However, mean soil Mg in plantations of poor

farms was nearly double that in plantations of medium class farmers and the difference was

significant (p = 0.0038). However, the Mg content in rich farmers’ plantations was not

different from the levels in poor farms (Table 16).

Banana mat density in poor farmers’ plantations was significantly (p 0.0001) higher and

1.4 times more than that in wealthy farmers’ plantations, which was similar to that in

medium farmers’ plantations (Table 15). Nematode root necrosis was significantly lower in

wealthy farmers’ plantations than that in poor and medium fanners’ ones although the

differences were not significant.
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Table 16. Means ±SDEV of selected factors in farms according to level of farmer

resource endowment

Average values of yield-determinants of farms, a function of wealth class

Abiotic factor Medium RichPoor

Soil pH

Exch.Ca (cmol(+)kg'')

Exch. Mg (cmol(+)kg-')

Nematode root necrosis (%)

Plant density (plant ha'1)

0.05

4.5.3. Biophysical factors limiting banana yields within farms of different levels of

resource endowment

The abiotic factors, which limited yields among rich farms, were different from those that

restricted yield improvements among medium and poor farms. Across wealth classes, soil

fertility factors accounted for 50%, 60% and 77.8% of the total yield limitations in rich,

medium and poor farmers, respectively. Pests were equally important among rich and

medium farmers contributing ’/3 of yield limitations in the respective wealth classes but of

least significance (22.2%) among poor farms. Yield limitations due to crop management

aspects were less important across wealth classes mostly in medium (13.3%) and rich

(16.7%) classes than previous factors. Soil fertility, pests and management related
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Means followed by same letters in a row are not significantly different at P 
Exch. K among farms was approximately equal

3884±649a

1.66±0.93a

2655±442b 2716±323b

1.58±0.58b

7.3±2.7a

1.92±1.35ab

1.94±1.17a

7.2±1.9a

2.88±1.41c

4.6±1.0b

5.8±0.7a

0.94±0.3Ib

6.5±0.7b6.2±0.5b



constraints were even more distinct with respect to relative distances to the homesteads of

different farm types.

4.5.3.1 Soil yield-limiting factors

Soil pH was not a yield limiting factor among rich and medium farms but a major constraint

among poor farms occurring in all distances of their homesteads (Table 17). All mid­

distance areas in poor farms had yield limitations due to pH and % of close and remote

distances of their homesteads had pH limitations.

There were no yield limitations due to soil exchangeable Mg content across all wealth

classes. Soil Ca was not a yield limiting factor among the rich fanners but constrained yields

among medium farms in mid-distance and remote areas to the homesteads. Conversely,

similar areas to homesteads of poor fanners had no Ca yield limitations. Soil K/Mg ratio

was not yield limiting among poor fanners, but was limiting in all distance classes from the

homesteads of rich farmers. Half of the CF, MF and RF of latter fanns had soil K/Mg

limitations as opposed to 40% and 20% CF and MF in farms of medium class.
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Table 17. Percentage of areas limited by soil fertility factors within farms of high,

medium and low resource endowment

Yield limitation (% locations* constrained) within farms of from threeSoil parameter

wealth classes

RichMediumPoor

RD to homestead

0033.3ClosePH
00100Mid-distant

0033.3Remote

0033.3CloseExch. Ca
020Mid-distant 0

0200Remote

000CloseExch. Mg

00Mid-distant 0

000Remote

50400K7Mg ratio Close

5020Mid-distant 0

0 500Remote

4.5.3.2 Yield-limitations due to pests

Banana weevil damage was a common constraint to yields across all wealth classes. Rich

farmers had similar yield limitations in close and remote areas from the homesteads which
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were more than those limitations from respective distances of medium farmers (Table 18).

fThe number of relative distances (RD) constrained by a soil parameter within a wealth class was expressed as 
a fraction of N distances in a wealth class e.g.100% means all mid-distances of poor farms had yields 
limitation of pH

Medium farmers had nematodes as an additional constraint only in RF from their



homesteads. Although the CF and MF areas of poor farms were not constrained by the pest,

it was however a critical constraint in remote areas to their homesteads.

Table 18. Percentage of areas limited by banana pests within farms of different levels

of resource endowment

Yield limitation (% locations constrained) within farms of three wealthPest

classes

RichMediumPoor

RD to homestead

5040Banana weevil Close 0

Mid-distant 00 20

66.7 20 50Remote

Close 0 0 0Nematodes

Mid-distant 0 0 0

Remote 0 20 0

4.5.3.3 Crop management aspects

There were no yield limitations due to fewer functional leaves at flower bud emergence

among poor farms and in CF to homesteads of other two wealth classes. A fifth of MF in

medium farms had yield limitation due to few functional leaves which was of the same
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magnitude to that in RF to their homesteads. The rich had 50% MF whose yields were 

limited by few functional leaves.
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CHAPTER FIVE

5.0 DISCUSSION

5.1 Diagnostic survey

5.1.1 Household characteristics

The characteristics of the 50 surveyed households showed important socio-economic and

biophysical aspects in banana production. Land holdings per household are generally small

0.5 ha (Uganda Ministry of Agriculture,and bananas were produced on small plots,

1992; Gold et al., 1999a). The observed differences in terms of household objectives,

production activities and income strategies were good indicators of farmer resource

endowment or household wealth. Classical indicators of household wealth included land

hectarage, size of plantations, % salary earners, hired labour and yield trends.

There exists a strong link between household wealth class, biophysical factors (some

constraints), and banana yields. Heavier bunches on wealthier (medium and rich) farms

corresponded with higher soil C and N levels in their banana plots and significantly more

livestock units. This could be interpreted as a consequence of manure inputs in plantations

of wealthier farmers as suggested by Bekunda (1999).

The rich farms sourced income from family support, better paying activities and salaries, as

opposed to the poor who were more engaged in time-demanding activities particularly

charcoal burning and selling. Medium farms also had better income from trade in

merchandise or shop than poor ones. Wealthier farms owned more resources which were

further used to pay more labour. Obviously, higher levels of resources and slightly better

soils in richer than medium and poor farms respectively, implied more productivity and

higher yields. This partly confirms the contrasting experience on yield trends (Table lb)
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among farms of different wealth class. Moreover, most richer than medium and poor farmers

worked with social groups dealing with bananas as one of the priority crops (results were not

presented) meaning that wealthier farms received at least advise on banana production.

The above findings indicate strong relationships between biophysical and socioeconomic

factors that determine banana yields (Bashaasha, 2001) suggesting that understanding spatial

variability of (a)biotic factors, in relation to yields, by farmer resource endowment is very

important.

5.1.2 Yields, constraints and farmer perceptions of production constraints

The mean bunch weight 15.7 Kg (±4.7 s.d.) in the study area approximates2 to yields 29 t ha'

1 yr'1 which falls within the range in Southwest Uganda (Van Asten et al., 2004). However,

bunch weight range of 5 to 60 kg between farms and large variation indicates that yields are

much lower than 29 t ha’1 yr'1 in most farms. Since bunch weight was determined on small

sample of 3 bunches from a plot of 0.33 ha, perhaps the selected bunches were not

representative of a plot in terms of size.

Fanner perceptions of causes of low yields are interesting when comparing to the

verifications in the survey. Banana weevil {Cosmopolites sordidus, Gennar) was considered

the most important constraint to yield decline. Mean corm necrosis (4.6±0.3%) on recently

harvested plants was slightly greater than the 4.5% threshold in banana plantations, hence

weevil pressure was moderate (Gold et al., 1994). A recent study by Wairegi et al. (unpubl.

data) reported mean weevil damage of 3.6% in 180 plots across four regions in Uganda with

minimal difference between the lowest affected region (3.0%) and the region with highest
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average damage (4.2%). Hence, the Butare study site seems more severely affected by

weevils than what is generally found in Uganda. Root necrosis averaged 4.5%, which is less

than 6.4% considered as critical level (Speijer et al., 1994). Nevertheless, root necrosis

though lower than the levels reported in other three regions (Wairegi et al., unpubl. data), is

however much greater than the 3.3±0.7% reported by the same authors in the Southwest

region. However, it is frequently realised that farmers’ perceptions of soil pests are poor

(CGIAR, undated) and this explains farmers’ low awareness about nematodes in spite

mentioning toppling. Diseases are equally important to pest on surveyed farms since their

incidence and severity was high. Determining the effects of foliar diseases like BSV among

others on banana yields is therefore important. Soil fertility was perceived as a secondary

constraint in decline of banana production but, foliar analyses indicate nutrients are limiting

in most plots, thus the problem of nutrient deficiencies actually exist. Low soil fertility may

not be actual problem on some farms where plantations existed for a minimum of three years

as stated by Abera et al. (1999). Looking at the socioeconomic indicators and their link to

soil status in farms (Table lb), findings suggest that the problem may be more serious in

poorer farms.

Deteriorating management of plantations could be attributed to limited access to hired

labour in most households coupled with small sized families to provide labour (Table lb).

According to Bagamba et al. (2003), activities, for instance weeding and crop sanitation

lot of labour, implying that such

activities were perhaps less frequently undertaken among poor farmers.
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5.1.3 Soil fertility status and foliar nutrient concentrations of established banana

plantations

According to Foster (1971) and Lahav and Turner (1983), critical values for soil pH, organic

matter, total N, available P and exchangeable Mg are 5.2, 3.0% 0.18%, 15 mgkg’1 and 0.5

cmolkg’1 respectively. The pH of the soils in the study area generally is slightly acidic

(Brady, 1990; Okalebo e/ al., 2002). The medium pH of 5.8 is within the range of 5.5-7.0

for good nutrient availability (Landon, 1984). Nonetheless, soil pH had no correlation to

foliar cations which could imply that pH values in that range did not significantly influence

availability to plants of exchangeable bases.

SOM contents (mean = 2.50%) are moderately high (Okalebo et al., 2002) but are below the

critical value of 3.0% for optimal banana production. Therefore, adding organic material to

the soil is crucial to improve the soil C status; and also increase exchangeable bases

(Stevenson, 1986) since SOM/cations relationships were apparent. Significant negative

con-elation between %SOM and concentration of foliar micronutrients is probably due to the

formation of micronutrient-organic complexes of low solubility (Steven, 1991).

The soil analysis results also indicate that low available phosphorus is not a problem in most

farms, but low N and low Mg (sufficient in only 17 plots) are inadequate for banana

production. However, high levels of P antagonize uptake of Fe, Zn and Mn (Shahandeh et

al., 2003) and this may lead to deficiencies of the micronutrients.

Nitrogen deficiencies might be an actual soil fertility problem per se basing on soil N tests

[no leaf N compositions]. Potassium is critical to banana production as bananas take it up in

greater quantities than all other nutrients combined (Turner et al., 1989). Landon (1991)

suggested soil exchangeable K values in range (0.32-0.74 cmolckg''), as adequate for
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bananas while Walmsley et al. (1971) cited 0.4 emolckg'' as the critical level for soil K. By

either criterion, soil K was adequate in most sites (Table 3a).

Foliar P and K levels were deficient in banana stands on all locations according to diagnostic

considered as optimal for banana production, although soil tests suggested a moderate-high

supply for both elements from most plots. However, some banana stands (27 plots) were

adequate in potassium. Therefore, the interpretation of foliar analysis with DRIS norms

indicates that P and K occurred often as limiting nutrients. The critical nutrient level by

Lahav and Turner (1983) also suggested that sulphur deficiency in particular, was a key

constraint in banana stands on nearly all plots. The DRIS norm for foliar Mg (0.41%) cited

by Angeles et al. (1993) indicates that banana stands were adequate in Mg in only 14 plots

(Table 4).

The foliar results indicate Cu and Zn deficiencies diagnosed although of minor significance

to other nutritional obstacles (Table 3b) are potential serious problems that may require

further investigation.

5.1.4 Yield (s) variability in relation to biophysical factors at plot level

difficult to explain the observed variation in bunch weights, growth and foliar nutrient

concentrations to average values of soil quality indicators at plot level. Perhaps this was due

to the low number of samples per plot (3 -7) and yet variability within farms was high. The

data suggest that quantifying within farm variability in pest status, soil fertility and yields

will require a more detailed study and sampling within farms, if yields/soil quality relations
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observed yield variability.

5.2 On-farm monitoring (study approach two)

5.2.1 Soil fertility status within the farms

Soil textural analysis indicates that the soils are sandier; with sandy clay loam being the

most represented class. In this study, strong fertility gradients existed within short-distance

locations to the homesteads. The observed gradients in soil fertility were, but not striking, in

these small sized farms (< 0.5 ha) of Butare compared to those elsewhere (Prudencio, 1993;

Tittonell et al. 2005). However, in agreement with earlier study findings in Uganda banana

systems (Wortmann and Kaizzi, 1998; Bekunda, 1999), the small variability within farms

for soil fertility indicators could be explained by distance effects. The soils data suggest that

observed gradients were man-made based on high variability in nutrient levels within close

distances. The % silt+clay was low and similar in all distances to homesteads, hence organic

matter management could be attributed to the observed gradients in soils of similar inherent

fertility.

Except for available phosphorus and exch. K (Fig. 3 c-d), soil analysis results of carbon did

not clearly reflect distance-homestead effects perhaps because more organic inputs may be

higher near than away from the homestead, but the inputs there are also more N rich and

therefore the organic matter turnover is faster. Hitherto, SOM but not K and P is kept at the

same level to distant areas. Phosphorus is a very stable or insoluble (Holford, 1997) but also

a good quality indicator of soil organic C content (Frizano et al., 2003) accumulation. Thus

available P fairly well illustrated (Fig. 3 c) the long term effects of organic matter addition.
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This concurs with Bosch et al. (1996), who observed high P values in particular within close

distances to homesteads, which was also evident in this study.

Household wastes and crop residues are concentrated around homesteads (Smaling et al.,

1997; Elias et al., 1998; Scoones and Toulmin, 1999) as such P accumulated in these near­

homesteads soils. Therefore, from an application point of view, it is better to prioritise P-

containing inputs like poultry droppings in remote areas to homesteads to circumvent further

imbalances due to excess P in soils close to homesteads.

In general, soil laboratory results showed that fertility gradients exist within the farms in the

study, but the variability was not significant (p > 0.05) within relative distances.

5.2.2 Concentrations of foliar nutrients in banana plantations diagnosed

The significant positive correlations between foliar nutrients and soil pH showed the

influence of soil pH on nutrient availability in the soil (Steven, 1991). The significantly

higher leaf P and Ca levels detected in plantations on upper slopes correspond to high SOM

content of the farms. The levels of foliar Ca and N concentrations are well below the DRIS

norms of 1.13% and 3.15% established by Wortmann et al. (1994) respectively. In

comparison to P and Mg levels which are fairly close to optimum levels of 0.25% and

0.48% in bananas respectively. However, diagnosis of nutrient imbalance with DRIS indices

(Raghupathi et al., 2005), overall suggest that P is the most deficient nutrient followed by

Ca, Mg and N in that order, with K not. Results contrast studies (Smithson et al., 2004; Ssali

Detected P deficiency in spite of adequate soil supply indicated that hindrance to its uptake

93

et al. 2003; Zake et al., 2000) in banana cropping systems which indicated phosphorus as

opposed to potassium deficiencies as uncommon and frequent problems respectively.



occurred because according to Steven (undated) soil test P and plant P are highly correlated,

irrespective of other factors.

Within farms, N and Mg indices contrast Ssali et al. (2003) findings of low N and Mg levels

in treatments receiving potassium-rich organic residues; in light of a balanced N in only

close distances to homesteads. Further, it also seems that Mg imbalances in close areas are

not very obvious (index = -1.38) compared with other nutrients. The slight Mg deficiency in

adjacent locations to homesteads could be attributed to high K (consequently antagonizes

Mg uptake) input from banana peelings frequently discarded to nearby areas. From personal

observations, other residues including animal manures were discarded to convenient areas;

the N balance in only CF therefore supports the significance of manure application for

alleviating N deficiencies.

Foliar nutrient concentrations fall outside or within the sufficiency range due to other causes

notably pest damage on roots. In spite of no strong evidence for pest pressure and cropping

practices effects, except for nematodes and mulch depths on foliar Mg; soil tests best explain

the observed nutrient deficiencies. Mean foliar K concentration was well above the critical

norm (Wortmann et al., 1994) for bananas resulting from adequate supply (Walmsley et al.,

1971; Landon, 1991) from soil (Table 4); therefore absence of K deficiency and greater

balance was not surprising. As opposed to very low soil Ca levels (Okalebo et al., 2002)

which corresponded to low Ca (0.66%) detected in plant tissue, foliar Mg fell below the

DR1S norm in spite of high soil Mg status (Okalebo et al., 2002) which was strongly

significantly correlated to leaf content. The low leaf Mg (0.36%) than the DRIS norm of

0.48% (Wortmann et al., 1994) could be attributed to the imbalances between soil Mg and K.

(Delvaux, 1995; IPNI, 2008) detected, that is,
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regardless of soil Mg test (Steven, undated, Jones et al., 1991). Soil cation imbalance was

further confirmed by foliar K/ Mg ratio twice greater than the norm of 5.2 (Wortmann et al.,

1944) supporting that possible nutrient antagonism occurred. Foliar nutrient expressions

indicated, a well-balanced Mg/Ca (Angeles et al., 1993) and Ca/Mg ratio lower than 2.5

(Wortmann et al., 1994) to suggest any Ca excess which leads to a Mg deficiency (Jones et

al., 1991). Meanwhile nematode root damage could have accentuated Mg deficiency

indicative of significant negative correlation. Nutrient ratios with exception of only K/P and

K/N are far below the DRIS norms indicating occurrence of hindrances to plant uptake.

5.2.3 Banana yields and growth in Butare plantations

Banana yields (bunch fresh weight) highly varied between (s.d. = 4.17 kg) and within (s.d. =

4.11 kg) farms. This large within-farm variability in small sized farms (< 0.5 ha) indicates

that there is a lot of potential for yield improvements in many farms. The mean bunch

weight of 13.5 kg is comparable to the average yield of 15.7 kg per farm obtained under

farmers’ conditions during a diagnostic survey in 2007 in southwest Uganda by Wairegi et

al. (unpubl. data); therefore yields in the study area are typical of the region. The mean

bunch weight of 13.5 kg is equivalent to an annual yield of 23.8 t ha^yr'1, which is much

lower than the potential yield of 60 to 90 t ha^yr'1 in Uganda (Van Asten et al., 2004).

According to FAO-[(Purseglove, 1985; 1990], a crop harvest of 25 tonnes/ha/yr of fresh

fruit removes 28 kg N, 7 kg P and 78 kg K per hectare per year. Lopez and Espinoza (1995,

2000) determined that 45 t ha'1 of bunch yield removes 80 kg N, 9.6 kg P and 256 kg K ha'1

and 70 t ha'1 removes 10 kg Ca and 20 kg Mg ha'’yr'’. Analogous, with bunch yield range of

15 - 23.8 t ha''yr'1 in Butare, between 25.3 - 42.2 kg N, 3.0 - 5.1 kg P, 81.1 - 135 kg K, 2.0

- 3.4 kg Ca and 4.1 - 6.8 kg Mg ha'1 yr’are removed annually from farms. The farmers are
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threatened with further decline in yields from nutrient ‘export’ based on the high dry matter

partitioning in bunches.

0.5) correlations withAll growth parameters at flowering showed significantly strong (r

bunch weight, the best yield predictor (p <0.01, r = 0.823) was pseudostem circumference at

base of flowered plants. Similar results have been reported by Garcia et al. (1980) with

respect to relationships between yield and pseudostem circumference. Contrary to McIntyre

et al., (2003) and Smithson et al., (2001) findings from a single and 10 cultivar(s)

0.5) with the number ofrespectively, in this study yields were not strongly correlated (r

functional leaves compared to other growth parameters, at flowering.

5.2.4 Within-farm variability in yields: explaining differences in bunch size and crop

growth

Heterogeneity in crop performance, for instance growth within farms, is ascribed to the

existence of soil fertility gradients and also to differential day-to-day management within the

farms (Tittonell et al., 2006). The significantly higher growth in CF than in MF and RF from

homesteads could be attributed to little or no attention in terms of crop husbandry in remote

areas leading to significantly poor plant growth and finally small bunches. These findings

support visual observations in surveys elsewhere (Rugalema et al., 1994; Bekunda, 1999) of

differential banana performance within homestead fields.

The observed soil nutrient gradients, except for potassium (Figure 3), were not strong to

result in significant decreases in yield with increasing distance from homesteads.

High and low bunch weight in close and remote areas respectively, could partly be ascribed

to decreasing soil fertility status within farms (Table 4 and Figure 3) but mostly to
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management intensities, which corresponds to larger variability within closer than other

consequence of dumping household

organic wastes mostly in near distances. More and frequent concentrations of organic wastes

and nutrient inputs in areas closer to homesteads (Scoones and Toulmin, 1999) than in

remote ones resulted in improved soil conditions and better plant performance in former

than in latter areas.

Despite higher growth in terms of taller-vigorous plants in closer than in distant areas of

homesteads, harvest index was slightly less (0.39 vs. 0.40), respectively. Hence, nutrients

absorbed by plants are simply translated into more biomass at anthesis than fruit filling

stages of growth.

5.2.5 Influence of soil parameters on banana yields

Of the various soil chemical properties that limited banana yields, K/Mg ratio was the most

important constraint, followed by soil pH, clay content, exchangeable Ca and Mg and

Ca/(Ca+Mg+K) as described in details below.

5.2.5.1 Effect of soil pH on yields

Although the median soil pH of 6.3 was within the range 5.5-7.0, for adequate nutrient

availability (Landon, 1984; Lopez and Espinosa, 2000), adequate banana performance in

terms of yields were however constrained at low pH. The lowest bunch weight of 13.2±5.9

kg attained in the pH range 5.0 - 5.6 was a clear indicator of the effect of strong soil acidity

on banana yields. At pH values less than 5.5, toxic levels of Mn, Zn, and Al may be released
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differences in soil fertility management, usually a



(Tisdale et al., 1990 and RELMA, 1999) and liming becomes paramount due to aluminium

problems (Sanchez, 1976). The former authors stated that availability of primary nutrients

also decreases with lowering of pH below 5.5. Henceforth, less optimal and moderate

availability of macronutrients and

low bunch weight at pH less than 5.5. The pH value of 6.2 could be the optimum for banana

yields in the study area given the yield of 20.4±1.3 kg. Above this value, yields did not

increase despite further pH increase within favourable range. Nevertheless, Stephens (1970,

cited by Nkedi-Kizza et al., 2000), rate pH 6.2 as high for most crops production in Uganda;

therefore heavier bunches than 20.3 kg may be attained at pH less than 6.2, if low levels of

other nutrients are corrected.

5.2.5.2 Interactions of pH and/or soil exchangeable bases on yields

Based on critical levels of K cited by Landon (1991) and Walmsley et al. (1971), soil

exchangeable K was adequate to limit banana yields. It was thus not surprising to observe no

correlations of soil K concentration to yields in Butare plantations. Moreover, interpretation

with critical levels for banana soils regarded as ‘high’ (McIntyre et al., 2000) also confirms

that median soil K is approximately high. Therefore, based on the ‘Law of the minimum’

(von Liebig, 1863), a response of yields to soil K. was thus absent.

The strongest yield response (exponential phase, Figure 6a) occurred where soil Mg

concentrations were less than 1.04 cmol+kg'1. At higher soil Mg levels, bunch weight

increases were less pronounced; especially above 2.3 cmol+kg’of soil Mg. The flat-phase of

the curve indicated that potential yield improvements of soil Mg are not evident, largely due

to cation imbalance. Soil Mg levels of 2.3 - 6.8 cmol+kg'1 were equivalent to 0.4 - 0.2 K/Mg

ratios respectively, which exceeded the critical ratio of 0.06 - 0.125 (Lopez and Espinosa,
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2000) considered optimal for banana nutrition. Bunch weight increase with soil Mg did not

occur despite values being in optimal range, indicating that plant uptake of Mg was

depressed due to an imbalance with soil K (Delvaux, 1995). Hence, yield limitations of soil

Mg also occurred at levels (>2.3 cmol+kg'1) above the critical level.

Increase in K/Mg ratio and corresponding yield reduction with increasing pH implied that

high soil K/Mg ratio hindered possible yield improvements at higher pH levels.

5.2.5.3 Influence of clay fraction on bunch weight

0.05, R2 = 0.87) between bunch weight and clay content couldThe strong relationship (p

be explained in terms of the effect of clay proportions on root penetration and soil aeration.

High bunch weights were associated with soils having a lower proportion than 18.5% clay

(Figure 8). Clay content less than 15% corresponds to sandy loam (FAO, 1998) soils which

are well aerated. Sandy loam soil was not dominant (represented only 29% sampled

locations). Therefore; it is likely that high clay contents above 23.2% created poor aeration

I and consequently adsorption of nutrients (particularly bivalent- Ca and Mg) in the soil

(Figure 8). Mean clay content was below 35% considered to fix K+ (Ngakanou, 1987) and

entrap NH

clay contents was mostly due to inadequate aeration and nutrient imbalance.

5.2.6 Contribution of banana pests and diseases to yields

Yield losses collectively attributed to banana pests (weevil and nematodes) and diseases

were second to soil fertility factors. Banana weevil could however be the first indicator of

yield constraints in Butare since weevils accounted for nearly a third of the total yield
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limitations. Although diseases are not a major threat per se, bunch weight depressions

(16.9% - 21.5%) at the observed severities signify that yield losses could go up if plants with

fields is moderate, by BSV and more than 20% bunch weight depression, the disease is a

potential constraint to yields.

5.2.6.1 Banana weevil damage levels and related-yield losses

Weevil damage to the central cylinder and corm (means = 7.4%) was well above 3% and

5%, respectively interpreted as low by Gold et al. (1999). Therefore, weevil damage was

high in Butare plantations causing significant reductions in bunch weight and accounting for

0.05) of all yieldthe highest yield limitations. The significant and negative correlations (p

variables and weevil damage supported the postulation: weevil damage to the inner rhizome

has the greatest impact on yields (Rukazambuga, 1999). The impact of high weevil damage

was also illustrated by the drastic linear (R2 = 0.850) decrease in bunch weight (Figure 9)

which showed that weevil could grossly reduce yields in most farms. The high variability in

the pest status within farms, coupled with common mat disappearance, also indicates that

weevil is a more serious problem than other constraints in farms. Weevil yield-limitations

quantified are in agreement with farmer’s perception in the survey that this pest was the

most important constraint to banana production.

5.2.6.2 Nematode damage and -related yield losses

Root mortality (23.6%) associated with nematode damage is considerably high. The necrosis

of total root cortex in functional roots (6.4%) was higher than the threshhold level of 5%

100

severe symptoms increased. With less than 50% plants severely affected, that is severity in



root necrosis in banana plantations (Speijer et al., 1994). Although nematodes caused slight

damage, < 25% necrosis to plants (Gowen et al., 2005), it was however surprising that slight

nematode damage significantly reduced yields (Figure 10). Moreover, low nematode

pressure contributed to considerable yield limitations. Bunch weight was strongly related

(R2 = 0.765) to nematode damage levels, suggesting that nematodes could cause significant

reductions in bunch weight when the pressure is high. Considerable reductions in bunch

weights with small increments of 3% in root necrosis signify the potential yield losses from

nematodes. In addition to toppling which occurred at low nematode pressure, collectively

indicate the significance of nematodes as potential constraints in the study plantations.

5.2.7 Influence of crop management practices on EAHB yields (cv. Enyeru)

Crop management practices on the farms appeared to have the least direct influence on

yields of bananas. Mat spacing and leaf pruning directly influenced bunch size while above-

ground biomass yield was directly affected by weed incidences.

5.2.7.1 Cultural practices affecting banana yields

Absence of clear relationships between yields and some cultural practices does not rule out

crop performance were

obscured by both low levels of practices employed and other factors (high weevil pressure

and fairly fertile soils). Weeds directly influenced biomass yield indicative of a significant

correlation between weed pressure index and above-ground biomass. The reduction in

above-ground biomass (ABG) by 50% in weedy mats relative to clean ones is the effect of
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weed competition for nutrients, water and light with crops (Zimdahl, 1999) which was



1

pronounced at high weed pressure. Reductions in biomass yield reflect the need to better

control weeds for good harvest since above ABG was highly correlated to bunch size.

low and short, respectively, hence

probably too insignificant to affect bunch sizes. Likewise, mean mulch depths at harvest in

the banana stools were too low, less than 5 cm, to directly influence bunch weight.

5.2.7.2 Influence of mat density on banana yields

Although there was no yield limitation due to high mat densities, bunch weight was highly

resulted in drastic decreases in bunch weight (log-phase of the curve) owing to

excessive competition for nutrients, water and light (Padian et al., 2007). The mat density of

1512 (spacing at 2.6 m) gave a higher bunch weight than 1,111 (3 m by 3 m) mats per ha

suggesting that optimum mat density could be attained at former spacing. The agronomic

recommended spacing of bananas is 3 m by 3 m (NARO, 1998), but in view of maximising

bunch weight, results above (Figure 11) demonstrate that fanners in Butare could adopt

between 2.3 m and 2.7 m spacing for an additional 0.5 to 0.8 kg of bunch, respectively. Soils

were adequate in most nutrients (Table 4) particularly in K; the most critical nutrient to

banana yields (Turner et al., 1989), thus bunch size reduction at high mat densities could

primarily be attributed to reduced radiation use efficiency.
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competition with bananas for nutrients and water (Wallace, 1938; NARO, 1998) was

correlated (P < 0.05, R2 = 0.904) to plant population. Higher mat densities than 1,961 plants

ha'1



5.2.7.3 Effect of leaf pruning on EAHB yields

Linear correlation analysis indicates a moderately strong (r > 0.4) association between bunch

weight and biomass, and the number of functional leaves at flowering. The number of

functional leaves generally reflects photosynthetically active leaf area (Smithson et al.,

2001); therefore the increase in yields indicative of bunch weight can be attributed to proper

fruit filling of photosynthates (Soto, 1985; Robinson, 1996). The initial strong increase (log­

stage of the S-curve) in bunch weight indicated that there was a yield limitation due to fewer

than 9 leaves compared with slight and negligible increase in the second and third upper

(10-12) ranges of leaf number, respectively. Although the minimum number of functional

leaves at flowering to achieve maximum yields is 12 (Robinson, 1996; Tushemereirwe et

al., 1996); according to the latter authors, the threshold leaf number for maximum yields

may be lower than 12 in EAHB. Therefore, farmers can optimise yields (Table 11) by

maintaining at least 9 leaves at flowering. Nonetheless, farmers in Butare should target to

maintain up to 12 leaves at flowering because, a banana plant requires more leaf tissue than

needed for maximum fruit yield for it to build a strong pseudostem, capable of supporting

the bunch (Stover and Simmonds, 1987). Findings above are consistent with earlier studies

(Ostmark, 1974; Pillai and Shanmugavelu, 1977; Shatyarayana, 1986) elsewhere, and rather

recently (Tushemereirwe, 1996), which demonstrated that leaf pruning of bananas caused

severe yield reduction. The latter author in a trial at Kawanda station reported a significant

defoliated from 4 and 2 leaves at flowering.

The number of leaves was neither related to leaf diseases, as stated by Karamura and

Karamura (1995), nor to nutrient concentrations, nematode and weevil damage as suggested
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by Tushemereirwe (1996). The weak correlation with weed index, suggested that weed

competition, induced negligible moisture and nutrient stresses which slightly affected leaf

development. Reduction in the number of leaves per plant attributed to farmers’ practices of

deliberate defoliation (Tushemereirwe et al., 1996), which was evident in the study site from

personal observations. The same authors stated that most farmers remove heavily spotted

leaves (yet functional) before and at flowering, for use as mulch or for wrapping food for

steaming. For this study site, leaf defoliation by farmers for mainly food preparation was

responsible, for low bunch weights and yield limitations.

5.3 Interactions between banana pests and diseases with soil fertility parameters

5.3.1 Pests and soil fertility' status within farms

It was hypothesized that soil fertility and yield declines, and pest pressure increase moving

from adjacent areas to further away from the homestead. From literature (Obiefuna, 1991;

Treverrow et al., 1992; Van Asten et al., 2004), it was expected that weevil and nematode

pressure would be low, and soil fertility would be high, near homesteads. However, as for

nematode and weevil pressure, the trend was different over both absolute and relative

comparatively low (Gold et al., 1999) in mid-distance areas, weevil damage did not

correspond to any soil parameter in the same distance (cf. Table 4).

Contrary to Rubaihayo et al. (1994) who found high weevil pressure in closer than remote

areas from homestead due to favourable-moist conditions, the significant increase in weevil

damage with distance from the homestead could be partly attributed to surprising increase in

mulch thickness and coverage away from the homesteads. Like discarded organic materials

from households which favour weevil activity (Gold et al., 2000), surface mulch increases
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soil moisture (McIntyre et al., 2000) creating a humid microenvironment (Gold el al., 2003),

thereby explaining the observed higher weevil pressure in adjacent than remote areas of the

homesteads.

The within farm interrelations of soil fertility parameters and pests were not very obvious

with respect to distance from the homesteads since crop management, which varied within

farms, also directly influenced the pest status.

5.3.2 Soil fertility parameters/ pests interrelationships between and within farms

Decreasing nematode damage associated with increasing levels of soil nutrients, specifically

N, P and K, could be attributed to increased plant vigor and hence more tolerance to

nematode attack.

The combined effects of SOM on plant vigor, that is, nutrients supply (Brady, 1990) and

good water holding capacity (Stevenson, 1986) explained why nematode damage decreased

with increase in SOM. The relationship of nematode necrosis and soil carbon in this study

concurs with Oketch et al. (1996) findings from a survey in Southwest Uganda, who

reported a decline in root necrosis due to nematode damage with increase in SOM.

The interrelation between nematode root necrosis and soil carbon in particular, also strongly

suggests the importance of organic materials application for reducing nematode infestation

in close areas from the homesteads. Heavy use of kitchen refuse could reduce the high

nematode damage in close locations from the homesteads; as such wastes decompose to

form organic matter and related compounds.

The strong negative relationship of soil Ca (r -0.5) and leaf Ca, with root necrosis and

much variation (30%) in root necrosis explained by soil Ca, supports their role in plant
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resistance. Calcium is required in the structural integrity of the cell wall (Marschner et al.,

1997) and is required in a plant’s defense mechanism (Bosch et al., 1996). Thus low soil Ca

levels likely led to lowered resistance reflected by high nematode damage levels at low

cation concentration.

Similarly, Talwana (2003) and Bamwiki (2004) suggested from study findings that host

plant tolerance to nematodes could be improved by increased supply of plant nutrients,

particularly soil calcium.

The relationship between soil available P and weevil damage was substantiated by Bosch et

al. (1996) who related the role of P in the formation of gel, to host plant resistance against

weevil attack. These findings are in agreement with those of Bosch et al. (1996) who

0.05, r = 0.406) correlation between soil P and weevilreported a positive significant (P

number in highland bananas in Kagera region Tanzania. Banana weevil is also sensitive to

moist soil conditions (Tinzaara, 2005) besides plant nutrition (Okech and Gold, 1996). High

water retention capacity is a unique property of SOM (Brady, 1990), which explains the

moderately strong positive relationship (r = 0.464) between %SOM and weevil damage,

besides supplying 50-55% soil phosphorus.

Disease expression in plants is also directly related to soil fertility (Tushemereirwe et al.,

1996). Therefore, the negative significant relationships between LS disease severity and soil

parameters indicated increased plant vigour/ tolerance and less disease expression in

vigorous plants. The severity of leaf spot diseases was hence lower on banana plants grown

on more fertile soils (high levels of SOM, total N and available P) than on those on less

fertile soils.
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5.3.3 Influence of crop management practices on pest and disease status of EAHB

Poor crop management practices have been shown to exacerbate the effects of banana

diseases (Murekezi, 2005). Detrashing and rouging are widely recommended measures for

management of fungal (RELMA, 1999) and foliar (Daniell et al., 2001) diseases,

respectively. According to Tushemereirwe (1996), the expression of all above ground

infections is affected by, among other factors, relative humidity through its effect on

symptom development. Humid conditions are associated with more dry leaves appended on

the plants. Older leaves acted as a barrier to radiation or air circulation, thereby increasing

humidity and favored host predisposition to diseases (Fig. 15). Similarly, Kungu’u et al.

(1992) found that poor sanitation exacerbated leaf spot diseases in highland bananas in

Kenya. The significantly strong (p < 0.01, R2 = 0.803) relationship between weed infestation

and mulch depths could be interpreted as weed-growth suppression effect (Figure 14);

mulched mats. Obiefuna (1991) and Speijer et al. (1991) attributed increases in banana

production (reduced nematode infestation and heavy bunches) to effect of mulch on weed

control. Findings not only demonstrate the significance of mulching for weed control but

also reflect its indirect role in enhancing banana yields (cf. Figure 13).

5.4 Fitness of boundary-line for analysis of yield responses

Much of the variance (53.1%) in the observed yields has been explained by quantified

biophysical and crop management gradients. Although the r-square value is not one (not

perfect), it indicates a good fit of the model. The unexplained yield gap is the contribution of

unmeasured factors, for instance cultivar yield potential which perhaps limited yield

improvements. It is known that bananas require large amounts of water (Robinson, 1995,
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resulting from exclusion of light for shoot growth (Zimdahl, 1999), evident in highly



1996) and on average 25

1985) is the crop’s requirement. Rainfall record at the catchment (Figure 1) is well

distributed with no prolonged droughts and it is typical of most banana-growing areas in

(Oketch et al., 2004).. According to

Oketch et al. (2004), >50% yield losses in EAHB occur where annual rainfall is less than

1000 mm, not typical of the study site. Further, the same authors attributed strong temporal

variation in banana yields to fluctuations in rainfall with time (years). Against this

background, the effect of water on yields is arguably a more temporal than spatial aspect

(this study was done in one catchment), an understanding of which requires long-term data

ofboth rainfall and yield.

The multivariate model considers each point in the field separately (Shatar and McBratney,

2004), the results are truly RD-specific; potential yields are thus a function of the most

yield-limiting factors at that RD rather than basing on the whole-farm, which is a collection

of varying biophysical and crop management factors.

5.5 Yield trends within and between farms from different levels of resource endowment

The observed yield improvements in rich farms compared to medium and poor wealth class

farms, (Table 14) reflect differential input use due to farmer level of resource endowment

(cf. Table la). The results also suggest that input use is only not higher but also more evenly

distributed within rich farms than within medium and poor types. It was notable with the

number of fingers with significantly large variation within poor farms (119, 115, 84), than

medium (116,108,105) than rich ones (109, 110, 100), respectively. The number of fingers

resource levels.
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was thus a better indicator than bunch weight of yield variability within farms of different

mm of rainfall per week; equivalent to 1300 mm yr 1 (Purseglove,

Uganda, where annual rainfall are below 1300 mm



The above results support the study hypothesis of large within-farm variability in poor than

medium and rich farms owing to higher levels of resource endowment and to uniform

distribution of inputs in wealthier farms. The results also suggest the rationale for uniform

distribution of inputs, especially within resource-poor farms if general yield improvements

are to be realized from such farms.

5.5.1 Nutrient deficiencies in plantations of three wealth classes

Levels of foliar nutrients (except K) in plantations of all the wealth classes are below the

DRIS norms established by Wortmann et al. (1994). The considerably higher leaf Mg and

production on the richer than on other farms. Specifically, increasing soil pH is known to

partially correct a Mg deficiency (Steven, undated) by increasing Mg uptake. Together with

base cations which SOM supplies (Stevenson, 1986), explain the appreciably high Mg and

Ca levels in plantations of rich farms. Deficiencies of foliar P and Ca appeared more among

poorer than medium and rich farms, respectively. Foliar N and Mg are however fairly

balanced in plantations of poor farms with critical deficiencies of N among wealthier farms.

5.5.1 Yield limiting factors determining differences in yields among farmers from the

wealth classes

Despite significant differences in soil pH between wealth classes, mean pH values (5.8, 6.2

and 6.5) are all sufficient (Lopez and Espinoza) to explain yield differences observed.

Similarly, mean values of soil exchangeable Ca and Mg are well below the optimal range for
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(Table lb), soil pH and bases (Table 16) partly associated to more animal manure

Ca in plantations of richer than the other two wealth classes, is a reflection of higher SOM



good yields (Landon, 1984). However, it was evident that yield improvements in wealthier

significantly lower nematode pressure in richer farms than in poor and medium ones (Table

16). With the exception of rich farms, nematode root necrosis was higher than 5%

threshhold level in banana plantations (Speijer et al., 1994) of the poor and medium farms.

Differences in bunch weights could be explained by mat spacing since plant density was

highly significantly greater in plantations of poor farms than in those of medium and rich

ones, respectively. Spacing has a strong impact on light, water, and nutrients use by banana

plants (Torquebiau and Akyeampong 1994; Pandian et al., 2005). Higher plant densities in

poor farms implied greater competition of especially nutrients available in low amounts

well spaced.

5.6 Yield limitations within farms of different resource endow ment

The incidence of yield limitations from homesteads within farms followed a trend that was

dependent on farmer resource endowment. Among soil parameters, pH was a classical

indicator of differential inputs (mainly soil organic inputs/wastes)

medium and in rich ones. Soil pH limitations occurred only in poor farms and this was

supported by a mean pH value lower than that in the other two wealth classes (Table 15).

The occurrence of pH limitations could be related to build-up of soil acidity which also

results from decomposition of organic matter (Brady, 1990). The implication is that: the

effect of dumping organic refuse (e.g. waste foods, ‘left-overs’ and other vegetable matter)

large ones (0.52 and

0.61 ha) of the medium and rich classes, respectively.
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was stronger in smaller farms (0.37 ha) belonging to the poor, than in

(mainly Ca and Mg), thus small bunches compared to wealthier farms in which mats were

use in poor farms,

farms (Table 14) resulted from significantly higher soil Ca levels and to an extent



mostly recycled banana residues, bunch peelings inclusive for soil

fertility management and such residues are rich in K (Van Asten et al. (2004). Rich farms

produced more residues, as they also had high yields, than medium and poor ones,

K/Mg ratio.

Ill

Farmers in the study area

respectively owing to high resource endowment, hence had the most yield limitations of



CHAPTER SIX

6.0 SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

Highland banana yields (14.3 t ha'1 yr’1) of the most dominantly grown genotype (cv.

mostly constrained by soil

fertility-related parameters contributing 60% yield limitations, pests and diseases accounted

for 30% and crop management practices 10.0% of total yield limitations.

Yields, yield limitations and constraints were different between and within farms in wealth

6.1 Key study findings on most important constraints

■ Although soil fertility parameters collectively contributed the largest fraction of yield

limitations, banana weevil (C. sorclidus Gennar Coleoptera) was the most single

important (26.7% yield limitations) factor. Weevil conn necrosis (0% to 66.5%, mean =

0.05, R2 =7.4%) on plants harvested was high. Bunch weight strongly significantly (p

0.850) decreased with weevil damage. From boundary line analysis (BOLIDES), the

maximum and minimum bunch weight at the lowest and highest weevil damage,

respectively was 22.0 kg and 9.2 kg. This was equivalent to a 54.5% reduction in bunch

weight and a cash loss of UGX 1, 300 (US S 0.764) per bunch at fann gate price. Eight

mats that disappeared were heavily attacked by weevil during the monitoring study, in

addition to observed stunting in infested plants.
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Enyeni) on established plantations in the study site are low. Yields in this major banana

classes (rich, medium and poor) dictated by farmer resource endowment as highlighted 

below.

producing catchment/ valley of Butare, Ntungamo district were



K/Mg ratio (20.0%), pH (16.7 %),

clay fraction (10.0%), exchangeable Ca (10.0%) and Ca/K+Mg+Ca ratio (3.3%), of the

total limitations. Nitrogen and potassium levels were rather adequate, being well above

0.01, r =positively significantly (p

0.424) correlated to bunch weight. Low concentrations of exchangeable bases, low soil

pH, high K/Mg ratio and clay percentage, limited yield improvements. DRIS analysis

indicated there were no deficiencies of K, and N imbalances, except in close areas from

homesteads, and deficiencies of foliar P are more severe than of Ca and of Mg,

respectively.

* At soil exchangeable Mg concentrations less thanl.04 cmoLkg'1, the strongest yield

response occurred but no yield improvements resulted despite increase in Mg levels

within the optimum range. This was explained by an evident cation imbalance (high

K/Mg ratio) which usually depresses uptake of soil Mg.

constrained by low pH values 5.0 - 5.6 and this was attributed to decreased availability

possible to harvest 10.2 kg at mean pH value 5.0, an increase in pH to 5.6 corresponded

to a 50.0% bunch weight increase. In addition, yield improvements were enhanced with

small increments in pH up to 6.4, but further increase in pH did not change soil Mg and

yields. The results strongly signify liming at pH < 5.6 to overcome hindrances to yield

improvements. On practical and economic points of view, fanners might not afford

commercial lime but can use locally available soil amendments like wood ash to raise

pH appreciably in a long run.
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critical values to limit yields though only N was

of nutrients and partly to moderate solubility of non-nutrient elements. Although it was

Soil fertility parameters which limited yields were

■ The response of bunch weight to soil pH indicated that yield improvements were



yieldsII

attributed to inadequate soil

aeration. The causes (nutrient imbalance and poor aeration) of yield limiting due to high

clay fraction can be improved by enhancing water infiltration through soil conservation

practices.

also limited (3.3%) by nematodes and root necrosis significantly reduced

bunch weight (p < 0.05, R2 = 0.765) and linearly decreased biomass (p < 0.01, r = -

0.426) in spite of the root damage which was insignificant (< 25% root necrosis). The

findings suggest that nematodes could cause significant reductions in bunch weight and

other yield variables when the pressure is high. Yield limitations due to nematodes

should be of a concern based on the slight damage on plant roots at bud emergence.

Banana streak vims, black Sigatoka and leaf spot diseases depressed bunch weights by

21.5%, 17.9% and 16.9%, respectively in severely affected plants compared to disease-

free ones. Only 45% and 26.7% of plants showed severe (score

and leaf spot diseases respectively, thus disease severity in plantations was low. The

expression of these diseases was exacerbated by poor crop sanitation. Leaf rouging

(indicative of cumulative dead leaves) was less frequently undertaken and disease

severity was significantly influenced by the number of dead leaves hanging on the plant

at harvest. The extent of leaf rouging largely depended on how often a mat was weeded.

thus high levels of sanitation in plantations will be paramount in keeping disease severity

at low levels.

Among crop management practices (mulching, mat spacing, weeding, intercropping and

manuring), only leaf pruning contributed to yield limitations. Spacing however
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Yields were

0.847) in bunch weight with increasing clay content was

Like soil pH, clay content is an equally important yield-limiting whose effects on

***) symptoms of BSV

can be addressed (clay fraction can not be changed). The strong decrease (P < 0.01, R2



0.01, R2 = 0.909) reduced bunch weights especially at highsignificantly strongly (P

densities (2,906 - 4,933 plants ha'1). Bunch weight (kg) gradually reduced as, 22.3, 22.8,

21.7 and 16.6 with decreasing mat area (increasing plant population) from 1512, 1906,

3.0 m spacing) suggesting that the former spacing should be maintained for bunch

weight maximisation.

emergence. The mean bunch weight in plants with half the maximum number of 12

58% less. However, farmers should target to maintain at least

nine leaves at flower bud emergence, even for other cultivars grown than Enyeru, to

optimize bunch weight. Leaf number is not used as a taxonomic tool (Karamura and

Karamura, 1998). The number of leaves did not relate to foliar and fungal diseases,

neither to weevil nor to nematode damage. It was however observed that farmers

excessively pruned functional leaves for other domestic uses. Fanners should guard

against deliberate leaf removal for other household uses and also heavy defoliation of

bananas as a management practice either for disease control or for mulch material.

6.2. Key study findings on within-farm variability in yield, limitations and constraints

by farmer resource endowment

• Yields were higher among rich fanns than medium and poor ones, respectively, but

within-farm variability of yields was larger among fanns of lower resource endowment,

following the order: poor medium rich. Banana yields in close distances from

homesteads were approximately equal among farmer groups but the large within-farm
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leaves at flowering was

3500 and 4993 mats ha'1, respectively. The mean bunch weight at 1512 mats ha 1 (2.6 m

x 2.6 m spacing) was 0.8 kg heavier than the weight attained at 1,111 mats ha 1 (3.0 m x

Yield improvements were constrained by few functional leaves at flower bud



variability of yields apparent in the poor and medium small-sized farms, was attributed

to uneven distribution of scarce inputs which

yields in CF were similar in all wealth classes.

1 Banana weevil was a critical constraint to yield improvements among rich and medium

(but not poor) farms, occurring in close distances as well in remote (for the rich) and

mid-distances (for the medium) to their homesteads. Weevil limitations which occurred

additional impact of dumping of moist refuse (wastes/wash water, discarded foods and

vegetable matter) generated from their households.

improvements especially among poor farms, with pH limitations occurring in all relative

distances and for Ca in only close distances from their homesteads. Phosphorus

imbalances were larger in plantations of poor farms than in those of medium and rich

ones, respectively.

■ There were no yield limitations attributed to soil K. in all farm types and foliar K. was

equally well-balanced. Only wealthier farms had high soil K/Mg ratio as an additional

yield-limiting factor. Though soil Mg did not limit yields, there was however an

imbalance of foliar Mg in medium farms.

• In terms of crop management, the rich and medium farms had significantly (p 0.001)

lower plant densities than the poor ones. Wealthier farms thus used better mat spacing

although mat densities were higher (spacing was < 3

unlike medium and rich ones. The former had yields limited by few leaves in MF and RF
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m x 3 m) in all farm categories.

were concentrated in closer areas. Hence

1 Poor farms had no yield limitation of few functional leaves at flower bud emergence

in only close distances from homesteads of rich farms could be interpreted as an

I* Low soil pH and inadequate exchangeable Ca were critical constraints to yield



■

areas from their homesteads with yield limitation of few functional leaves.

The survey study findings (5.1.1) revealed that the local criteria chosen by farmers for

address some of the above constraints faced by farmers in the study area, answers should

be based on farmer resource endowment as this ensures allocation of resources to most

critical constraint (s).

jlowr farms should invest their meager resources in soil fertility management, focusing on

rraactices that improve soil pH and exchangeable bases. They should as well target at

improving agronomic practices, specifically proper mat spacing. Rich and medium farms

hcould allocate the higher resources endowed (in addition to returns from bunch sales) to

pest control, mainly to the banana weevil which was a serious threat in both farms and

■.ematodes in medium farms. They should complement cultural practices used with

pesticides for weevil control. Proper leaf pruning should be followed by wealthier farms

pecause few banana leaves at their farms significantly reduced bunch weight at harvest.

rm a nutshell, BOLIDES revealed that banana weevil, high soil K/Mg ratio especially at low

pH, low soil pH, few functional leaves at bud emergence, high clay contents, inadequate soil

^changeable Ca and its imbalance (Ca/K+Mg+Ca) are actual constraints (in order of most

o least important) in the banana producing valley. The most deficient nutrient was P (and

not K), followed by Ca, Mg and N, respectively. The findings indicate and suggest that

nematodes, banana streak virus (Badnavirus), low soil Mg and low N, and high pH (> 6.4)

ure potential constraints to banana yield improvements.
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(equivalent to 20% of respective relative distances). The rich had half of the remote

developed was also helpful in linking production levels to constraints. Therefore, to

wealth classification (poor, medium and rich) were appropriate. The farm typology



Inhere is need to quantify temporal variation in yields and yield loss factors.

Simple fertilizer trials with different rates of P in areas of high and low pest damage to

dletermine optimum fertilizer P application rate and establish interactions.

Profile studies in relative distances of homesteads to explain the foliar P deficiencies

diespite high soil P status.
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Situdy findings suggest the following future research areas:
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Jackson

Slope position 
and class*)

Slope 
description (%)

Surface course 
fragments (%)

Erosion
features

Moderate 
(small gully)

Moderate 
(small gully)

Moderate 
(small gully

Moderate 
(small gully

Moderate 
(small gully

Moderate 
(small gully

Moderate 
(small gully

Some
(rill)

>15
(many)

>15 
(many)

Some 
(rill)

2-5
(few)

5-15 
(common)

5-15 
(common)

5-15 
(common)

5- 15= 
(common)

5-15= 
(common)

2
(none)

2 
(none

Some
(nil)

_;-andix -2. ANOVA for Tabic 12. Pest pressure within farms as defined by relative distance to homesteads 
-V P value > 0.05

-411
3

(Middle)
Middle slope

(5)
53

(7)
56

(8)
46

'Byarugaba
Sebastiano

2Mahatane David
(Lower) 

Middle slope

(Upper) 
Lower slope

(Lower) 
Upper slope

(Upper) 
Lower slope

(Upper) 
Lower slope

(115)
22.4

(12.4)
22 3

(13.6)
24.1

(13.7)
21.6

(23.0)
25.2

(126)
20.2

(7.1)
24.9

(9.9)
28.6

(10) ___________________ _______________ , ____________ ___________ .________  ,___________
>eged farms (n = 50) were later grouped into three slope positions* (in italics) and three wealth classes’ ('Poor, ’medium and rich), 
erage range from observations made on plots only for farms which had 2 different plots in terms of surface fragments and erosion

-Ul
19

(Lower) 
Lower slope

(9)
42

(Middle) 
Upper slope

Mean %
Clay and
(Silt)

~^‘x-l. Selected farms for monitoring study representing the biophysical variability in the study area

ID in 
'* »nd (No. 

"Monitoring



ANOVA(b)
"del Df F

8 4.580
195.923 51 3.842

Total 336.680

v-1'j|uple Regressions

Sig.t

-did Std. ErrorB Beta

i SitepMse regressions

R Std. Error of the Estimateid!

2.00164
.375 .353 1.92128
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Regression
Residual

Sum of Squares
140.757

RSquare
.310

Mean Square
17.595

Sig.
000(a)

4.242
.619
.584

9.200
.007
.417
.453
.118
.016

AN0VA for Table 13
«*P = 0.000

6.562 
.216 

-.249 
12.362 

1.072E-02 
.112 

-1.319 
5.307E-02 

-8.169E-03

.128 

.729 

.671 

.185
110 

.789 

.005 

.654 

.617

1.547
348

1.344
1.627
.269

-2.911
.451

-.504

.059
-.216
.498
.489
.040

-1.321
.103

-.063

Model Summary

Adjusted R Square

.298•557(a)
612(b)

si ctors: (Constant), EXCH_CA
-: ctors: (Constant), EXCH_CA, TTL_N1TR

^Constant) 
SOIL PH 
soc' 
TTLXITR 
AVAILP 
E.XCHK 
EXCHCA 
SilLTPCT 
WIST.KIT

ep-endent Variable: PCNT NEC

*?endiv3. Regression of nematode root necrosis on soil fertility factors: 
•I OimiTS EXTRACTED FROM SPSS WINDOW

____________________ Coefficients(a)______________________
Unstandardized Coefficients Standardized Coefficients

59
Victors:(Constant), DIST.KIT, EXCHJK, SO1L_PH, S1LT_PCT, AVAIL_P, TTL_NiTR, EXCH_CA, SOC 
dependent Variable: PCNT_NEC



Collinearity StatisticsPartial CorrelationBeta In Sig.

J|de| Tolerance

valuesLevelsClass

3wlth_class 3 1 2

1 2 3Rel_Di st 3

Number of observations Read 48

Number of observations used 47

Data for Analysis of Hght_cm, Girth_B_ and Girth-1

differences in yields/growthno

•U (V Dependent variable: Bunch_mass

Type Mean

t Tests (LSD) for 8unch_mass

136

41

General Linear Models Procedure 
Analysis of Variance

IML OUTPUT EXTRACTED FROM THE SAS LOG

.151 

.077 

.018 

.028 

.228 

.370 

.207 

.865 

.997 

.087 

.575 

.818 

.464

DF
8

38
46

0.05 
38

.766

.175

.260

.175

.941

.495

.871

.528
7.528E-02

.164

.858

.452

.817

-.180(a) 
.460(a) 
.501(a) 
.568(a) 
.137(a)
• 140(a) 

-.149(a) 
-.025(b) 
-.001(b)
.443(b) 
.064(b) 
•036(b) 

-.086(b)

R-Square
0.077517

Mean Square
7.4949330

18.7775319

Coeff Var
31.95084

Pr > F
0.9351
0.3721
0.8695

Pr > F 
0.9140

-1.454
1.798
2.440
2.250
1.220
.904

-1.277
-.170
-.004
1.741
.564
.231

-.738

-.189
.232
.308
.286
.159
.119

-.167
-.023
.000
.227
.075
.031

-.098

Bunch_mass
Sum of

Squares I
59.9594639

713.5462128773.5056767
ROOt MSE
4.333305

F Value
0.07
1.01
0.31

F value
0.40

Bunch_mass .Mean
13.56241

source 
wlth.class 
sei Ji st 
wlth_class*Rel_Dist

Excluded Vgriables(c) 
t

DF
2
2

4

AlphaError Degrees of Freedom

I Source 
model 
•Error 
.corrected Total

SOIL PH
SOC
TTL.NITR 
avail p 
EXCHK
SILT.PCT 
DIST KIT 
SOIL PH 
SOC 
AVAIL P 
EXCH K 
SILT.PCT 
DIST.KIT _____ _ _ _

Predictors in the Model: (Constant), EXCH.CA
' Predictors in the Model: (Constant), EXCH.CA, TTL.NITR 
dependent Variable: PCNT NEC

III SS2.5255503638.1102258123.28312827

Square 
1.26277518 19.05511290 5.82O782O7

^fipendix 1 Appendix-4.Yields from different wealth classes of farms and relative distances 
Analysis of variance 

The GLM Procedure
Class Level information

MJTE: t test controls the Type I comparison wise error rate, not the experiment wise error 
urate.

Number of Observations used 48
MOTE: Variables in each group are consistent with respect to the presence or absence of 
rissing values.

irp«ndix-4A. Factorial ANOVA and LSD Fisher's test for the Hypothesis of:
M'thin farms from different wealth classes

H = Type III ss for farm (block) E = Error ss for wealth class*relative distance

Data for Analysis of Bunch.mass, Cluster.num Finger.num Abve_Grndbiom, 
FTnger.bunch Harvest_ndex



by

4A (ii) Dependent

by * **

4A (Hi) Dependent Variable: Finger_number

for Finger_num

Compari sons by * * *

4A (iv) Dependent

F
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source
Model
Error
corrected Total

Source
Model
Error
Corrected Total

95% Confidence 
Limi ts

Source 
uodel
Error
Corrected Total

DF
8

38
46

3
3
2
2
1
1

DF
2
2
4

2
2
3
3
1
1

2
1
3
1
3
2

3
1
2
1
2
3

-0.58253
-0.60978
-0.65330
-0.55469
-0.80700
-0.68114

-14.171
-13.724
-17.683
-17.812
-18.130
-18.706

Root MSE 
3.079973

18.77753
2.02439

0.65330
0.80700
0.58253
0.68114
0.60978
0.55469

17.683
18.130
14.171
18.706
13.724
17.812

3.4739
4.2271
2.7738
3.4196
2.9355
2.8281

DF 
2 
2 
4

DF 
8 

38 
46

DF
8 

38 
46

R-Square
0.139158

R-Square
0.120136

2
1
3
1
3
2

Coeff var
11.59301

Mean Square 
0.47649489 
0.73469337

Root MSE 
22.09314

wlth_class 
Compari son 

3 
3 
2 
2 
1 
1

R-Square
0.175736

Di fference 
Between 
Means 
0.3501 
0.6458 
-0.3501 
0.2958 

-0.6458 
-0.2958

coeff var
20.62463

Coeff var
36.26691

val ue
0.77

Abve_Grndbiom Mean
8.492516

Pr > F 
0.4430

Pr > F 
0.7321

Pr > F 
0.1648 
0.9604 
0.7321

Pr > F 
0.0572 
0.9533 
0.6588

Pr > F
0.6328

Wlth_class 
Compari son

wlth_class 
Compari son

95% Confidence 
Limi ts

Type III SS 
3014.991734 

46.795072 
1188.637398

Squares
3954.50768

18548.06784
22502.57552

0.03539
0.09861
-0.03539
0.06322
-0.09861
-0.06322

Mean Square
7.2840446
9.4862330

Root MSE 
0.857143

Variable-. Above-Ground biomass 
Sum of 
Squares 

58.2723568 
360.4768544 
418.7492112

Sum of
Mean Square 

494.31346 
488.10705

Mean Square 
1507.495867 

23.397536 
297.159349

F Value
1.01

F value
0.65

Mean Square 
1.38939774 
0.02970402 
0.37116921

Cluster_num Mean
7.393617

F value 
3.09 
0.05 
0.61

Finger_num Mean
107.1202

1.756
2.203

-1.756
0.447

-2.203
-0.447

Source
Rel_Dist 
»lth_class 
*lth_class*Rel_Di st

95% Confidence
Limits

-2.7738
-2.9355
-3.4739
-2.8281
-4.2271
-3.4196

Source
Rel_oist 
*'lth_class 
wl th_classt,Rel_Oi st

Error Mean square 
Critical value of t 

Comparisons significant at the 0.05 level are indicated

variable: cluster_number
Sum of 

squares 
3.81195911 

27.91834821 
31.73030733

Type III SS 
2.77879548 
0.05940803 
1.48467683

t Tests (LSD) for Cl uster_number 
Error Mean Square 0.734693
critical Value of t 2.02439

Comparisons significant at the 0.05 level are indicated 
oi fference 

Between 
Means

t Tests (LSD)
Error Mean Square 488.107
Critical value of t 2.02439 

significant at the 0.05 level are indicated 
Di fference 

Between 
Means

F value
1.89
0.04
0.51



Gv) Dependent Variable-. Finger_bunch

t Tests (LSD)

comparisons significant at the 0.05 level are indicated by
95% Confidence

Li mi ts

--•ected Total

t Tests (LSD)

by ***

variable-. Height_cm< (rii) Dependent

■ -ttted Total
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Di fference Between 
Means

Di fference Between Means

DF
2
24

1
1
2
2
3

2
3
1

3
2
1
2 
1
3

2
3
1
3
1

0.01309
0.02966
-0.01309
0.01657
-0.02966

-0.03333
-0.02356
-0.05951
-0.02985
-0.08288

Root MSE 
0.051500

9.486233
2.02439

0.04415
0.05501
0.04098
0.05343
0.01924
0.02082

3.2509 
4.0921 
1.8400 
3.3866 
0.3486 
1.0541

0.05951
0.08288
0.03333
0.06299
0.02356

DF
8

38
46

DF
2
2
4

DF
2
2
4

DF
8

39
47

Type III SS 
12.53828043 
30.66631913 
20.33448475

Mean Square 
6.26914022 

15.33315956 
5.08362119

Mean Square
859.20739
773.60857

F value
1.11

rce
eil
BIT
r'ected Total

Pr > F 
0.4826 
0.4878 0.7837

Pr > F 0.5827 
0.5331 
0.8053

Pr > F0.7137

Pr > F
0.8226

Pr > F 
0.3774

Pr > F 
0.5222 
0.2120 
0.7102

for Harvest_ndex 
Error Mean Square 
Critical Value of t 

Comparisons significant at the

wlth_class 
Compari son

Wlth_class 
Compari son

95% Confidence Li mi ts

rati oSum of
Squares I 0.01423226 

0.10078740 0.11501967R-Square Coeff var 
0.123738 5.703962

Sum of
Squares 0.01774810 0.15756740 0.17531550 : Coeff Vari 16.42938

Difference Between 
Means 0.7055 1.8718 

-0.7055 1.1663 
-1.8718 
-1.1663

0.00158
0.01788
-0.00158
0.01630 
-0.01788 
-0.01630

Mean Square 
0.00221851 
0.00414651

0.004147
2.02439

0.05 level are indicated

-0.04098
-0.01924
-0.04415
-0.02082
-0.05501
-0.05343

Type III SS 
0.00393953 
0.00388064 
O.OO459733

Mean Square 
0.00177903 0.00265230

Root MSE 
0.064393

F Value 
0.74 
0.73 
0.43

Harvest_ndex Mean0.391941

DF
8 I

38 i
46 IR-Square 0.101235

Sum of
Squares 6873.65914 

30170.73438 37044.39352

Mean square 
0.00227191 0.00265177 0.00167084

95% Confidence
Limits

1.84000.3486 
3.2509 1.0541 
4.0921 
3.3866

F Value0.67

F value0.54

F value 
0.55 
0.64 
0.40

Type ill SS 
0.00454383 
0.00530353 
0.00668337

Mean Square 0.00196976 0.00194032 
0.00114933

F value 
0.66 
1.62 0.54

Finger_bunch Mean 
0.902890

W1th_class 
Compari son 

3-1 
3-2 
1-3 
1 
2 
2

'rce
r-bist 
b class 
lh_class*Rel_Di st

rce
_JDi st 
hi_class 
hLclass*Rel_Di st

-xe
JJISt

class
--'class1Rel_Oist

t Tests (LSD) for Abve_Grndbiom 
Error Mean square 
critical value of t

comparisons significant at the 0.05 level are indicated by

1
1
3
3
2
2 

([vtJ Dependent Variable-. Harvest_index

for Finger_bunch
Error Mean Square 0.002652
Critical value of t 2.02439



Hght_cm Mean
364.8889

***

16 2363.563

16 3352.089

ected Total
Mean

by •fr <r ☆

76.509 16 2
73.443 16 3

variable: Gi rth_lmff>x) Dependent

139

Di fference Between 
Means

c:e
.Dii st
>_iclass
■_.class‘Rel_Dist

B
B
B

2
2
1
1
3
3

1
3
2
3
2
1

3
1
2
1
2 
3

0.215
2.146

-0.215
1.931

-2.146 
-1.931

-19.675
-17.745
-20.106
-21.037
-22.036
-24.898

Root MSE
7.624262

Root MSE
6.433400

20.106
22.036
19.675
24.898
17.745
21.037

7.762
9.740
3.143
8.274
1.165
4.318

_-te

-cr
—ected Total

DF 
8 

39 
47

DF 
2 
2 
4

DF
8

39
47

DF
2
2
4

Mean square 74.074277 
58.129379

N
16

N
16

c<e 
(1

Mean 
379.016

Mean Square 
35.017968 41.388636

Pr > F
0.2848

Pr > F 
0.0497 0.2775 0.9433

Pr > F0.5687

Pr > F 
0.0350 
0.9751 
0.8625

Wlth_class 
Compari son

wlth_class 
Compari son 

2 
2 
3 
3 
1 
1

95% Confidence 
Limi ts

-3.143 
-1.165 
-7.762 
-4.318 
-9.740 
-8.274

Type III SS 377.3527824 
154.0396528 43.7006597

Mean Square 
188.6763912 77.0198264 
10.9251649

Mean Square 2830.426447 
19.543403 247.951606

t GroupingA 
A A

Type III SS 5660.852894 
39.086806 

991.806424

3958.12938
2.02269

39
773.60862.02269

Sum of
Squares I 280.143744 

1614.156806 1894.300550R-Square Coeff var 0.147888 11.87880

Coeff var
7.622545

Root MSE27.81382

F Value1.27

F value
3.251.32
0.19

F value
3.66
0.03
0.32

R-Square
0.185552

F value
0.85

Gi rth_l Mean
54.15868

Girth_B_ Mean
76.80069

Means with the same letter are not significantly different, 
t Grouping 

A 
A 
A

=-!S with the same letter are not significantly different. 
Mean 

80.450

B 
B 
B 

'wiH) Dependent variable: Girth_Base
Sum ofSquares I 592.594213 2267.045764 

2859.639977
R-Square Coeff Var 
0.207227 9.927335

t Tests (LSD) for Hght_cm 
Error Degrees of Freedom 
Error Mean Square 
critical value of t 

Comparisons significant at the 0.05 level are indicated by

95% Confidence 
Limi ts

t Tests (LSD) for Girth_B_ 
Error Degrees of Freedom 
Error Mean square 
Critical value of t 

Comparisons significant at the 0.05 level are indicated 
Di fference 
Between 

Means 
2.310 
4.287 

-2.310 
1.978 

-4.287 
-1.978

Rel_Di st 
1

Rel_Di st 
1

C^las$
'~class‘Rel_Dist



21654.406
16

Comparisons significant at the 0.05 level ■?.- * *

BSunchjnass

) Cluster_number Error Mean SquareCritical value of t

W Finger_number
Error Mean Square
critical value of t

* *
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-2.781
-1.150
-3.525
-1.574
-5.053
-4.732

Rel_Di st 
Compari son

Di fference Between 
Means

Di fference Between 
Means

Rel_Di st Compari son

Rel_Di st Compari son

B 
B B

Di fference Between Means
11
2

1
122
33

11
22
3
3

2
31

312
1
2
3

2
3131
2

231
31
2

0.2367
0.5312-0.2367
0.2946-0.5312
-0.2946

3.77317.526
-3.773

-0.3870-0.0822-0.8603-0.3290-1.1447
-0.9182

-12.301
1.713-19.847

18.777532.02439

0.7346932.02439

488.1072.02439

341.38864
2.022694.6007

0.05are indicated by

0.86031.1447
0.38700.9182
0.0822
0.3290

6.813
7.3532.388
5.8531.848
4.772

3.5255.053
2.7814.7321.1501.574

19.847
33.339
12.301

DF
2
24

Type III SS 171.7956991 75.7133507 
29.1258681

Mean
56.366

N
16

Rel_Di st 
1

Pr > F 
0.1391 
0.4091 
0.9495

0.372
1.951 

-0.372
1.579 

-1.951 
-1.579

95% ConfidenceLimi ts

95% ConfidenceLimi ts 
-2.388 
-1.848 -6.813 
-4.772 
-7.353 -5.853

95% confidence 
Limi ts

95% Confidence
Limi ts

51.704
Error Mean Square
Critical value of

Mean Square 
85.8978495 37.8566753 
7.2814670

3941.38864
2.02269

773.6086
2.02269

19.89

wlth_class 
Compari son 

2 
2 
3 
3 
1 
1

F value 
2.08 
0.91 
0.18

Error Mean Square 
critical value of t
Least significant Difference

"!nass
'~:|ass-Rel_Di st

Means with the same letter are not significantly different, 
t Grouping 

A 
A 
A

t Tests (LSD) for Girth_l 
Error Degrees of Freedom 
Error Mean Square 
Critical value of t 

Di fference 
Between 

Means 
2.212 
2.753 

-2.212 
0.540 

-2.753 
-0.540

Error Mean square 
critical Value of t

...   . : tLeast Significant Difference

tirfii -4B: tTests (LSD) for yield (dependent Variable) variability within farms
>r Degrees of Freedom 38

Al pha



-ft -it

n9er_bunch ratio

s^arvest_index

H = Type ill SS for wealth Class E= wealth class and relative distance

The within-farm variability in a dependent variable or yield is the one compared

1, 2 and 3 stand for poor, medium and rich wealth classes

a.nch.mass variance

Cluster.number variance
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Rel_Di st 
Compari son

DifferenceBetween 
Means

DifferenceBetween 
Means

ecdii-4C. Variation in banana yields within-farms of different resource endowments (w ealth classes): 
General Linear Model Procedure

The ANOVA Procedure (Factorial ANOVA)

Source 
wlth_class 
Error

Rel_Di st 
Compari son

Rel_Di st 
Compari son

Di fferenceBetween 
Means

2
3
3

1
1
3
3
2
2

1
1
2
2
3
3

3
1
2

3
2
1
2
1
3

2
3
1
3
1
2

1
3
2
3
2
1

0.01339
0.02769

-0.01339
0.01431

-0.02769
-0.01431

0.01575
0.02668

-0.01575
0.01092

-0.02668
-0.01092

13.753
-17.526
-13.753

-0.03110
-0.01941
-0.06260
-0.03593
-0.07277
-0.05777

0.02348
0.00978
0.05025
0.02316
0.06516
0.05177

9.486233
2.02439

0.002652
2.02439

0.004147
2.02439

0.05025
0.06516
0.02348
0.05177
0.00978
0.02316

0.06260
0.07277
0.03110
0.05777
0.01941
0.03593

2.728
3.294
1.754
2.771
1.188
1.638

tevel of
•1th_dass

1
2
3

-Bunch_mass
N

12
23
12

2
2
1
1
3
3

DF
2

44

Mean
13.2527778
13.5485507
13.8986111

Sum of
Squares

700.5
10058.5

Mean
Square

350.3
228.6

Std Dev
4.59109581
4.37420891
3.27793132

F value
1.53

•-..een groups 
in: 1.

0.487
1.053

-0.487
0.566 

-1.053 
-0.566

-2.321
-33.339
-29.827

-1.754
-1.188
-2.728
-1.638
-3.294
-2.771

29.827
-1.713
2.321

Error Mean Square 
Critical value of t

Error Mean Square Critical value of t

95% confidenceLimi ts

95% Confidence
Limits

95% Confidence 
Limits

pr > F 
0.2274

Levene's Test for Homogeneity of yields for the Hypothesis of no equal 
variability within farms of different wealth classes 

anova of Squared Deviations From Group Means

^e_Groundbi omass
Error Mean Square 
Critical Value of t



nger_number variance

■^-bove_Ground biomass variance
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