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Moisture availability (M.A.) application levels were determined based on soil moisture retention factor 

(pF) ranging from 2.0-2.1 (0.1 - 0.13 bar) for free drainage soil level; 2.5-2.7 (0.32 - 0.51 bars) for semi 

moist level; 2.8-2.9 (0.64 - 0.8 bars) and drier soil.

tiesuits for responsive biomass were significantly different with plant height across moisture regimes. 

Plant height ranged from 67 - 86cm and 64 - 93cm high at moist soil level (2008b & 2009a season) and 

(0 -83cm high for semi moist soil level and 46-64cm for drier soil level during 2009a season indicating 

the effect of moisture deficit stress on the plant’s growth potential. A decrease in soil moisture deficit 

from moist to semi moist soil level caused a significant reduction in height for cvs. Sukali Ndiizi and

This study aimed at quantifying the threshold responses of physiological parameters such as plant 

biomass development, leaf orientation behaviour, chlorophyll breakdown and transpiration for their 

sensitivity to drought stress. The EAHB triploid cultivars of Mpologoma and Kisansa (AAA) were used 

in the study in comparison to considered drought tolerant cultivars of Kayinja (ABB), Sukali Ndiizi 

(AAB) and a low land cultivar Yangatnbi Km5 (AAA). All cultivars were subjected to three contrasting 

regimes of soil moisture.

The progressive increase in moisture deficit from free drainage (90%) indicated a proportional loss in 

fresh weight ranging from 12.7% to 19.4% at semi moist soil level with 46.5-54.4% to cooking 

cultivars; 40-43.0% to dessert and plantain cultivars at drier soil level hence the sensitivity of expressive 

traits adaptable to drought. Most root sizes were less than 1cm in diameter with dense mass and length 

developed higher at semi moist soil level especially for cooking cultivars than at free drainage. The 

lowest specific root length (SRL) were significantly exhibited by cv Mpologoma (0.130m g'1), cv. 

Kisansa (0.198m g’1) and cv. Sukali Ndiizi (0.143 m g'1) at moist soil level correlating with larger leaf 

surface area for efficient utilization of available moisture.

Abstract

Drought stress has and continues to be a limiting factor to banana productivity. The effects arc 

significant on crop growth and its yield. However significant increases in yield depend on moisture 

availability and expression of drought stress avoiding mechanisms. Physiological processes important in 

determining cultivar sensitivity to drought stress were not critically quantified in earlier studies hence 

this study.
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Leaves for all genotypes were turgid (93.2 - 95.4% RWC) at moist soil level enhancing cell expansion 

for co2 assimilation, high transpiration rate and biomass development. Moisture deficit increment semi 

moist to drier soil level indicated higher water saturation deficit especially for cultivars Mpologoma 

(20.5%) and Kisansa (21.4%) exhibiting severe sensitivity to drought stress. Full turgid leaves enhanced 

cells to remain extended for high transpiration causing the rate of lost water to be far higher than the 

replaceable in soil hence sensitivity and difficult survival in adverse dry conditions.

Transpiration rates were significantly different across water regimes, varieties and time (weeks). The 

results from stressful treatment structure indicated the actual expression of traits for spending and saving 

water for plant growth. Generally average rates of transpiration were were quantified at 1.868 L wk’1 

(cv. Sukali Ndiizi), 1.749 L wk’1 {Kisansa), 1.730 L wk’1 {Mpologoma), 1.693 L wk'1 {Yangambi Kni5) 

and 1.702 L wk'1 {Kayinja) at moist soil level. However at drier soil level, cv Kayinja (0.421 L wk’1) 

transpired the least mean volume of water, validating its potential to save water. Cultivar Mpologoma 
(0.659 L wk’1) and Kisansa (0.696 L wk’1) significantly transpired more water and were therefore 

regarded as water spenders.

Kayinja than moisture reduction from semi moist to drier soil level. Leaf area expansion was large at 

moist soil level and diminished with increase in soil water deficit. The fresh tissue weight quantification 

at harvest showed the highest total weight with cv. Sukali Ndiizi at 2240g, 1181g, and 515.0g lor moist, 

semi moist and drier soil levels respectively and decreased at 58.0% and 48.0% upon soil moisture 

reduction from moist to semi moist and to drier soil level. The total fresh tissue weight of cooking 

cultivars were determined at 1887g, 1396g and 476g (cv. Kisansa) and 1700g, 998g and 466g (cv. 

Mpologoma) for moist, semi moist and drier soil levels respectively with proportional decrease of 69% 

and 52% when available soil moisture was reduced from semi moist to drier soil level.

Cultivars exhibited regulatory survival mechanisms to drought stress through leaf folding. The cultivar 

potential for orienting leaves open showed significant differences across moisture regimes with cv. 
Yangambi Km5 (126°), cv. Kayinja (125° ) and cv. Kisansa (124° ) spreading leaves widely open at 

moist soil level. At drier soil level, cv. Sukali Ndiizi (74.2°), Mpologoma {109°) and cv. Kisansa (103.7U) 

exhibited more open leaves from 180° surface orientation increasing the leaf exposure for high 

transpiration. The decrease in soil water content from the field capacity led to plant dehydration and 

deterred leaf lamina expansion due to reduced leaf water potential (LWP).
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The stressful condition put cv. Kisansa and Mpologoma to being waler spenders hence their sensitivity 

and therefore could only gel acclimatized to the environment than being adaptive whereas cv. 

Sukalindiizi, Yangambi Km5 and Kayinja exhibited relative trails of waler saving. The potential of 

cultivars to save water was considered a good trait for plant adaptability to survive in stressful 

conditions but not productive.

Based on the results of this study important to carry out a molecular characterization to find which genes 

trigger the expression of drought avoidance mechanisms among cultivars with B-genome composition. 

During the study it was found that highly stressed plants were vulnerable to pest attack causing multiple 

stresses to the plant hence warrant to ascertain the cause.

The identification of variables predicting transpiration rates were determined with a stepwise regression 

analysis and correlation coefficient. The regression coefficient variables identified were used to 

determine the rate of transpiration per unit change in variable development. The developed models for 

transpiration prediction across moisture deficit regimes were: Cultivar Kayinja (ABB): Y= [a (0.517) + 

P, * bi (0.024)] and Y= [a (-3.68) + p, * b, (0.020) + p2 *b2 (0.338)] during 2008b&2009a seasons 

respectively for each developed and unfolded leaf. Cultivar Sukali Ndiizi (AAB): Y= [a (0.21 7) + pi * b3 

(6.76)] and Y= [a (-2.408) + p,* bi (0.012) + p2* b2 (0.207) + p3* b4 (0.013)] during 2008A&B seasons 

respectively for increase in leaf area, leaf unfolding, developed healthy leaf and plant height 

accumulation. Cultivar Mpologoma (AAA): Y= [a (0.418) + Pi* b3 (0.001) and Y= [a (-0.890) + Pi* b| 

(0.016) + p2* be (0.001) during 2008b&2009a seasons respectively for developed leaf area, leaf 

unfolding and fresh leaf biomass. Cultivar Kisansa (AAA): Y= [ a (-0.160) + p,*b3 (9.00) + p2*b| 

(0.010) and Y= [ a (-0.139) + Pi*bi (0.009) + p2*b6 (0.001) during 2008b&2009a seasons respectively 

for developed leaf area, leaf unfolding and fresh leaf biomass. Cultivar Yangambi Km5 (AAA- 

Lowland):Y= [a (-0.134) + p,* b3 (1 1.54) and Y= [a (3.97) + Pi* b2 (0.232) + p2* b6 (0.002) + p3*b4 (- 

0.04) during 2008b&2009a seasons respectively for developed leaf area, healthy leaf, fresh leaf biomass 

and gain in height

All plants expressed high nitrogen levels across moisture deficit regimes with cv. Kayinja exhibiting the 

immobilization potential.



CHAPTER ONE

INTRODUCTION1.0

Background1.1

Morphology, origin and distribution1.1.1

The cultivated banana is believed to have originated in Southeast Asia-India, Indochina,

In East Africa,Malaysia and the Philippines and became domesticated before historical times.

bananas were introduced by Arab traders (Reynolds, 1951) during the first millennium A.D. The

propagation of bananas occurred naturally by vegetative means enhancing the perpetuation of

seedless types for selections of progenitors of present day cultivars (Egbert, 1977).

Plantains and banana (Musa spp) were developed from intra-specific and inter-specific

hybridization between the two wild species of Musa acuminata Colla and Musa balbisiana Colla

which contributed the A and B genome compositions respectively (Simmonds, 1995). Polyploidy

and hybridization gave rise to a number of ploidy clones such as diploid, triploid. and tetrapioids

hybrid-polyploid complex that are classified by genome composition thus; AA, AAA. AB. AAB.

ABB, BBB and the tetrapioids. Broadly, M. balbisiana (B) genome was reported to confer

hardiness, disease resistance and acid-starchy fruit quality (Pillay et al., 2007).

Bananas are plants of the humid tropics occurring within the region lying 30°N and 30°S of the

equator (Simmonds, 1959). Banana {Musa spp) is a tropical herbaceous evergreen plant with no

natural dormant phase. The plant has a high leaf area index, and a very shallow root system

(Robinson, 1995) that constitute the link between the plant and the soil thereby providing

anchorage and guaranteeing nutrient and water uptake for development of lateral shoot (suckers)

1

with different permutations of A and B genome compositions. Thus the bananas constitute a



and perennial growth (Price, 1995; Lahav et al., 1989). Ideal conditions for banana growth

requires mean atmospheric temperature of 27°C. monthly rainfall of 100cm, exposure to full

sunlight, deep soil of high fertility and free drainage, and a soil pH of 6.5-7.0.

1.1.2 Production of banana in Uganda

Uganda is one of the world’s leading countries in terms of banana production and consumption

(Edmeades et al, 2005). Banana production dates way back to 13 A.D and is estimated to have

been produced for 6000 years in Uganda (Lejju et al., 2006) compared to 2.500 years in

Cameroon (Mindzie et al., 2001). The crop production has been sustained by the cultural, social

and economic values attached to the crop and ideal soil types that enhanced growth especially in

regional areas of central, southern and southwestern of the country which are characterized by a

bimodal rainfall pattern. Bananas occupy the largest cultivated area among the staple food crops

and are primarily grown on small subsistence farms of less than 0.5ha (Edmeades et. al., 2005).

About 84 distinct varieties endemic to East African highlands are grown and recognized as a

secondary center of banana diversity.

Bananas are categorized in different forms with the most abundant being the cooking type

(Matooke group) of Musa AAA triploids, then the desert types (plantains) of ABB. triploids. and

the beer type (Mbidde group) of AAB triploids (Karamura et al, 1994), which are hybrid

products from wild species of M. acuminate (genome A) and M. balbisiana (genome B)

respectively. However, on international trade the dominant cultivar is the Cavendish sub-group

(AAA) accounting for 15% of the world's annual production (FAO. 2006).

Bananas grow in a range of environments producing fruits all year round, thus playing an

I

important role in bridging the hunger-gap between crop harvests. The production is. however, at

2



subsistence level mainly around the homesteads where part of a surplus is sold to raise income

for the households (Adupa et al., 1994). Large scale plantations also exist in some parts of the

country particularly south western Uganda (Mugisha et al., 1993).

Bananas have been produced at optimal rainfall conditions of 1300 mm per year, equivalent to

25 mm of rainfall per week (Purseglove, 1972) with soil moisture determining the nature and

growth habit of a banana crop and or its potential susceptibility to drought stress. The most

drought affected cultivated type of banana are the cooking cultivars (Matooke group AAA) that

persistently grow bananas and are predominantly preferred as a staple food and for beer

production (FAO, 1987).

1.1.3 Constraints to banana production in Ugandan

The growth of the banana industry has been achieved through cultural management practices and

expansion of cultivatable land. But the crop production is constrained by several factors. In

general, susceptibility to both abiotic and biotic factors presents the most serious constraints

(Rubaihayo et al., 1993) to banana production especially the cooking type. The most important

unpredictable abiotic factors include drought stress, characterized by long dry spells, low levels

such as mulches for replenishing the soil fertility. With the unpredictable climatic conditions of

the above mentioned effects, yield is steadily continuing to decline (Van Asten, 2004).

Drought stress being the most common unpredictable factor, affects plant growth by reducing the

index, stomata closure that limits carbon assimilation.
3

of moisture in the soil, low soil fertility (Okech et al., 1996) and the reduction of input farm use

and shoot growth with lower leaf area

are characterized by a shallow rooting system. However, despite the above effects farmers

growth mechanisms which determines the yield potential. Significant effects include poor root
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(Bananuka, 1999).

Effects of drought stress on banana plant growth1.2

Underground plant biomass (root system)1.2.1

The roots are responsible for anchorage, nutrient supply, and exchange of various growth

substances with the shoots, including plant growth hormones (Itai et al., 1996; Barber. 1992).

The below ground biomass contribute to lateral responsive biomass development and thus

perennial growth (Price 1995; Lahav et al., 1989). Similar relationships were observed among

the EAH bananas (AAA-EA group) (Sebuwufu et al., 2004) accounting for 90% of the variation

in root growth to variation in shoot development.

However, under drought conditions, roots produce transduction cascades to enhance the

adaptability mechanisms of closing the stomata, allowing the banana plant to remain highly

hydrated, but at reduced carbon assimilation. The capacity of banana roots to withdraw water

from drying soil is therefore subject to knowledge of quantitative models for characterization of

the most sensitive features of the root system (Turner, 2008). Significant effects to root system

development are attributed to variations in soil moisture, structure, type, drainage, and climatic

conditions (Blomme et al., 2002; Dorel, 2002) which affect the root extension and distribution.

The influencing factors cause a variation in fresh weight among genotypes showing large

difference in root size (especially for Cavendish subgroup cv. ‘Yangatnbi Km5' -AAA). The root

variation in size due to drought affects the plant potential to extract water from the soil (Araya.

2005) and as well depress yield potentials (Robinson, 1996). Other factors of sensitivity to

drought effects on roots are attributed to genomic group, ploidy level and the health of the plant

4

chlorophyll break down and high rate of senescence which cause low yield of bananas



(Blomme, 2000; Blomme et al., 2000, 2003). Therefore modification of the root system through

genetic manipulation to less sensitivity to soil drying is the most reliable mechanism for

enhancing plant ability to extract water from the soil for efficient use in growth.

1.2.2 Responsive plant biomass and physiological processes

Productivity of banana is greatly influenced by soil moisture and nitrogen supply (Holder et al..

1983) that determine the biomass development. However, the susceptibility to drought stress is

influenced by sensitivity to soil moisture depletion (Robinson et al., 1987; Robinson, 1996) and

many indirect effects on physiological processes (Brun, 1960; Robinson et al., 1987) which

affect the rates of organ development (Watson et al., 1983) and reduce the plant growth

mechanisms which determines the yield potential. Significant effects include poor biomass

1982), poor canopy architectural behaviors, stomata closure.accumulation (Holder et al.,

chlorophyll break down, low rate of transpiration and high rate of senescence which are

important physiological components for high yields.

The reduction in soil moisture from total available soil moisture (TAM) restricts stomatai

opening (Shmueli, 1953) and reduces the potential for maintaining a positive water balance

which limits transpiration and affect the turgidity and lower dry matter content of leaves causing

the plant to adapt drought survival mechanisms. Similar effects were observed by Ke (1979)

where soils below 70% of TAM affected the build up of chlorophyll, leaf dry mass, leaf

conductance, leaf area index, photosynthetic rate and yield than plants in soil above 80% TAM.

5
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Problem Statement1.3

Drought is one of the most serious constraints to agriculture and is responsible for limiting the

significant loss of food and cash to both consumers and producers, especially where bananas are a

staple food crop or where it is the main source of income for the household. The potential for food

security would be affected especially where bananas

overall macro-economic performance in Uganda, (Abeie, 2007).

In Uganda, actual banana yield levels are low (5-30MT ha’1 yr'1) (van Asten et al., 2004) compared

Uganda can be achieved through expansion in area under cultivation. However, expansion of

banana production area is difficult to achieve due to increasing population pressure. Further

increases in production to feed the growing population will have to be achieved by yield increases

per unit area.

Optimal growth and production of bananas requires at least 1300 mm of rainfall per year.

equivalent to 25 mm of rainfall per week (Purseglove, 1972) for a high yield. However, the major

East African Highland banana producing areas are characterized with a bimodal rainfall pattern

and annual rainfall averaging around 1200 mm y'1. The low rainfall intensity is attributed to

drought a phenomenon which strongly correlates with low yield of bananas.

An increase in moisture is significant in overcoming the plant growth retarding mechanisms for

enhancing yield increase. Research by Van Asten et al., 2007 showed a linearly strong correlation

6
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to potential yield of >60MT ha’1 yr'1 (Smithson et al., 2001). Increased banana production in

are a major food crop, and cause a loss to the

potential of a banana crop from attaining a reasonable yield. A low yield of banana can lead to a



coefficient of moisture provision with yield increase, suggesting the crucial role of moisture in

enhancing drought avoidance mechanisms for a better yield.

The study was therefore aimed at characterizing drought stress effect on the East African Highland

Banana (AAA-EAHB) cultivars at a rational crop growth stage, to specifically identify /quantify

threshold values for drought avoiding mechanisms. The results will be useful in this regard for

identifying the most important trail that is greatly affected and limit the potential for higher yields.

Objectives1.4

The main objective is to characterize drought stress in the East African Highland Banana (AAA-

EAHB) varieties at different crop growth stages.

The specific objectives are to;

Assessing the response of selected EAHB cultivar growth traits to drought stress1.

Determine threshold quantification of drought stress avoidance mechanisms of selected2.

EAHB cultivars

Determining the influence of drought stress on selected physiological processes for plant3.

growth

Hypotheses1.5

High soil moisture stress affected the potential for plant biomass growth and development1.

Plant stress avoidance mechanisms were expressed upon increase of moisture stress from2.

field capacity to pF 2.5

Excessive plant dehydration enhanced the expression of plant survival mechanisms in3.

Kayinja and Sukalindiizi varieties.

7



Justification of the study1.6

The accrual effects of biotic and abiotic factors are important in Uganda. Despite advances in

significant research interventions (viable pest control mechanisms and development of disease

resistant varieties) on biotic factors (pests and diseases), yields are continuing to decline. In

appraisal surveys, biotic factors were the highly farmer ranked constraints to banana productivity

(Van Asten et al., 2004. Drought being the major component of abiotic factors is least

mentioned, yet research by Van Asten et al., 2007, reported linearly increasing yields with

increasing rainfall and soil moisture hence the potential for higher yields.

Low yields are therefore mostly attributed to dry spells of drought stress. Similarly, the

Intergovernmental Panel on Climate Change (IPCC, 2001) reported global climate change

scenarios and further predicted a future increase in the risk of drought with average temperature

increasing in a range of 1.4 to 5.8°C and average sea level rising in a range of 0.09 to 0.88M by

2100. But generally there is inadequate understanding of the magnitude of stress mechanisms in

causing yield loss especially among the cooking type of East African highland banana varieties.

The abnormally low rainfall and low soil moisture are the principle causes of drought stress

mechanisms which limits the plant growth from the potential high yield (>60MT ha^y’1). Actual

banana yields in Uganda are low (5-30MT ha^y'1) but with the increasing population pressure,

the demand for food is high and further land expansion cannot be feasible. The most reliable

mechanism for increasing yields is by increasing yields per unit area (economies of scale).

quantifying their threshold values for the survival mechanisms, and breeding of crop varieties for

improved water use efficiency (Condon et al., 2004) to manage drought. The results will further

be used in modeling an intervention strategy for determining yield increase per unit area.

8

Characterization of the EAH banana cultivars response to water stress was important in



CHAPTER TWO

LITERATURE REVIEW2.0

Importance of bananas in Uganda.2.1

Globally, bananas {Musa spp) are ranked as the most important food crop after rice, wheat and maize

Uganda in particular, the crop is reported to provide(IN1BAP, 2000). In developing countries,

dietary supplement for more than 14 million Ugandans (FAO, 2008) and for over 100 million people

in sub-Saharan Africa. Studies on banana by Kalyebala et al., (2005), reported a 30% contribution to

total food consumption and 14% of the total crop value. According to INIBAP (2000). bananas are

consumed in more than 100 countries throughout the tropics and subtropics from the estimated total

cultivable land size of 1.3 million hectares (about 33% of all cropped land) with the annual

production of 10.5 Million tones (FAO, 2006). Whilst, FAOSTAT (2006) estimated banana

productivity in East Africa at 18 million tons year ’’ and 99 million tones per annum for the world’s

total productivity of which approximately one third is produced in sub-Saharan Africa (Karamura,

1998).

In Uganda, the EAH bananas are particularly grown for food (Musa AAA, Matooke group) as the

main source of carbohydrates in the diet (Rubaihayo et al., 1993; Karamura, 1993) and for beer

(Musa AAA, Mbidde group) (Karamura et al., 1994), juice and a variety of post-harvest products

(Ssebuliba et al., 2000).

Over 1000 banana cultivars or landraces are cultivated world wide but in Uganda the most cultivated

bananas are the predominant East African Highland Banana (EAHB) cultivars, grown in the high

land areas of central and western parts, particularly in Masaka, Rakai. Mbarara, Bushenyi and

and the surplus sold to earn a living.
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Ntugamo districts. Enough food is produced for family use



Based on integrated house hold staple food consumption survey 1992-1993, Uganda was ranked the

highest consumer of banana world wide (150-500kg/person per year) to Rwanda (197 kg/cap/year),

Gabon (161 kg/cap/year) and Cameroon (128 kg/cap/year) among others (FAO, 1998).

The actual banana production rates range from 5-30t/ ha1 yr’1 (Wairegi et al., 2007; Bagamba, 2007;

van Asten et al., 2004;), despite the highest reported highland banana fresh yields reaching 67 t ha'1

yr,’1 (Smithson et al., 2001). The variability shows a potential for higher yield, but the discrepancies

between potential and actual yields in the region are variously attributed to low soil fertility, pests

and diseases, poor crop management and drought stress (Bananuka et al., 1999; Woomer et al.,

1998; Bekunda et al., 1996). The integrated management of these constraints especially pests and

diseases, soil fertility have been intensively researched than drought stress. Bananas are genetically

diverse and the widest variations are found in Asia, with different types being specifically adapted to

different sub regions. In East Africa, highland AAA cooking and beer bananas are predominant and

it is in this region that the bananas reach the greatest importance as a staple food crop.

Constraints to production of banana (AAA-EAHB)2.2

In recent years in East Africa, banana were produced under a permanent farming system, where they

were grown in association with tree crops e.g. coffee and cocoa. Well managed fields could last for

anticipated to deteriorate

after an average of four years as the case in parts of Uganda. Yields are low on farmer’s farms with

the loss being attributed to both abiotic and biotic factors that affects the crop from attaining optimal

growth.
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up to 50 years (Prison et al., 1998) however to-day banana plantations are
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Biotic factors affecting banana production2.2.1

Banana production is constrained by several important pests and diseases that affect the normal

growth of the plant. Burrowing nematodes (Meloidogyne spp) are considered the most devastating

pests for bananas (Price, 2006) production decline in Uganda (Speijer et al., 1994a; Gowen et al..

1990). Other pests of economic importance

al., 2004; Gowen, 1995), more importantly in the EAHB plantations causing

44% (Rukazambuga, 1998). Nematodes together with weevil infestations were reported in Masaka

and Rakai districts (Sengooba, 1986) to have led to wide spread toppling of bananas. The

management strategies to reduce on the effect of weevils have been through the application of an

al., 1996; Nankinga, 1994), and chemicals, in addition for managing nematodes (Gowen. 1995).

Banana crops are also affected by several important pathogens, some of which are fungal, viral and

bacterial. These include banana bacterial wilt disease (Xanthomonas campestris pv. Musacearum)

(Tushemereirwe et al., 2001, un pub.) which is the most recent epidemic to affect bananas, causing

70 -90% yield loss.

The fungal diseases include black sigatoka (Mycosphaerella fijiensis) which is an important

pathogen of EAH banana and plantains causing heavy defoliation that severely suppresses finger

sigatoka (Mycosphaerella musicola), banana leaf spot complex of (Mycosphaerella musicola and

Periconiella sapientumicola (Cladosporium niusae) also attacks EAHB. Panama wilt (Fusarium

wilt) is other pathogens which also affect banana productivity.

The most important viral disease in Uganda is the Banana streak virus (BSV) (Tushemereirwe el al..

1996). BSV belongs to badnavirus group of viruses which are bacilliform (Harper et al., 2004) in
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are the banana weevil (Cosmopolites sordidus) (Gold et

integrated control strategy using Beauveria bassiana and Metarhizium (Metchnikoff) (Nankinga et

a yield loss of up to

filling, leading to yield loss of up to 37% in bunch weight (Jerger et al., 1995). Yellow



shape and contain double stranded DNA (Lockhart et al., 1993) and is transmitted through mealybug

infestation and vegetative propagation. Attempts to control BSV have been through application of

management of biotic factors have been conducted and correlations with yield were found to be

nonlinear but the control model for management practices is still lacking.

A biotic factors affecting banana production2.2.2

Despite the large banana production potential, the demand for food (Banana) by rapidly increasing

population has not been met. This is in part due to production constraint including abiotic factors.

They include population pressure on land which has led to shortened fallow periods due to excessive

land cultivation, low levels of soil fertility (Tablel.) due to nutrient replenishment.

Table 1. Soil nutrients in typical lake crescent soils inadequate

0.09

0.36

0.04

3.35

8.06

2.89

5.30

al., 1996) hence soil moisture stress, deforestation, leading to increased drought stress that favour

the effect of pests and diseases, causing considerable losses to banana production. Where there is

prolonged effect of abiotic factors especially drought, the effect on banana plants is characterized
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Typical lake crescent soil
L40

Element
Available Phosphorus (ppm)

Total Nitrogen (%)

Exchangeable Potassium (cmol.kg1)

Sodium (cmol.kg1)

Magnesium (cmol.kg1)

Calcium (cmol.kg1)

Organic Matter (%)

Soil pH

Source; African Agricultural Technology Foundation (AATF-SGM, 2003) 
and drought/ water stress and management use of poor mulches for soil conservation (Bekunda et

phytosanitary measures (Tushemereirwe et al., 1996). Intensive research activities towards



by leaves turning pale green, chlorophyll breakdown, senescence and stomata closure. The

pseudostem may collapse and the total yield is lost.

2.2.2.1 Drought stress phenomenon

Banana and plantain water requirement ranges from 900-1800 mm during the growth and

production cycle equivalent of 3-6.3 mm/day (Purseglove, 1972). The important characteristics

of the banana in respect of plant water requirement include shallow root system compared to

other fruit crops, poor ability to withdraw water from drying soil and rapid physiological

response to soil water deficit in conditions of high evaporative demand. Most of the production

areas in sub-Saharan Africa (SSA) experience marked dry seasons and yet most production in

SSA is rain-fed with water conservation methods hardly practiced. Yield losses due to water

stress range between 30-50%, however, irrigation would give a quick win but has a high capital

investment which is prohibitive (SMG, 2003).

2.3 Trends in banana production in Uganda

Karugaba et al., (1999); Dale (1955) reported a long tradition of banana cultivation to date back

to the thirteenth century. However, in Uganda, it is estimated to have been produced for 6000

years in Uganda (Lejju et al., 2006). Banana crop production sustained due to cultural, social and

economic values attached to it and the ideal soil types that enhanced growth especially in

regional areas of central and southwestern of the country. However, the shift of hired labour

from central to southern affected the potential increase of banana yield in central Uganda.

According to survey results by Gold et al., (1999), the yield of bananas in Africa, particularly

Uganda was estimated to have declined from 8 t/ha to 5 t/ha. However, today the average

13



potential yield of banana is estimated at 5-30t/ha (Van Asten et al., 2004). In Sub-Saharan

Africa, banana production is estimated at 30.56% of the world’s bananas and plantains (FAO.

2007).

Table 2. Leading banana (Metric tones) producing countries in Africa

Banana ProductionCountry
(1000 MT/Yr)

9,846

2,600

1,990

1,831

1,656

1,506Burundi
1,274Cameroon

Cote d'Ivoire 1,194

Source: Food and Agricultural Organization (FAO) statistics, 2007

2.3.1 Main Varieties

Bananas are described by their genomic structure, each with specific region of adaptability. The

most common genome groups in Uganda is AAA (triploid evolved from M. acuminata) of the

East African Highland Bananas which are steamed to make ‘Matooke’ for consumption, but are

also used for beer making. Studies carried out in Uganda (Karamura, 1998) classified five EAHB

clone sets as Mbidde, Musakala, Nakabululu, Nakitembe and Nfuuka. The naming is in reference

to phenotypic analysis and for communication purposes.
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Resource Management of Bananas2.5

2.5.1 Climatic requirements

According to Simmonds (1966), banana production falls between 30° N and S of the equator

with an optimal mean monthly temperature of 27°C in the world. Banana growth and rate of fruit

maturation were reported by Sys et al., (1993) to reduce and slow respectively at temperatures

below 22°C whilst the lowest mean annual temperature of banana growth at 14°C. High

temperatures of above 37°C scorch the leaves and growth was reported to stop at 38-40l’C

(Turner et al., 1983). Sys et al., (1993) observed also poor growth of bananas at high altitudes

especially on the period to shooting. The observation showed that banana takes 6-7 months to

shoot while growing at 0-137m; 9-10 months at 183 -365m; and 11-13 months at 397-641 meters

above sea level (mas!) rendering areas of high altitude unsuitable for banana production.

Bananas are also reported to require 25- 50 mm of water per week for satisfactorily growth

(Purseqlove, 1988). The success of banana production was reported to be achieved in areas with

rainfall intensity of not less than 1400mm, though use of drought tolerant cultivars along with

water and soil conservation practices, cooler climate with less evaporation but with high

moisture retention by the soils is an advantage. However, an annual average rainfall of 1500-

2500 mm was considered most satisfactorily if well distributed over the year (Sys et al., 1993).

According to Purseglove (1988) bananas are less resistant to water stress but have a considerable

range of tolerance, though some cultivars

development was achieved when the relative humidity is greater than 60% (Sys et al., 1993) with

optimal soil moisture content. A single day transpiration loss can amount to 30-60 m3ha 1
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depending on radiation, wind and atmospheric humidity (Stover et al., 1987). Where the crop is

are severely affected by drought. Better growth and



reduced and small bunches are produced.

Weather influences on banana production2.5.2

Weather measurements in banana plantations helps to provide a historical base of data for

predicting seasonal production trends and determining soil and water conservation needs.

Temperature and solar radiation are equally parameters for predicting rate of plant growth and

fruit development. Rainfall and average daily pan

practices. Pan-evapouration data in absence of rainfall can be used to indicate how rapidly

drought stress is developing.

2.5.3 Soil Requirements

Bananas are reported to grow well on drained loam soil with high humus content (Purseqlore.

1988) and in areas with adequate supply of Phosphorus (P), Nitrogen (N), Magnesium (Mg).

Calcium (Ca) and Potassium (K) (Sys et al., 1993). However, banana plants do not withstand

poor drainage though tolerate a wide range of soil parent materials, textures and nutrient status.

Highly acidic soils are not suitable for banana production and would require considerable

amounts of mineral nutrients addition to enhance obtaining high yields. A pH range of 5.6 - 7.5.

salt level of less than 500mg/kg and Exchangeable Sodium Percentage (ESP) of less than 4%,

were considered optimal soil conditions for banana growth (Purseglove, 1988).
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are also useful in determining conservation

grown in the shade, the pseudostem becomes thin and tall, leaf production and suckers are



Effect of drought stress on physiology of banana plants growth2.6

Plant biomass development2.6.1

Periods of drought can lead to reduction of root and shoot growth reduction and tip death. Pattison el

al., (2007) reported that when sufficient water become available, shoots recommence growing and

result into multiple branching. Plants can tolerate short periods of drought due to their filled energy

reported to produce 30-40 leaves in life time (Pillay et al., 2007) but as older leaves are pushed

outwards they eventually senesce leaving 5-15 fully functional leaves on a mature plant. Studies

have shown that root system development during vegetative growth may be estimated from the

above ground shoot growth characteristics and diseases such

growth and development due to reduction in functional leaf area (Blomme el al., 2001). Whilst,

Nelson el al. (2006) reported the effect of periodic water stress that cause the discolouration of

mature banana and cracking of the skin.

2.6.2 Effect of drought stress to canopy leaf orientation

2.6.2.1 Leaf angle architectural behaviour

Canopy leaf orientation is an important parameter for plant growth modeling. The behavioural

component of the leaves in terms of leaf angle and folding, are reported to be the mechanisms for

combating the adverse effects of drought stress especially heat and moisture deficit. Leaves lamina is

liable to change the standing angle and also fold to avoid excessive transpiration. Due to the stress

and environmental effects induced in leaf angles (Tosserams et al., 1997), determination of canopy

architecture is important in characterization of susceptible cultivars. These effects are important

since leaf inclination angles influence canopy light absorption and therefore photosynthesis.
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reserves but may only produce small bunches of banana (Nelson et al., 2006). Soil moisture deficit is

reported to result into reduced biomass and bunches (Broadley el al., 2004). Most banana plants are

as black sigatoka adversely affect root
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Consequently, average canopy leaf angle is used as a functional parameter in most photosynthetic

models (Aries et al., 1993; Thornley et al., 1993).

Techniques used in earlier studies to determine leaf angles include height and blade length

measurements (Deckmyn, et al. 2000) on two grass species, Dactylis glomerata and Festuca

arundinacea, grown under different UV-B levels; a 3D digitizing device for accurate measurement

(Sinoquet et al., \99~jy, use of laser beams (Sinoquet et al., 1993); and point-quadrate measurements

(Warren-Wilson, 1963) based on a fine needle pushed into the vegetation in a fixed direction.

Despite high variation in leaf angle results due to the large error term on single leaf angle

calculation, the techniques used were reasonably accurate but generally very time-consuming or

require special equipment.

2.6.2.2 Leaf folding behavior

A drastic decrease of soil water content from the field capacity is reported to cause a stress situation

of plant dehydration due to lack of total available moisture (TAM) for plant growth. Leaf biomass is

mostly deterred from expansion due to reduced leaf water potential (LWP) and reduced expansion of

leaf cells (Tardieu, 2000) yet transpiration rate remains high. In advanced stages of moisture stress.

leaf folding may be followed by withering, shrivel and senescence from the lower to the upper most

leaves.

mechanism of reducing the leaf evaporative surface area through folding. Studies on pearl millet by

Kusaka (2005) found that leaf morphology of susceptible varieties changed by drooping and folding

the midrib of upper leaves. However, leaf orientation mechanism for avoiding drought stress reduces
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By avoiding a dehydration phenomenon of excessive loss of leaf water, banana plants develop a



the leaf surface area for light interception (Kramer 1983) and increases the diffusion resistance to

carbon dioxide. Shmueli (1953) reported that leaf folding mechanisms were observed to improve

plant water use efficiency and maintaining positive leaf water potential and efficient stomata

regulation of transpiration. Earlier studies by Oppenheimer (1960) on xerophytic grasses and rice,

showed that leaf folding and rolling decreased transpiration rate by 50-70% in xerophytic grasses

and 36-47% in rice during drought stress. Apart from leaf folding, plants may also adapt other

survival mechanisms of avoiding drought stress by changing leaf morphology of young leaves at the

expense of lower leaves withering and rapidly decrease the leaf canopy area (Do et al., 1996).

Similarly, (Turner et al., 1980) reported an important adaptive response of osmotic adjustment to

water stress. The adaptation involved accumulation of low molecular weight organic compounds of

al., 2001) and inorganic solutes (Patakas et al., 2002) in the plant stem.

In a study by Alves (2004) on cassava plants grown in a microenvironment condition, upon optimal

water availability, the leaves remained unfolded and fully expanded in a uniform and sequential

pattern. Therefore, despite the effects on leaf unfolding involving stress delay in leaf initiation

(Alves, 2004), other earlier studies also indicated that leaf unfolding rate is responsive to stress and

can have a large impact on leaf area production (Vendeland et al., 1982) which is similarly important

on banana growth.

2.6.3 Drought stress effect on transpiration process

The sensitivity of banana plants to levels of soil moisture depletion may justify the need for

characterization of physiological parameters especially transpiration rate to enhance planning for

parameter is important in plant growth for

enhancing metabolic processes for nutrient distribution and absorption and cooling of the plant.
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amino acids, quaternary amines (betaines) and sugars (sucrose and glucose) (Kusaka, 2005; Bajji et

drought management accordingly. Transpiration as a



reported to depend directly on leaf water

potential, which in turn depends on the balance between evaporative demand and the ability of the

plant to extract soil moisture (Azam-Ali, 1983). Stomatai diffusion accounts for 90-95% of water

loss from leaves and the remaining 5-10% accounted for by cuticle transpiration (Kramer. 1983).

Therefore transpiration can be taken as a reliable indicator of stress initiation in the banana plants,

although indirectly related to soil water deficits, humidity, and temperature and wind speed.

The rate of transpiration is influenced by diurnal cycles. At the same soil moisture potential

transpiration is reported to remain high in the morning and reduce in afternoon (Robinson et al..

1986), however, normal turgor is re-established overnight by extraction of moisture from the soil, in

addition to evaporative demand. The probable increase of transpiration in afternoon seems to

correspond to increase in photosynthetic active radiation (PAR). Studies by Ashizawa (1983) on

citrus reported a significant reduction in transpiration rate with decreasing PAR and Dwelle et al.,

(1983) reported decreased stomatai conductance in potatoes. However, in banana leaves. Brun

(1960) reported that transpiration and photosynthesis processes tend to fluctuate similarly in relation

to the degree of stomatai opening regulated by leaf water content.

Earlier studies on quantification of transpiration rate were based on two principle methods of weight

loss, use of a lysimeter and gas exchange method (Kramer, 1983). Weight loss method involved

covering of a well watered potted plants to prevent evaporation from the soil and then cumulatively

weighing a whole set of potted plant at predetermined intervals. Any weight loss was attributed to

loss of water via transpiration through the shoot. Besides the former method, the latter is often used
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Transpiration and stomatai conductance processes are

in conjunction with experiments on photosynthesis, where a leaf is sealed in a transparent chamber



with a flowing air stream. Transpiration is then estimated as the difference in water content of the air

entering and leaving the chamber (Kramer, 1983).

2.6.3.1 Sensitivity of Leaf water to drought stress

The relative water content of a leaf is a relevant physiological component necessary for assessing the

leaf osmotic potential. The importance lies in determination of turgidity through estimation of

current water content of the leaf tissue relative to the maximal water content it can hold al full

turgidity in a situation of moisture deficits. The assessment of the relative water content (RWC) of

the leaves helps also to determine the tugor cells expansion behavior in relation to the leaf osmotic

potential content.

The use of leaf water potential as a tool in assessing the sensitivity of genotypes to drought stress has

not been widely used, probably due to the tendency of banana plants in developing positive waler

as an avoidance mechanism, and the very efficient stomatai regulation of transpirationpotentials

(Shmueli, 1953) which, in turn, can induce

most importantly leaf water potential was used as a tool to determine the relationshipHowever,

between water status and physiological performance of vine crops in morning and afternoon (Pilar,

2007). A study on banana water stress physiology by Shmueli (1953) established that when soil

moisture content diminished progressively from 66% of total available moisture (TAM), leaf water

content also diminished and stomatai openings were restricted, followed by a rapid reduction in the

transpiration rate and in dry-matter content of the leaves. Shoot growth decreased linearly with

decreasing leaf water potential.
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a misleading leaf water potential (Jones, 1983).
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determined on wheat for response to drought (Rampino, 2006). The success in determining the

sensitivity of genotypes to dehydration was based on the following formula; RWC (%) = [(FW -

DW) / (TW-DW)] x 100 (Rampino, 2006; Barr et al., 1962) and Water loss rate (WLR) (Suprunova

et al., 2004), where FW = Fresh weight, TW or SW= turgidity or saturation weight and DW= dry

weight. Therefore the maintenance of a positive turgor under water stress is an indication of osmotic

adjustment which is drought avoiding mechanism.

Effect of light on banana plant growth2.6.4

Excessive sunlight is reported to cause photochemical damage to leaf lamina and reduces the

potential for maximum net photosynthesis of many plant species (Correia el al., 1990). Eastman et

al., (1995) established that photo-inhibition can be affected when excessive sunlight interacts with

soil water deficit. Greater photochemical damage leading to reductions in net photosynthesis were

reported to occur when plants are drought stressed (Boyer el al., 1987). However, research by

Gamon et al., (1990) on drought stressed Vitis vinifera crop leaves, it was concluded that the

reduction in net photosynthesis was due to reduction in stomata! conductance and not photochemical

damage. But banana plants orients the mechanisms of avoiding photochemical damage effect by

folding and shading off the leaves however, the expression affects plants potential of attaining the

maximum chlorophyll and therefore cause a limitation to net photosynthesis attainment. Whilst.

Ludlow et al., (1984) observed that banana plants have a mechanism of avoiding high direct light

rays through paraheliotropic leaf movements and leaf temperature through leaf lamina folding to

reduce sunlight interception and thus avoid over heating (Milburn et al., 1990).

The significance of photo chemical damage is measured in conjunction of chlorophyll fluorescence

with net photosynthesis. The adaxial leaf surface of banana is more photochemical damaged by
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The quantification of relative water content (RWC) as influenced by drought stresses was



direct sunlight reception than the abaxial that receive transmitted or indirect light. In the field grown

plants the interaction of soil water deficit with light reduce the ratio of variable per maximum

chlorophyll fluorescence with the greatest reduction occurring in the afternoon on the adaxial leaf

surfaces.

2.6.4.1 Chlorophyll build-up during drought stress

Plant nutrition is a major determinant of maximum stomata conductance and is scaled with

photosynthetic capacity. Leaf nitrogen is correlated with stomata conductance which is the function

of photosynthesis. However, it is affected by leaf longetivity, specific leaf area and leaf nitrogen

(Niinemets, 2002) and photosynthetic photon flux density (PPFD).

Factors that include photo-inhibition, high temperature, radiation levels, trunk and foliar diseases

and soil drought are reported to be pivotal in chlorophyll breakdown (Hortensteiner et al.. 2005).

Under high temperature, drought stress enhances inhibition of electron transport (Lu et al., 2002).

reduces valuable fluorescence, and alters fluorescence and quantum yield. Lauer et al. (1992)

established that the biochemical reactions malfunction when the photosynthetic process is affected.

The malfunction of biochemical reactions also causes non-photochemical quenching to be increased

and photochemical quenching to be decreased (Lu et al., 2002).

The buildup of chlorophyll is reported to help in provision of information between structure and

function of photosystem II (PS), reaction center (RC) and their core complexes. PSII. its reaction

center and chemical reaction are reported to be highly sensitive to environmental limiting factors that

increase in the minimal chlorophyll among bean varieties to be attributed to PSII inactivation.

1

Similarly the decrease in maximum photochemical efficiency of PSII is considered to indicate the
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are adversely affected by drought stress (Vazan, 2002). Hortensteiner et al. (2005) reported an



increase in a non photochemical quenching process at or close to the reaction centre (Baker et al.,

1987). However, most methods of chlorophyll measurement used in earlier studies on various crops

involved using fluorometers in dark adapted leaves using modulated light intensities.

2.6.5 Leaf senescence processes in plants

Responses of drought stress may range from changes in gene expression pattern to changes in plant

metabolism and growth. Such responses may be induced within a short period of exposure to

drought and at a slow rate which is the induction of senescence. Ferreira et al. (2005) indicated the

response of plants to drought stress to be regulated through signal transduction and defense

mechanisms.

Senescence is reported to play a crucial role in the plant’s survival by contributing nutrient allocation

to productive leaves through the death of unproductive leaves as a result of accelerated senescence

accompanied by abscission, which reduce water loss through transpiration and in turn contributing to

water balance of the plant (Munne et al., 2004).

Drought induced senescence has been studied for different plant species including crops of economic

importance grown under field conditions, such as wheat, rice and sorghum (Munne et al.,. 2004;

Yang et al. 2003). Regulation of drought induced senescence has been investigated at the molecular

level and its effect on endogenous levels of plant hormones has been demonstrated for cytokintins

and abscissic acid (ABA) (Munne et al., 2004) to have a positive and significant correlation with

carbon remobilization from senescing leaves in drought stressed cereals. However cytokinin levels

decrease under drought stress and show positive correlation with photosynthetic rate and chlorophyll

content thus possibly preventing senescence.
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CHAPTER THREE

METHODOLOGY OF THE STUDY3.0

Study Area3.1

Screen house studies were conducted at Sendusu, where the International Institute of Tropical

Agriculture (IITA) field and lab crop experimental sites are situated. Sendusu is situated at

Namulonge along Kampala-Gayaza-Zirobwe road, 37km north of Kampala al 0°53N. 32.35E;

1150m above sea level. The climate of the area is tropical, with minimum and maximum

temperatures of 15 and 31°C respectively. The station experiences a bimodal rainfall distribution

of 968.8mm annually, with the main rains occurring from March to June (127.3mm per month),

while short rains fall between September and December (78.3 mm per month) (MAAIF. 2005).

3.2 Materials and methods

The study was conducted in a screen house for imposing a micro-climatic environment. It

focused on establishing the response of five banana cultivars categorized in three forms as

follows;

Cooking cultivars; Mpologoma and Kisansa (EAHB-AAA) which are prone to drought1-

stress (Bananuka, 1999) and therefore control cultivars.

Dessert and beer cultivars of Sukali Ndiizi (AAB) and Kayinja (ABB) due to their2-

tolerance to drought stress (Araya, 2005).

Cultivar Yangambi Km5 (AAA-lowland) which is a low-land adapted triploid cultivar but3-

equally tolerant to drought stress possibly due to its water use efficiency and its responsive

ereclophile morphological trait.
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The nature of the experiment involved intensive management through use of some tissue culture

raised banana seedlings, steam sterilized soils (free from soil microbes) and perforated buckets of

30 liter volume to set individual functional potted plants. The ability to control soil evaporation

led to use of polythene plastic for covering the bucket to eliminate at least 95% of soil

evaporation (Fig 2A-2B).

In order to obtain the data, the following equipments were used;

A chlorophyll meter to measure the chlorophyll content of the plants across treatments.I-

A protractor and compass for assessing the canopy structural behaviour (angle and2-

folding) of the leaves.

A highly sensitive scale to determine the weight loss of potted plants (Kramer, 1983).

Porometer4-
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1a- Experimental Screen house

1b-95% controlled soil evaporation via polythene shooting

Drought stress experimental (1 a-1b) set up at IITA-SendusuFigure 1.
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Experimental Layout / design3.3

The experimental design used was Randomized Complete Block Design (RCBD) with two

factors namely; moisture regime and variety. The three levels of moisture regime were adopted

as follows: pF (soil water retention potential) 2.0-2.1 (moist; 0.1 - 0.13 bars) equivalent to Held

capacity of 90% M.A. (10% moisture deficit) pF 2.5-2.7 (semi-moist; 0.4 - 0.51 bars) equivalent

to soil moisture availability of 60% (40% moisture deficit) and pF 2.8-2.9 (dry; 0.74 - 0.8 bars)

equivalent to soil moisture availability of 30% (70% moisture deficit) (1 bar = 0.986923 alm -

100 kPa = 1.02 kg cm'2. However, the involved banana cultivars included; Mporogoma, Kibuzi

(AAA-EA), Yangambi Km5 (AAA-lowland), Sukali Ndiizi (AAB) Kayinja (ABB). Data on the

after every 48 hours to avoid overlapping moisture deficit levels. Plant biomass accumulation

data collected on monthly basis and leaf orientation behaviour (angle and folding) data were

collected on a weekly basis.

3.3.1 Soil tests at the experimental set up

Prior to experimental set up, soil analyses were done to determine the nutrient content, texture

and bulk density. Soil texture and bulk density were used to assess the porosity of soil for

determining the pF curves.

The nutrient analysis was carried out on a thoroughly mixed soil sample to determine the level of

soil fertility for actions in managing nutrients for plant growth based on imposed soil moisture

regimes. The analysis for amount of macro nutrients was carried out on nitrogen (ppm N kg1),

phosphorus (ppm P kg'1), potassium (ppm K kg'1), calcium (ppm Ca kg'1) and magnesium (ppm

Mg kg'1) as described by Okalebo et al. (2002). The soil pH level based on soil base saturation

with nitrates (NO.f) was determined for corrective application action to be taken and avoid the

phenomenon of nutrient imbalance at the beginning of the experiment.
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1

different parameters were collected at different time intervals with transpiration data collected



3.3.2 pF-curve determination

The potential for moisture extraction was determined using a pressure extraction machine at

Makerere University, department of soil science on a mixture of soil sample for the experiment.

Basing on the soil texture, the type of soil was sandy clay loam (65% sand, 21% clay and 19%

silt) and therefore porous. The result meant that the potential for moisture loss would be fast

inverse curve. The pressure extractions in bars

for best results were setup at an average of 0.15 bars equivalent of log, o (102) - logi ,5 (10") for

pF 2.0-2.1; 0.45bars equivalent of (logj.s (102) - logs (102) for pF2.5-2.7); and 0.8bars equivalent

for pF (moisture retention potential) was obtained from literature by Kumar (2010) (Appendix 1)

3.3.3 Soil Tension determination

The pF-ranges for soil moisture deficit regimes were maintained and monitored with pressure

gauged tensiometers placed around the root zone of the selected potted plants per treatment

structure. Tensiometers were directly used to measure soil volumetric potential by gauging the

soil water equilibrium with the extraction pressure through a permeable cup in contact with the

soil. The measured pressure (in centibars) was directly related to the ability of the plant to extract

water from the soil. By operation, tensiometers were placed firmly in contact with soil around

the root zone of the potted plant. Upon drying of the soil, water potential decreases and the

pressure increases in the tensiometer vacuum. Conversely, the increase in soil water content

gauge reading. In this way, a tensiometer continuously recorded fluctuations in soil water

potential.
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initially and then gradually decrease forming an

of (log7 (102)-log8.5 (102) for /?F2.8-2.9) through using ceramic plates. However, the ideal curve

through water addition for maintaining the pF ranges, decreases tension and lowers the vacuum



3.3.4 Treatment Imposition

Five banana tissue culture seedlings (three months old) were planted each in a 30L bucket

corresponding to the three moisture deficit (M.D.) levels. Moisture treatments were quantified

based on the pF curves of logic matrix head of soil water (-/im/cm) that ranged from 2.0-2.1

(field capacity); 2.5-2.7 (semi moist soil); and 2.8-2.9 (dry soil) on sandy loam soils. Prior to

treatment imposition, the potted plants were allowed to grow till development of the 5lh leaf, and

then moisture stressed for a week to determine a similar level of moisture availability across

varieties. Initial water volumes of 0.8, 0.6 and 0.4L were applied to plants in their respective

treatment structures at after every 48 hours to replace water lost through leaf transpiration. The

treatments imposed were;

MD] = pF 2.0-2.1: (Control): Moist / or Free drainage for plant growth.(1)

MD2 = pF 2.5-2.7: Semi moist condition of water availability for plant growth.(2)

(3) MD3 = p/7 2.8-2.9: Dry soil level throughout the growing period.

The treatment regimes were monitored after every 48 hours to maintain them within the required

pF ranges. The calibration of moisture treatment adjustments for maintenance within the

required moisture ranges involved developing a weight loss model (Kramer, 1983) with

functional components of soil mass, water volume and the cumulative plant weight. A linear

model (Fig. 2) was first developed first to determine the correlation of dependable variables of

plant biomass and volume.

31

1
■



Model for average weight of tissue culture plant growth
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Biomass (Leaves* Stem* Corm)

Figure 2. Linear model for biomass accumulative based on plant volume

The significance of the model is the function Y=3.5317x — 695.26 where; Y— plant weight (PH),

X= observed weight of biomass growth at a slope value of 3.5 less the intercept of plant volume

at biomass axis. Biomass assessment was a destructive method at a monthly interval and

correlated with the volume of plant growth.

33.4.1 Weight loss allometric nonlinear model

The calibration for weight loss depended on the developed logistic nonlinear model involving

discrete variables of plant biomass accumulation weight and soil mass at corresponding pF

ranges, to predict the final weight for plant growth structures at free drainage as follows:-

Y= ((TFW = (BAW) + (A = 7tr2h)) + (WSpH = SMV*PVF*RS) + Wb4-VWA). Y=3.5317x-

695.26; R2 = 0.9889. Y= Final weight of plant, TFW = Total fresh weight of plant, BAW=

Biomass Accumulation Weight, A = Volume of plant based on a= mx-b, where predicted A is

based on slope of observed biomass less the intercept value on vertical axis. WSpn = Weight of
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indicated pF level, SMV = Soil mass volume, PVF = Pore volume fraction, RS = Relative

saturation and VWA=Volume of water Added. The biomass accumulative weight was based on

below ground (roots and corm) and above ground (stem, leaf number, leaf weight and area) and

plant volume (7ir2h of the stem). Leaf area was based on length and width of the third most fully

destructively harvested every month to determine the corresponding weight of root and corm as a
i

unit structure for the remaining plants in the experiment. Stem weight was based on plant height

and girth (average top and bottom girth). The total weight of potted plant (plant, pot, water and

soil) at corresponding soil pF ranges was determined as follows: Total weight of potted plant =

WspFL* SV*PVF*B/d*DMS* Wb* Sw). ThepFM*RS* Wbfd*Web* Wplt **(pFR

quantified pF ranges for minimum and maximum levels for water addition to the bucket for the

three moisture regimes (Moist, semi-moist and dry) was determined as follows:

Whereby: pF range (Min. and Max) (pFR); pF moisture level (pFML); Relative saturation (RS)

(Relative saturation = fraction of pores filled with water at the indicated pF level): weight of

bucket after free drainage (Wbfd); weight of empty bucket (Web); weight of plant (wplt); Weight

of soil at pF level (WspFL); WspFL= Wgt of bucket after free drainage - weight empty bucket -

weight of plant; Soil vol. (SV); Pore vol. fraction (PVF); 100*(l-Bd/2.65); Bulk Density (Bd);

(1-PVF)*2.65) or (weight of dry soil/ vol. of container); Dry mass soil in bucket (DMS);

B/d*PVF; Water in bucket at indicated pF level (Wb); Soil volume*PVF*RS; Soil weight at

indicated pF level (Sw); Dry mass soil + Water in bucket at indicated pF level.
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1 min
1 max
2 min
2 max
3 min
3 max

2
2.1
2.5
2.7
2.8
2.9

0.611764706
0.564705882
0.447058824
0.411764706

43.69
43.69
43.74
43.74
43.29
43.29

0.8
0.8
0.8
0.8
0.8
0.8

0.2201
0.2201
0.1928
0.1928
0.1517
0.1517

42.669938
42.669938

42.7472111
42.7472111
42.338303
42.338303

29
29
29
29
29
29

0.578323
0.578323
0.577016
0.577016
0.583935
0.583935

1.1174433 
1 1174433 
1.1209081 
1.1209081 
1.1025736 
1.1025736

32405857
32 405857
32 506334
32.506334
31.974633
31.974633

10.2601352
9.47089405
7.48084038
6.89024771
6.57441552
6.1759661

42 67
41 88
39 99
39 40
38.55
38.15

43 69
42 90 
40.98 
40.39
39.50
39.10

J__ —

0.260
0.240
0.19

0.175
0.165 0.388235294
0.155 0.364705882

soil at corresponding soil pF ranges, Wb =Weight of empty bucket, Vn2o ~ Volume of water at

developed leaf (Turner, 2005) from the top of plant. One plant per variety and treatment were



Crop management3.4

Water soluble NPK Fertilizer (ratio; 19:9:19) was initially applied at a rate of 1g L'1 to the potted

plants across treatments. Additionally an emulsifiable concentrate insecticide (a.i. Abamectin 18

g L’1) was applied as a foliar spray at a rate of 1 ml/51itres of water to control red spider mites

damage from a further economic injury level (IEL) to the plants especially the drought stressed

plots (ie treatment MD3). The entire experiment was also treated with the nematicide nemacur (ai

fenamiphos) at a rate of 15g/plant to control the nematode potential infestation.

3.5 Data collection

Biomass growth assessment3.5.1

assessed fortnightly beginning at one month after

planting (MAP) by taking measurements of plant height, girth, root length, weight, and number

of developed leaves and the size of leaf lamina (Leaf length x width). All measurements on

leaves were taken on the third leaf (Kumar, 2002) from the top due to its full expansion. The leaf

area was calculated from the leaf lamina size (length by width) by the constant factor of 0.688.

Biomass accumulation parameters were assessed after every two weeks to enhance the

determination of the cumulative increase in size of plant for corrective calibration of soil pF

range treatments based on the plant absorption rate of moisture. Root growth and distribution

were determined using morphological parameters of root girth size and specific root length

(SRL, m g1) Ostonen (2007) adopted similar parameter of SRL as an indicator of environmental

change in determining the length of fine roots. After the thirteen weeks of plants growth, the

experiment was terminated and all plants were harvested to assess the dry matter of the

responsive and under ground biomass (roots).
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The responsive biomass accumulation was



3.5.2 Canopy structural architecture

3.5.2.1 Leaf angle architectural behavior

Canopy leaf orientation is an important parameter for plant growth modeling. The behavioural

component of the leaves in terms of leaf angle and folding, are a mechanism for combating the

adverse effects of drought stress especially heat and moisture deficit. Leaf lamina is liable to

change the standing angle and also fold to avoid excessive transpiration (preserve leaf turgidity).

The leaf angle behavioral data (degrees) were collected on weekly basis using a geometry

protractor for an exponential vertical-horizontal relationship between the mid leaf and the third

most fully expanded leaf. Due to the stress and environmental effects induced in leaf angles

(Tosserams et al., 1997), determination of canopy architecture is important in characterization of

susceptible cultivars. These effects are important since leaf inclination angles influence canopy

light absorption and therefore photosynthesis. Consequently, average canopy leaf angle is used as

a functional parameter in most photosynthetic models (Aries et al., 1993; Thornley, 1993).

3.5.2.2 Leaf folding behavior

The decrease in soil water content from the field capacity can cause a stress situation of plant

dehydration phenomenon of excessive loss of leaf water, plants develops a mechanism of

reducing the leaf evaporative surface area through folding. The data were collected on a weekly

basis to assess the threshold degrees to which leaves of different EAH banana begin to exhibit

the folding mechanism for dehydration avoidance. A geometry compass was used at the middle

of the third most developed leaf lamina and determined the folding by reading corresponding

degrees on a protractor.
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dehydration due to lack of total available moisture (TAM) for plant growth. By avoiding a



3.5.3 Potential for leaf turgidity

The leaf relative water content (RWC) is a relevant physiological component for assessing the

leaf osmotic potential. This is important in estimation of current water content of the leaf tissue

relative to the maximal water content it can hold at full turgidity in a situation of moisture

deficits. At harvesting, a direct approach method for assessment of leaf water content was

adopted, where a third fully expanded leaf from the plant apex was selected and five leaf discs

determining their fresh weight, and then rehydrated with 5 ml of distilled water and refrigerated

weight and then dried in the oven at 70°C for 72 hours. The weight of the dried discs was also

recorded. The final determination of leaf relative water content was based on obtained results of

leaf fresh weight (FW), saturation weight (SW) and dry weight (DW), where RWC= (FW-

DW)/(Sw-DW) (Rampino, 2006; Barr and Weatherley, 1962).

3.5.4 Transpiration assessment of the banana plant

The sensitivity of banana plants to levels of soil moisture depletion justifies the need for

characterization of physiological parameters especially transpiration rate to water stress in

identifying the initiation of stress, and in planning drought management accordingly.

In obtaining the data, a weight loss method was adopted where potted buckets were covered with

a plastic polythene sheet to control 95 percent of soil evaporation and only allow loss of water

through the leaves (weight loss model). Treatments were maintained at determined pF levels

corresponding to weight ranges of the soil mass, and the plant biomass. Volumes of transpired

water were assessed after every 48 hours through weight loss in soil water model.
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(diameter 0.5cm) were excised from the middle region. The leaf discs were pul in a vial after

at 4°C for 48 hours. The leaf discs were then blotted with a dry piece of cloth and recorded the



Response of chlorophyll accumulation to drought stress3.5.5

Chlorophyll content being a function of leaf nitrogen and involved in photosynthetic efficiency,

the evaluation for its build-up during plant growth is a valuable index method for assessing

tolerance to drought stress (Paknejad et al., 2007) and general plant growth. Factors that include

photo-inhibition, high temperature, radiation levels, trunk and foliar diseases and soil drought)

from a noninvasive chlorophyll meter (SPAD; Minolta, Osaka, Japan) attached on the third

unfolding banana leaf to determine the response of N accumulation in leaves at varying moisture

imposed to harvesting. A chlorophyll meter reading correlates well with analytical measurements

of the chlorophyll content and with N concentrations in the leaves (Vos, 1993).

3.5.6 Leaf senescence responses to drought stress

Senescence plays a role in the plant’s survival by contributing nutrient allocation to productive

a result of accelerated senescence

accompanied by abscission, which reduce water loss through transpiration and in turn

contributing to water balance of the plant (Munne, 2004). Such indicative responses may be

induced within a short period of exposure to drought and at a slow rate which is the induction of

senescence. The data was collected on monthly basis by determining the cumulative number of

unproductive tillers (75% dead leaf) for assessing the threshold values for on set senescence at

increasing moisture deficit.
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deficits. Data were collected at a monthly basis starting from the time when treatments were

can lead to chlorophyll breakdown (Hortensteiner et al., 2005). The data readings were taken

leaves through the death of unproductive leaves as



Statistical analysis3.6

Mean values of all the parameters were generated and subjected to analysis of variance

(ANOVA) using a Genstat statistical package. The least significance difference (LSD) at 5%

level of significance was used for mean separation. A GXE interaction using the Additive Main

Effect and Multiplicative interaction (Kempton, 1994) was generated to determine the varieties

that are adaptable to different soil moisture conditions. Graphical representations were generated

in Microsoft excel to determine the response of banana varieties at varying moisture deficit

levels.
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CHAPTER FOUR

RESULTS AND DISCUSSION4.0

4.1. Below ground biomass

Fresh root Weight4.1.1

Results presented in Table 3 indicate both fresh and dry root weights under different levels of

moisture deficit in both seasons (2008a and 2008b). The reduction in moisture availability from

pF 2.0 to pF 2.5 showed a proportional reduction in fresh weight ranging from 12.7% to 19.4%

except for cv. Sukali Ndiizi that was more affected and exhibited a 35.3% loss in weight. Further

reduction of moisture availability from pF2.5 to pFl.R (0.64 - 0.8 bars) significantly affected the

cooking cv. Mpologoma which exhibited 54.4% reduction in weight and was followed by cv.

Kisansa which showed 46.5%, Sukali Ndiizi with 43.0%, Kayinja showed 42.0% and Yangambi

Kdi5 with 40.0% reduction in fresh root weight. Overall results therefore showed that highland

banana cultivars conforming to triple AAA genome composition were more sensitive to moisture

stress reduction than cultivars belonging to AAB and ABB genomes. However, lowland cultivar

Yangambi Kni5 was least affected by moisture reduction, suggesting the possibility of possessing

expressive traits adaptable to drought.

However, significantly higher proportions in root weight reductions between pF 2.0 and pF 2.8

moisture availability were determined. Cultivar Mpologoma showed 63.0% wt. loss in root

affected compared to cv. Kisansa and Kayinja which both showed significantly lower weight

losses of 53.3%. Yangambi Km5 was least affected with 48.4% of wt. loss. The observations
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weight whereas cultivar Sukali Ndiizi had 63.1% wt. loss. These two cultivars were more



correlate to a likely occurring effect from typical phenomenon when moisture is drastically lost

from soil for a long period of time.

In earlier studies by Sebuwufu et al. (2004), 90% of the variations in root growth were attributed

to variation in shoot development which is similarly affected by moisture deficit. Similarly,

Blomme (1996) also reported positive correlations between root traits and above ground plant

characteristics. Therefore, with the reduction in fresh weights, suggestions of resulting effects

were attributed to affected plant shoot due to moisture deficit.

There were no significant seasonal variations across seasons but rather across moisture deficit

levels. Much impact on root weight reduction was attributed to moisture deficit than seasonal

variation.

Root size, average length, tissue density and Mass4.1.2

Results of root size (RS), average root length (ARL) tissue density (RTD) and root mass (RM)

were presented in Table 3. Most root sizes were less than 1cm in diameter with girth size not

significantly different across cultivars and but rather across moisture regimes. The small root size

root length occurred in small roots with diameter <lcm (Fig. 3.). Therefore most lateral roots

attained an average root length.

Mpologoma at 38.4 cm, 49.4 cm, 29.4 cm, and cv Sukali Ndiizi at 53.3 cm, 45.9 cm, and 32.7 cm

for pF 2.0, pF 2.5, and /?F2.8 respectively (Table 3.). The average root lengths of other cultivars

were not significantly different across moisture deficit levels.
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and girth indicated the presence of more lateral roots and therefore led to suggestion that more

Significant average root lengths across moisture deficit levels were observed with cv.



Cooking type of cultivars attained the maximum root lengths (MR.L) with Kisansa (AAA-EA)

exhibiting 118cm, 114.4cm and 80.9cm at pF 2.0, pF 2.5 and pF 2.8 respectively. The cultivar

also attained a root tissue density of 161, 74 and 69 corresponding to pF 2.0, pF 2.5 and pF 2.8

respectively; whilst, cv. Mpologoma had 96.9cm, 109.2cm and 84.3cm and root tissue density of

130, 100 and 71 for the respective moisture levels (pF 2.0, pF 2.5 and /?/?2.8) (Table3.). Cultivar

Sukali Ndiizi deviated from the cooking cultivars and exhibited a relatively less length root

system of 102.8cm, 102.6cm and 72.3cm and the root tissue density of 90, 81 and 72 [or pF 2.0,

pF 2.5 and pF 2.8 respectively (Table 3.). The observation suggests that a higher proportion of

tissue density and length potentially develops in a more moisture stressful condition partly due to

search for moisture.

Despite the variation in root length among cultivars, the total root length results were not

significantly different across moisture deficit levels. However, the high total root lengths among

the cooking type of cultivars (conforming to triple AAA genome) developed extensively hence

attributing the effect partly to optimal availability of moisture in soil and secondly due to the

potential of shoot /root ratio as similarly was observed by Sebuwufu et al. (2004). However,

these cultivars exhibited significantly reduced root length with increased moisture deficit (pF

2.8) indicating the effect of moisture stress to root development potential and hence sensitivity to

drought stress.

Cultivar Kayinja (77.4 cm, 91.8 cm, and 73.3 cm) and Yangambi Km5 (76.9 cm, 81.8 cm, and

moisture deficit levels. Cultivar Yangambi Kni5 had the lowest density of roots al 30, 24, and 19
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83.2 cm) exhibited the most limited length of root and were not significantly different across



for the pF 2.0, pF 2.5 and pF 2.8 respectively. The low root tissue density was attributed to the

narrow shoot nature of cv. Yangambi Km5 from the compensation point, than to the effect of

moisture deficit.

The proportional change in average root length (ARL) (Fig 3) as result of increased moisture

deficit showed a tremendous effect of drought stress. The increment of moisture deficit from pF

2.0 to pF 2.5 did not significantly affect the root length of cv. Kayinja and Mpologoma.

The root mass (RM) based on root tissue density and volumes were determined. Cultivar

Mpologoma exhibited more root mass 296.4g, 349.0g, 142.6g and cv. Kisansa with 241.7g,

262.6g and 134.7g for the pF 2.0, pF 2.5 and pF 2.8 respectively. Cultivar Sukali Ndiizi equally

exhibited high root mass of 373.7g, 168.1g and 115.5g for pF 2.0, pF 2.5 and pF 2.8

respectively. The exhibition of high root mass among the cooking type of cultivars is an

indication of efficient shoot/root ratio. High root mass therefore puts the cooking type of

cultivars to being sensitive to drought stress during the phenomenon of moisture deficit. Cultivar

Kayinja and Yangambi Ktn5 exhibited lower root mass of 127.3g, 138.0g, 104.6g and 50.3g,

50.0g, and 47.1g for the pF 2.0, pF 2.5 and pF 2.8 respectively. The possession of low root mass

was suggested to be a drought adaptative mechanism to the plant since relatively little volume of

water may be absorbed for plant growth.

4.1.3 Specific root length (SRL)

Specific root length (SRL, g’1) being the most frequently measured morphological parameter, is

calculated based on length-to-mass ratio (L/M) of a root fragment. The root mass can be replaced

42

used as an indicator of environmental changes (Ostonen et al., 2007). Specific root length was



by the product of root tissue density (RTD) and volume by a fraction of root length diameter (D)

and it (3.14). Therefore SRL =L/M = L/ RTD*V = L/RTD (tcD2/4)*L)

The lowest SRL were exhibited by cv Mpologoma (0.130m g'1), cv. Kisansa (0.198m g'1) and cv.

larger leaf surface area.

However, cultivars Kayinja and Yangambi Km5 scored significantly higher SRL of 0.3 and 0.7 m

g’1 respectively, hence proving the increase of SRL to decreasing leaf area (Fig.. 3 and 4).

Progressively increased SRL with increased moisture deficit were observed to coincide with

reduced leaf surface hence a low shoot/root ratio. With similar phenomena, Eissenstat & Yanai

(1997) assumed root length and root mass (RM) to be proportional to resource acquisition and

plant maintenance respectively. High SRL with decreased moisture deficit concurred with what

Philips et al. (2006) reported that long and thin roots (high SRL) were the below ground

equivalent of thin leaves and leaf area could be estimated from cord roots (Gousseland, 1983),

and changes in the rate of shoot growth result on an effect in root growth. Similarly, Lahav &

Turner 1989; Price (1995) correspondently reported that roots of plantain and banana (Musa

spp.) were sources of plant growth regulators that contribute to lateral shoot development and

thus perennial growth.

Although cv. Mpologoma, and cv. Kisansa (AAA-EA) attained a higher root length, their

most susceptible to moisture deficit. But their potential for a large leaf area proved a relationship

for efficient utilization of available moisture but not water saving due to limited root distribution

across continued moisture deficit levels. Similarly, cv.Yangambi Km5 (AAA-LL) had root density

the results, its suggested that neither of
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affected by low moisture than the root length. But based on

proportion of root length and density reduction due to moisture deficit indicated that they were

Sukali Ndiizi (0.143 m g'1) (Table 3.) at pF 2.5. correlating with a



the root/shoot ratios shifted in favour of the other basically due to possession of low but long roots

and narrow leaves for limited total carbon investment in root system. Other cultivars, eg Sukali

water spenders than savers and therefore not tolerant to drought in regard to root architecture.

Contrary, cv. Kayinja (ABB) developed proportionally longer but few roots suggesting the

potential for the plant sustainability through drought conditions and possession of traits for

enhancing water saving for tolerance to drought.

AtpF2.5 values of 0.142 m g'1 and 0.163 m g'1 were observed as levels for the specific root length

development of cv. Mpologoma and Kisansa respectively (Fig. 4). Further increment in moisture

deficit level to pF 2.8 would increase the SRL value with limited root mass. Similarly, by

increasing the available moisture to pFl.Q, the SRL is lowered with increase in root tissue density.

However, cv. Sukali Ndiizi developed high root tissue density (RD) due increased availability soil

moisture (pF 2.0) than the lowered moisture levels, suggesting < pF 2.5 as the threshold level at a

value of 0.273 m g’1 (Table 3. and Fig. 3.). The SRL for cv. Kayinja was not affected by the root

tissue density and mass development across moisture deficit levels. Cultivar Yanganibi Km5

exhibited the highest SRL due to very limited root tissue density and mass (Fig. 4). The validity of

the observation could be proved with the narrow leaf length and low shoot/root ratio.
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Ndiizi (AAB) the highly affected root length meant development of more root densities and were
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Fig. 3. Banana root length at harvest

Variety specific root threshold level
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Relative root dry weight4.1.4

significant differences in root

weights across seasons than moisture availability for few cultivars (Table 3). The mean root dry

weight was expressed as relative percentage to the fresh weight (Table 4). Presented results

showed that the relative dry matter of root was generally higher among plants at pF 2.8 M.A

(stressed cultivars) than plant growth at free drainage level (Fig. 5).

Cultivar Kayinja exhibited the highest percentage of dry root weight at 36.5%, followed by cv.

Mpologoma al 33.7%, cv. Sukali Ndiizi at 30.3% and cv. Kisansa at 33.0% and cv. Yangambi Km5

at 29.5% for the pF 2.8 (Table 4.). Significant differences in relative dry root weight were

observed across moisture deficit levels than across varieties. However, cv. Yangambi Km5

exhibited the highest percentage of relative fresh root weight with 87.1% followed by cv.

Mpologoma at 85.3%, cv. Sukali Ndiizi at 85.0%, cv. Kisansa at 84.8% and cv. Kayinja at 83.6%

for the pF 2.5. (Table 4).

The suggestion io the results was the potential for substrates concentration in moisture stressed

than non stressed roots which could be driven by increase in temperature and probably the pressure

in the root zone. The threshold levels for both fresh and dry biomass matter were observed at pF

2.5 based on the relative slope of the curves for all cultivars. The cultivar potential for dry matter

production across moisture deficit levels is presented on table 4. The hierarchal order of hydration

indicated among cv. Kayinja at 1.74g H?0'' DM g’1.

cv. Mpologoma at 1.97 g PHO/ DM

g H?0/ DM g'1 and cv. Yangambi Km5 at 2.38 g H?0/ DM g’1. The order indicated that cultivar

dry matter ( t able 4). suggesting the potential for root desiccation during drought period.

47

within the stressed plants (pF 2.8M.A.) were

Yangambi Km5. Sukalindiizi and Kisansa used relatively more water to produce a single gram of

Contrary to the fresh root weight, the dry weight exhibited non

g'1, cv. Kisansa at 2.03 g HjO/ DM g1, and Sukali Ndiizi at 2.30



Figure 5.
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Percent dry matter of roots for different banana cultivars across 
different moisture regimes



Table 4. Root dry matter production per gram of water used by selected banana cultivars

2008a and b Seasons

GenomeCultivar

ABBKayinja

AAAKisansa

Mpologoma AAA

Yanganibi Km5 AAA-LL

Sukali Ndiizi AAB

49

Moisture
Regime

69.6
60.8
32.5

80.6
65.5
29.9

79.4
68.3
41.0

94.4
61.1
34.8

83.6
81.6
73.3

84.8
81.1
75.2

85.3
84.3
74.8

87.1
86.1
77.2

85.0
82.8
76.7

12.5
14.2
10.7

13.9
12.2
10.1

16.7
12.7
10.6

11.8
11.0
12.1

18.0
23.3
33.0

14.9
16.1
29.5

17.7
20.7
30.3

17.2
18.6
33.7

4.82
4.37
1.97

4.57
3.29
2.03

4.09
3.43
1.74

Dry 
Root 
Wt 
(gms) 
13.6
12.6 
11.8

Percent 
dry root 
Wt 
(%)____
19.7 
22.6 
36.5

pF 2.0
pF 2.5
pF 2.8

5.72
5.21
3.38

(M.A.) 
pF 2.0 
pF 2.5 
pF 2.8

pF 2.0
pF 2.5
pF 2.8

pF 2.0 
pF 2.5 
pF 2.8

pF 2.0
pF 2.5
pF 2.8

gH20/ 
DM g’1

Root Relative
Fresh Fresh
Wt. Wt.
(gms) (%)
69.2
55.8
32.4

4.65
3.80
2.30

M.A.=Moisture Availability, wt = weight, Gms = grams, DM= Dry matter, RFR= relative fresh root, RDR= relative 
dry root, Dw =dry weight, Fw = Fresh weight. gH2O / DMg-l = (Fresh Root Weight - Dry Root Weight)/ Dry Root 
Weight; %DW = (100*DW)/FW



Above ground Biomass4.2

Plant height (1MAT imposition)4.2.1

Results presented in table 5 indicated a cumulative increase in height of plants from one month

after treatment imposition (1MAT) across varieties over time. Plants under pF 2.0 MA level of

treatment attained highest plant height that ranged from 67 - 86cm and 64 - 93cm high for first

and second season respectively. Subsequent plant growth in height ranged from 60 -83cm high

across moisture deficit levels was therefore a clear indication of the impact of moisture stress

Km5 were found to be relatively short species (67-76cm and 64-82cm for 2008A and B

seasons) even after subjecting the plants to field capacity level. Cultivar Sukali Ndiizi exhibited

a trait for highest height (86cm and 93cm) during 2008A and B seasons (Table 5) (Fig. 6).

The observed significant reductions in plant height were attributed to decreased available

moisture (table 5). The effect of moisture stress on plant height was exhibited with retarded

growth plant structures in particular the height of plant (Fig. 7). Plant height increased over

time as the plant grew but the cumulative rate of increases were significantly limited by

much more reduction in height for cv. Sukali Ndiizi (AAB) (Fig. 7), and cv. Kayinja (ABB)

than reduction from 60 to pF 2.8, indicating pF 2.0M.A. as the threshold critical point for

justifying moisture maintenance for better plant growth. However, cv. Mpologoma (AAA) and

Yangambi Km5 (AAA-LL) gradually reduced similarly in height across moisture deficit levels

indicating that a deviation from pF 2.0 justified reduced plant growth in height. Unlike other

cultivars trend of moisture deficit stress on plant height, cv. Kisansa (AAA) differed in

exhibiting the effect.
50

continued moisture deficit state. A decrease in moisture stress from pF 2.1 to pF 2.5 caused a

on the plant’s potential to grow tall. Cultivars, Mpologoma, Kisansa, Kayinja and Yangambi

for pF 2.5 M.A and 46-64cm for pF 2.8 M.A during 2008b season. The difference in height



Plant height (cm) of selected banana cultivars across different moisture regimesole 5.

Season2 (2008b)Season! (2008a)

MonthMonth

1 2 42 41
iety 

70.825.6 38.2 51.9 85.660.1 66.2 74.1 45.0pF 2.0 51.1vinja

55.2 68.2 58.549.8 54.2 31.6 27.5 37.1i)B) pF 2.5 41.2 47.5

31.0 39.0 45.8 50.543.9 50.2 49.2 51.8 18.0 23.3pF 2.8

28.9 68.5plogoma pF 2.0 60.6 67.4 41.9 39.7 57.5 75.447.5 51.3

43.6 56.9 32.9 39.2 54.3 60.1 29.83A) pF 2.5 47.8 50.2 30.5

pF 2.8 47.7 49.2 49.1 49.9 4.6 29.3 40.6 47.8 56.9 57.6

<ali NdiizipF 2.0 60.0 72.9 80.4 85.9 43.2 48.8 62.2 81.1 92.5 41.5

AB) pF 2.5 59.6 61.6 67.854.5 24.4 38.4 47.5 59.5 67.0 36.3

61.3 62.3 61.9pF 2.8 55.2 12.1 48.4 55.8 55.9 63.6 29.1

igambi pF 2.0 66.158.2 72.0 76.1 30.8 26.7 36.3 50.1 63.964.1

AA-LL) pF 2.5 53.6 58.0 58.4 63.9 19.2 28.5 36.4 52.4 67.3 56.2

pF 2.8 62.853.1 57.4 58.6 10.4 28.3 33.8 32.242.3 47.7

pF 2.0 53.3 56.3 62.8 67.6 26.8 28.7 52.4 57.9 82.1 124.4ansa

\A) pF 2.5 50.3 53.1 54.5 57.2 13.7 33.0 41.6 82.8 66.259.1

pF 2.8 43.6 44.6 47.2 45.8 5.1 30.5 37.1 58.3 52.944.4

D (M.A) 3.30 3.38 4.08 4.58 5.23 5.52 4.68 5.35

D (M.A.*V) 7.37 7.56 9.12 10.2 11.7 12.4 10.45 11.96
% 8.7 8.0 9.2 9.7 22.0 17.7 11.6 10.7

51

Moisture
Regime

Percent 
Increase 
from 1-4

Percent 
Increase 
from 1 -4

3
cm 

3 
cm 

= Moisture Available, ‘means followed by the same letter within a column are not significantly different according to student-newman- 
s(S-N-K) test.



Final plant height across varieties
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Stem girth development4.2.2

Despite the effect of seasonal variation on stem enlargement, there was significant limitation of stem

development due to moisture deficit stress (Table 5). At harvest, with pF 2.5., cv. Sukali Ndiizi

(19.3cm;24.0cm) and cv. Kayinja (18.8cm; 18.6cm)

largest stem circumference than cv. Yangambi Km5 (15.5cm; 13.9cm) and cv. Kisansa (15.2cm; 16.4cm)

(Fig. 8a) for 2008 A and B seasons respectively. The results therefore indicated the variety potential for

photosynthates translocation in the stem sink especially for ABB and AAB genome cultivars. However, at

Kayinja, Sukali Ndiizi and cv. Kisansa tolerated the

reduction in available moisture much more than cv. Yangambi Km5, cv. Mpologoma. With the increased

moisture deficit of severe stress environment (pF 2.8), cv. Kisansa (10.2cm; 11.0cm), cv. Yangambi Km5

(10.6, 11.0cm) and cv. Mpologoma (10.5; 12.2cm) were highly stressed than cv. Kayinja (12.6cm;

12.5cm) and cv. Sukali Ndiizi (12.2; 12.5cm) (Fig. 8A) for 2008 A and B seasons respectively. The results

therefore put the cooking type of cultivars to drought susceptibility while the dessert and plantain types to

a significant degree of tolerance to pseudo-stem development.

The final percent reduction in girth showed that when the available moisture was reduced from pF 2.5-2.8.

cultivar Kisansa and Kayinja were mostly affected (Fig. 8b). However, cv. Sukalindiizi was more affected

upon reducing available moisture from pF 2.0-2.5 (Fig. 8B). The threshold points for girth size reduction

based on reduction in available water showed all cultivars to reduce in size upon decreasing in available

water. The initial signs in stem size reduction were determined at cultivar basis where cv. Kayinja and

Sukalindiizi started significant deviation at pF 2.5. Other cultivars deviated upon decreasing the available

moisture from pF 2.5 hence suggesting their susceptibility to moisture deficit. The average threshold girth

sizes were 12.6cm (Yangambi Km5), 13.5cm (Mpologoma) and 14.0cm for Kisansa (Table 6) (Fig. 7R).

53

pF 2.5, the stem enlargement potential of cv.

cv. Mpologoma (16.5cm; 16.8cm) exhibited the



Stem girth (cm) of selected banana cultivars across different moisture regimes=e 6.

Season! (2008b)Season! (2008a)

Sampling intervals (Month)Sampling intervals (Month)

1 2 42 41

ety

8.80 9.27 16.6318.77 38.7 18.63 111.717.23pF 2.0 13.53 16.43tnja

8.70 8.70B) 13.33 13.93 27.4 16.30 17.57 102.0pF 2.5 10.93 14.43

12.58 24.1 7.77 7.77 11.80pF 2.8 10.14 13.09 12.33 12.53 61.3

'ygoma pF 2.0 10.83 13.27 16.50 52.4 8.33 8.3314.17 15.63 16.83 102.0

A) pF 2.5 9.47 10.87 12.57 32.7 8.5011.17 8.50 14.33 14.40 69.4

pF2.8 9.09 10.1210.34 10.53 15.8 7.97 8.50 10.87 12.20 53.1

iNdiizi pF 2.0 10.73 14.33 16.23 19.33 80.1 10.63 10.63 21.17 23.97 125.5

i) pF 2.5 10.17 12.33 12.6 14.10 38.6 8.70 8.70 14.93 15.17 74.4
pF 2.8 8.99 12.29 11.02 12.23 36.0 9.80 9.80 13.17 12.53 27.9

imbi pF 2.0 10.60 12.80 14.30 15.47 45.9 7.97 8.20 12.30 13.90 74.4
[aaa-ll) pF 2.5 9.07 11.50 11.00 12.20 34.5 13.03 12.97 73.67.47 7.47

pF 2.8 10.17 10.97 11.87 10.60 4.2 10.97 46.97.47 7.47 9.60

pF 2.0 11.43 12.87 13.70 15.20 33.0 105.08.00 14.93 16.408.17sa

0 pF 2.5 11.00 11.40 11.03 12.03 9.4 16.03 101.17.97 7.97 14.17
pF 2.8 9.09 10.24 10.22 10.18 12.0 10.97 34.38.17 7.50 10.10

.SI) (M.A.) 1.066 0.581 0.94 0.650 0.627 1.369 0.655
.SI) (M.A *V) 2.383 1.299 2.10 1.453 1.403 3.062 1.465
2V% 13.7 6.2 8.5 9.1 10.3 9.9 12.013.1
sturc Availability
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Final Values of Variety Stem girth
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■ I

4.2.3 Cultivar leaf area expansion potential under drought stress

spite the variation across seasons, the results showed that the potential for leaf expansion increased with

iximum water availability (pF 2.0.) based on the morphological nature of the cultivar leaf, and diminished

osequently upon reduction in soil available water. The effect therefore suggested that water deficit slowed

served by Alves (2004) on limited leaf area expansion of cassava due to water deficit. However al field

oacity (free drainage), cv. Sukali Ndiizi (0.275cm2; 0.271cm2), and Kisansa (0.519 cm"; 0.209cm')

educed the largest leaf area. But cv. Kayinja (0.191cm2; 0.181cm2), Mpologonia (0.171cm2; 0.189cm') and

. Yangambi Km5 (0.092cm2) produced narrow leaf area for 2008 A & B seasons respectively. However,

f there was leaf area expansion interaction across varieties at the subsequent reduced available moisture

Eg. 9a).

e increase in available moisture from pF 2.0-2.5 affected the plant’s potential for leaf area expansion by

1.7% (Kayinja), 31% (Sukalindiizi) and pF 2.8 (Mpologonia) (Fig. 9B). The scores led to a suggestion that

'■ proper leaf expansion in size, the moisture should be maintained at field capacity level hence the

teshold controlled at pF 2.0. The leaf area reduction per variety was observed at different water regimes.

ion reducing the available moisture from pF 2.0 to pF 2.5, the leaf area of cv. Kayinja gradually

finished immediately from 0.162cm2, correlating with the 18.3% proportion of leaf size reduction.

iltivar Kisansa and Yangambi Km5 possessed a similar mode of significant deviated in leaf size reduction

d 0.090cm2 respectively. A similar trend of leaf expansion threshold between cv. Kayinja and Mpologonia

:re observed but significantly reducing the leaf size from 0.114cm2 and 0.107cm2 upon decreased available

l)isture from pF 2SFpF 2.5 (Fig. 9A). The results therefore suggested cv. Sukali Ndiizi, cv. Kayinja and cv.

bologoma require a lot of water (pF 2.0) to maintain their leaf expansion potential whilst cv. Kisansa and

\ngambi Km5 required little additional water to pF 2.5 to be able to expand fully.

56

: advance in plant development (Table 7) limiting the potential for full leaf expansion. Similar effects were

ten the available moisture was decreased from pF 2.5 to 2.8 hence indicating a threshold value of 0.099cm2



Leaf area expansion of selected banana cultivars across different moisture regimes-ble 7.

SeasonZ (2008b)Season! (2008a)

Sampling Interval (Month)Sampling Interval (Month)

jriety 31 3 4 1 4

4’inja pF 2.0

0.041 0.065 0.064 0.114 64.00.067 0.086 0.112 0.127 47.2,BB) pF 2.5

0.035 0.051 0.055 0.078 55.10.108 0.129 38.0/?F2.8 0.080 0.091

62.0 0.044 0.083 0.105 0.189 76.70.065 0.095 0.116 0.171

0.050 0.056 0.060 0.132 62.10.052 0.086 0.097 0.115 54.8

pF 2.8 0.078 0.093 0.087 0.098 20.4 0.039 0.072 0.066 0.099 60.6

tali NdiizipF 2.0 0.057 0.123 0.171 0.275 79.3 0.082 0.134 0.175 0.271 69.7
AB) pF 2.5 0.070 0.096 0.133 0.164 57.3 0.057 0.095 0.092 0.184 69.0

pF 2.8 0.074 0.103 0.085 0.139 46.8 0.083 0.099 0.096 0.120 30.8

ngambi pF2S) 0.067 0.093 0.131 0.158 57.6 0.044 0.077 0.083 0.162 72.8
AA-LL) pF 2.5 0.062 0.079 0.098 0.117 47.0 0.045 0.071 0.088 0.162 72.2

pF 2.8 0.082 0.079 0.090 0.097 15.5 0.064 0.058 0.105 61.00.041

pF 2.0 0.094 0.099 0.120 0.159 40.9 0.046 0.084 0.103 0.209 78.0'ansa

pF 2.5AA) 0.091 0.102 0.110 0.126 27.8 0.048 0.069 0.072 0.175 72.6
pF 2.8 0.073 0.085 0.094 0.109 33.0 0.117 56.40.051 0.071 0.071

D (M.A.) 0.017 0.008 0.016 0.016 0.023 0.0340.011
D (MA*V) 0.038 0.018 0.036 0.025 0.035 0.053 0.076
r%. 30.0 11.2 15.7 14.8 30.029.9 26.5 36.7

M.A. = Moisture Availability
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Moisture
Regimes
(M.A.)

Leaf 
Increase 
-%-
51.3

Leaf
Increase
-%-
76.8

2
-cm

0.093 0J09 0.150 0.191

2 
—cm 

0.042 0.086 0.097 0.181



Area expansion of leaves (Third leaf)
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4.2.4 Fresh plant weight

The results in Table 8 indicated the cumulative biomass weight for four months across moisture

deficit levels and genotypes more distinctly during the 2008b season. The difference in plant

tissue development potentials were attributed to both moisture deficit and seasonal variations.

Tissue weights reduced significantly across increased moisture deficit levels with more

significant cumulative variation were observed in second than first season over months (Table 8).

Sukali Ndiizi (AAB) at 2240g, 1181g, and 515.0g for pF 2.0, pF 2.5 and pF 2.8 respectively for

2008B season (Table 8) (Fig. 10A), indicating a cumulative proportion decrease of 58.0% and

48.0% in weight upon available moisture reduction from pF 2.0 to pF 2.5 and pF 2.5 to pF 2.8

levels. The cooking cultivars (Kisansa and Mpologoma) equally performed well by weighing

1887g, 1396g and 476g (cv. Kisansa) and 1700g, 998g and 466g (cv. Mpologoma) for pF 2.0, pF

2.5 and pF 2.8 respectively indicating a cumulative proportion decrease of 29% and 42% with

increased moisture reduction from pF 2.0 to pF 2.5; with 69% and 52% from pF 2.5 to pF 2.8

levels respectively (Fig. 10b)

The sensitivity of cv. Kisansa and Mpologoma to drought stress effect increased cumulatively

upon increased moisture deficit level (pF 2.5-2.8) hence suggesting the potential for less

adaptability. Subsequently, cv. Kayinja (ABB) finally weighed 1664g, 1154g, and 374g for pF

2.0, pF 2.5 and pF 2.% levels (Table 8) with cumulative proportion decrease of 31% and 68% for

moisture reduction from pF 2.0 to pF 2.5 and pF 2.5 to pF 2.8 levels respectively. The results for
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were decreased especially from pF 2.5 to pF2.8. Ultimately

The fresh tissue weight quantification results at harvest showed the highest total weight with cv.

cv. Kayinja showed its susceptibility to fresh biomass accumulation when moisture deficit levels

cv Yangambi Km5 (AAA-lowland)



exhibited the lowest fresh weight at 1479g, 1172g and 391g for pF 2.0, pF 2.5 and pF 2.8

respectively.

The threshold critical points for initial signs of susceptibility to drought stress were determined,

first through comparison of highland cooking cultivars with genomic composition of AAA

{Mpologoma and Kisansa) together with the dessert cultivar of AAB {Sukali Ndiizi) (Fig 10b)-

Despite cv. Sukali Ndiizi weighing heavily in plant tissue than

initial signs of stress were observed when moisture deficit levels were increased from pF 2.0 to

pF 2.5. With further increase in moisture deficit, the deviation in tissue weight across moisture

regimes were equally high hence the potential for susceptibility. The cooking cultivars showed

susceptibility to moisture stress especially when moisture deficit was increased from pF 2.0 to pF

2.5, with cv. Kisansa exhibiting the greatest effect than cv. Mpologoma and cv. Sukali Ndiizi

(Fig. 10B).

The second comparisons for threshold determination were between the plantain with ABB

genomic composition (cv. Kayinja) and highland cooking cultivars {Mpologoma and Kisansa) of

AAA genome (Fig. 10A). Cultivar Kayinja produced the lowest tissue at pF 2.0. and produced a

less gradual decrease in weight than the cooking cultivars of Mpologoma and cv. Kisansa.

However, despite the non significance in percentage of proportional decrease in weight at pF

2.O., the initial signs were observed upon increased moisture deficit {pF 2.0 to pF 2.5) from the

Mpologoma when moisture deficit level was increased from pF 2.5 to pF 2.8 M.A indicating the

highest level of susceptibility. However, cv Mpologoma exhibited some level of resistance to

drought stress atpF2.5 to/?F2.8 though not significantly different (Fig. 10B).
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optimal point. Cultivar Kisansa and Kayinja showed the greatest signs of reduced weight than cv.

cv. Mpologoma and Kisansa, the



highland cultivars of (Kisansa and Mpologoma) of AAA genome and the low land cultivar

(Yangambi Km5) of the AAA genome (Fig. 10b). All the cultivars (AAA) exhibited decreased

tissue weight upon moisture deficit increase from pF 2.0 to pF 2.5 with cv. Kisansa and

Yangambi km5 proportionally more affected but significant interactions of susceptibility and

tolerance were observed upon increased moisture deficit from pF 2.5 to pF 2.8 (Fig. 10b).

Cultivar Kisansa and Yangambi km5 proportionally suffered more tissue weight loss than cv.

Mpologoma.
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The third final comparisons for threshold level of susceptibility were between the cooking
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Estimated fresh weight of plants at fourth month □ pF 2.0

□ pF 2.52500
□ pF 2.8*
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Fresh Weight reduction at final plant growth □ pF 2.0-2.5
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Figure 10. Fresh biomass accumulation and percent reduction in wgt of selected banana cultivars (Fig. 10A & 10b)
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Figure 11. Leaf angle orientation of selected banana cultivars across moisture deficit levels for 15 weeks
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significant differences across moisture deficit levels and

changing diurnal periods. However, the comparison of cooking cultivars (AAA-EA genome)

with ABB, AAB and AAA-lowland genomic cultivars showed cv. Kayinja with higher potential

of drooping leaves hence wider angles (Fig 12a-c). The angle interactions were observed al pF

2.5 and pF 2.8. levels with relatively narrow angles between the pseudo-axial and the third leaf.

Leaf angle interactions were attributed partly to changing diurnal periods and leaf structure al the

young stage of plant growth.

Leaf folding architectural behavior4.3.2

The genotype results of leaf folding behaviour across moisture deficit levels from ninth to fifteen

weeks after planting (WAP) were presented in the Table 10. The leaf orientation indicated larger

surface opening with more available water in soil. The potential for leaves to remain spread were

observed in all varieties at pFl.Q and folded with increased moisture deficit levels of pF 2.5 and

pF 2.8 respectively. Significant differences among water regimes were observed though and

there were no significant interaction between genotypes and moisture deficit levels over lime.

stress situation of plant dehydration and deterred leaf lamina expansion due to reduced leaf water

potential (LWP). By avoiding a dehydration phenomenon of excessive loss of leaf water,

genotypes folded their leaf lamina to reduce the leaf evaporative surface and lowered

reported to improve plant water use efficiency and maintaining relatively positive leaf water

potential and efficient stomata regulation of transpiration (Shmueli, 1953). The phenomena of

leaf midrib folding potentials were similarly observed and reported by Kusaka (2005) on pearl
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over weeks (Fig 11a-e)- The leaf standing angles were not consistent over weeks due to the

The decrease in soil water content (pF 2.5 and pF 2.8 M.A.) from the field capacity caused a

transpiration rate. In addition to lowered transpiration, the drought avoidance mechanism was

Variety leaf orientations showed no



millet. However, despite an avoidance mechanism to drought stress, the leaf orientation potential

interception and increased diffusion resistance to carbon dioxide (C02) (Kusaka, 2005).

Among the genotypes potential for orienting leaves open, cv. Yangambi Km5 (126°), cv. Kayinja

(125°) and cv Kisansa (124°) were found to bear the leaves wide spread at pFZ.G. (Table 10) on

and the least orientation were observed among cv. Sukali Ndiizi (115.7°), cv.average,

free drainage media. However, at pF 2.5,

Yangambi Km5 (129°) was not affected by moisture deficit

increment, but cv. Kisansa (105°) and Mopologoma (109°) began to fold leaves than cv. Kayinja

(111.7°) and cv. Sukali Ndiizi (111.7°) (Fig. 13B). At pF 2.8, cv. Sukali Ndiizi (74.2°),

Mpologoma (109°) and cv. Kisansa (103.7°) exhibited more folded leaves from 180° surface

orientation. Other cultivars leaves were relatively oriented open though not significantly different

(Fig. 13c).

The results of leaf orientation exhibited a significant difference across moisture deficit levels. The

observed increase in moisture deficit (pF 2.5 M.A) from free drainage led to a conclusion that cv.

Kisansa and cv. Mpologoma (cooking genotypes) exhibited the folding mechanism much more

than other cultivars. The observation meant the cultivars potential to avoid excessive dehydration

stressful situation (pF 2.8), still cooking cultivars and cv. Sukali Ndiizi exhibited sensitivity to
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more distinct at pF 2.8 in the order of cv. Sukali Ndiizi at 74.2°, cv. Mpologoma at 98.9° and cv.

Kisansa at 103.7° open respectively.

were also reported to lower photosynthetic activity through reduced the surface area for light

drought stress and folded the leaves (Table 10). The initial signs of folding mechanism (failure to 

orient leaves open to 180°) were observed upon moisture deficit increment at pF 2.5 and were

and therefore some level of turgidity to facilitate dry matter translocation. However, in a more

Mpologoma (116°) (Fig. 13A) despite growing on

unlike other genotypes, cv.



1

Table 10. Leaf folding behavior of selected banana cultivars across different moisture regimes

Season2 (2008b)
Variety Moisture Sampling intervals (Weekly)

Leaf surface opening (inner midrib) Regimes (M.A.)

Wkio Wk,i Wki2 Wk13 Wk,4 Wk,5Wk9 Mean

 Degrees 

130.0 117.0 110.7139.0 116.7 124.7pF 2.0 137.0Kayinja

109.7 105.7 105.3131.7 134.0 95.7 99.7(ABB) pF 2.5

130.0 106.7 115.3 85.3 85.3pF 2% 112.3127.7

Mpologoma pF 2.0 103.7 104.7 115.0 120.0 130.7 122.0115.7

(AAA) pF 2.5 118.0 119.3 101.0 107.3 117.7 94.7 106.3

pF 2.8 106.0 107.7 93.7 98.3 103.7 88.0 95.0

Sukali Ndiizi pF 2.0 114.3 122.7 127.7 111.3 96.7 114.3 122.7

(AAB) pF 2.5 113.3 119.3 128.0 101.0 87.7 113.3 119.3

74.1"pF 2.8 70.0 78.0 88.7 58.7 75.7 70.0 78.0

Yangambi Km5 pF 2.0 118.7 120.7 132.0 137.7 118.7 123.7 136.3
(AAA-LL) pF 2.5 128.7 131.3 131.3 134.7 131.3 128.7 122.7

pF 2.8 110.7 117.0 120.7 100.0 129.0 95.7 120.3

Kisansa pF 2.0 113.3 114.3 140.0 148.7 161.3 99.0 91.7
(AAA) pF 2.5 109.7 110.7 99.3 106.3 101.0 102.0 108.0

pF 2.8 121.0 120.7 94.7 99.3 105.0 90.0 95.0

10.67 12.20 8.66

70

111.7a

126.8a

115.7a

116.0a

129.8a

103.5b

109.0b

98.9b

111.7b

105.3b

113.3b

109.21’

124.1a

125.1a

nmni

LSD (M.A.) 10.74 11.24 9.67 10.67 12.20 8.66 10.91
LSD (M.A.*V) 24.02 25.13 21.63 23.86 27.28 19.35 24.39
cv% 12.5 12.7 11.5 12.9 14.3 11.2 13.5
M.A. - Moisture Available, *means followed by the same letter within a column arc not significantly different according to student-new man- 
Keuls (S-N-K) test. b



13a

13b

Figure 13.

71

13c
Trend of genotypic leaf folding forpFZ.O; 2.5; 2.8 (Fig 13A-c)



Despite drought avoidance mechanisms of leaf angle and folding orientation being subject to

regulating the transpiration rate based on surface area exposure, were found not to exhibit

correlation orientation with increased moisture deficit levels of pF 2.5 and pF 2.8 Leaf

folding was not based on leaf drooping mechanism (Fig 15a-o- However, al pF 2.0, turgid

leaves were found to droop and simultaneously folded significantly across genotypes.

Mpologoma. The polynomial regression trend showed a positive correlation of leaf angle and

the potential to open wide at pF 2.0 (Fig. 16). The correlation was partly attributed to the leaf

turgidity and size relative to proximal stem.
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Leaves folded as the standing angle changed by drooping especially for cv. Kisansa and cv



Genotype leaf orientation comparison at pF 2.5-2.7.
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Genotype leaf orientation comparison at pF 2.8-2.9
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Figure 15A-c Leaf orientation (Leaf angle and folding) comparisons of selected E.A banana cultivars
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Potential for leaf turgidity during drought stress4.3.3

Results for the leaf turgidity potential were not significantly different across genotypes and

moisture deficit levels in both seasons though results in the second season were more

definite (Tablel 1) (Fig. 17). The Leaves for all genotypes expressed full turgidity at pF 2.0.

with cv. Kayinja averagely containing more water at 95.4%RWC, followed by cv.

Mpologoma, Sukali Ndiizi and Kisansa at 93.9%, 93.3% and 93.2% RWC respectively. But

The potential for full leaf turgidity enhanced cell expansion for co2 conductance through

stomata and similarly led to high transpiration rate (Fig. 18B) and biomass development

(Fig 10A). At pF 2.5 M.A., the genotypes leaf RWC dropped though not significantly.

Sukali ndiizi (90.5%), cv. Kayinja and Kisansa (90.0% RWC), and Yangambi Kin5 at 88.1%

in second season (Table 11) (Fig.17). The increment of moisture deficit from pF 2.0-2.5

indicated a significantly different proportion of reduction from full leaf turgidity potential.

RWC reduction respectively than cv. Sukali Ndiizi (4.8%), cv. Kisansa (3.6%) and cv.

Mpologoma (0.3%).

therefore considered of less impact to cooking banana cultivars but rather drought

sensitivity to the desert and plantain type which justify the need to express the dehydration

avoidance mechanisms for plant survival. Further increment of moisture deficit in soil from
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I

cv. Yangambi Km5 contained relatively less water at 92% RWC.

Cultivar Kayinja and Yangamb kni5 were more affected proportionally at 7.0% and 7.4%

The effects of turgidity reduction due to moisture deficit increment from pF 2.0-2.5 were

Mpologoma (cooking cultivar) retained relatively higher leaf turgidity at 92.5% than cv.



pF 2.5—2.8, indicated

more dehydrated hence the severe sensitivity to drought stress than cv. Sukali ndiizi at

90.2% (Table 11, second season).

The relative leaf turgidity enhanced cells to remain extended for transpiration yet the lost

water was far higher than the replaceable in soil hence the sensitivity and failure to survive

in adverse conditions. The leaves of other genotypes (Kayinja, Sukali Ndiizi and Yangamhi

Km S') were relatively hydrated (83.3- 90.2 RWC). The hydration potential was attributed to

possession of behavioral traits that enhanced mechanisms for drought avoidance. The

average proportions of leaf dehydration due to moisture deficit increment from 60 to pF 2.8

were higher for cv. Mpologoma (10.2%) and cv. Kisansa (7.4) compared to cv. Kayinja and

cv. Sukali Ndiizi at 3.5% and 3.2% respectively. Cultivar Yangambi Km5 was proportionally

the least affected in leaf turgidity due to moisture deficit increment.
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a higher water saturation deficit hence low turgidity in leaves. The

cooking banana types of cv. Mpologoma (85.4% RWC) and Kisansa (78.6% RWC) were
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Selected metabolic processes of banana cultivar4.4

1.595 L wk’1 (cv. Kayinja) and 1.595 L wk’1 (cv. Yanganibi Kni5) for the pF 2.0. The results

correlated with significantly with the level of leaf surface expansion to enhance high

transpiration rate.

However, at pF 2.5, the significant rates of transpiration trend were estimated at 1.245 L wk'l (cv.

Yanganibi Km5), 1.238 L wk’1 (cv. Sukali Ndiizi), 1.222 L wk’1 (cv. Kayinja), 1.186 L wk’1 (cv.

Mpologonia) and 1.156 L wk’1 (cv. Kisansa). Similalry the potential for spending a lot of water

was correlated to the leaf surface expansion and opening for cv. Yanganibi Km5 and cv. Sukali

Ndiizi. In the most stressful environment (pF 2.8), plants showed distinct signs of dehydration

which necessitated the cultivar potential to save water from transpiration. Cultivars Kayinja

sensitivity to drought stress.

second season were repeatedly conducted longer (9-20WAP) to enhance distinct variations
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2.8 respectively across genotypes. The rates of transpiration across genotypes were estimated at 

1.715 L wk’1 (cv. Sukali Ndiizi), 1.670 L wk’1 (cv. Mpologonia), 1.595 L wk 1 (cv. Kisansa),

and time (weeks) however, no seasonal variations were observed. In the first season, the average 

transpired water was estimated at 1.631L wk’1, 1.209L wk ', 0.660 wk 1 for pF 2.0, pF 2.5 and pF

among genotypes and across moisture deficit levels (Table 13B). The average transpiration rates

The results presented in Table 12 showed significant difference across water regimes, varieties

Despite no seasonal variations across treatment structures, the weekly sampling period for

that transpired significantly more water. The observations were found valid with genotypic

(0.553L wk’1) and Sukali Ndiizi (0.620L wk’1) exhibited potentials for water saving, contrary to 

cv. Kisansa (0.770 L wk’1), cv. Mpologonia (0.719 L wk’1) and cv. Yanganibi KmS (0.637 L wk’1)

4.4.1 Transpiration rates of selected banana cultivars across different moisture regimes



for genotypes were estimated at 1.881 L wk'1, 1.222 L wk'1, and 0.460 L wk'1 for/?/7 2.0, 2.5 and

2.8 respectively. However, at pF 2.0, the transpiration rates for cv. Sukali Ndiizi and Kisansa

were estimated at 2.020 L wk'1 and 1.903 L wk'1 respectively per week, significantly different

from cv. Yangambi Km5 (1.869 L wk'1), cv. Kayinja (1.822 L wk'1) and cv. Mpologoma (1.790 L

wk'1). Similarly, high rates of transpiration were attributed to leaf surface expansion and the

significant change cultivar transpiration with some cultivars beginning to express dehydration

avoidance mechanism. Only cv. Kisansa significantly transpired more waler at 1.306 L wk'1 than

other cultivars. The trend was observed at 1.2 L wk'1 (cv. Yangambi Km5, Kayinja, Mpologoma

and Sukali Ndiizi).

The results from stressful treatment structure indicated the actual expression of traits for

spending and saving water for plant growth. Cultivars Kisansa and Mpologoma significantly

transpired more water at estimated rates of 0.6 L wk'1 respectively more than 0.4 L wk'l for cv.

Sukali Ndiizi and Yangambi Km5\ and 0.3 L wk'1 for cv. Kayinja. The stressful condition put cv

Kisansa and Mpologoma to being water spenders hence their sensitivity and therefore could only

get acclimatized to the environment than being adaptive, whereas cv. Sukali Ndiizi, yangambi

and Kayinja exhibited relative traits of water saving. The potential of cultivars to save water was

considered a good trait for plant adaptability to survive in stressful conditions but not to be

productive. However, the GxE results (Tab 13A) showed cvs Sikalindiizi and Yangambi km5

expressing stability at pF 2.0, while the cooking cvs Mpologoma and Kisansa were stable at pF

2.5 proving the susceptibility to moisture stress while

2.5 and/?/72.8 confirming its adaptability in drought stressed environments (Tab 13A).
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potential to open wide. Contrary to free drainage level, the initiation of stress at pF 2.5. caused a

cv Kayinja exhibited stability at both pl-



Mean values of transpiration rates for selected banana cultivars acrossTable 12.

different moisture regimes

Weekly sampling interval (Season 1 2008a)

Variety Means

1.071 2.184Kayinja pF 2.0 1.046 1.773 1.871

(ABB) pF 2.5 0.822 0.899 1.199 1.349 1.6001.455

pF 2.8 0.538 0.549 0.441 0.537 0.572 0.595

Mpologoma pF 2.0 1.063 1.183 1.664 1.946 1.963 2.200

0.771(AAA) pF 2.5 0.889 1.157 1.349 1.432 1.516

pF 2.8 0.690 0.723 0.614 0.741 0.724 0.735

pF 2.0 1.051Sukali Ndiizi 1.251 1.667 1.929 2.071 2.323

(AAB) pF 2.5 0.864 1.031 1.084 1.366 1.485 1.594

pF 2.8 0.568 0.660 0.519 0.631 0.611 0.666

Yangambi Km 5 pF 2.0 1.053 1.132 1.468 1.595 1.826 2.029
(AAA-LL) pF 2.5 0.891 0.988 1.130 1.377 1.512 1.571

pF 2.8 0.601 0.648 0.572 0.631 0.674 0.685

pF 2.0 1.020 1.143Kisaiisa 1.506 1.743 1.963 2.197
pF 2.5 0.779 0.867 1.114(AAA) 1.307 1.396 1.470
pF 2.8 0.804 0.767 0.693 0.752 0.761 0.759
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Moisture
Regime

0.086
0.193
12.4

0.107
0.240
13.1

0.115
0.258
12.1

0.081
0.180
7.2

0.085
0.190
8.3

Wki2 Wk|3 Wk14 Wkis Wk16 Wk,7
-------------------Liters-

1.541

0.770c

1.517“

1.670“

1.595“

0.637c

0.719C

0.553c

1.156”

1.245”

1.715“

1.186”

1.222”

0.6201

1.238”

1.581“

LSD (M.A.) 0.062
LSD (M.A*V) 0.139
CV%_______________________________9.8

M A.= Moisture Available, ‘means followed by the same letter within a column are not significantly different according to student-newman- 
Kculs(S-N-K) test.



Plot of Genotype and Environment IPCA 1 scores versus means
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Figure 18A
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-0.1

-0.2

Genotype and Environment means
Genotype by Environmental interaction for selected cultivars

pF 2.0-2.1 
(El)

Ki sansa
Yangambi Km5
Mpologoma
Kayinja
Sukali ndiizi

Ki sansa 
h Ipologoma 
Sukalindiizi 
Yangambi Km5 
Kayinja

0.562
0.541
0.407
0.378
0.298

1.728
1.682
1.647

1.125
1.067
1.063
1.048
1.017

Water spender
Water spender
Water spender
Water saver
Water saver

Water spender 
Water spender 
Water spender 
Water saver 
Water saver

Stable
Not stable
Stable
Stable
Not stable

Not stable
Not stable
Not stable
Not stable
Stable

pF 2.8-2.9 
(E3)

pF 2.5-2.7 
(E2)

z
L. 
O 
if

< 
U cu

Potential for 
transpiration
More Water spender 
Water spender 
Water spender
Less Water spender 
Less Water spender

Genotype x Environment
Interaction
Stable
Stable
Not stable
Not stable
Not stable

Tablel3A showing the genotype performance (AMMI estimates)
Environment Genotype Transpiration

Ranking rates
(Ltr/48hrs)
1.973Sukali ndiizi (G3) 

Yangambi Km5 (G4) 1.828
Kisansa (G5)
Mpologoma (G2)
Kayinja (G1)



mi

<Z>
in

CM

COo
OX

cm<5CM‘n inoo
Ox M4 <n

ocm
xq oo

Oscm£ ©o CM

CMXO
Ox

CM

CxCX

:
;

e£ xo
OJ

o
© 00

exXO CxXOCM
o

ooo in cm;

©Oxcm£

«e S *CQ
■I

oI

4]

CM
CM

O
CM

O
CM

Ml 
©

in
CM

o
CM

CO 
o

CM 
o

CM 
o

cm
O

in
O

in 
o

m
O

in 
o

ox 
o

CM 
o

XO 
o

©

xq 
©

z 
co

co cm
o

co
CO

xoCM

CMCM cm

oo in in 
o

IT) oo
o

cmin
o

CM
CM

co co 
CM
o

CM 
cm
O

Ox
cm
o

LO) 
cm CM
O

co m

in
CM
U.

cm 
o

CMCM
O

CO in CM
o

oo
CM

©•ex in

m
CM

co in
©

; >

s

g

CM£

g
o£

Oxco

xo>n cm

o 
CM CM

XOOx
cm

mOx

XO in CM
O

Ox in cm 
o

oo
CM

o cm o
CM

o Ox 
O
CM

XOOXOX

CM in

oOx

CM O o

04CM
cm

CMCM

CM
CMCM

inCMCM

CM in CM

co 
XO in
O

OxCO in
o

CM 04 XO
O

CMOOCO

O 04

‘nOxOX

mT
CM

Ox
00

m oo CM

o 04 Ox
O

Ox in o

xoCM

OxCM

in
xOCM
O

XO xo CM
O

CM
O

CM Ox 
CM
CM

CM o o
04

Ox xo 00

oo >n co
o

o xO

CMOx
CM

Ox

CM

04 Os O',
O

Ox 04 O',
O

O

xo Ox rn
O

a m o Ox

CO xO 04
04

CO Ox o
04

»noo

in 04 O

04COCM

COOx in

ex
XT)
CM

O OX

xO 
© CM

XO O
XO

CMCO xO
o

CM •n so
o

o

CMCM
CM

CO xO o
CM

o
CM

cnmt

in
04

CM
O

in04CM
O

mT XO 04
o

a O
Ox

xO cn xo

coCM ex

xO O CM

OO Ox in 
o

in
04

o XO
o

CMXO in
o

n 
o

ox ox 
in
o

CMOO xo
o

oo
CM

inOxO
CM

O0404

ex

ex
CM

COxO OO
o

in 
CM xq 
o

o in
o

CM 04 in
O

ex
^r 
o

oo
CM

CXxO

Ox in ex

^r in Ox

xo O Ox

o
CMU,

^rxOCM

CM ^r oo
o

<
<
<

in
o

CMOx
CM
O

o 
’’4- 
CM
CM

0404
CM

O 
04 
k.

04OO CM

CO04

§CO 
O

mXO

<
<

Ox in
o

co o

O'
m, 
o

o in
o

Ox
XO 
o

CMxq
o

CM
CMCO

co
04

xo 04
CM

CMOx
CM
O

CMCM
CM

Ox

£>o o CM

xO

CM
O 
o

co mt xo
o

«O 04
04

CMOx
CM

in 
oi

CMOx
O

04
CM xq

in
04
CM

CM

CM xT in
o

04

sin 
o

3
o

eq
oi

XO CM 00 OX
©

I

co

73
& o
a
e>D.E
a 
E 
C3CZ)

’o 
O

I

»— CMOx O f-
<=> rr
© © *-

c o GO 
C3 o (Z)

E n oo c as

1

I
I

00 o o 04

CO
3

I 
2 
CD

1

J2 
5

i
5

p
03

Cc: o

-X
Q Q

8
CJ

i
5

a
§
■2

8
g

S 52

OX co rf O rr 
r rr © © —

CO O*00 Ox© 
o ©

Tt CM © cm m 
~ © © © »—

I
•«
o

o
c4

s
S 5

O co he o3 E S</> <'5 M>
S c^ d

o 
c4

2 

t o 
t

.aS'J

3 
•5

i

XO 00 in rr ©
H in© ©

X©in ex
r (4© © —

CM Tt cm ox r* 
r cm © © —

OxTt Ox 
r4 © —

a a s' 
33C

00 CM xo in ©
® ~ rr
© © —

CM r— 
in— CM 

© ©

CM 00 cm ox r- 
~ cm © © —



transpiration rates across moisture deficit levels were determined (Fig. 18b). The results

indicated significant transpiration rate differences across moisture deficit levels than varieties.

Generally highest rates of transpiration were observed among cv. Sitkali Ndiizi (1.868 L wk'1).

cv. Kisansa (1.749 L wk'1) and cv. Mpologoma (1.730 L wk'1). Least transpiration rates were

observed among cv Yangambi Km5 (1.693 L wk'1) and Kayinja (1.702 L wk'1). Therefore the

potential for water spending at pF 2.0 was identified in all varieties but exclusively more in cv.

Sukali Ndiizi and least in cv. Yangambi Km5. At pF 2.5, the rates of transpiration were non

Yangambi Kni5. The observation was true and

possibly supported by the erectrophileness structure of the leaves.

The reductions in transpiration rate for other varieties were attributed to the demand for

preserving water due to initiated water deficit stress. At the more characterized level of pF 2.8,

cv Kayinja (0.421 L wk1) transpired the least mean volume of water (0.412 L wk'1), validating

its potential to save water. Cultivar Mpologoma (0.659 L wk'1) and Kisansa (0.696 L wk'1)

regarded as water spenders. Moderate volumes of water (0.52 L wk'1) were transpired by cv.

Sukali Ndiizi and Yangambi Km5 respectively (Fig. 18B) hence suggesting conditionally

expressed drought avoidance mechanism.

The increment of moisture deficit from pF 2.0 to pF 2.5 mostly reduced the transpiration rate

Kayinja (16.3%) and cv. Yangambi Km5 was the least affected at 15.5% (Fig. 19). However,

the reduction of available soil moisture from optimum condition to willing point mostly

84

of cv Sukali Ndiizi by a proportion of 22.1%, cv. Mpologma (18.4%), cv. Kisansa (17.4%), cv

transpired more water though non significantly with other varieties and therefore were

Due to non significant variations in transpiration rates across seasons, varieties mean

significant but apparently more with cv.



proportion of 28.8% and 27.8% for cv Mpologoma and Kisansa respectively (Fig. 19). The

results confirmed the genotypes potential to save water from excessive transpiration through

avoidance mechanisms. Contrary, the cooking cultivars with relatively less affected

transpiration potential were regarded as water spenders (Tab. 13A) (Fig. 1 8a).
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41.1% and cv Sukali Ndiizi by 39.6%. Cultivars of cooking type were least affected at a

affected transpiration rate of cv. Kayinja by a proportion of 49.6%, cv. Yangambi Km5 by



□ MoistVariety weekly mean transpiration rate
□ Semi-moist

□ Dry2.000

1.800 - 1.868
1.7491.730 1.6931.600 1.702

I1.400 I1.200 1.238 1.2311.224 1.1931.193
1.000

0.800

0.6960.600 0.659
i-L 0.5170.5160.400

0.412

0.200

0.000
Kisansa (AAA)Mpologoma (AAA) Sukalindiizi (AB)Kayinja (ABB)
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Mean weekly transpiration rates of cultivars across different moisture levels
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important assimilatory

power in determining the plant growth. However, of the total volume of water absorbed, not

more than 5% is reported to be utilized biochemically by plant for growth (Kramer, 1983).

Most water is lost in form of water vapour through stomata on plant parts particularly leaf

tissues. The rate of transpiration increases with plant growth however, excessive dehydration

is controlled by the plants expressive mechanisms of leaf architectural behaviour. In the

characterization of cultivars for drought stress, soil evaporation was controlled and allowed

at least 95%transpiration through responsive plant tissue based on weight loss method.

Multiple linear regression analysis subject to stepwise ranking method was used to identify

plant growth parameters that contributed significantly to prediction of transpiration potential

per genotype.

The need to identify variable that significantly determined transpiration rate were conducted

by creating a model through regression analysis. A stepwise regression analysis and

correlation coefficient enhanced the elimination of variables that were not strongly

contributing significantly to transpiration. The regression coefficient variables identified

were used to determine the rate transpiration per unit change is variable development.

Therefore, results from regression analysis were generated based on genotype potential than

significance among variables was attributed to low transpiration rate due to expressed

mechanisms of drought stress avoidance. The significance was obtained from regression of

plant parameters across moisture deficit levels hence the identification of the most important

predictive variables. A constant parameter enhanced the identification of responsive variables

88

significant differences among responsive variables to predict transpiration potential. The non

per moisture deficit levels. At very stressful conditions (pF 2.5 and pF 2.8), there were no

The reaction of leaf water content with C02 intake in the plant is an



■

based on their grand mean while t-statistic showed the level of transpiration compared to the

degrees of freedom and also indicated the significant relationship between the regression

parameters and transpiration. A correlation coefficient was determined to indicate the

strength of predictive variables to transpiration.

Parameters that predicted the transpiration potential of cv. Kayinja (ABB) were leaf potential

of healthy number of leaves enhanced the prediction of transpiration potential for cv Kayinja

during the 2008b season (Table 14).

In the first season (2008a) only leaf folding parameter significantly predicted transpiration

potential for cv Kayinja. The cultivar transpiration prediction model was determined as Y= [a

bi (0.024)] + [Tk + To+ Mo], and showed that plant water transpiration

increased by 0.024 liters with each degree of leaf unfolding. The predicted parameter

exhibited a strong correlation coefficient relationship of -89.1%, indicating the cultivar

reliability on unfolded leaves for high transpiration.

However, in second season (2008b), there was an additional parameter of number of healthy

developed healthy leaf. The observed strength between predicted parameters and

transpiration showed a strongly inverse relationship (-81.3%), indicating that transpiration

decreases with leaf folding. However, the variability in transpiration sets of observations

were accounted for by 52.2% and 31.4% for 2008a and 2008b seasons respectively (Table

14). The variability could increase with addition of more exploratory variables like time (Tk),
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+ [Tk + To+ Mo]. The model showed that transpiration increased by 0.338 liters for each

(0.517) + p! *

to remain unfolded and the constant estimated value during 2008A season, while the addition

leaves, enhancing the expansion of model to Y= [a (-3.68) + pi * bi (0.020) + p2 *b2 (0.338)]



Temperature (To) and available Moisture (Mo) in the model. The few predictive variables to

transpiration were attributed to the cultivar potential in exhibiting the drought stress avoiding

Cultivar Sukali Ndiizi (AAB) exhibited more responsive parameters in predicting transpiration in

In the first season (2008a), only leaf area parameter2008b than 2008a seasons (Table 14).

Pisignificantly predicted the potential for transpiration and determined the model as Y= [a (0.217)

* bj (6.76)] + [Tk + To+ Mq]. The regression coefficient in the model indicated that transpiration of

cv. Sukali Ndiizi increased by 6.76 liters of water for every fortnightly expansion in leaf area. The

strength of relationship between responsive parameter and transpiration was observed at 93.0%.

Contrary, in the second season, the significant responsive parameters included in the model were leaf

folding, healthy number of leaves and plant height in predicting transpiration. The results indicated

that transpiration increased by 0.012L, 0.207L and 0.013L for leaf opening potential, healthy number

of leaves and plant height respectively for every degree in leaf opening per week, for every

developed healthy leaf and for successive plant height per centimeter, and therefore developing the

[Tk + To+ Mo] (Table

14). The relationships between responsive parameters and transpiration were strong for leaf area

(93.0%) in 2008a season, and relatively weak at leaf folding (-43.4%), healthy number of leaves (-

11.5%) and plant height (32.8%) in 2008b season (Table 14). The weaker correlation was attributed

to many non specific prediction parameters. The variance (adjusted R2) in transpiration sets were

observed at 62.9% and 69.2% in 2008a and 2008b seasons respectively (Table 14).

The cooking type of cultivars though sharing similar genomic composition differed in the responsive

parameters in the model for predicting transpiration. The significant responsive parameters that
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mechanisms to control excessive dehydration for plant survival.

model as Y= [a (-2.408) + p,* b, (0.012) + p2* b2 (0.207) + p3* b4 (0.013)] +



Mpologoma were leaf area for 2008a season, and leaf folding and

fresh leaf biomass for 2008b season (Table 14). The developed models were Y= [a (0.41 8) + p,* b5

(0.001) + (TK+ To+ Mo) ] and Y= [a (-0.890) + p,* b, (0.016) + p2* b6 (0.001) + (TK + To+ Mo) ] for

the for 2008a and 2008b seasons respectively. The determined regression coefficient for leaf area in

expansion in leaf area. The correlation showed a strong relationship of -90.1% between transpiration

(Y) and leaf area. The negativity of relationship indicated reduced variables but with better

relationship.

Contrary to 200Sa model, the significant regression coefficient in lhe 2008b model predicted that

transpiration increased by 0.016gms and O.OOlgms per degree of leaf unfolding and gram increase of

fresh leaf biomass respectively. A strong relationship was observed between transpiration and leaf

folding (-98.0%) and very weak for fresh biomass (-2.1%). The variability in both sets observations

as explained by the fitted model

Similar prediction models were observed among cv. Kayinja and cv. Mpologoma in the 2008b

season. The related performance was attributed to similar genome composition. The significant

responsive parameters for cv Kisansa in prediction of transpiration were leaf area and folding for

2008a season, and fresh leaf biomass and leaf folding for 2008b season. The models developed were

Y= [ a (-0.160) + Pi*bs (9.00) + p2*bj (0.010) + (Tk + To+ Mo) ] for 2008a season and Y= [ a (-

model development was due to seasonal variations. The regression coefficient in the first model

respectively. The low variance percentage could increase with incorporating more exploratory 

constant variables.

9.139) + Pi*bi (0.009) + p2*be (0.001) + Tk + Tq+ Mq ]for 2008b season (Table 14). The variation in

predicted that transpiration significantly increased by 9.00gms with increment in leaf area (cm2) per

91

were 80.2% and 42.9% for 2008a and 2008b transpiration models

predicted transpiration for cv.

lhe first model led to the prediction that transpiration increased by 0.001 grams of water by cm3



month and 0.009gms per degree of leaf unfolding. However, the coefficients in 2008b model

predicted that transpiration increased by 0.009g and 0.001g with additional degree of leaf opening

and gram of fresh leaf biomass development. The variability in both sets observations that was

explained by the fitted model were 81.3% and 44.2% for 2008a and 2008b transpiration models

respectively.
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Despite Yanganihi Kin5 constituting similar genome (AAA) with cooking type of cultivars, it is

included in the model were leaf area for 2008a season, and healthy number of leaves, fresh leal

(11.54) + Tk+ To+ Mq] for 2008a season and Y= [a (3.97) + Pi* b? (0.232) + P2* b6 (0.002)

P3*b4 (-0.04) + (Tk+ To+ Mq)] for 2008b season (Table 14). Based on regression coefficients.

parameter and the dependent variable were very strong for 2008a transpiration model, indicating

the importance of the parameter. In the second transpiration model (2008b), the strength of

relationships were -75.1% (for healthy number of leaves), -78.8% (for plant height) and -5.2%

(for fresh leaf biomass), indicating the most vital contributing parameters.

Despite strong relationships between dependent and independent variables, the variability of the

sets of observations as explained by the fitted models were relatively low at 49.7% and 46.6%

for both models respectively. The variance therefore suggested increasing the exploratory

variable such a time and temperature for a higher variance in the model.

Generally the most observed predicting parameter with strong correlation coefficients in the

models were leaf unfolding potential, healthy number of leaves and leaf area. The observation is

valid based on leaf architectural behaviour in for of development, expansion of surface area and

remaining un folded. A leaf therefore contributes over pF 2.0 of transpiration rate.

05----------------

a lowland cultivar with different morphological traits. The significant responsive parameters

the first model predicted that transpiration increased by 11.54 gms per unit expansion in leal 

area (cm2) per month. However, the corresponding model for 2008b season, predicted that

transpiration increased by 0.232 gms, 0.002 gms and -0.04 gms for healthy number of leaves, 

fresh leaf biomass and plant height respectively. The relationship (96.9%) between leaf area

biomass and plant height for 2008b season. The models developed were Y- [a (-0.134) + |3|* b3



4.4.2 Chlorophyll (a + b) response of selected banana cultivars across moisture regimes

The results presented in (Table 15 & 16) indicate the rate of chlorophyll progress in plant leaves

determined based on absorption on the specific wavelength of light recorded by the SPAD meter.

All plants expressed high chlorophyll mean values (39.5 - 56.4 mg g'1; 48.4 - 64.9mg g 1) in

2008a and b season for highly contrasted cv Kayinja and Mpologoma respectively. Elucidated

significant differences of chlorophyll content in leaves were observed among cooking type ol

cultivars (Kisansa and Mpologoma) across seasons. However, the desert and plantain cultivars

showed a non significant difference in chlorophyll content in the first season (2008a), and

improved significantly in 2008b season.

Chlorophyll concentration in leaves progressed cumulatively over time in 2008a than in 2008b

seasons (Table 15 & 16). However, across moisture deficit levels, chlorophyll concentration in

leaves were significantly higher in plants subjected to field capacity (pF 2.0) and progressively

decreased upon increased moisture deficit levels (pF 2.5 and pF 2.8) particularly among the

cooking type oI’cultivars (Mpologoma and Kisansa). Similarly, Lavah (1995) observed critical

concentrations of nutrients within the banana germplasm with A-genome genotypes requiring

high levels of nutrients. The lower chlorophyll concentrations were partly attributed to weak

distribution of nutrients to the development of young leaves hence disappearing of the green

colour and appemance of photochemical damage on leaves in the study.

respectively j - c 2 Sa season. Sinn

across moisture deficits treatments (pF 2.0, pF 2.5 & pF 2.8). The response of chlorophyll was

Generally, across moisture deficit levels, cv .Vpc.'<?gor>;a exhibited the highest concentrations of

chlorophyll in .- .ves at rates of 56.6. 50." and 48.2 mg g* for pF 2.0, pF 2.5 and pF 2.8

.e\ els of 61.5. 64.9 and 61.4 mg g' for pF



2.0, pF 2.5 and pF 2.8 were observed in 2008b season. Cultivar Kisansa exhibited slightly lower

chlorophyll levels than rates of cv. Mpologoma in 2008a and b seasons (Table 15), but increased

chlorophyll rates particularly at pFl.G indicated that chlorophyll in the leaves of cooking types of

cultivars were a fleeted by increased moisture deficit (Table 15). However, high chlorophyll rates

were later observed in upper leaves (young shoots), suggesting the potential for remobilization

chlorophyll across moisture deficit levels over seasons suggesting that the reduction in available

Cultivar Sukali Ndiizi (AAB) exhibited lower rates of nitrogen content (49, 46.2 and 45.3 mg g'1

for pF 2.0, pF 2.5 and pF 2.8 respectively) in leaves in the 2008a season and increased

significantly at rates of 54 mg g'1, 57.4 mg g'1 and 58.7 mg g'1 for pF 2.0, pF 2.5 and pF 2.8

respectively in 2f'08b season though (Table 15 & 16). The rates of nitrogen progress were not

affected by increased moisture deficit over seasons. In the most stressful condition nitrogen rates

remained low suggesting weak potential for nutrient remobilization and development of young

leaves. Cultivar Kayinja exhibited the lowest rates on nitrogen content (39.5 - 42.1 mg g’1; 48.8 -

rates of

chlorophyll progress suggested little effect of increased moisture deficit hence cultivar ability to

survive during drought stress. Strong nutrient redistribution to the development of young leaves

may have been observed over time in 2008b season as judged by senescence of older leaves and

chlorophyll content of young leaves.

97

soil water did not affect chlorophyll progress in leaves.

over time (Table 16). Cultivar Yangambi Km5 (AAA-lowland) exhibited non differing rates of

51.5 mg g'1) in leaves across seasons (Table 15 & 16). The non significance in

chlorophyll levels were observed over time in 2008b season (Table 16). The difference in



Table 15. Variety leaf chlorophyll development across different moisture regimes

Variety Wk9

45.0pF 2.0 39.2 39.0 42.8 43.3 43.2 42.1Kayinja

(ABB) 36.3 37.4 40.0 44.9 43.3pF 2.5 35.2

pF 2% 39.3 38.8 38.4 38.7 47.644.7

Mpologont <t pF 2.0 56.3 54.3 55.6 56.7 57.3 58.0

(AAA) pF 2.5 48.0 49.8 50.0 56.844.2 55.4

pF 2.8 47.7 43.7 45.8 45.0 49.4 52.7

Sttkali Nt/ii-i pF 2.0 46.5 50.1 47.8 51.8 48.1 49.7
(AAB) pF 2.5 42.0 38.3 45.7 48.9 50.1 52.4

pF 2% 37.9 38.2 49.0 50.2 41.1 50.8

50.7 50.9 53.2 53.8 52.2 52.7
pF 2.5 50.7 50.5 49.7 53.1 53.0 51.8
pF 2$ 46.6 46.6 78.8 47.0 50.9 50.8

Kisansa pF 2.0 45.6 51.2 47.6 54.7 55.0 55.6
(AAA) pF 2.5 39.9 33.7 45.4 45.7 52.1 53.9

pF2.S 50.3 45.6 38.9 44.2 49.1 50.8

newman-Keuls (S-N-K) test.

98

Season 1 (2008a)
Sampling intervals (Fortnightly)

2.63
5.89
6.8

Moisture 
Regime 
(M.A)

Wkn Wku Wkis Wk|7 Wk|9 Mean
------------ SPAD----------------------------

39.5a

51.5a

47.3ab

51.6a

56.4a

42.0a

53.4a

46.2a

Yangambi Km5 pF 2.0 

(AAA)

49.0a

52.3a

45.3a

50.7b

48.2b

45. lb

11.87 2.40
26.55 5.38
33.1 6.6

LSD (M.A.) 3.264 4.41 11.87 2.40 3.16
LSD (M.A.*V) 7.298 9.87 26.55 5.38 7.07
CV%_____________________ 9.6 13 33.1 6.6 8.4_______________________

M.A= Moistuie Availability, ‘means followed by the same letter within a column arc not significantly different according to student-
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Banana Crop survival Mechanisms4.3

Leaf angle architectural behavior4.3.1

The results obtained showed the effect of seasonal variation with the varieties showing no significant

developed leaf were found to be drooping at pF 2.0. and relatively erect at pF 2.5 and pF 2.8

moisture deficit levels across varieties. Leaf angle standing interactions were observed with

fluctuating angles and this was attributed in particular due to the diurnal period differences.

On average across both seasons, cv. Kisansa oriented its leaves at a larger drooping angle of 51.4".

45" and 43.2" al pF 2.0, pF 2.5 and pF 2.8 levels than other varieties (Fig. 12A-C). The orientation

of leaves for cultivars followed a similar trend with cv. Kayinja drooping at 49.9". 42.2" and 44.3".

cv sukalindiiz at 48.1", 46.3° and 42.6°, cv. Mpologoma at 47.6°, 42.4° and 42.8", cv. Yanganibi Fm5

at 46.5", 43.7" and 44.1" for pF 2.0, pF 2.5 and pF'2.8. levels respectively. The leaf orientation trend

across genotypes showed cv. Yangamhi Km5 with most erect leaves and therefore had less potential

for drought avoiding mechanism. The drooping potential meant the ability to expose a larger surface

attributed to leaf weight and turgidity relative to the plant height but rather not a mechanism for

drought avoidance. The argument based on observation was supported by findings of variety leaf

orientation (Fig 11 A-E) across moisture deficit for fifteen weeks of crop growth.
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area that enhanced the high transpiration rate. A larger leaf drooping angle at pF 2.0 was potentially

difference over the weekly sampled data (Table 9.). Plant angle between axial and the third fully
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Cultivar Sukali Ndiizi initially exhibited significantly increased chlorophyll in pF 2.8 moisture

Sukali Ndiizi, cv. Kayinja despite possessing lower rates of nitrogen content, the most stress level

of moisture deficit (pF 2.8) exhibited clear traits of nutrient redistribution (table 16) for the

development and growth of young leaves hence the survival of plant growth.

56.0 -

52.0

48.0

44.0

40.0
pF 2.0 pF 2.5 pF 2.8

Moisture Regime

Figure 20.
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Chlorophyll development for the selected banana cultivars across different 
moisture regimes

Variety threshold levels for chlorophyll develop 
60.0 n

6) 
CD

deficit levels during the 9lh-12 WAP (Fig x4) but dropped again by 17WAP Contrary to cv.
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-♦— Kayinja



Cumulative chlorophyll development for cultivar kisansa (I AA)
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21e
Chlorophyll (a+b) per selected cultivar across different moisture regimes

Cumulative chlorophyll development for cultivar 
Mpologoma (AAA)

Cumulative chlorophyll development for cultivar Sukalindiiz 
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CHAPTER FIVE

CONCLUSIONS AND RECOMMENDATIONS5.0

General conclusion5.1

The major aim of study was to characterizing the response of East African Banana

cultivars to drought stress effect. Specifically identify /quantify threshold values for

selected physiological processes for plant growth. The study enhanced idendifying

of the most important trait affected by drought stress hence limited potential for

higher yields. In terms of beneficial traits, it was found that:

Cultivars comprising of the similar genome (B) expressed crucial1-

mechanisms of avoiding excessive effect of drought stress. This observation

is in confirmation with earlier studies that cultivars compositing to M

balbisiana (B) genome conferred hardness, disease resistance and acid

starchy fruit quality.

In the environment of high moisture deficits, both the dessert cultivars expressed2-

drought avoidance mechanisms through leaf folding. Leaf folding was found a

good trait for expression mechanisms of drought avoidance.

The exploration of both below ground (rooting system) and above ground (shoot3-

system) ratio relationship was found to be necessary with mechanisms for

avoiding drought stress. The cooking type of cultivars; Kisansa and Mpologoma
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drought avoiding mechanisms, and determining the influence of drought stress on



I

(AAA) which are most predominantly cultivated bananas cultivars were found to

develop both extensive rooting system important in search for moisture and large

leaf surface area characterized with high rate of transpiration for water spending.

Similarly cv. Sukali Ndiizi (AAB) expressed high potential for plant growth al

free drainage and succumbed to drought stress upon increased moisture deficit

(pF 2.8). The poor expression of drought avoiding mechanisms by highland

cultivars comprised under M. acuminata species was poor an indication of

susceptibility to drought stresses. However, the lowland cultivar Yangambi Kni5,

(AAA) despite being a hybrid of M. acuminata, it developed few roots with

narrow leaves but expressed more drought tolerance than the highland cooking

cultivars. But given its narrow shoots, the potential for carbohydrates partitioning

were limited and therefore the cultivar can not be ideally relied on for improving

the cooking cultivars where yield (>60 t/ha) is the interest to feed the persistently

growing population. The significance for a higher yield is therefore suited to

increasing yield per unit area through managing drought stress mechanisms.

Cultivar Kayinja (ABB) developed extensive roots, optimum leaf area and

expressed traits of drought avoidance. The cultivar sensitivity to increased levels

of moisture deficit triggered the avoidance mechanism through leaf canopy

orientation to reduce the dehydration hence water saving. Therefore cv. Kayinja

can be ideally a reliable source of important genes for improving the drought

susceptible cooking type of cultivars. Incorporation of expressive genes of

drought avoidance mechanisms will be important in enhancing plant growth and
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production especially in areas of central, southern and southwestern Uganda

which are characterized by a bimodal rainfall pattern.

Therefore in areas where bananas are grown, there is need to practice moisture

concervation methods in order to potentially realize high yields.

5.2 Recommendations

1.

banana cultivars (Mpologoma, Kisansa) requires field capity conditions for better

plant growth. To achieve high yield during times of moisture stress, soil moisture

conservation methods should be conducted to provide an ideal environment for

the banana plant growth.

In areas that are persistently drought prone, cultivars such as Kayinja, sukalindiizi2.

can be grown given their potential for expression of mechanisms for drought

avoidance.

Given the study concentrated on determining the response of EAHB cultivars to3.

drought stress, the results showed that the mechanisms for avoiding persistent

stress require expression of methods for reducing the high rate of dehydration. It’s

therefore recommended for future research to acertsin the genes that influence the

expression leaf folding mechanism.
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Based on the results of this study, the following have been recommended:

Based on the obtained results, it is evidenced that cooking AAA genomic type of
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