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ABSTRACT

Drought is a major challenge for all agricultural crops, but for rice, it is even more serious,
becauseof its semi aquatic phylogenetic origins and the diversity of rice ecosystems and growing
conditions. The most important source of climate-related risks for rice production in rainfed
areas is drought. Crop physiology has made a significant contribution to understanding the
mechanisms underlying crop growth and development, and bridging the "phenotype gap"
generated by the recent progress in genomics. Some studies involving plant water status and
photosynthesis in upland or lowland have been recorded , but a thorough analysis of below and
aboveground plant biomass in relation to genetic (G) ,environment (E) and management (M) is
still lacking. Large genotypic variations have been found for roots in upland rice; however,
quantitative comparisons between the deep root morphology of rice cultivars on upland fields
and the effects of soil water conditions and nutrient load upon it are still limited. This study
assumesthat the genotypic characteristics required for drought resistance would be determined
asaffected by site-specific, soil properties and fertilizer management, and that the assessment of
G x E x M interaction is necessary requirement for enhancing and stabilizing the upland rice
productivity under drought-prone environments. The study aimed to determine growth and
physiologicalresponse of selected upland rice genotypes (IRAT 109, Lemont and NERICA 4) to
waterdeficit, fertilizer application and in different soil types. This study was carried out in the
University Botanic Garden, Maseno during September 2011 to January 2012. Plants were
subjectedto water nutrient stress treatment in the field and in PVC tubes. Two experiments were
conducted, field trial (Exp. 1) and PVC-tubes trial (Exp. 2). Experiment 1 had three fertilizer
treatments, (N, P, and NP) and a control and only Nand NP for experiment 2. Experiment 1
and2 had, 2 and 3 genotypes respectively with 2-water managements, in a split-plot design. Exp.
2 had two-soils-type in Randomized Completely Blocked Design (RCBD). Water treatment
startedat 42 das in Exp. 1 and 35 das in Exp. 2., fertilizer treatment, was applied at 60 Kgha-1N,
and 60 Kgha·IN + 45 Kgha-1p, at 42 and 56 das; in Exp. 2, 80 Kgha-1N, 60 Kgha-\ P and 80
Kgha-1N+ 60 Kgha-1p, was applied in fertilized tubes, at 21 and 42 das. Shoots measurements at
21,42,63 and 84thdas, roots sampling at the same interval at depths of 0-10 em, 10-20 em, and
20-40Cm. the parameters measured included. soil moisture content, growth parameters, plant
biomass, N content, stomatal conductance and yields. The parameters measured recorded a
similartrend in the field and in the PVC tubes. The soil moisture content had significant effect
and decreased with increasing water deficit. The growth parameters like plant height, plant
biomass both shoot and root reduced with decreasing water content and nutrient load in the soil.
The water stressed plant, Lemont, registered the lowest growth parameters. Lemont, being the
most water stressed plant had the lower stomatal conductance and N content. The yield
component declined in water stressed conditions, IRAT 109 had the highest yield while Lemont
the least. Results indicates that under water-nutrient deficit, IRAT 109 has a superior
physiological traits such as high stomatal conductance and high N foliar content hence can be
recommended for growing under rainfed conditions in Kenya. This finding will ultimately help in
poverty eradication through increased income and improved food security.
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CHAPTER ONE

INTRODUCTION

11 Rice as a cereal food crop

Riceis among the most important cereals which provide food to more than half of the world's

population, particularly in many developing countries in Asia, Africa and Latin America (Khush,

2(05). Rice is grown on approximately 155 million hectares worldwide (pandey et al; 2010). Rice

accounts for one-fifth of the global calorie supply and an estimated 900 million of the world's

poor depend on rice as producers or as consumers (pandey et ai; 2010).

In Kenya, rice is currendy the third most important food crop after maize and wheat. It forms

part of the larger diet for the urban population and it is gaining popularity among those living in

the rural areas. Indeed, consumption of rice in Kenya has been rising at an annual rate of 12%

becauseof changing food preferences in urban and rural areas, high population growth rates, and

rapidurbanization. The domestic consumption in Kenya increased from 286,000 tons in 2006 to

410,000tons in 2009 (MoA, 2009; MoA, 2010). Consumption is projected to grow to 727,000

tons by 2015, 1.28 million tons by 2020 and 3.98 million tons by 2030 ( MoA, 2009 ). It is

projected that rice will become the most important cereal in the country by the year 2050 (MoA,

2(09). To meet consumption requirements extra tons of rice is imported into Kenya annually.

Imports were valued at KES 7 billion (about US$l00 million) in 2008 (Mati et al, 2011).

Ricecultivation was introduced in Kenya in 1907 (MoA, 2009). Mainly small-scale farmers grow

Rice.Currendy, about 80% of rice grown in Kenya is from public irrigation schemes while 20%

is produced under rain-fed conditions (MoA, 2009). The schemes include Mwea (6475 ha),

Bunyala(213 ha), Tana (900 ha), Ahero (877 ha), West Kano (900 ha). Mwea Irrigation Scheme

in playsa major role in rice production accounting for over 85% of the total rice produced. The

crop is also grown in the neighbourhood of national irrigation schemes by farmers referred to as

out growers.
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In Kenya,95% of the rice produced is originated from irrigated lowland and the remaining 5%

fromroofed-cultivation. The potential area for irrigated lowland in Kenya is estimated to be only

11,000 ha, whereas the rainfed conditions have a potential area of more than 400,000 ha (GoK.,

20(9). Considering the high cost and limited potential for extending irrigated lowland area,

uplandrice promotion, which requires far less cost, is inevitable for doubling the rice production

in Kenya. However, the upland rice production is at trial stage and there are few studies that

havebeen made.

12 Response of rice to water deficit

The consequences of water deficit to the plants are both physiological and morphological. Water

deficitresults into permanent wilting, dehydration and finally death (Fitter and Hay, 1987). Rice

farmersrely heavily on irrigation to meet production goals. However irrigation water is a limited

resourceand its effective management is critical not only in reducing wasteful usage but also in

reducingproduction costs and sustaining productivity, the area for enhancing irrigation too is

limiteddue to space and water resource, so sustainable rice production can be attained through
(

technologythat makes effective and efficient use of the erratic rainfall resource (Ogindo, 2003).

Identificationof drought tolerant rice varieties is thus crucial in sustaining production in upland

areas where water supply is limited but has greater potential for increasing upland rice

production (Fageria, 2007). Pirdashti et al: (2004) reported that rice is particularly susceptible to

water deficit at the reproductive stage. The booting stages through flowering are the most

sensitivestages (McKersie and Ya'acov, 1994; Wade et al., 1999). Although water shortage is one

of the most severe constraints to rice yield, limited effort has been devoted to developing or

identificationof a rice cultivars with improved drought tolerance (Fukai et al., 1999; Pantuwan et

ai,2002).

Rice has become a model cereal species for investigating the tolerance of grasses to abiotic

stressessince genetic and genomic tools have been made available (Genome 2005; Degenkolbe et

al., 2009). In particular, comparison of tolerant versus susceptible genotypes is a potent method

for research on abiotic stresses by using quantitative genetics (price and Courtois, 1999),

comparative analysis of transcriptome (Degenkolbe et al, 2009), proteome (Perez-Molphe-

Balchet al, 1996) or metabolome (Hien et al, 2003; Guo et al, 2006). Indeed cultivated rice

has a large ecological and genetic diversity, which may be used for deciphering stress tolerance

mechanisms. Rice originated from events of domestication in different ecological areas, Oryza
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giobmima in West Africa and Oryza saliva indica or japonica in Asia (Cheng et al., 2003).

Genotypes of each species or subspecies have been either lowland in which plants grow in

drainedsoil, thereby relying on the soil water reserve (Lafitte et al., 2006; Bernier et al., 2008).

The overallsensitivity of rice to water deficit is considered as high, and higher in lines adapted to

lowlandcropping systems than those adapted to upland cropping systems (Lafitte el al., 2006;

Venuprasadet al, 2007; Bernier et al., 2008). However, physiological bases of this sensitivity are

still scarce (Tardieu et al, 2010). There is a consensus that root system is weak, with a high

geneticvariability (Cairns et al; 2009; Serra] et al., 2009). In contrast, it is not clearly known if the

rice stomatal and leaf growth are particularly sensitive to water deficit once the effect of root

systemshas been taken into account (Lilley and Fukai, 1994; Parent et al., 2010). Some studies

involvingplant water status and photosynthesis in upland or lowland genotypes (Condon et al.,

2(04), or root hydraulic conductivity (Mullins et al., 1992) have been recorded, but a thorough

analysisof above and below ground plant biomass in relation to genetic (G), environment (E)

andmanagement (M) is still lacking

Root plasticity is a key trait for improving drought resistance in rice in upland environments

becausethey contribute to water uptake from the soil, deep rooting ability is believed to be

superiorquality to shallow and latent root growth, for deeper soil water uptake during drought

(Kato et al., 2006). Deep root development is largely affected by soil conditions (Cairns et al.,

2004; Kato et al; 2006), and large genotype (G) x environment (E) interactions have been

recognised(Kondo et al., 2003). Among environmental effects, the effects of water regime on

deep root development of rice grown in pots are well-understood (Asch et al., 2004). However,

studieson upland rice are still limited (Kondo et al., 2000; Price et al., 2002).

13 Efficacy of major nutrients in rice production.

Nutrients efficacy means increased rice yield upon soil fertilization. Nitrogen, phosphorus,

potassium,sulphur and zinc, of which the three major elements are most important both in the

terms of the extent of the deficiency in the soils, and in terms of the potential for crop yield

increase or losses. Nitrogen is the nutrient element limiting growth in most of the rice soils.

(Savant and Datta, 1982). The decline in productivity of rice and wheat with continuous

cropping was related to deficiency of phosphorus, potassium, sulphur, zinc and imbalanced

nutrition (Kumar and Yadov, 2005).
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yieldincreasedepend upon a particular nutrient element fertilization, which in turn depends

the intensityof deficiency level of that particular nutrient prevails in the soil being used for

. arion(Shahet al., 2008). Purposefully a particular nutrient stress was created through none

licarionof nitrogen and phosphorus in specific plots, effect in increasing yield was considered

a measuringstick of nutrient efficacy. The objective therefore, was to measure the extent of

majornutrient exclusion effect in soil to decrease yield and simultaneously their application

thesoilto increaserice yield.
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14 Statement of the problem

Drought is a major challenge for all agricultural crops, but for rice, it is even more serious,

becauseof its semi aquatic phylogenetic origins and the diversity of rice ecosystems and growing

conditions (O'Toole, 2004). The most important source of climate-related risks for rice

production in rainfed areas is drought (pandey et al., 2007). Crop physiology has made a

significant contribution to understanding the mechanisms underlying crop growth and

development,and bridging the "phenotype gap" generated by the recent progress in genomics

(Millin,2000, Boote and Sinclair, 2006). Sensitive to water deficit is considered as high, and

higher in lines adapted to lowland cropping system than those adapted to upland cropping

system(Garrity and O'Toole, 1994; Lafitte et al, 2006; Venuprasad et ai; 2007; Bernier et al,

2(08). There is consensus that root system is weak, with a high genetic variability (Cairns et ai;

2009; Serraj et al, 2009). In contrast, it is not clearly known if the rice stomatal control and leaf

growthare particularly sensitive to water deficit once the effect of root systems has been taken

into account (Lillyand Fukai, 1994; Parent et al, 2010). Some studies involving plant water status

andphotosynthesis in upland or lowland have been recorded (Nguyen etal, 1997; Parent et al,

2010), but a thorough analysis of below and above ground plant biomass in relation to genetic

(G),environment (E) and management (M) is still lacking. Root plasticity is a key for improving

droughtresistance in rice in upland environments because they contribute to water uptake from

the soil,deep rooting ability is believed to be superior quality to shallow and latent root growth,

for deeper soil water uptake during drought(Kato et al., 2006). Large genotypic variations have

been found for roots in upland rice (Kato et al., 2006). However, quantitative comparisons

betweenthe deep root morphology of rice cultivars on upland fields and the effects of soil water

conditionsand nutrient load upon it are still limited. In a pot experiment", Azhiri-Sigari et ai;

2000, characterized deep root system development using three root traits: the root to shoot ratio,

deep root ratio and specific root lengths, they emphasized that the root to shoot ratio and the

deep root ratio were important for deep root development of rainfed lowland rice. Similar

approaches are lacking in upland rice yet they may be efficient in characterizing and improving

deeproot system of rice on upland fields.
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15 Objectivesof the study

15.1 Generalobjective

The general objective was to determine growth and physiological response of selected upland

ricegenotypes to water deficit, nitrogen, and phosphorus fertilizers application under different

soiltypes

15.2 Specificobjectives

1. To determine the effect of water stress and N and P fertilizer application on growth

parameter of selected rice genotypes (Lemont and IRAT 109) under different soil types

2. To determine the effect of water stress and N and P fertilizer application on

physiologicalparameter( foliar chlorophyll content and stomatal conductance) of selected

ricegenotypes (Lemont and IRAT 109) under different soil types

3. To determine the effect of water stress and N and P fertilizer application on yield

(grains)of selected rice genotypes (Lemont and IRAT 109) under different soil types

4. To determine the effect of water stress and N and P fertilizer application on soil

compaction under different soil types

15.3 Hypotheses

1. Water stress and N and P fertilizer application have significant effect on growth

parameters of selected rice genotypes (Lemont, RAT 109 and NERICA 4) under

different soil types

2. Water stress and N and P fertilizer application have significant effect on physiological

characteristics (foliar chlorophyll content and stomatal conductance) of selected rice

genotypes (Lemont, RAT 109 and NERICA 4) under different soil types

3. Water stress and N and P fertilizer application have significant effect on yield (grains) of

selected rice genotypes (Lemont, RAT 109 and NERICA 4) under different soil types

4. Water stress and Nand P fertilizer application have significant effect soil on compaction

under different soil type
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16 Justification of the study

Kenya has high potential in upland rice production, but this has not been achieved for many

years due to lack of information on the various ecological requirements of rice for its maximum

production,plant scientists are only looking at the changes in the above ground biomass, but not

belowground biomass, which gready influence the above ground biomass (Onyango, 2010).

Newchallengesare emerging in the world's upland rice farming areas, where already some of the

world'spoorest farmers try to wrest a living from fragile soils that are fast being degraded. The

mainsolution to the perennial food insecurity should involve determining the best environment

and the best interaction combination with higher production efficiency (G x M x E). This study

willdefinitelybe of great value to Kenyan Agricultural officers, Academic scholars, and even

plantbreeders, to inform, educate the farmers on plant choice in relation to their site specificity,

improveagricultural production of upland rice, to meet the nation demand and sell the surplus,

thusboosting the economy.
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CHAPTER TWO

LITERATURE REVIEW

2.1 Rice plant

2.11 The nature of the rice plant

Rice(Oryza sativa L.), a semi aquatic cereal, annual grass with cylindrical jointed stem about 50-

150em tall,but may go up to 5 m in floating rice (Kochlar, 1981; Sikuku, 2007). The internodes

areshortest at the base becoming progressively longer. Rice has a shallow root system, its extent

beingcontrolled by nature of the soil and water supply (Kochlar, 1981). The roots of early

maturingcultivars are less developed as compared to those of late maturing cultivars (pal et al,

1996).The roots are adventitious and fibrous and consist of a large number of rootlets and hairs

growingin the top 10 em of soil (Charter J ee and Maiti, 1988). The leaves are born alternately on

the stem in two ranks one at each node, each consisting of leaf sheath, leaf blade, ligule and

auricles.The leaf blade is long, narrow 30-50 cm or more in lengths. The nodes bear a leaf and a

bud,whichmay grow out to a tiller or shoot. Tillers or shoots grow out of the main culms in an

alternatingorder. The number of productive tillers plays a pivotal role in crop production. The

rice inflorescence is a loose terminal panicle 7.5 - 38 em long. The flower is usually self

pollinatedand is surrounded by a lerona that makes up the husk. The most important panicles

are the large and strong ones, since small and weak panicles always yield a lower percentage of

ripenedgrains and cause comparative waste of energy on the part of the plant (Chatter Jee and

Maiti,1988)

The grain consists of the ripened ovary, the lemna, and palea. The embryo is fused with

endosperm.There are two phases of growth in rice, the vegetative growth phase, which starts

fromgermination to panicle initiation, the ripening phase, from flowering to full development of

the grain (Kochlar, 1981). The reproductive stage begins with panicle initiation, the panicle

initiationoccurs at the growing tip of the tiller. Flowering typically begins one day after heading

and continues down the panicle for approximately 7 days (Linares, 2002) until all florets on the

paniclehave opened. Anthesis begins with the opening of the florets followed by the stamen

elongation(Vaughan, 1994). Rice varieties of the tropics complete their life cycle within a range

from 110 to 210 days (Sikuku, 2007). The rapid elongation of internodes occurs after panicles

initiation.The stage for harvesting rice is when the panicles have turned down and is yellowish in
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colour and the lower kernels are in the hard dough stage, premature harvesting tends to lower

the yieldand also affects the milling quality (Chatter Jee and Maiti, 1988). Once harvested the

riceis commonly named paddy rice. It is the name given to the un-milled rice with its protective

husks.

2.t2 Ecology of rice

Rice evolved in humid tropics as a semi-aquatic plant. It has a unique nature to hot, humid

environments (Tsunoda and Takahashi, 1984; Jose et al., 2004). There are two general ecological

typesof rice, the lowland, or irrigated and the upland or none irrigated. The terms upland and

lowlanddo not refer to land elevation or topography but to the use of irrigation water. Rice plant

belongsto the group of plants referred to as the C3 plants of the Calvin cycle because of the

presence of photorespiration, high CO2 compensation point, and luck of the bundle sheath

(ChatterJee and Maiti, 1988). Rice is grown in soils of pH ranges of 4.5 to 8.0. The soils most

suitedfor the cultivation of rice crop are heavy neutral soils like clay, clay loam and loamy soils,

such soils are capable of holding water for long and sustain water preventing excessive loss of
I

waterdue to filtration (Chatter Jee and Maiti, 1988). Upland rice is cultivated mainly in regions,

which receive an average annual rainfall of more than 1000 millimetres. If the rainfall is not

sufficient,the deficit must be made up by supplementary irrigation.

In direct seeding in dry soil, seed rate varies from 60 to 80 kg per hectare at row spacing of 25 to

30 em. the ideal depth of seeding is about 3 cm. the addition of nitrogen and phosphate

fertilizersimproves growth of the plant. Rice is the least drought tolerant of all the cereal crops

and soil water availability is the main environmental factor limiting both distribution and yield.

Rice eultivars differ according to their morphological and ecological characteristics. Rice is a

semi-aquatic species (Tivy, 1990) but it can grow well in saturated soil because of its

morphological adaptations of its shoot and root system. The plants respiratory system is adapted

to lower oxygen concentration while the roots can affect oxidation in the rhizosphere both of

which process help to compensate for the anaerobic conditions associated with soil saturation

(Tivy,1990).
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2.1.3 Origin, classification and cultivation of rice

Riceis a member of the Poaceae family formerly the Gramineae; there are 12 genera within the

OT)~aetribe 01aughan, 1994, Pal et al, 1996). The genus Oryza contains approximately 22 species

of which 20 are wild and two are cultivated, Oryifl sativa and Oryza glabemma are cultivated

(Vaughan,1994). Oryifl sativa is the most widely cultivated, it is also known as the Asian rice, it is

grownworld wide as opposed to Oryza glabemma (African rice), only grown in west African

countries.Sativa are replacing glaberrima in many parts of Africa due to its high yielding nature

(Linares,2002). O. sativa was first cultivated in south East Asia, India and China between 8000

and 15000years ago (Normile, 2004). 90% of all rice is grown and consumed in Asia. A large

numberof Oryza sativa cultivars have been developed through centuries of rice domestication.

The international rice gene bank at the international Rice Research Institute (IRRI), Los Banos,

in the Philippines holds approximately 85,000 different rice cultivars most of which are Oryza

sativa cultivars. The various cultivars can be distinguished on the basis of many characteristics

includingthe following; adaptation to different water regimes, growth habit and height, shapes,

sizeand colour of the culm and panicle, drought tolerance and many more (Takahashi, 1(984)

There are three ecological varieties of rice namely, Japonica, the Japanese rice but from the

Indicaline, Indica, tropical and subtropical distribution and J avanica, mainly grown in Indonesia.

The classification is based on temperature, low temperature limits crop yield. Japonica cultivars

aregrown predominantly in temperate regions and germinate and grow under low temperatures

(15to 20° C) than the tropical and subtropical indica rice cultivars, Temperature below 18° C at

night during pollen formation results in sterile pollen in all cultivars (Mc Donald, 1994). The

New Rice for Africa (NERICA) is the product of interspecific hybridization between the

cultivated rice species of African and the Asian type. Oryza glabemma is well adapted to the

African environment but prone to lodging and grain shattering. The Asian rice, Oryza sativa is of

highyielding but poorly adapted to the stresses of African ecologies.

New Rice for Africa (NERICA) is a cross between Asian rice (Oryza sativa) and African rice

(Oryza glaberrima). Oryza glabemma had been cultivated for 3500 years. Thus, its local ancestry and

numerous generations of selection in situ made O. glabemma well adapted to the African

environment (Kato et al., 2008). It had profuse vegetative growth, which served to smother

weeds, was resistant to drought, insect pests and diseases like African rice gall midge, rice yellow
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mottlevirus and blast. However, it was relatively low yielding because it was prone to lodging

andgrainshattering (Hayashi ct al, 2006).

The N4, IRAT 109 and Lemont rice cultivars exhibit heterosis with the following traits; early

vegetativegrowth giving rapid ground cover thus induce artificial ground cover (artificial mulch-

canopy),followed by upright growth at vegetative and reproductive stage which enables the plant

to support heavy seed heads through maturity to harvest and high absorption of photosynthetic

activeradiation (PAR), early maturity. NERICA'S typically mature in 90 - 100 days, which

confersdrought avoidance trait; high yielding (2.5 - 3.5 tons per hectare), contains more protein

somevarieties have as much as 10.5% protein compared to the sativa parents 8%, moisture

deficittolerant and disease resistant (Ouk et al., 2007). The progeny has shown high potential to

revolutionizerice farming even in Africa's stress afflicted ecologies. However, information on

theirperformance in Kenya has not been documented (Atera et al, 2011).

2.2 Drought phenomenon in rice production
I

The abilityof rice to function well at reduced plant water potentials has not been demonstrated

to be useful under field drought regimes (Capell et al, 2004.0smotic adjustment allows

maintenanceof growth when water uptake from the root system is insufficient due to reduced

availabilityof soil moisture, but possibly, it also could increase extraction of water by the roots

(Serrajand Sinclair, 2002). Genotypic variation in osmotic adjustment has been demonstrated in

rice (Lilleyet al, 1996; Babu ct al., 2001). However, there has been no report demonstrating any

positivephenotypic or genetic correlation between grain yield and osmotic adjustment in rice

under stress (Selote and Khanna-Chopra, 2004; Liu ct al., 2006).

A deep root system with higher root density is likely to be useful under intermittent drought if

growingconditions permit root development at depth. Under upland conditions, the association

between root length density and the amount of water extracted has been well demonstrated

(Lilleyand Fukai, 1994), including for genotypic variations (Nemoto et al., 1998; Kato et al,

2007a),and deep and thick root traits contribute to better growth and higher yield under drought

stress (Lafitte and Courtois, 2002; Babu et al, 2003). In CT9993/IR62266 doubled haploid (DH)

lines, three root traits measured in glasshouse experiments - root thickness, deep root weight,

and root penetration index were correlated positively with yield and yield components under

severepre-flowering drought conditions in an upland field experiment (Babu et ai, 2003).
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On the other hand, deep rooting is often poorly expressed under rainfed lowland conditions

(pantuwanet al, 1997), and there is much less evidence of genotypic variation in root traits with

regardto water extraction during drought (Kamoshita et al, 2000, 2004). The extent of deep root

developmentmeasured by partitioning ratio (deep root ratio) is less under anaerobic flooded

conditions(ca. 0.3-1.2%) than under aerobic drought conditions (ca. 3-17%) in pot experiments

(Azhiri-Sigariet al., 2000; Kamoshita et al, 2004). Genotypic rankings for deep root traits

expressedunder anaerobic conditions were generally similar to those expressed under aerobic

conditions,but in some cases genotype by environment interactions were detected (Champoux et

01., 1995;Azhiri-Sigari et al., 2000). Genotypic differences in the ability to penetrate compacted

soil layers have been reported (Babu et al, 2001; Samson et al, 2002); these differences are

associatedwith the amount of water extracted from below the compacted layer (Hoque and

Kobata,2000; Kobata et al, 2000).

2.3 Lemont rice cultivar

Lemont (Oryza sativa L.), is an early maturing, semi dwarf, long-grain cultivar developed in

UnitedStates Of America (USA). It was developed from a 1974 cross of Lebonnet and the first

filial (Fl) generation of the cross of C19881 and P 133158, the same cross from which

Bellomontwas developed. C19881 is a selection from the cross Bluebelle and Bellepatna, dawn

fromwhich Lebonnet was derived. P133158 is a selection from the back cross of Bluebelle and

Taichung, native made at the International Rice Research Institute (IRRI), the Philippines

McKenzieetal, (1983).

Lemont posses a semi dwarf plant type and in all morphological characteristics most closely

resembleBellemont among current US cultivars. Grown under the same conditions, Lemont and

Bellemont plant height averages 82 and 77 cm, respectively. .Research and commercial yield

results show that Lemont has excellent yield potential, Lemont highest yield in Texas research

plots was 10,250 kg/ha at Genade in 1984. The comparative yields of Lemont tended to be

greatest in tests where yields superiority of Lemont were expressed when grown under good

management practices and climatic conditions Bollich et ai, (1984).

Empirical N rates studies and plant analyses show that Lemont requires 20 to 40 kg/ha, more

than tall cultivars for maximum yields McKenzie (1984). Lemont has the ability to produce good

ratton yields when seeded reasonably early McKenzie et ai, (1983), Lemont in commercial fields

in Texas, averaged 1800 kg/ha with the highest reported yield 2300 kg/ha. The spikelet of
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Lemontis straw coloured, smooth and awnless. At heading, the tip of the apiculus is purple, but

the colour fades and is hardly distinguishable at maturity. The stigma is colourless, grains

dimensionsof Lemont are similar to those of Lebonnet, but are slightly shorter, wider, and

thickerthan Lebonnet. Average brown rice length and width measurements of Lemont is 7.60

and2.28 mm, compared with 6.91 and 2.06 for labelle, 7.70 and 2.17 for Lebonnet, 7.02 and 2.09

forStarbonnet and 7.76 and 2.31 for Leah. Brown rice kernel weights are 21.5, 17.9,22.4, 17.5

and24.3 mg/kemel, respectively, for Lemont, Labelle, Lebonnet, starbonnet, and Leah Mckerzie

,t aL, 1983. Lemont is resistant to the same races of the blast fungus (Fyricu/aria oryzae) as are

labelleand Lebonnet but is moderately susceptible to races IB-49 and 1-17, to which Labelle and

Lebonnet are susceptible. Lemont differs significantly from Bellemont in reaction to various

races of the blast fungus and it is the respect that the two cultivars can be most readily

distinguishable,Mckerzie et al, 1983. Lemont is resistant to panicle blight, moderately resistant to

brownspot, caused by Bipolaris oryzae, moderately susceptible to narrow brown leaf spot caused

by Cmaspora oryzae, moderately resistant to the physiological straight-head disease, and very

susceptibleto sheath blight caused by Rhizoctonia solani Mckerzie et al, 1983. Information on

Lemontperformance under water stress condition in a new era in rice production is limited

(Bollichetal, 1984).

2.4 Root systems development of rice under fluctuating soil moisture

The rice root system consists of different roots such as the seminal root, nodal roots, and lateral

roots of various branching orders. These component roots differ in origin, age, morphological

and physiological features, and thus respond developmentally to various soil conditions in

differentmanners. Such varied responses among the component roots often results in altered

root system structures, which subsequently regulate its function under a given condition. It is

therefore important to understand this nature of the root system when its structures and

consequent function are to be evaluated. Yamauchi et ai, (1996), pointed that phenotypic

plasticityin the root system structures plays a key role in the stress tolerance of crop plants.

Approximately a half of the total area planted with rice worldwide is under rainfed conditions

where the major production constraint is drought (Fukai et al., 1998). Fukai and Cooper (1995)

proposed that genotype variation in the root system is an avenue of improving rice drought

tolerance whereby the water collecting ability of the plant could be enhanced. It is widely

believedthat the rice root system structure greatly differs among cultivars (Sharma et al., 1994).

13



eralstudieshave examined the effect of soil water regimes on the gross morphology of the

root systems.These studies established the fact that root system morphology is related with

wateruptake from the soil (Sharma et al., 1994; Pantuwan et al., 1995; Azhiri-Sigari et al., 2000;

Kamoshitaet al., 2000). However, research work is quite limited especially on the developmental

aspectsof the root system structure and its possible response to fluctuating soil moisture.

Examinationof root characteristics such as root length density and root mass density may reveal

howroots absorb water. On the other hand, the developmental analysis on dynamic aspects may

providesome clues to the mechanism of how and why root system responds to changing soil

waterregimes;thereby helping to pinpoint further research groups. Ingram et al; (1994), pointed

outthat involvement of roots in water uptake and drought tolerance in rice plants is not yet fully

understood.

Ricegrowing areas consist of upland and lowland ecosystems in which the major difference

betweenthem lies in hydrology. In upland, rice, the soils remain aerobic throughout. In rainfed

lowland,ponded water is present for at least part of the season, so plants encounter anaerobic as

wellas aerobic conditions (Mackill et al, 1996; Kamoshita et ai, 1999). This implies that a deep,

vigorously branched and highly conductive root system is advantageous under upland

conditions.As for the rainfed lowland, Ingram et al., (1994), reported that a quick response to

changingsoil moisture is one of the important traits that confer drought tolerance. Pantuwan et

aL, (1995),emphasised the importance of phenotypic plasticity for rice growth under rainfed

lowlandconditions.

2.5 Effects of drought on physiology and morphology of rice plant

Drought affects nearly all the plant growth processes; however, the stress response depends

upon the intensity, rate, and duration of exposure and the developmental stage of the plant.

Inhibition of leaf growth by water stress is considered response mechanism, which confers

degreeof tolerance and adaptive response to water deficit. Reduced leaf growth, limits leaf area

and eventuallyplants rate of transpiration (Sikuku et al., 2010 b). Low or reduced plant rate of

transpirationis believed to be a survival mechanism for the plant, to prolong its life by extending

the periods of availability of the essential water within the root zones (payne et al, 1990). The

mainproblem in intensive agriculture is not the prolonging of survival period, but the minimum

point of water deficit (non-lethal point).
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Reductionin photosynthesis in water stressed leaves may be attributed to stomatal closure

(Sharpet al., 1990; Siopongco et al., 2008). Higher stomatal conductance increases CO2 diffusion

intothe leaves and favours higher photosynthetic rates, which in turn favours a higher biomass

and higher crop yields. Evapotranspiration at the leaf surface lowers leaf temperature thus

reducesstomatal conductance creating a cooling effect to the plant (Sikuku et al., 2010).

2.6 Effects of water deficit on plant growth

Water stress has dramatic effects on plant growth and it is likely to be one of the major

contributing environmental factors influencing plant productivity and species distribution

(Wright,1992). In many cases, as water deficit increases during drought, the limitations to plant

growthis first exerted through a decrease in the growth rate of the assimilating surface (Cornie

andMassacci,1996). Leaf expansion during vegetative stage is very sensitive to water deficit. The

levelof stress at which leaf extension is affected is variable but in some cases, a fall of soil water

potential to -0.7 MFa results in a complete inhibition of leaf elongation (Salisbury and Ross,

1992;Richardson and Mress, 1985; Berlin et ai; 1982). The extreme sensitivity seems to be that
!

cellexpansion is largely a physical process driven by hydrostatic pressure within the cells, which

is the turgor pressure (Jones and Lazenby, 1988). The inhibition of cell expansion is usually

followedclosely by a reduction in cell wall synthesis (Salisbury and Ross, 1992).

It has also been observed that water deficit reduces the uptake of nutrients since most of the

elementsare absorbed through the roots by passive diffusion. Water deficit reduces the rate of

dark respiration and translocation of assimilates and a times changes the pattern of partitioning

of photosynthates at the expense of quality and quantity of economic yields (Boyer, 1985). The

most familiar visible manifestation of water deficit is the drooping and sagging of the plant

tissues,especially the leaves, referred to as wilting. Wilting is due to a change in elastic properties

of allwalls when turgor pressure declines below a certain critical value. Leaf rolling is also a well

recognised response of water deficit in cereals; leaf rolling is common in rice plants (McKersie

and Ya'acov. 1994). In sorghum (Sofl,hum bicolor L) Leaf rolling occurs when the turgor

potentials of leaves approach zero (Wright et al, 1983).research has been carried out on the

effects of water deficit on rice. However, information regarding the effect of drought on upland

riceis limited (Kato et al; 2009)
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2.7 Effectsofwater deficit on stomatal conductance

Stomataare the major variables resistance controlling gaseous exchange between the cells of the

leafand the air and consequently they are important regulators of water loss from the plant

Oonesand Lazenby, 1988). As leaf water potential declines during developments of water deficit

stress there is usually a range over which there is no effect on the stomata, then below a

threshold value the conductance declines (Jones and Lazenby, 1988).any mechanism that

regulatesstomatal closure also has a profound effect on the rate of transpiration, gaseous

exchangeand leaf air temperature difference to diffusion of CO2 into the leaf, much of the

reductionin the rate of CO2 assimilation per unit leaf area during water deficit is due to stomata

impedingthe inward passage of CO2, (Jones et al.,1993). During decreasing water potential, the

rate of CO2 assimilation generally decreases in virtually the same proportion as the rate of

transpiration((Jones et al., 1993). Water deficit has been found to decrease stomatal conductance

in most crops (Sionit and Kramer, 1983). In cotton, the stomata of adapted plants become less

sensitive to low water potentials thereby giving higher stomatal conductance at low water

potentials(Ackerson, 1981).

2.8 Rootsystems under drought

Rootsystem is a direct interface for water movement between soil and plant. While the progress

in understanding root dynamics and its functions has lagged behind because it has been coined

as, "hidden half", current advances in evaluation, techniques, and genome techniques have

shownthat crops have the large genotypic variations in root systems.

The ability of plants to change themselves for adapting to the surrounding environments is

termedas "phenotypic plasticity" by O'Toole and Bland, (1987), the one of root system as "root

plasticity". Kono et al., (1987), classified the various roots into two types, based on their

morphological response to soil water conditions; constitutive roots and elastic roots. The latter is

apart of root that is responsive to surrounding water regimes, and represents the performance of

root plasticity. Previous studies reported that the root plasticity play essential role on functionally

optimizing the acquisition of nutrient and water resources and a key adaptive traits for drought

environment (Tailor and Yamauchi, 1996; Banoc et al., 2000).

Sincebreeding drought-resistant upland variety started from 1970's, root depth has been targeted

as a primary root characteristic (Kamoshita et al, 2000, 2002). Deep rooting habit helps the

plants to absorb the unused water from the deep soil layer and to maintain the plant water status
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wateris depleted in surface soil (Yoshida and Hasegawa, 1982; Kato et al., 2009). However,

deeprootingper~ormance is reported from a small scale (Kondo et al., 2000). It has been

rtedthat shallow soil depth restricted the full performance of deep root traits (Ram et al.,

).Soilcompactionis also another physical factor to limit the deep rooting habit (Iijima et al.,

t). In addition to environment factors, nutrient management is also important factors for
~

ssionof root habits (Haefele et al., 2004). The ideotype of rooting habits, therefore, must be

. ed not only by phenotyping but also by diagnosis of environments and managements

e firstgreen revolution was mainly based on the above ground plant biomass; success was

'butedto the development of semi-dwarf rice and wheat plants with improved productivity.

is projectedthat, the second green revolution would be attributed to below ground plant

mass (Ramalingam et al., 2003). Scientific work has been done on various genotypic

cteristicsby exploring the roots phenology, morphology and growth by using wax as the

wth media, the physiological aspects, the genetic diversity of the root systems, their

orphologicaltraits or traits linked to water extraction patterns, activity at depth and root

ullingforce(O'Toole and Bland, 1987). Differences have also been observed for root plasticity

responseto water stress, with some varieties able to adjust their root growth to maintain water

pply(OToole and Bland, 1987).

Thisfailuremay be attributed to the failure to consider the various three components of

genotype(G), Environmental factors (E) and the management practices (M) and their various

interactionsin the field. Thus, the main aim of this study was to explore these variables and their

interactiveeffects on the roots, for it is the main connection point between the above plant

biomassand the soil. In this study, the genotypic traits (G), environmental effects (E) and the

managementpractices (M), on selected upland rice varieties was assessed, with known root

architecture,to investigate their interactive effects on yield improvement. The progress in crop

improvementsdepends on identification of combinations of genotypes (G) and management

practices(M) from among in numerable possible combinations. The main parameters for the

investigationare on the roots plasticity, soil compaction effect and fertilizer application as a

managementpractice. Much has been done under controlled environment, but little has been

donein the actual fields. Therefore, it is unclear to what extent GXE interaction effects on root

morphologies(Kondo et al., 2000).
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This study investigated the root growth as affected by drought and performance of selected

uplandrice varieties grown under different soil characteristics. This approach was intended to

add value to the conventional field testing by examining potential combinations of traits and

management systems in a range of production environments, which included but ecological

zones, soil, soil characteristics, and seasonal variations among others. This research will

contributes to the measures of breeding values through genotype, management and

environmentalfactors and their various interactions.

2.9 Phosphorus acquisition by rice plant

Phosphorus (P) deficiency is common in agricultural soils mainly because of its precipitation

withCa and its adsorption on CaC03 in calcareous soils with high pH (Rahmatullah et al., 1994)

and its precipitation and adsorption with Fe and Al oxides in soils with low pH (Vance et ai;

2003). More than 80% of soils in Kenya are deficient in available P (contains< 10 mgKg-J Olsen

-P (Memon, 2005). The phosphorus balance of Kenyan soils is negative (5-10 Kgha") (Ahmed

& Rashid, 2003). High pH and calcareousness is the major reason for low P availability in
I

Kenyan soils as a major portion of total P exists as calcium phosphates of varying solubility

(Rahmatullahet al., 1994).

Application of phosphatic fertilizer is the common strategy to ameliorate its deficiency. This

option is not very much feasible because of low use efficiency of applied P, huge rise in its

prices,environmental concerns and fear of depletion of non -renewable rock phosphate reserves

mined for production of P fertilizers (Vance et al., 2003). Raw phosphate rock contains almost

no soluble P and plants generally cannot uptake insoluble P. A number of plants have adopted

strategies to solubilise P in rooting medium. Nonetheless, cultivars differ in one or more

strategies;hence show differential P acquisition from sparingly soluble or insoluble P sources

(Gillet ai., 2002; Kosar et al., 2002; Gahoonia & Nielsen, 2004; Aziz et al., 2006; Aziz et al., 2010).

Exploitation of these genetic differences in field crops can greatly improve the fertilizer use and

sustainagricultural productivity (Aziz et al., 2005).

2.10 Nitrogen availability for plant use and soil pH

One of the key reserve plant nutrients is nitrogen (N). Plants can take up N in the ammonium

(NH/) or nitrate (N03) form. At pH's near neutral (PH 7), the microbial conversion ofNH4 + to

nitrate (nitrification) is rapid, and crops generally take up nitrate. In acid soils (PH < 6),

nitrification is slow, and plants with the ability to take up NH4 + may have an advantage. Soil pH
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also plays an important role in volatization losses. Ammonium in the soil solution exists in

equilibriumwith ammonia gas (NH3)' The equilibrium is strongly pH dependent. The difference

betweenNH3 and NH4 + is an H+. For example, if NH4 + were applied to a soil at pH 7, the

equilibriumcondition would be 99% NH4 + and 1% NH3. At pH 8, approximately 10% would

existas NH3•

Thismeans that a fertilizer like urea, NPK (46-0-0) is generally subject to higher losses at higher

pH. However, it does not mean that losses at pH 7 will be 1% or less. The equilibrium is

dynamic.As soon as a molecule of NH3 escapes the soil, a molecule of NH4 + converts to NH3

to maintain the equilibrium. Other factors such as soil moisture, temperature, texture, and cation

exchange capacity can affect volatilization. The important point to remember is that under

conditions of low soil moisture or poor incorporation, volatilization loss can be considerable

evenat pH values as low as 5.5, the study site is as illustrated in figure 2.1.

Soi I pH
.1.0-2.0

2.0- 3.0
03.0 - 4.0
04.0 - 5.0
05.0 - 6.0
.6.0 - 7.0
.7.0-8.0
.8.0 - 9.0.9.0 - 10.0 _

.10.0 -, '.0

Soil pH

International Soil
Reference and
Information Centre

o
I

PH_ -4.5
_4."-,,.5

'5.5 - 7.0

_7.0-'

Figure 2.1. Soil pH levels in Kenya.

150

2.11 Crop responses to nitrogen deficiency and avenues to improve nitrogen use

Over the last 40 years, the worldwide use of mineral N fertilizers increased sevenfold in parallel

with the doubling of agricultural food production. The use of N fertilizers in agriculture is

therefore one of the key elements for producing sufficient food to meet the demand of

increasinghuman population (Angus, 2001; Eickhout et al., 2006). Nevertheless, production ofN

fertilizers through the Haber-Bosch process is extremely consuming in fossil energy with large
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sion of greenhouse gases. Moreover, the use of the large amount of N in intensive

ieulturalsystems has led to important environmental impacts such as the eutrophication of

water(London, 2005), and marine ecosystems (Beman et al., 2005), and gaseous emission

N oxidesand ammonium into the atmosphere (Ramos, 1996; Stulen et al., 1998), through

gencascades (Galloway and Cowling, 2002). Problems associated with climate changes,

fuelproduction,and global food security also question the efficiency of use of N fertilizer in

iculturalsystems(Cassman, 2007).

r many years, a relatively high grain-to-fertilizer pnce ratio, particularly in subsidised

iculturalsystems incited farmers to apply excess N to allow for high yield and profit. This

urancestrategyled in a progressive increase in soil N accumulation and an elevated risk of N

ching(Addiscottet al., 1991). This effect, combined with the long residence time of N within

e soilorganicmatter suggests that the pollution of ground water that we observe today could

ellbethedelayedconsequence of the intensification of cropping systems one or more Idecades

(Marlotti,1997).Adoption of a more restricted strategy for supply and timing ofN fertilizers

n cropsis difficult because we have a limited capacity to predict the weather that determines

th soilN mineralization and crop growth potential. In most of the agricultural area of the

orId,uncertaintyof rainfall is an important factor for decisions related to fertilizer application,

itherforlackof rainfall reducing crop growth and soil N mineralization or for excess of rainfall

increasingthe risk of nitrate leaching (Sadras, 2002; Sadra and Roget, 2004; Cabrea et al., 2007).

In consequence,a reduction in N application rates to avoid excess of N in soils would increase

thelikelihoodof temporary crop N deficiency that is when soil N availability does not meet plant

N demand. Management (M) techniques and breeding approaches (G) to improve N use

efficiencyare required under both conditions that favour over-fertilization, for example

subsidisedeconomies, intrinsically high fertility, high grain-to-nitrogen price, and systems where

shortageof nitrogen is chronic for example semi-arid and arid regions in poorer countries.

Therefore,understanding the processes that govern crop N uptake and distribution implants is

ofmajorimportance for optimizing crop production with the use of minimum N input to reduce

environmentalhazards (Casman et al., 2002).
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Formost crops, the plant life cycle can be simplified into two phases; the preanthesis phase,

whenthe plant develops its leaf area and root systems. The young developing leaves and roots

behaveas sinks. The reproductive phase, after anthesis, the senescing leaves are sources of

carbohydrates and reduced N for developing storage organs such as seeds, fruits or tubers.

Therefore,we need a better understanding of the control of N uptake and N portioning within

theplant during these two distinct phases. It is necessary to evaluate the dynamics of plant and

cropN demand in relation to growth potential during the crop cycle, and in a second stage, it is

necessaryto analyse the physiological and morphological responses of the plant to N deficiency.

A better understanding of the regular mechanisms controlling these responses to N deficiency at

both plant and crop levels should allow the identification of plant physiological and

morphologicaltraits which can be used to improve the deficiency in the use of nitrogen through

bothbreeding and crop management (Good et al., 2004).

CropN demand at any time of the crop cycle can be identified as the result of maximum crop

massand the critical plant N concentration. The critical plant N concentration is defined as the

minimumplant N concentration corresponding to maximum crop mass (Greenwood et al.,

1990).Thus, crop N demand corresponds to critical N uptake which is the minimum crop N

uptakenecessary to achieve maximum crop mass. The concept of critical N can be applied in

dynamicterms, such that the daily crop N demand (or critical N uptake rate) is the quantity of N

requiredeach day for the crop to maintain its potential growth rate over a given period. This

dynamicapproach of crop N demand has been used extensively on perennial forage crops such

asalfalfaand grasses (Kirk and Bajita, 1995) and further extended to annual crops such as wheat

Ousteset al., 1994), maize (plenet and Lemaire, 1999) and canola (Colnenne et al., 1998). All these

studiesbring convergent results that have been assembled within consistent theory (Greenwood

It al., 1990).

Waterstress is common among of most rainfed crop-growing environment, where the potential

forcrop response to in season tactical management of nitrogen heavily depend on unpredictable

rainfall.Under rainfed conditions, matching nitrogen supply and water availability are key to the

successof wheat crops. Shortage of nitrogen can impair yield and reduce water use, whereas

excessnitrogen, particularly early in the season, can reduce grain through the production of

excessivebiomass and the haying-off of the crop under terminal drought ryan Oosterom et al.,

2001). Therefore, the development of spatial indices that are able to identify areas in the field of
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potentially positive response to management intervention such as topdressing of nitrogen

fertilizerbecomes paramount.

2.12 Effects of water deficit on plant yield

Water deficit is an important factor limiting crop yields. It is reported that the world-wide losses

in yield from water deficit is significantly higher than the losses attributed to other factors

combined. (Berlin et al, 1982; Forbes and Watson, 1994). Yield differences occurs from complex

interaction between the environment (E), management (M), genetics (G) and other abiotic

stresses that occurs across a field (Bouman and Toung,2001). Rice crop is highly susceptible to

water stress that causes large yield losses in many countries (Bouman and Toung, 2001). The

demand for moisture at key periods of growth shows rice vulnerability to water stress (Wade et

al, 2000). The effect of water stress depends on the stage of the crop growth, deficiency level,

and environmental changes during the period of water stress. Mild water stress during specific

physiological stages can significantly reduce com yields by 10 to 25% and four days of visible

wilting between the boot stage (only a week prior to tasseling) and the milk stage may reduce
I

yieldsby 50% or more (Claassen and Shaw, 1970).

Water deficit after rice panicle initiation reduces the potential spikelet number whereas water

deficit during anthesis increases unfilled spikelets (Wade et al, 2000).spikelets sterility decreases

with decrease in leaf water potential during meiotic stage of pollen development. Water deficit

during the period of grain filling affects the translocation of assimilates to the grain which in turn

affects the grain weights and increases empty grains (pantuwan et al, 2002 b). Water deficit at

seedling development has no significant effect on the yield, but it hardens the plant making it

more droughts tolerant. In maize the critical silking and pollen, shedding stages are greatly

affected by water deficit, water deficit during flowering delays silking hence late harvest and

reduced yield (Salisbury and Ross, 1992; McKersie and Ya'acov, 1994). Best yields are obtained if

soil moisture is adequate when plants transits from vegetative to reproductive stages (Wade et al,

2000).

2.13 Water deficit and plant response.

Water deficit evoke responses in plants, which are based on the development of physiological

drought making soil water unavailable to the plant (Shalhevet and Hsiao, 1986). Plants vary

widely in their response to water deficit. Such plant responses are manifested with respect to

their wide variability for example for being either tolerant or sensitive (joene et al, 1993). The

22



consequencesof water deficit to the plants are both morphological and physiological. Water

deficitif unrelieved may develop into permanent wilting, dehydration and death (Fitter and Hay,

1987). Drought tolerant varieties have been identified within several agronomic crops such as

wheat,barley,and cotton. A common factor to drought tolerant genotypes within those species

appearsto be the ability to maintain leaf turgor at low water potential (Richard et al., 1987). Any

mechanismenhancing survival in drought conditions tend to decrease the potential dry matter

productivityfor example photosynthesis would be decreased by stomatal closure (Tenhunen et

aL,1985).

Accordingto Kramer (1980), plants are understood to survive in water deficit areas through the

followingmechanisms; drought escape, which involves early maturity and development of

elasticity;drought tolerance with high tissue potential, reduction of water loss through epidermal

resistance,reduction in absorbed radiation and reduction in evaporative surface;. Drought

toleranceis also enhanced through uptake of water due to increased rooting and low resistance

towaterflow.The last mechanism is through drought tolerance with low tissue water potential.

Waterdeficit can be damaging when it coincides with critical stages of crop development, for

example,an extensive wheat crop may be sown and germinated to seedling stage by early rains,

however,lack of subsequent rains soon enough after germination may cause severe wilting of the

seedlingand if persistent induces death (Mckersie and Ya'acov, 1984). Water deficit also affects

thereproductive development with a period of water deficit being required to stimulate floral

initiationin some species. In other cases, severe water deficit can cause emergence of ready

differentiatedfloral buds (Tenhunen et al., 1985) and drought during developmental stages prior

tokernelfilling cause has wizened undeveloped seeds. Likewise, premature drop of orchard fruit

maybe caused by untimely drought (Mckersie and Ya'acov, 1994). In wheat for example, mild

waterstress can advance flowering by up to a week though with corresponding decrease in the

numberof spikelets and in pollen fertility and grain set (Levitt, 1980). Periods of drought stress

inmaizeeven when irrigated are part of virtually every plants existence, the critical silking, and

pollenshedding (anthesis) stages being especially vulnerable. Silk delay is the interval between

daysto pollen shed and days to silk; ideally, maize should silk simultaneously. A delay in silking is

deleteriousand indicates poor adaptation to drought stress (Mckersie and Ya'acov, 1994).
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CHAPTER THREE

MATERIALS AND METHODS

3.1 Introduction

The study was carried out at the University Botanic Garden in the field and in the special plastic

tubes. Various physiological, shoot and root morphological and yield parameters were

determined to establish if there was a difference in growth and physiological response of selected

upland rice genotypes to water deficit, nitrogen and phosphorus fertilizers application and soil

types

3.2 Field experiment

3.2.1 Study site characteristics.

The study was done at Maseno University, within the University Botanical garden, Maseno,

Kisumu County, western part of Kenya. The area receives a mean annual precipitation of 1750

rom with a bimodal distribution. The mean temperature at Maseno is 28.7 °C and it is

approximately 1500 m above the sea level. Maseno lies at latitude 001'N-0'12'S and longitude 34 °

25'E-47'E. The soils at Maseno are acrisol being well-drained, deep reddish brown clay with pH

range of 4.6 - 5.4 (Mwai, 2001).

3.2.2 Treatment and design

The experiment was carried out during the short drought season of September 2010 to January

2011. The seeds of IRAT 109 and Lemont were planted in 2 m x 2 m plots. The experimental

design was split-split plot design as shown in plate 1, with four different fertilizer application and

two water watering regimes. The treatments were;

(a) Fertilizer application levels

Nitrogen fertilized plot - N, at a rate of 60 Kg/ha of Urea

Phosphorus fertilized plot - P at a rate of 45 Kg/ha ofTSP

Nitrogen-phosphorus fertilized plot - NP at a rate of 60 Kg/ha of urea and 45

Kg/ha TSP
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No fertilizer application - Control

(b) Water application regimes

Watered plots - W

Non watered plots - D

The experiment was based on rainfall precipitation and irrigation among the wet plots (W), while

the non-watered plots were completely sheltered from rainfall as shown in plate 1. 20 litres of

waterwere used for irrigating each plot among the wet plots and twice the amount, 40 litres was

used to irrigate the dry plots when their leaf roll score was above three. The seeds were soaked a

day prior to planting and the spacing was 20 em x 20 em. Four seeds were sown per hill with the

two selected upland cultivars, IRAT 109 and Lemont. The plots were hand tilled before planting

with two seeds of upland rice cultivars, a path of 0.5 m was left between the two plots with

similartreatment to prevent contamination due to overflow or underground seapage.1 m path

wasleft between the wet plots, the dry plots, and the replicates. The plots were kept we~d free by

hand, pulling the weeds, this was to maintain the soil structure for compaction was a

measurement to be determined. Soil moisture measurements were determined by the use of soil

profileprobe, were fixed in the plots as shown in the experimental layout figure 3.1 and in plate

3.1
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Plate 3.1 The field experiment (Experiment 1), showing the split plot design

3.2.3 Soil moisture determination

Rainfall, air temperature, relative humidity, and dew points were monitored daily in nearby

weather station, located exactly 100 m from my experimental plots. The soil water content was

determined by the soil moisture Profile Probe, (Model-PR 2/6). The PR 2 measured at 6 depths

down to 100 em. The soil moisture, measurement, was taken, at the following soil depths 10 em,
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20 an, 30 cm, 40 em, 60 em and finally at 100 em, from the soil surface. , the measurement

begun 21 DAS and was done in the morning hours, 0900 -1000 hours, at an interval of 2 days.

3.2.4 Soil measurements and nutrient load determination

3.2.4.1 Soil compaction

The soil compaction was determined by using a soil compaction meter, (Spectrum -6101-SN

627-MFG code. 1002) with a measuring range of 0-6000 PSI, and accuracy of ± 30 PSI. The

measurements depths marked at every 3 inches up to 24 inches and designed to ASAE

standards. The compaction measurements was done a long side the soil moisture content

measurements.

3.2.4.2 Soil nutrient load

Samples of soil from different depths were extracted by using a soil auger, from depths of 0-5

an, (the top most soil), 10 to 15 em, 20 t025 em, 35 to 40 em and 55 to 60 em. The soil samples

collection was purely based on the homogeneity of the soil across the soil profile pit, rice rooting

depths are within the sampled depths. A profile pit dug was 1 m deep, and by the use of a meter

rule, demarcation was made from the top surface to the lower end of the pit. The various soil

samples were then collected by the use of the soil auger, as described in figure 3.2. The soil

laboratory analysis was done at the Kenya Plant Health Inspectorate Services (KEPHIS). The

selected sites, were the experimental plots, which was being used by the Nagoya and Maseno

university joint rice research project.
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3.2.4.3Soil moisture treatments

Plantswere subjected to two soil moisture treatments. Well watered and drought re-watered

conditions.Water treatment commenced at 42 DAS, after, the plants had been exposed to the

sameconditions; received equal amount of rainfall and watered in case of dry spell to ensure

properestablishment of the rice plants in the plots. In the dry blocks a shelter consisting of a

clearpolythene sheets was constructed, as shown in appendix 15, to enclose the plants at night

andany time, rain was foreseeable until the plants showed drought symptom, (leaf roll score of

3-5) and measured soil water potential of - 30 kPa at 20 cm depth, this as per the standard

irrigationscheme of aerobic rice fields (peng et ai., 2006).A leaf roll score of 3-5 was evidenced

by a deep V-shaped leaves orientation. This as per the scale given by Gregorio and Cabuslay

(2005), whose description of the leaf roll score runs from 0-9, whereby, 0= healthy leaf, 1= mild

stress,with a shallow V shape, 3=moderate stress, the leave exhibit deep V, 5=stressed plant, the

leavesshows fully capped leaves, 7=heavily stressed, the leaf margin are tightly held in U shape

and9= the plant is beyond recovery point, the leaves are tightly rolled. Watering of the wet plots

wasdone up to 84thDAS.
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3.2.5 Fertilizer treatment

Three fertilizer treatments involved nitrate, phosphate, nitrate-phosphate and a control (no

fertilizer).The source of nitrate was urea, with 46% N content, which was applied at a rate of 60

kg ha-1 in all the Nitrate fertilized plots. Phosphate source was Triple Supper Phosphate (fSP)

fertilizer, applied at the rate of 45 kg ha-1, the N-P was at the rate of 60 kg ha" of urea and 45 kg

ha-1of Phosphate. Fertilizer treatments were done at 42 DAS and 56 DAS.

3.2.6 Physiological measurements

3.2.6.1 Stomatal conductance

The stomatal conductance's (Cs) were quantified by using a portable leaf porometer, (Model-

SC-1, sensor serial number-LPS 0004). The measurements was done on the third fully expanded

mature leaf on cloud free days between 0930-1130 hours local time at 46,67 and 88 days after

sowing (DAS) and on six randomly selected plants per plot per treatment.

3.2.6.2 N content determination

The foliar chlorophyll content, were measured by using SPAD Konica Minolta SPAD-502, as

shown in appendix 14. Chlorophyll meter, SN 79613012, using the principles of closure method,

the measurement was done, on the third fully and mature leaf, six leaves were randomly selected

per plot, the chlorophyll measurements, was done during the day, from 1030-1230 hours, at

interval of 21 days from, 46 DAS till the harvesting period.

3.2.6.3 Plant tissue analysis

The plants leaves were harvested at panicle initiation, dried at 40°C for tissue analysis,

(macronutrients analysis), young and fully developed leaves were harvested, twenty within a plot

in six hills. The analysis was done at the KEPHIS laboratory, the harvested leaves were dried

and then crushed, using a blender, Wonder Blender, a minimum of 200 grams of the crashed

plant tissue were subjected to macronutrient analysis, by the atomic absorption spectroscopy

(AAS). The result obtained was then compared to the reference sufficiency ranges at panicle

initiation, the reference sufficiency table 1 as provided by agronomic division, department of

Agriculture and consumer services, 2000. (http://1P1IJJJ!.ncggr.govlagronomi/saaesdlrice.htmL)
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2.7 Morphological parameters and biomass

2.7.1 Plant height

oot height was determined on six hills per treatment and per replication at 46, 67, 88, 109, and

o DAS. Measurements were made using a metre rule from the shoot base to shoot apex in

!ants.

2.7.2 Plant biomass

2.7.2.1 Shoot biomass

The shoot biomass was obtained from two plants hills per plot per treatment, the two hills were

tained from the marked six hills, which were being used to obtain the plant height, tiller

umber, stomatal conductance and the Nitrogen status by the nitrogen meter (SPAD-values).

The largest and the smallest hills were selected, then each was harvested separately, and clearly

belled, the shoot biomass was then dried in the oven at a temperature of 80°C for four days

til a constant mass was achieved. Each was weighed by using Analytical-weighing balance (FX

OiWP). The weights obtained were used to determine the shoot -root ratios.

2.7.2.2 Root biomass

f the harvested shoots, their roots were removed at different depths, from 0-10 cm, 10-20 cm

d 20-40 em, per hill, as illustrated in appendix 13. Each extracted root was put in a well

belled polythene bag, having the plot number, plant number, and the extraction depth. Once

extraction was done, each root samples were washed separately, dried and latter preserved with a

% ethanol and a methyl blue used as an indicator. The roots were scanned using Scanner

pson -2200, with optical resolution of 1600DPI x 3200DPI). The scanned roots were put in

per bags, and then dried at 80°C for four days until a constant weight was achieved, then their

eights were determined by using Analytical-weighing balance (FX 300i WP). The dry weights
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determined were used to determine root to shoot ratio and the different weights per depths gave

a root density per depth and penetration behaviour of the roots of selected rice cultivars

3.2.8 Yield and yield components

3.2.8.1 Tiller number

Tillernumber for all the varieties and the treatments was determined by observing, counting, and

recording all emerging shoots in the hills from the time of planting to the flowering stage.

3.2.8.2 Panicle lengths

This was determined using a metre rule. Measurements were done from the panicle base to the

tip of six plants per treatment and per replication.

3.2.8.3 Grain yield

The grain yield was determined at harvesting from an area of 1 m2 in the field. The number of

grains per 5g, and filled grains per panicle were determined. The yield was extrapolated in

kilograms per hectare.

3.2.9 Statistical analysis of data

Analysis of variance (ANOV A) was carried out on the various data for the variables measured

during the study period to test for differences between the treatments and the varieties and their

level of interaction by using a statistical computer package (Costat). The initial analysis, to test

for the interaction of all the three factors under investigation, fertilizer, water and the variety

interaction, the various data both for morphological and physiological was analysed as a split-

split plot design analysis, replicates were the block, water was the main plot factor, fertilizer was

the sub plot factor and variety was the sub subplot factor. The means were separated by LSD at

5% level of significance. In isolation on the two cultivars response to either water and or

fertilizer, the various data involved was analysed as a split plot design, and not as split-split plot

design as for the three factors interaction, separation of means was also through LSD, at 5%

level of significance. In determining, the performance of the two rice cultivars, under the dry and

wet condition, similarly, the dry blocks were completely sheltered off from rain, and could only

occasionally receive little and known quantity of water periodically, the application too, was

uniform across all the dry blocks, thus, the rice response to these two conditions, the data was

analysed as 1 way randomized blocks. The treatment and variety means were separated using the

least significant differences (LSD) test at 5% level. Correlation analysis was done, to synchronize
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the association of the various factors, as either contributors or non-significance in the

perfonnanceof the various nee cultivars within the study, yield, and biomass accumulation,

amongother factors.
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33 PVC-tube experiment

33.1 PVC tubes experimental site and site conditions

The study was conducted in the experimental field plots, just adjacent to the field experimental

plots,within the University Botanical garden. The weather pattern and conditions were similar to

thefield experimental plots.

33.2 Experimental designs and cultural practices

Plasticbeing a poor conductor of heat, the challenge was to solve the excessive loss of water

fromthe soil, as a result of direct heating from the sun on to the surface of the plastic pipes, the

heating could result into an artificial condition, and thus exposing the rice plants to more stress

than the imposed ones. For the success and high level of accuracy in the data obtained, various

modifications were done. In dealing with the direct heat from the sun, trenches were dung, 2

meters wide, 6 meters lengthwise, and 1 meter deep, this created a depression like basin, as

shownin figure 3.3 and 3.4

t

--..••~-------------~~--------------••..--Figure 3. 4 An illustration of the set up and layout of the PVC tubes experiment, to prevent excessive

water loss through evaporation.
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Figure 3. 5 PVC tubes arrangement within the experimental site

Plants, in their natural environment obtain water through various sources, through; precipitation

and sub surface water movements. In simulating the water movements within the soil, latent

movement was completely cut off, but underground movement was ensured by the existence of

water in the five-litre bucket at the base of the tubes, as shown in figure 3.6.

--- "I
I
I,--~
I
I
I---

22 X !.!X!.! X3
7 2 2

= 285.21 Cm3
~ 0.285 litres of water

watered daily
-- .•.,

I
I
I
I
I
I
I
I
I
I
I
\

'..;7-..,
I
I
I
I
I
I
I

I
I
I
I
I..'

The rezion occuoied bv soil (soil

Figure 3.6 The tube design for the PVC tubes experiment, with area for water stocking
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Thebulk density of Maseno soil was determined from depths of 0-100 em deep into the soil; the

resultsare as shown in table 3.2. In this type of soil, the level of compaction increases with

Increasein depth from depth of 0-10 em up to a depth of 20-30 em, but highest bulk density was

realisedat depths of 10-20 em, which had the bulk density of 1.7958; this implies that, there is a

temporaryhard pan that impedes the roots from penetrating deep into the soil.

Table3.2 Bulk density (BD), of soil in Maseno

Wgt
The of Wet wgt Dry wgt

Soil core contai (the (soil+con wgt of wgt of Bulk
depth volume ner soil+cont tainer) water dry soil Density
(em) (em") (g) ainer) (2) (2) (2) (2) (2/cm3)
0-10. 73.9 5.37 112.12 99.30 12.82 93.93 1.27

10-20. 73.6 5.10 158.50 137.27 21.23 132.17 1.80

20-30. 73.7 5.22 156.57 131.76 24.81 126.55 1.72

30-40. 73.6 5.08 128.59 107.47 21.11 102.39 1.39

40-50. 73.9 4.93 135.72 113.28 22.44 108.35 1.47

50-60. 73.6 4.91 141.93 117.76 24.17 112.85 1.53

60-70. 73.9 7.02 138.06 114.79 23.26 107.77 1.46

70-80. 73.9 6.66 106.66 88.81 17.84 82.15 1.11

80-90. 73.6 6.12 128.26 105.83 22.43 99.70 1.35

90-100. 72.3 6.56 113.85 93.79 20.06 87.23 1.21

Thetubes were filled with different soils, (Nambale and Maseno soil), from the base to a height

of90em, in the tubes with Maseno soil (soil obtained within Maseno university), the filling of

thesoil was done in relation to the various bulk density, as shown in table 1, from 80-90 em

re~on,the soil was compacted to a bulk density of 1.3547 gem" ; 70-80 em, with a bulk density

of1.1117gcm"; 60 -70 em, with a bulk density of 1.4583 gcm"; 50 - 60 em, with a bulk density

of1.5333 gem-3 ; 40-50 em, of bulk density of 1.4661 gem-3 ; 30-40 em, with a bulk density of

1.3912gem-J
; 20-30 em with a bulk density of 1.7170 gem"; 10-20 em, with a bulk density of

1.7958gem" and finally the upper most region of 0-10 em depth was compacted with a bulk

densityof 1.2710 gcm-". The regions along the tubes had different amount of soil depending on

theexisting bulk density, in the tubes with soil moisture access tubes different significandy with

tubeswithout the soil moisture access tubes, a summary of the soil contained per region between

thetwo tubes are shown in table 2
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Fillingof the PVC tubes were done to simulate the reality in the field, care and measurements

werekeenlymonitored, and all the layers were filled in with exact amount of soil required, to aid

In thefillingof the soil, specific soil moisture was maintained, and the amount of water used per

givendepth, were derived from the weight of water during the bulk density determination

Thesoilprofile within the PVC is as illustrated in the figure 3.6, the level of compaction greatly

differswith increase in the soil depth, and this is much evident by the soil bulk density across the

soilprofile,as shown in table 1,2 and 3, just giving similar measurements.

Water stocking region

0-10 em

70-80em

II·-••~90 ern length filled with soil, an
allowance of 3 cm at the top for
water stocking.

Figure 3.6 A one meter tall with 11 em diameter PVC tube, filled with Maseno and Nambale soils,
Bulkdensity of the two soils used
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Figure3. 7 A one-meter tall and 11 cm diameter PVC tube fitted with the soil moisture access tubes.

~imilar arrangement were done for the soil obtained from the experimental plot in Nambale

re~on, the bulk density for Nambale soil was determined from 0 - 90 em depth into the soil

profile, the results are as shown in table 3.3
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Table 3.3 Bulk densities (BD), of soil obtained from Nambale

Wet wgt Bulk
(the Dry wgt Densit

Soil core Wgt of soil+con (soil+co wgt of y
depth volume container tainer) ntainer) wgt of dry soil (g/cm3

I (em) (em") (~) (~) (~) water (~) (~) )
0-10. 73.9 5.370 115.119 114.509 0.610 109.139 1.477
10-20. 73.6 5.104 140.503 140.482 0.021 135.378 1.839
1b-30. 73.7 5.215 135.569 134.971 0.598 129.756 1.761
H. 73.6 5.081 124.585 120.684 3.901 115.603 1.571
40-50. 73.9 4.930 131.718 116.488 15.230 111.558 1.510
50-60. 73.6 4.912 137.929 120.974 16.955 116.062 1.577
60-70. 73.9 7.024 120.055 118.001 2.054 110.977 1.502
70-80. 73.9 6.659 122.655 120.021 2.634 113.362 1.534
80-90. 73.6 6.126 124.263 119.039 5.224 112.913 1.534
90-100. 72.3 6.561 111.852 111.001 0.851 104.440 1.445

Inorderto compact the soil to simulate the actual condition, the soil moisture condition per the

miousdepths had to be maintained, thus, the total volume of water per depths across the soil

profilewasdetermined and the volumes were mixed with the soil before being compacted into

thePVCtube.

Theexperimentaldesign adopted for this experiment was Randomized Completely Blocked

Design(RCBD).The treatments involved in this experiment were two levels of water treatment,

twolevelsof fertilizer and two soil types. The varieties and the treatments were replicated four

limesas shown in figure 9. Germination of the three rice varieties was uniform. All the

agronomicpractices were similar to the field experiment, though weeding was mainly through

band pullingof the weeds, top dressing done 14 DAS; fertilizer application rate was at 80 kg ha-1

ofN, in nitrogen fertilized tubes and a combination of 80 kg ha-1 of N plus 60 kg ha' of P. The

experimentallayout is as shown in figure 3.8
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Repl Rep2 Rep3 Rep4

Sm,VI,F(N),W Sm,VI,F(N),W Sm,VI,F(N),W Sm,VI,F(N),W

Sn,VN4,F(N),W Sn,VN4,F(N),W Sn,VN4,F(N),W Sn,VN4,F(N),W

Sm,VL,NF(p),W Sm,VL,NF(p),W Sm,VL,NF(p),W Sm,VL,NF(p),W

Sn,VI,F(N),W Sn,VI,F(N),W Sn,VI,F(N),W Sn,VI,F(N),W

Sm,VN4,F(NP),W Sm,VN4,F(NP),W Sm,VN4,F(NP),W Sm,VN4,F(NP),W

Sn,VL,F(NP),W Sn,VL,F(NP),W Sn,VL,F(NP),W Sn,VL,F(NP),W

Sn,VL,F(N),D Sn,VL,F(N),D Sn,VL,F(N),D Sn,VL,F(N),D

Sm,VI,F(NP),D Sm,VI,F(NP),D Sm,VI,F(NP),D Sm,VI,F(NP),D

Sn,VN4,F(N),D Sn,VN4,F(N),D Sn,VN4,F(N),D Sn,VN4,F(N),D

Sm,VL,F(NP),D Sm,VL,F(NP),D Sm,VL,F(NP),D Sm,VL,F(NP),D

Sn,VI,F(NP),D Sn,VI,F(NP),D Sn,VI,F(NP),D Sn,VI,F(NP),D

Sm,VN4,F(N),D Sm,VN4,F(N),D Sm,VN4,F(N),D Sm,VN4,F(N),D
!

Sm,VI,F(NP),W Sm,VI,F(NP),W Sm,VI,F(NP),W Sm,VI,F(NP),W

Sn,VN4,F(NP),W Sn,VN4,F(NP),W Sn,VN4,F(NP),W Sn,VN4,F(NP),W

Sm,VL,F(NP),W Sm,VL,F(NP),W Sm,VL,F(NP),W Sm,VL,F(NP),W

Sn,VI,F(NP),W Sn,VI,F(NP),W Sn,VI,F(NP),W Sn,VI,F(NP),W

Sm,VN4,F(N),W Sm,VN4,F(N),W Sm,VN4,F(N),W Sm,VN4,F(N),W

Sn,VL,F(N),W Sn,VL,F(N),W Sn,VL,F(N),W Sn,VL,F(N),W

Sn,VL,F(NP),D Sn,VL,F(NP),D Sn,VL,F(NP),D Sn,VL,F(NP),D

Sm,VI,F(N),D Sm,VI,F(N),D Sm,VI,F(N),D Sm,VI,F(N),D

Sn,VN4,F(NP),D Sn,VN4,F(NP),D Sn,VN4,F(NP),D Sn,VN4,F(NP),D

Sm,VL,F(N),D Sm,VL,F(N),D Sm,VL,F(N),D Sm,VL,F(N),D

Sn,VI,F(N),D Sn,VI,F(N),D Sn,VI,F(N),D Sn,VI,F(N),D

Sm,VN4,F(NP),D Sm,VN4,F(NP),D Sm,VN4,F(NP),D Sm,VN4,F(NP),D
..Pigure 3.8 Tubes experiment plot layout, showing the two nee eulttvars grown, fertilizer-water

VARIETIES TREATMENT
Sm-soil Maseno
Sn-soil Nambale
F (N)-fertilizer nitrate
F(NP)-fertilizer-nitrate-

REPLICATION
VL-varietyLemont
VI-varietyIRAT 109
VN4-varietyNERICA

Rl-replieation 1
R2-replieation 2
R3-replieation 3

pUV:>pHiUC

D- Not watered
W-watered.
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3.3.3 Meteorological and the hydrological condition

The soil water content was determined by the soil moisture Profile Probe, (Model- PR 2/6) as

described in the field experiment.

Plate 3. 2 Weather bucket and its remote controlled data

41



Plate 3. 3 ET gauge, for measuring reference evapo-transpiration (ETo).

3.3.4 Soil characteristics

The soil compaction was determined by using a soil compaction meter, (Spectrum -6101-SN

627-MFG code. 1002) as described in the field experiment.

3.3.5 Soil moisture treatments

The soil moisture within the tube was measured by using an electric profile probe device (PR

2/6) as in experiment 1., though with little modification, the soil moisture content was

determined at 10 cm, 20 cm 40 em and 60 cm depth, at depths of 40-60 is the maximum region

of the rooting zone of rice plant. The moisture measurements, was ensured by cutting the soil

moisture access tubes into small pieces of measurement, 11.0 cm in length. These access tubes

were inserted latently at every depths in which Soil moisture (SM), was to be determined, the

insertion of these tubes was done, during the time of filling the PVC tubes with different soils.,

the contact point between the access tubes and the PVC tubes was made water tight by sealing it

permanently with silicon sealant, an adhesive which ensured strong adhesion between the access

tubes and the PVC-tube, as shown in figure 3.9
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Soil moisture access tubes- to detennine
the soil moisture content volurnetrically

Water stocking area

5 liters bucket for water
stocking at the base

Figure 3. 9 PVC-tubes, with moisture access tubes, inserted.

3.3.6 Fertilizer treatment

Two fertilizer application was done, unlike in the field experiment, Urea, N source, TSP,

phosphate source. The fertilizer was applied to the tubes at the rates of 80 kgha-1of N + 60 kgha

1 of P, to the N-P fertilized tubes. The N source was urea (with 46% N), and the P source was

Triple Super Phosphate (with 46% P) .These fertilizers was applied at 21 DAS and 42 DAS., the

application was done by making a ring around the base of the rice hill, and covering with little

soil,just like in the filled experiment.

3.3.7 Morphological parameters and biomass

3.3.7.1 Plant height

Shoot height was determined on a hill per tube per treatment and per replication at 21 up to 130

days after sowing. Measurements were made using a metre rule from the shoot base to shoot

apexin plants.
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3.3.7.2 Plant biomass

3.3.7.2.1Shoot biomass

At harvesting, the entice plant biomass was harvested; the shoots were then dried in the oven at a

temperature of 80°C for four days until a constant mass is achieved. The dry weight was

determined my measuring the shoot biomass by using analytical weighing balance (FX 300i WP).

The dry weights determined were used to determine coot to shoot ratio.

3.3.7.2.2Root biomass

At harvesting, the pipes were cut horizontally, soil column then removed carefully and cut at

lengths of 10 em, put in polythene bugs and labelled. Eight pieces of soils with coots obtained,

each coot samples was washed separately, dried and latter preserved with a 75% ethanol with a

methyl blue indicator. Upon preservation, all the coots were scanned using Scanner ( Epson -

2200, with optical resolution of 1600DPI x 3200DPI), after which, the scanned coots were put in

paper bags, then dried at 80°C for four days till a constant weight was achieved, then their

weights were determined by using Analytical weighing balance (Fx 300i WP). The dry weights

determined were used to determine coot to shoot ratio and the different weights per depths gave

a coot density per depth and penetration behaviour of the coots of selected rice cultivars.

3.3.8 Statistical analysis of data

Statistical analysis, Analysis of variance (AN OVA) was carried out on the data for the variables

measured during the study period to test for differences between the treatments and the varieties

and their level of interaction by using a Costat statistical computer package. The treatment and

varietymeans was separated using the least significant differences (LSD) test at 5% level. Further

analysiswas done using the same statistical analysis, but done as split plot design to show the

interaction effect of the fertilizer and water treatment on the selected upland rice cultivars used

(IRAT 109 , NERICA 4 and Lemont)
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CHAPTER FOUR

RESULTS AND DISCUSSION

4.1 Field experiment

4.1.1. Soil measurements

4.1.1.1 Soil compaction

Soil compaction in wet plots was significandy low as compared to dry plots. In the depth of 10

Inches, significandy higher compaction was recorded towards the end of the month of

November and early December. Compaction increased with depth in all the plots among the

treatments as shown in figure 4.1
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4.1.1.2 Soil nutrient load

Nutrient load in the field plots varied among the nutrient elements tested. Soil pH was

relatively stable in all depths showing minimal differences, though the highest pH was

noticed at the depth of 10 to 15 Cm. Sodium levels decreased with increase in soil depth.

Potassium, calcium, magnesium, phosphorus and nitrogen, showed fluctuating levels, highest

in concentration at depths of 0 to 25 Cm, then reduced with increase in depth as summarised

in table 4.1

Table 4. 1 Soil fertility test for the field plots.

Soil depths
Soil nutrients 0-10 em 10-15 em 20-25 em 35-40 em 55-60 em
pH (H2O) 1:2.5 4.49 4.81 4.36 4.4 4.5
Sodium (Na) 33.91 20.91 25.91 25.91 26.91
Potassium (K) 0.15 0.21 0.23 0.19 0.39
Calcium (Ca) 126.68 83.42 108.93 6.53 7.14
Magnesium (Mg) 126.68 83.42 108.93 107.54 105.66
Available Phosphorus (P) 37.33 25.56 27.78 40.33 29.441

Total Nitrogen 0.22 0.16 0.12 0.09 0.12
Carbon (C) 1.28 1.15 0.91 0.7 0.67
Copper (Cu 5.61 5.16 4.66 4.4 4.13
Iron (Fe) 89 58.15 54.21 57.52 56.35
Manganese (Mn) 7.43 3.78 4.86 4.5 4.2
Zinc (Zn) 8.64 9.12 7.59 9.46 7.72

Results as obtained from the Kenya Plant Health Inspectorate service (KEPHIS)-analyttcal
chemistry laboratory-ref (KEPHIS/K1L/ ACL/170/78.

The pH level of the soil in Maseno, and more so within the botanic garden, it is acidic, with a pH

value range of 4.36 - 4.81, this acidity levels implies that, some nutrients will be fixed and thus

not available for the plant utilization, illustrated both in figure 4.2 and in table 4.1
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Figure 4. 2 Nutrient loads in the soil obtained from Maseno experimental field.

4.1.1.3. Soil moisture content

The soil moisture content within the wet plots showed the highest percentages at depths of 40

and 60 em. The lowest soil moisture content was registered in depths of 10 and 20 em. In the dry

plots, the highest soil moisture was recorded in the months of October to November, at depths

of 30,40 and 60 em, which later showed a sharp decline as from the months of November till

the end of the experimental period. The lowest soil moisture content was recorded at depths of

10 em, of only 20% of moisture content.

There was a significant effect (P::;O.OS) in moisture content among the plots (Figure 4.3 and 4.4).

In this study, water was withheld in every subplot of each replication, totally covered with a dear

polythene sheet hence the low moisture content. When water is withheld leads to drought stress.

This result is in agreement with the results obtained by Sikuku, 2010), and results obtained by

Siddique et al, (2000) on wheat plant. Drought stress results into low soil moisture content. Loss

of soil moisture from the soil can be associated to either transpiration by the leaves, water uptake

by plants and drainage more so in field conditions (Luvaha, 2005). Low soil moisture content in

the dry plots, at depths of 10 and 20 em, could be attributed to drainage or absorption by the

plants.
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4.1.2. Physiological parameters

4.1.2.1 Stomatal conductance

Stomatal conductance in the four levels of fertilizer application was significandy different among

all the three rice cultivars. In IRAT 109, phosphorus applied plots showed the lowest stomatal

conductance at 61 DAS. Higher conductance was at 77 DAS while the lowest stomatal

conductance was recorded at 93 DAS. The highest conductance was achieved in nitrogen-

fertilized plot while the lowest level was recorded in non-fertilized plots (controlled) as illustrated

in figure 4.5. In Lemont, a similar trend as in IRAT 109 was observed, except that, the controlled

plots was low but not lower than that ofIRAT 109.
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800I 1000 EUl
N <,
E 800 -0 600<, E] 600 E'-../ 400S 400 ~

u
0 t:: 200u 200 ~c: u1'1

0 ::s 0u ""Cl

;:l t::
"0

61 77 93 0 61 77 93c U0
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Figure 4. 5 Effects of fertilizer application on stomatal conductance (mrnol/rrr's') of IRAT

109 and Lemont rice cultivar in experiment 1. Each point represents the means of three

replications ±sm DEV
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Water application regime showed a significance difference, in either of the two cu1tivars, a higher

stomatal conductance was observed in well-watered plots, denoted as the (W). Lemont showed a

significance higher stomatal conductance in both conditions as compared to IRA T 109, as

shown in figure 4.6.

..•..w -£-D I -£-w _D
1400 1600

Irat 109 Lemont

~ 1200 Lsd=95.5 1400
,....,

~ 1200I

~ 1000 ,....,

8 il 1000
<, 800 8 800-0 <,

1600 -0 600!Q) 400 400
u
1a

Il) 200u.•.. 200 t::u c<! 0.g .•..
0 u

t:: .g -200 610
U 61 77 93 t::

-4000
U

Days after sowing Days after sowing

Figure 4. 6 Effects of water stress on stomatal conductance (mmol/rrr's') of IRAT 109 and

Lemont rice cultivar in experiment 1. Each point represents the means of three replications

±STDDEV

There was a general decline in stomatal conductance between the two cultivars. (Fig. 4.5 and 4.6).

The reduction in stomatal conductance could be attributed to scarcity of water in the soil, which

affects the equilibrium between water uptake and transpiration, thus triggered stress in the plant.

lRAT 109 recorded slightly higher stomatal conductance at higher soil moisture deficit (Fig 4.6).

This result implies that IRAT 109 is tolerant to water deficit and has ability to maintain leaf

turgor at low leaf water potential (Richard et al, 1987), and thus able to give higher stomatal

conductance and higher transpiration rates at low soil water potentials. Similar results have been

observed by Ackerson (1981), observed that in cotton, the stomata of adapted plants become

less sensitive to low water potentials thereby giving higher stomatal conductance at low water

potentials. The higher the stomatal conductance, the higher the rate of CO2 diffusion into the

leaf,which in turn leads to, increased rate of photosynthesis (Jones and Lazanby, 1988)
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4.1.2.2N content determination

The two rice cultivars were significantly different at p::::0.05. In IRAT 109, had the highest foliar

nitrogen content in Nitrogen and Nitrogen-Phosphorus fertilized plots. The lowest nitrogen

content levels were recorded in non-fertilized plots (controlled experiment). In Lemont, the

nitrogen content levels were similar to those ofIRAT 109, this as illustrated in figure 4.7 and 4.8,

forIRAT 109 and Lemont respectively.

Effect of fertilizer application on N concentration
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0 0uc:
0 46 60 74 88 102u
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Figure 4. 7 Effects of fertilizer application on foliar nitrogen content of IRA T 109 and Lemont

ricecultivar in experiment 1. Each point represents the means of three replications ±STD DEV
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Figure 4. 9 Effects of fertilizer application on plant height (Cm) of IRA T 109 rice cultivar in

experiment 1. Each point represents the means of three replications ±STD DEV
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Figure 4. 10 Effects of fertilizer application on plant height (Cm) of IRAT 109 rice cultivar in

experiment 1. Each point represents the means of three replications ±SID DEV.
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There is significant effect (p:S0.05) in plant height among the two watering regime, there was

general decline in plant height with decline in soil moisture availability. Plants under daily water

application showed a higher plant height as compared to the plant under water stress condition.

The reduction in plant height with decline in soil moisture availability was in Lemont, with height

less than 20 em. there was a general increase in height over time in the two cultivars within the

irrigated plots, figure 4.10.
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Maximum growth is achieved in Nitrogen-phosphorus applied plots; both in IRAT 109 and

Lemont, fertilizer application levels had significant effect on the two-rice cultivars growth as

evident in their differences in their plant height, as illustrated in table 4.2 in the appendix 19.

There was a significant interaction between; fertiliser and water (FxW), variety and water (VxW),

varietyand fertilizer (VxF) but there was no significant interaction between Water, fertilizer and

thevariety (WxFxV), from 46 das to 109 das, as illustrated in table 4.2, 4.3 and in the ANOVA

asshown from appendix 2 to appendix 11.
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Figure 4. 11 Effects of water application on plant height (em) of IRA T 109 rice cultivar in
experiment 1. Each point represents the means of three replications ±SID DEV.
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Table 4. 2. Effects of fertilizer application on plant height (ern) of lRAT 109 and Lemont rice cultivar in experiment 1. Each point

represents the means of three replications ±STD DEV

Cultivars lRAT 109 Lemont

Fertilizer levels CV Fertilizer levels CV V*F

Das C N P NP Mean (%) C N P NP Mean (%)

46 40.8c 43.5b 38.8c 50.5a 43Aa 4.0 31.2b 39.5a 30.6b 40.3a 35Ab 2.6 0.0007***

53 43.7c 46Ab 41.8c 53.Sa 46.4a 3.7 34.2b 42.5a 33.6b 43.3a 38Ab 204 0.0007***

60 45.8c 48.5b 43.8c 55.3a 48.4a 3.6 36.2b 44.5a 35.6b 45.3a 40Ab 2.3 0.0007***

67 48.7c SlAb 46.8c 58.5a 51Aa 304 39.2b 47.5a 38.6b 48.3a 43Ab 2.1 0.0007***

74 54.8c 57.5b 52.8c 64.5a 57Aa 3.0 45.2b 53.5a 44.6b 54.3a 49Ab 1.9 0.0007***
,

81 62.8c 65.5b 60.8c 72.5a 65Aa 2.7 53.2b 61.5a 52.6b 62.3a 57Ab 1.6 0.0007***

88 71.8c 74.5b 69.8c 81.5a 74Aa 2.3 62.2a 70.5a 61.6b 71.3a 66Ab 1.4 0.0007***

95 77.8c 80.5b 75.8c 87.5a 80Aa 2.2 68.2b 76.5a 67.6b 77.3a nAb 1.3 0.0007***

102 79.8c 84.5b 79.8c 91.5a 84Aa 2.1 n.6b 80.5a 71.6b 81.3a 76Ab 1.2 0.0007***

109 85.8c 88.5b 83.8c 95.5a 88Aa 2.0 76.6b 84.5a 75.6b 85.3a 8004 1.1 0.0007***

Das' days after sowing; C, non fertilized plot; N urea fertilized plot; P, TSP fertilized plot and NP, combination of urea and TSP.
Alphabetical letters which are not the same within the rows are significantly different. *** Significant at the P:S0.05 level of probability.
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Table 4.3 Interaction effect of variety, fertilizer, and water on plant height (Cm) of IRAT

109 and Lemont rice cultivar in experiment 1. Each point represents the means of three

replications±STD DEV

Growthperiods. Interactions

(Daysafter sowing) CV F*W V*W V*F V*F*W

46 das 3.9485 *** ** *** Ns

53 das 3.6691 *** ** *** Ns

60 das 3.5038 *** ** *** Ns

67 das 3.2820 *** ** *** Ns

74 das 2.9132 *** ** *** Ns

81 das 2.5336 *** ** *** Ns

88 das 2.2097 *** ** *** Ns

95 das 2.0361 *** ** *** Ns

102 das 1.9348 *** ** *** Ns

109 das 1.8431 *** ** *** Ns

Variety***

Fertilizer ***

Water **

Lsd(variety)=0.9519

Lsd(fertilizer)=1.3462

Lsd(water)=0.9519

, W, .lC.lUllL.C.li:lHU water illLCl.i:lCUUllS; V' w, Vallery anu water mteracuons; V' r-, vanety anu
fertilizerinteractions; V*F*W, variety, fertilizer and water interactions. Ns, not significant at the
0.05 level of probability. ** Significant at the 0.01 level of probability and *** significant at 0.1
levelof probability.

There was generally slow growth in all the two cultivars in the dry plots, plots with higher

moisture deficit, (Fig. 4.11). Similar results have been evident on mango rootstock seedlings

growingunder water deficit conditions (Luvaha, 2005). The sluggish increase in plant height

undercondition of high water deficit could perhaps due to reduced cell turgor that affects cell

divisionand expansion (lones, 1992). Fertilizer were applied in different levels, and utilization

couldonly be possible if uptake was effective, reduction in the nutrient uptake by plants under

waterdeficit condition is also a possible cause in reduction in plant height, since most elements

areabsorbed via roots (Boyer, 1985).
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There was slow growth rate at early stages of the plant, 46 DAS. The initial slow growth rate

realised could be possibly due to the germinating seeds had fewer cells capable of growth but

growth progressively increased as more cells were formed (Salisbury and Ross, 1992). IRAT 109

and Lemont are significantly different in their plant height. The difference in height may be due

to genetic characteristics.

4.1.3.2. Shoot biomass

There was significant difference at P:'S 0.05 from 53rdDAS to 95th DAS, among the three levels

of fertilizer application, between the two cultivars, IRA T 109 and Lemont. The highest biomass

weight of IRAT 109, was attained in the Nitrogen-phosphorus applied plot, attaining amass of

40 grams while in Lemont, the maximum biomass accumulation was evident in Nitrogen applied

plots, and in Lemont, being at 32 grams, as shown in figure 4.3 and 4.4, for IRAT 109 and

Lemont respectively. There was no significant effect at P:'S 0.05, on the interaction between

variety and fertilizer, (V*F) on shoot biomass weight, at 53 DAS and 74 DAS, but higher

significant interaction between variety and fertilizer, (V*F) from 95th DAS to 121 DAS, as shown
!

in table 4.4.
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Figure 4. 12 Effects of fertilizer application on shoot biomass (g) of IRAT 109 rice cultivar in

experiment 1. Each point represents the means of three replications ±STD DEV
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Biomass accumulation to different fertilizer levels
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Figure 4. 13 Effects of fertilizer application on shoot biomass (g) of Lemont rice cultivar in

experiment 1. Each point represents the means of three replications ±SID DEV
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Table 4. 3 Effects of fertilizer application and interaction effect betweerr the variety and fertilizer on shoot biomass (g) of lRAT 109 and

Lemont rice cultivar in experiment 1. Each point represents the means of three replications ±STD DEV

lRAT 109 Lemont

Fertilizer levels CV Fertilizer levels CV V*F

Das C N P NP Mean (%) C N P NP Mean (%)

53 3.7a 4.7a 3.6a 4.8a 4.2a 29.4 2.1b 2.9ab 2.6ab 3.5a 2.8b 31.8 .7104ns

74 10.7b 17.1a 18.4a 17.6a 16a 29.3 7.5b 11.9a 9.3ab 12.3a 10.2b 27.1 .2596ns

95 15.7c 35.5a 20.5bc 27.5ab 24.8a 31.9 19.6a 16.1a 17.1a 24.5a 19.3b 35.6 .0332*

121 45.7c 54.2b 43.4c 68.2a 52.9a 5.5 24.3c 28.8bc 37.7a 29.6b 30.1b 14.2 .0000***

Harvest

Das' days after sowing; C, non fertilized plot; N urea fertilized plot; P, TSP fertilized plot and NP, combination of urea and TSP.
Alphabetical letters which are not the same within the rows are significantly different. *** Significant at the P~0.05 level of probability.
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Figure 4. 14 Effects of water on shoot biomass (g) of IRA T 109 and Lemont rice cultivar in

experiment 1. Each point represents the means of three replications ±SID DEV

The whole plant dry weight declined in water stressed plots in the two cultivars (Fig 4.14).

Similarresults have been observed in potatoes subjected to water deficit (Nadler and Bmvia,

1998). The reduction in biomass under water deficit may be because of reduction in leaf

expansion which in turn affects the supply of the assimilates to the growing parts of the plant

(Munns and Termaat, 1986). The two rice cultivars differed significantly (P:::;O.OS) in plant

biomass (Fig.4.10, 4.12 and 4.13) and table 4.4

IRA T 109 recorded the higher biomass. This implies that IRA T 109 is tolerant to moisture

deficit than Lemont; hence, IRAT 109 is able to accumulate more biomass under moisture

deficit. The high total biomass accumulated by IRA T 109 may be because of the high root

penetration, thus able to absorb water in levels where the roots of Lemont could not reach

Oones,1996).
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4.1.3.3. Root biomass

Fertilizer application had a significant different at PS; 0.05 on root biomass accumulation.

Maximum root biomass was achieved in nitrogen combined with phosphorus fertilized plots.

There was a steady rise in root biomass in all the four levels of fertilizer application levels. In

non-fertilized plot showed the lowest root biomass accumulation as illustrated in figure 4.13.

Lemont had a lower root biomass accumulation in all the four levels of fertilizer application

compared to IRAT 109. Increase in root biomass accumulation was relatively low; the peak was

achieved after 95 DAS, as shown in figure 4.15
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Figure 4. 15 Effects of fertilizer application on root biomass (g) of IRA T 109 rice cultivar in

experiment 1. Each point represents the means of three replications ±STD DEV
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Root biomass accumulation with different fertilizer application
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Figure 4. 16 Effects of fertilizer application on root biomass (g) of Lemont rice cultivar in

experiment 1. Each point represents the means of three replications ±SID DEV

Water application had a significant effect on root biomass accumulation. In both the two

cultivars, showed accelerated root biomass accumulation among the well-watered plots (wet), as

compared to the non-irrigated plots, this as per figure 4.16. Lemont in either of the watering

regimes had a lower root biomass accumulation as opposed to IRAT 109.
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Figure 4. 17 Effects of fertilizer application on root biomass (g) of IRA T 109 and Lemont rice

cultivar in experiment 1. Each point represents the means of three replications ±STD DEV

There was a significant effect (p:S0.05) in plant root biomass between the two cu1tivars in the

two watering regimes (Fig. 4.17). The roots decreased with increase in water deficit, plants in

well-watered plots recorded higher root biomass. Similar results were obtained by Willumsen

(1993), reported that large and vigorous root system and continued production of new root hairs

are required for maximum response to nutrients supply and optimum environmental conditions

and that this positively correlates with the dry matter accumulation within the shoot. The decline

in root dry weight under water deficit may be due to root damage and death thereby reducing the

sink activity of the roots leading to the built up of carbohydrates (Munns and Termaat, 1986).

There was inhibition of root growth, which may be attributed to reduced extensibility of the root

tip tissue due to hardening of the expanding cell walls (Boyer, 1985). In this study, IRAT 109 was

more tolerant to water deficit in terms of root biomass accumulation.
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4.1.3.4. Shoot-root ratio

There was significant different 111 shoot-root biomass among the two cultivars. lRAT 109

registered the highest biomass Fig. 4.18. The shoot, leaf, root and whole plant dry weight

decreased with increased water deficit. Plants in the well irrigated plots registered the highest

plant biomass than plants grown in dry plots. Similar results were obtained Willumsen (1993),

who reported that large and vigorous roots system and the continued production of new root

hairs are required for maximum response to nutrient supply and optimum environmental

conditions and that this positively correlates with the dry matter accumulation within the shoot.

Decline in root and shoot dry weight under water deficit may be attributed to root damage and

death which in turn interferes with the sink activity of the roots leading to the built up of

carbohydrates (Munns and Termaat, 1986).
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Figure 4. 18 Effects of fertilizer application on root biomass (g) of IRAT 109 and Lemont rice

cultivar in experiment 1. Each point represents the means of three replications ±STD DEV.
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4.1.4Yield and yield components

4.1.4.1. Tiller number

There was significant effect (p~0.05) in plant tiller number among the watering regime and the

cultivars. Fig 4.19 and 4.20. Plants in well-irrigated plot registered the highest tillering ability in

terms of the number per hill as compared to the same cultivars grown in dry plots, plots under

water deficit conditions. lRAT 109, showed the highest tiller number in both wet and dry plots

and across the four fertilizer levels. Plots fertilized with phosphorus showed the highest tiller

number both in lRAT 109 and in Lemont as illustrated in Fig. 4.19. The lowest tiller number was

registered in nitrogen and non-fertilized plots.
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Figure 4. 19 Effects of fertilizer input on tiller number of IRAT 109 and Lemont rice cultivar

in experiment 1.Each point represents the means of three replications ±SID DEV
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Under well watered condition
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Figure 4. 20 Effects of water input on tiller number of IRAT 109 and Lemont rice cultivar in

experiment 1. Each point represents the means of three replications ±SID DEV

There was significant effect on tiller number between the two cultivars at P~0.05. The tiller

number was affected by the treatment and it tended to decrease with decline in soil moisture

content (Fig. 4.19). Water deficit during vegetative stage reduces tiller number. Bouman and

Toung (2001) found that drought before or during tillering, reduce the number of tillers. rRAT

109 recorded higher tiller density in dry plot as compared to Lemont (Fig. 4.19). This implies

that rRAT 109 is drought tolerant and is able to maintain higher tiller density than Lemont under

drought condition. Turgeon (1980), noted that the number of aerial roots per unit area depends

on genotype (G), environment (E) and management (M), enhancing the principle of GxMxE

interaction. Tillering in crops indicates favourable rainfall amounts, temperature and response to

available nitrogen.
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4.1.4.2.Panicle lengths

Panicle lengths were significandy affected by the water deficit conditions in the dry plots. The

well-watered plants had longer panicles than the stressed plants (Fig. 4.21). Similar results were

obtained by Yeo et ai, (1996), he observed that drought affects the panicle lengths and in turn

reduces the grain setting which significandy contributes to low yields in rice. IRAT 109 registered

the highest panicle lengths in dry plots among all the fertilizer levels. This implies that IRAT 109

is a tolerant cultivar to water deficit. Thus suitable for locations with low or erratic rainfall

distribution.

I eURAT 109-W OLemont-W I
19.5

19e 18.5
S::2-. 18
II 17.5
~ 17
~

CI) 16.5
U·S 16
~ 15.5

15
14.5

14
NP N

Fertilizer application

Figure 4. 21 Effects of fertilizer and water interaction application on panicle lengths (em) of

IRAT 109 and Lemont rice cultivar in experiment 1. Each point represents the means of three

replications ±SID DEV
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Figure 4. 22 Effects of fertilizer and water interaction application on panicle lengths (em) of

lRAT 109 and Lemont rice cultivar in experiment 1. Each point represents the means of three

replications ±SID DEV
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4.1.4.3 Yield at 14% moisture content

The two rice cultivars were significantly different at P:::;O.OS.lRAT 109 registered the highest

yield at 14% in all fertilizer levels. The highest yield was obtained from Nitrogen-Phosphorus

fertilized plots and the least yield was in the non-fertilized plots, designated as C, in the figure

4.21. Grain yield of rice may be limited by the supply of assimilates to the developing grain or by

the capacity of the reproductive organ to accept assimilates (sink capacity), (Sikuku, 2010).

Significant variation in yield and yield attributing characters were recorded between the cultivars

(Fig 4.23). lRAT 109 had higher yield both at the lowest soil moisture (water deficit condition)

and at the highest soil moisture (no water stress), this was replicated too in all the four levels of

fertilizer application modes. In as much as the cultivars greatly vary or differ in inherent yielding

ability, yield losses from the normal levels as a result of water deficit are useful in assessing

drought tolerance (pirdashti et al., 2004).low yield of IRAT 109 under water deficit treatment

may be attributed to less number of ear bearing tillers per hill, reduction in total grain number

per panicle. IRAT 109, showed superior sink capacity under low soil moisture content in terms

of relatively longer panicle length as compared to Lemont.
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Figure 4. 23 Effects of fertilizer and water application on grain yield at 14% moisture content

ofIRAT 109 and Lemont rice cultivar in experiment 1. Each point represents the means of three

replications ±SID DEV
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4.2 PVC TUBES: - EXPERIMENT TWO

4.2 PVC-TUBE Experiment.

4.2.1 Soil texture determination

oiltexture refers to the relative size distribution of the primary particles in a soil Particle size,

usingthe USDA classification scheme, is divided into three major size classifications: sand (2.0-

0.05 mm), silt (0.05-0.002 mm). Particle size, using Soil physical properties under investigation

were,soil particles aggregation, particles sizes and the soil types by analysing the particles sizes.

Thetwo soils used, were obtained from Nambale region and Maseno University experimental

plots,within the botanic garden, thus are arbitrary called Maseno and Nambale soil. Maseno soil

hasa pH value of 4.78 and Nambale soil has a pH value of 3.68, as illustrated in table 4.5.

Masenosoil is reddish in colour while Nambale soil is brownish, as illustrated on plate 4.1

Maseno soil Nambale soil

Plate4. 1 Soils obtained from Maseno and Nambale field experiment respectively

Table4. 4 Soil particle content and description of Maseno and Nambale soils

Quantities % particles Quantities % particles
Wholeparticles mass (g) 130.7 124.8

Courseparticles(2.0-0.0S mm),-Sand 0.4 0.4 0.6 0.5

MediumparticlesO.OS- 0.002 mm-silt 46.2 35.3 88.2 70.7

Fineparticles(, 0.002 mm)-Clay 84.1 64.3 36.0 28.8

PermeabilityCm/h) 0.8*(0.25-1.5) 5*(2.5-25)

Totalpore space 49*(47-51) 38*(32-42)

Maseno soil Nambale soil
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Bulkdensity (g/ Cm3) 1.35*(1.30-1.40) 1.65*(1.55-1.80)

Fieldcapacity 27*(23-31) 9* (6-12)

,Permanentwilting point (%) 13*(11-15) 4* (2-6)

Watercontent (mm/ m soil) 19* (17-22) 8* (7-10)

Descriptionof the soil used Clay loam Silt loam

"i\.veragengures ana range lperween oraCKetS).r ne moisture content on a VOIU1ll ( \~.!••..•'-~---,-
waterper meter of soil) was obtained by subtracting weight percentages at field capacity and
permanentwilting point, multiplied by bulk density.

Theanalysis of the soil nutrient load showed a similar analysis trend as in the field experiment,

morespecifically the soil obtained from the experimental field within the Botanical Garden,

MasenoUniversity, soil obtained from Maseno gave a definite value of pH =4. 79 while soil

obtainedfrom Nambale had a pH of 3.69. The two soils are acidic, though Maseno soil has a

slightlyhigher pH value than Nambale soil; this implies that, soil from Nambale is highly acidic

ascompared to Maseno soil, as shown in table 4.5

Table4. 5 Soil fertility analysis of the soils used in the PVC tubes.

II Soil from Maseno Soil from Nambale
experimental site experimental field

Soilnutrients Maseno soil) (N ambale soil)
I pH (H2O) 1:2.5 4.79 3.69
Sodium(Na) 22.91 16.91
Potassium(K) 0.31 0.07
Calcium(Ca) 9.15 3.51
Magnesium(Mg) 177.55 52.5
AvailablePhosphorus (P) 58 20
TotalNitrogen (N) 0.27 0.15
Carbon(C) 1.61 0.99
Manganese(Mn) 3.48 0.07
Copper(Cu) 4.6 1.85
Iron(Fe) 59.22 76.52
Zinc(Zn) 13.68 4.8
Resultsas obtained from the Kenya Plant Health Inspectorate servlce (KEPHIS)-analytical
chemistrylaboratory-ref (KEPHIS/K1L/ ACL/170/78.

I Nambalesoil is highly acidic compared to soil of Maseno. The soil has a pH range of 3.69 - 4.77.

ThepH decreases with increase in soil depth, the lower soil layers has relatively higher pH than

thesurface soil, which has a pH range of 3.69-4.01. The lower pH implies that most of the vital

plantnutrients are highly fixed and not readily available for the plant use. Nitrogen, carbon,
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.pH- (H2O) 1:2.5-(4.40)-Maseno soil rlpH- (H2O) 1:2.5- (3.69)-Nambale soil
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4.2.2. Soil moisture measurements

The soil moisture content within the wet plots showed the highest percentages at depths of 40

and 60 em. The lowest soil moisture content was registered in depths of 10 and 20 em. in dry

plots, the highest soil moisture was recorded in the months of October to November, at depths

of 30,40 and 60 em, which later showed a sharp decline as from the months of November till

the end of the experimental period. The lowest soil moisture content was recorded at depths of

10 em. In this study, water was withheld to specific tubes, in a single replication of 48 tubes,

only 24 tubes were watered and the other 24 tubes were watered on daily basis. Withholding of

water led to drought stress. This is in agreement with results obtained by Siddique et al, (2000)

on a wheat plants. Drought stress reduces the soil moisture content. Loss of moisture from the

soil may be attributed to surface evaporation, transpiration through the leaves and water

absorbed by the roots (Luvaha, 2005).

Na K Ca Mg Mn P
Nutrients per depth (Cm)

N C Cu

Figure 4. 24 Soil nutrient analysis results of Maseno and N ambale soils used in the PVC tubes.
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Figure4. 25 Soil moisture content levels as per depth, in wet tubes

Figure4. 26 Soil moisture content levels as per depth, in dry tubes
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4.2.3.Morphological characteristics

4.2.3.1Plant height

There is significant difference between the three cultivars. lRAT 109 and N4 have no significant

difference but Lemont had a significant difference compared to two cultivars, lRAT 109 and N4.

Lemont is genetically dwarf cultivar while lRAT 109 and N4 are taller cultivars genetically. All

the three cultivars registered progressive growth. N4 registered the highest growth in soil

obtained from Maseno experimental field plot Fig. 4.27, while IRAT 109, had the highest growth

in soils obtained from Nambale experimental field plot as illustrated in Fig. 4.28 and 4.29.

Figure 4. 27 Effect of fertilizer application on plant height of lRAT 109, Lemont, and Nerica 4

rice cultivar in experiment 2. Each point represents the means of four replications ±SID DEV.
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SOIL OBTAINED FROMMASENO
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Figure 4.28 Effect of soil type on plant height of IRAT 109, Lemont, and Nerica 4 rice cultivar
in experiment 2. Each point represents the means of four replications ±SID DEV.
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SOIL OBTAINED FROM1HE FIELD PLOT IN NAMBALE REGION
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Figure4.29 Effect of soil type on plant height of IRAT 109, Lemont, and Nerica 4 rice cultivar
in experiment 2. Each point represents the means of four replications ±STD DEV.
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Theshoot biomass accumulation in the three rice cultivars were significantly different, with

NERICA4, with a mean shoot biomass of 63.2776875 while Irat 109 and Lemont were not

significantlydifferent, even though hat 109 had the highest biomass of 48.75065625 and

Lemontwith 46.06221875. The response of the three cultivars to the various treatments were

also significantly different at P:S0.05, there were significance difference in the various interaction

levels as summarized in table 4.6

79



Table 4.6 Shoot biomass of Irat 109, Lemont and NERICA 4 grown under different fertilizer a,

soiland water, as at 121 das.

CULTIVAR TREATMENT

FERTILIZER SOIL WATER

N NP MASENO NAMBALE WET DRY

JRAT109 43.438b 54.063a 53.782a 43.719b 52.475a 45.026b

Lsd (%) 3.1884

Water .0001 ***
Soil .0000 ***
Fert .0000 ***
waterx soil .0000 ***
waterx fert .2902 ns

soilx fert .6520 ns

waterx soil x fert .0001 ***
CULTIVAR TREATMENT

FERTILIZER SOIL WATER

N NP MASENO NAMBALE WET DRY

LEMONT 50.768b 57.705a 58.748a 50.592b 61.829a 47.0493b

Lsd(%) 7.2874 6.8167 6.9258

Water .0001 ***
Soil .0235 *
Fert .2806 ns

waterx soil .9452 ns

waterx fert .9113 ns

soilx fert .0163 *
waterx soil x fert .8766 ns

CULTIVAR TREATMENT

FERTILIZER SOIL WATER

N NP MASENO NAMBALE WET DRY

NERICA4 55.882b 70.673a 70.523a 56.032b 72.814a 53.742b
!
ILsd(%) 2.9098



Water .0000 ***

Soil .0000 ***

Fert .0000 ***

water x soil .9228 ns

water x fert .0016 **

soil x fert .8368 ns

water x soil x fert .5919 ns

Ns-not significantly different,* significandy different, *** highly significantly different. Means
followedby the same letters are not significandy different

4.2.3.3 Root momas-

Thecultivars are significandy different at P:SO.OS, with Irat 109 having a mean root biomass of

~6.9115, Lemont with 14.7614 and NERICA 4 with a mean root weight of 21.4028, with a

coefficient variance of 53.21 %. Their performance in the two soils too are significandy different,

Maseno soil contribution is 23.5105 of the overall root biomass of the three cultivars while' in

Nambale soil has a contribution of 18.5399., this shows that Maseno and Nambale soils are

slgnificandy different in terms of the rice root establishment and eventual biomass accumulation,

thisfurther summarised in figure 4.30 and further illustrated in table 4.7 for all the three cultivars

with respect to soil depths.
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Figure 4.30 Effects of soil type on root mean weights ofIRAT 109, Lemont, and Nerica 4 rice
cultivar in experiment 2. Each point represents the means of four replications ±sm DEV

Table 4. 7 Rice roots distribution within the soil column as at 121 das, at depths of 0-40 cm.

Cultivar Root Treatments. (F*S*W) Lsd

depth Fertilizer Soil Water (%)

N NP Maseno Nambale Wet Dry

IRAT 0-10 8.6554b 12.6025a 12.0159a 9.2419b l1.6213a 9.6366b 1.2405

109 10-20 6.6606b 8.7178a 9.5676a 5.8308b 8.1108a 7.2876b 0.1777

20-30 3.5538a 3.2052a 4.561a 2.1979b 3.4118a 3.3471a 0.8357

30-40 2.2971a 1.9769a 2.6256a 1.6484a 2. 1024a 2.1716a 1.0787

Lemont 0-10 5.8793a 5.6481a 5.8339a 5.7223a 5.8808a 5.6688a 0.9605

10-20 3.9418a 4.5518a 4.4535a 4.1164a 3.9188b 4.6747a 0.7046

20-30 2.5749a 2.6674a 3.2918a 1.9621b 2.5928a 2.6632a 0.6959

30-40 1.7414a 1.6817a 1.9209a 1.4948a 1.5991a 1.8235a 0.7099

NERIC 0-10 6.3361b 7.7899a 6.7286b 7.3973a 7.3311a 6.7949b 0.2525

A4 10-20 4.5085b 6.0588a 4.9923b 5.5749a 5.3016a 5.2657a 0.1883
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20-30 2.8002a 3.2016a 3.9984a 2.0033b 3.3741a 2.6276a 0.8901

30-40 1.8393a 2.0917a 2.3328a 1.5982a 2.2339a 1.6972a 0.9023

Means followed by the same letters are not significandy different

NERICA 4 was used as a checker cultivar, the response to the various treatments by the cultivars

are significantly different more so within the root extraction depths of 0 - 40 em deep into the

soil table 4.8, and minimal differences occurs from the depth of 40 em to the maximum

measured depth of 90 em below the soil surface as in appendix 17. Figure 4.31, illustrates the

various measured means of the roots of three cultivars, Irat 109, Lemont and NERICA 4 at

P:S0.05,as illustrated in table 4.8

Table 4.8 Rice roots distribution within the soil column as at 121 das, at depths of 0-40 cm.

: Cultivar Root Treatments. (F*S*W) Lsd
:

depth Fertilizer Soil Water (%)

N NP Maseno Nambale Wet Dry

! Irat 109 0-10 8.6554b 12.6025a 12.0159a 9.2419b 11.6213a 9.6366b 1.2405
i

10-20 6.6606b 8.7178a 9.5676a 5.8308b 8.1108a 7.2876b 0.1777

20-30 3.5538a 3.2052a 4.561a 2.1979b 3.4118a 3.3471a 0.8357

30-40 2.2971a 1.9769a 2.6256a 1.6484a 2.1024a 2.1716a 1.0787

Lemont 0-10 5.8793a 5.6481a 5.8339a 5.7223a 5.8808a 5.6688a 0.9605

10-20 3.9418a 4.5518a 4.4535a 4.1164a 3.9188b 4.6747a 0.7046

20-30 2.5749a 2.6674a 3.2918a 1.9621b 2.5928a 2.6632a 0.6959

30-40 1.7414a 1.6817a 1.9209a 1.4948a 1.5991a 1.8235a 0.7099

NERICA4 0-10 6.3361b 7.7899a 6.7286b 7.3973a 7.3311a 6.7949b 0.2525

10-20 4.5085b 6.0588a 4.9923b 5.5749a 5.3016a 5.2657a 0.1883

20-30 2.8002a 3.2016a 3.9984a 2.0033b 3.3741a 2.6276a 0.8901

30-40 1.8393a 2.0917a 2.3328a 1.5982a 2.2339a 1.6972a 0.9023

Meansfollowed by the same letters are not significandy different

Rootbiomass Irat 109 and Lemont are significantly different in terms of their total root biomass

weights,under field condition at P:S0.05; the significance difference is evident at 53rd and 74th das

but no significance difference at 95th and during harvesting at 121st das.
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CHAPTER FIVE

CONCLUSION, RECOMMENDATIONS AND

SUGGESTIONS FOR FURTHER RESEARCH

5.1Conclusions

Theresults in this study indicates that water-nutrient stress affects plant growth, development

and ultimately the yield of the three selected rice genotypes, IRAT 109, Lemont and NERICA 4.

Water-nutrientstress leads to a decrease in plant height, plant biomass and greatly affects the

grainyield by decreasing tiller number, panicle length and filled grain percentage. The water-

nutrientstress affects the physiological aspects of the plant, reduces the stomatal conductance

and N foliar content levels. IRAT 109 can tolerate moisture deficit. There was a variation in the

performanceof the three selected rice genotypes, IRAT 109 is early maturing and exhibited the

highest tolerance to water-nutrient deficit. IRAT 109 being early maturing cultivar, it has

coherentphysiological traits to escape late drought and the ability to maintain growth during

periodof drought that may occur late in the season.

5.2.Recommendation

IRAT 109 showed greater tolerance to water-nutrient stress as compared to the other two rice

cultivars,Lemont and N4. It may be recommended for cultivation in the upland agro-ecological

zonesof Kenya under rainfed condition.

5.3Suggestions for further research

Forfurther research on upland rice in relation to physiological and developmental response to

waterand nutrient stress under different soil types, the following should be considered.

1. The soil and plant water potentials to be determined in order to establish the wilting

point, absorption and transpiration ofIRAT 109,Lemont and NERICA 4.

2. Bottom up approach by determining the various root types in IRAT 109, Lemont and

NERICA 4 and their root lengths in order to prove whether root lengths confers some

advantage in drought tolerance among the three rice cultivars.

3. Nutrient analysis determination in order to establish which cultivars has higher nutrient

sink and thus effective nutrient utilization.

4. Perform closed type of experiment on the three rice cultivars in order to determine the

net effect of phosphorus on root establishment in drought environment
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