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ABSTRACT

Continuous cultivation of land in w. Kenya has resulted in depletion of soil nutrients and

increase in S. hermonthica incidence. Maize yields are less than', L t ha' although the

potential is 4_5 t ha". However, incorporation of some desmodium species in cereal based

systems is known to reduce Striga seeds through allopathic mechanism. We tested the

hypothesis that phosphorus catalyses production of desmodium root exudates and its

effectiveness in controlling Striga weed. Three pot experiments were conducted at

KARI- CIMMYT Striga Research Station - Kibos. A field experiment was also sited at

Ngiya and Ndori in Siaya County. The objectives of the experiments were:- to

determine the effects of P fertilized desmodium species on Striga germination, seed

viability, density, Striga biomass, seed bank, soil fertility, maize yield components as

well as desmodium nodulation and biomass production. The 2 by 8 factorial pot

experiments were laid on a split plot design with desmodium species as main plots while

fertilizer rates (0, 10.3,20.6,30.9,41.2,51.5,61.8 and 72.1mg P kg -I soil) as sub plots.

All pot experiments were replicated 3 times. Treatments for field experiment included the

two desmodium species as main plots while Prates (0, 23, 46 and 69 kg P20S ha" )

formed the sub plots. The treatments were replicated 4 times. Data was subjected to

ANOV A. Significantly different means were separated by LSD at 5% level of

probability. Results revealed that mature desmodim plants (21 to 33weeks) were more

effective in suppressing Striga incidence compared to the young (8 to 21 weeks) plants.

Exposing Striga seeds to root exudates for 42 days increased seed germination by 9 and

13% under D.intortum and D.uncinatum treatments respectively. Continuous exposure of

seeds to the exudates for 42 days significantly (p ~ 0.05) reverted viable seeds to dormant

status, desmodium species not withstanding. Application of phosphorus at ~ mg 51.5 mg

P kg" soil significantly (p::;0.05) increased nodulation in D.intortum while D.uncinatum

had nodule number significantly increased at 72.1 mg P kg" soil. Soil pH was reduced by

0.26 and 0.11 units at Ndori and Ngiya sites respectively. Application of phosphorus at

46 and 69 kg P20S ha" increased soil organic carbon by 0.2% and 0.25% respectively at

Ngiya. There is need to research on the mechanism involved in reverting viable seeds to

dormant status and quantify biologically fixed nitrogen associated with the respective

desmodium species.
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CHAPTER ONE

1. INTRODUCTION

The dominant soil types in the tropical region are inherently poor in physical and

chemical characteristics (Grant, 1981; Chien and Menon, 1995; Mafongoya et al., 2003).

Research reports have shown that only inorganic fertilizers and N2-fixing legumes offer a

realistic chance for raising agricultural production in such soils. The benefits of other

nutrient resources such as farmyard and compost manures are often constrained by

requirements for high application rates against limited availability of manures in most

households (Mapfumo and Giller, 2001).

It is increasingly becoming evident that declining soil fertility is the most widespread,

dominant limitation on yields of maize (Zea mays L.) and on the sustainability of maize-

based cropping systems in southern and eastern Africa. Technologies that smallholders

can use to sustain soil fertility are still relatively scarce. Consequently, productivity of

maize-based farming systems will fail to increase and improved maize germplasm will

have only a transitory effect on productivity m smallholders' fields

(http://www.cimmyt.org!research/nrg!sfmrlhtrnlSFMRimproved.htm.

The largest aggregate nutrient losses in Africa are seen in major maize-producing

countries with higher population densities and erosion problems. Indeed the annual net

nutrient depletion exceeds 30 kg nitrogen (N) and 20 kg potassium (K) per hectare of

arable land in Ethiopia, Kenya, Malawi, Nigeria, Rwanda, and Zimbabwe (Smaling et al.,

1993).

In most parts of the world, chemical fertilizers play a major role in maintaining or

increasing soil fertility, but farmers in sub-Saharan Africa use very little chemical

fertilizer. FAD (1988) estimated that the average fertilizer application in sub-Saharan

Africa is 7 kg of fertilizer nutrients per hectare of arable land plus permanent crops per

year. Calculations made by Heisey (1993) and Mwangi (1995), using similar criteria,
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gave an average of 10 kg of fertilizer nutrients per hectare. Chemical fertilizer use

revealed higher rates in some countries notably Zimbabwe, Zambia, and Malawi where
(

the commercial farming sector is relatively well developed and 'fertilizer-responsive

maize is an important crop. But even in such countries, fertilizer rates used are still well

below crop and soil maintenance requirements and are likely to remain so, because

fertilizer is probably the most costly cash input used by smallholders (Okalebo et al.,

2005).

Incorporation of perennial legumes in alley cropping systems for purposes of improving

soil productivity is currently picking up amongst small households in western Kenya. In

particular, many farmers within the Lake Victoria region have notably appreciated the

effectiveness of some desmodium species (Ogola and Malaya 2006. Khan et al., 2001,

Khan et al., 2008). Biological N fixation by such legumes can sustain tropical agriculture

at moderate levels of output and it is often double those currently achieved Giller, et al.,

(1994). However, low P levels in the soils inhibit legume growth thus necessitating

addition of P III order to realise optimum benefit of such legumes

(http://www.cimmyt.org/research/nrg/sfrnr/htrnlSFMRimproved.htm.)

Only a few soil fertility technologies targeting smallholder farmers in sub-Saharan

Africa, over the past two decades, have yielded the desired impact. For example,

technologies involving livestock manures, N2-fixing grain and green manure legumes,

and agroforestry trees have not been adopted despite their scientific merits and

demonstrable benefits both on-station and on-farm (Mugwira and Murwira, 1997;

Waddington et al., 1998; Giller, 2001). The trend can be partly attributed to the costs

involved in the adoption process, such as seed/seedlings, labor and management time.

The main challenge is therefore to enhance the diversity and accessibility of locally

derived nutrient resources, and at the same time minimize the costs associated with their

management in order to reach poor farmers.

Western Kenya receives between 1200-1800 mm of rainfall annually with bimodal

distribution in most areas (Jaetzold et al., 2009). It is thus endowed with good agricultural

climate. However, high population pressure has led to continuous cultivation and mining
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of soil nutrient reserves with little nutrients, if any, replenished (Sanchez et al., 1997,

Smalling et al., 1997). Several surveys that have targeted smallholder farms in Sub

Saharan Africa have all revealed that over 90% of the farms we're nitrogen (N) and

phosphorus (P) deficient, besides being low in organic carbon (Sanchez et al ., 1976;

Jamaa et al., 1993; Jamaa et al., 1997; Onim et al., 1986; Rao et al., 1999; Okalebo et al.,

2006, Okalebo, 2009). Despite of the wide spread deficiency of the macro nutrients, there

is limited use of inorganic fertilizers by smallholder farmers in the region primarily

because of their exorbitant costs (Esilaba, 2006).

Use of cereal x legume intercrops or rotations has received recognition in the recent past

(Mureithi et al., 2006, Ogola et al., 2010). Provision of complete ground cover offered by

the interplant help in reducing runoffs and conserves soil moisture (Giller and Wilson

1991; Ojiem 2006). The option is being promoted with focus on alleviating N deficiency

besides diversifying production for enhancing food security. Although the technology

offers low cost opportunity for maintaining soil fertility by improving nitrogen supply to

the soil, this can only be achieved if the species chosen as green manure plants are

compatible with climatic conditions and soil characteristics of the area (Bucles et al.,

1998;Mureithi et al., 2006).

Besides nutrient deficiency, maize production is also constrained by Striga, a parasitic

weed which is spread in many parts of Africa, Kenya included (Figures 1a, 1b, 1ca and

ld). An estimated annual crop loss worth US $ 7 to 13 billion in sub Saharan Africa has

been attributed to Striga weed (Lagoke et al., 1991). Yield losses associated with Striga

vary depending on severity of infestation. There are instances where Striga weed has

caused total maize failure (Mumera et al., 1985, Smaling 1991, ). Furthermore, areas

where soil fertility levels are severely low are also the hardest hit by Striga (Ransom,

1996).
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Fig la. Striga infestation in Africa
Source; Ejeta G. (2009)
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Fig. ld. Striga species in Kenya
Source: Mac Opiyo et al (2010)
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Striga infest 40% of arable land in the savanna region in Africa, causing an estimated

annual loss of$ 7 to 13 billion (Lagoke et al., 1991). The two major Striga weed species
I

commonly found in the sub Saharan Africa region are Striga hermonthica and Striga

asiatica (Frost, 1994). Of the two Striga species, Striga hermonthica is the most widely

spread in Western, Nyanza and parts of Rift Valley provinces of Kenya (Figure 1) while

Striga asiatica is mainly found at the coastal strip in Kenya (Frost 1994). The

angiosperm root parasite weed constitutes a major biotic constraint to cereals production

in Africa (Doggett, 1988; Ejeta and Butler, 1993a).

The problem of Striga (witchweed) is wide spread in western Kenya (Oswald et al.,

1995, Gacheru and Rao, 2001, and Vanlauwe et al., 2008). The practice of cereal

monocropping is considered as the main cause of increased incidence of Striga

infestation according to Ransom (2000). Striga attacks the important staple food crops

such as maize (Zea mays [L.], upland rice (Oryza sativa) and sorghum (Sorghum bicolar

[L.] Moench) amongst other cereals. Striga infests about 212,000 hectatres which

represent about 15% of the arable land of the Kenyan Lake Victoria basin (www.fao.org;

CEPA, 2004). It reduces yield by between 30-50%, although losses of upto 100% have

been reported (Mumera and and Below; 1993, Hassan et al., 1995).

In systems that effectively manage Striga weed, adoption of strategies that focus on

reduction of the number of Striga seed from infested fields is considered ideal. Such

approaches address prevention of further Striga seed multiplication as well as survival

(Ramaiah 1983). Rotation and or intercropping maize with trap crops such as field beans

(Phaseolus vulgaris L., ground nut (Arachis hypogeal L.), bambara nut (Vigna

subterranea (L.) Walp), sunflower (Helianthus annus L.), cowpea (Vigna ungiculata (L)

Walp) and some desmodium species have successfully reduced Striga seed in the soil

(Lagoke et al., 1985, Carson 1989., Odhiambo and Ransom, 1994 and Khan et al., 2002).

Push pull technology, developed by International Centre of Insect Physiology and

Ecology (ICIPE) is currently being promoted in western Kenya to control both stem borer

and Striga pests (Khan et al, 2002). The technology is based on stimulo-deterrent

concept (Miller and Cowles, 1990). In this strategy, maize is intercropped with a stem

5



borer moth-repellent plant; desmodium uncinatum Jacq. De. (referred to as 'push') while

an attractant host plant, Napier grass (Pennisetum purpureum Schumach), is planted as
I

trap plant around the intercrop and is referred to as 'pull'.

Desmodium root exudates contain blends of secondary metabolites with Striga seed

germination stimulatory and post-germination inhibitory activities (Tsanuo et al., 2003).

The first group of semiochemicals stimulates Striga seeds to germinate while the second

group inhibits lateral growth hindering the development of the haustorial root system and

subsequent attachment to the host plant thus resulting in the weed's suicidal germination

(Khan et al., 2002; Tsanuo et al., 2003, Khan and Pickett, 2004).

Elsewhere, Muniru et aI., (2003) were able to isolate and characterise spectroscopically

from the root exudates of Desmodium uncinatum (Jacq.) DC.three isoflavanones namely:

1) 5,7,2',4'-tetrahydroxy -6-(3-methylbut -2- enyltisoflavanon e,
2) 4",5"-dihydro-5,2',4'-trihydroxy-5"-isopropenylfurano-(2" ,3";7,6)-isojlavanone
3) 4",5"-dihydro-2'-methoxy-5,4'-dihydroxy-5"'-isopropenylfurano-(2",3";7 ,6)-

isojlavanone in addition to a previously known isojlavone 5,7,4'-
trihydroxyisojlavone genistein.

They proposed the names uncinanone A, B, and C for compounds 1,2 and 3 respectively.

From the isolated compounds, the fractions containing uncinanone B induced

germination of S.hermonthica seeds while the fractions containing uncinanone C

moderately inhibited radical growth. Thus over along period of continous cropping, the

technologly is capable of depleting Striga seed bank in the soils.

However, massive re-infestation of agricultural fields with Striga seeds, from fresh

plants, coupled with the fact that the seeds are viable for a long period (20 years) makes it

difficult to eradicate Striga completely. The promising approach to contain Striga

menace is through improvement and adoption of intergrated control methods such as use

of tolerant as well as herbicide resistant varieties, cuktural practices and trap crops among

other strategies. In particular, enhancing production of stimulatory as well as inhibitory

metabolites by desmodium is viewed as a potential way of increasing its effectiveness in

Striga control.
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Phosphorus is an important plant macro nutrient, making up about 0.2% of a plant's dry

weight. It is a component of key molecules such as nucleic acids, phospholipids and
(

ATP. Phosphorus is also involved in controlling key enzyme 'teactions and in the

regulation of metabolic pathways (Theodorou and PIaxton, 1993). Elsewhere studies

have shown that the most important nutrient for establishment of legumes in the tropical

region is phosphorus (Haque et al., 1986, Gitari et al., 2003, Oka1ebo et al., 2009). There

are research findings that demonstrate that formation of cluster roots and exudation of

citrate in white lupin are regulated by phosphorus concentration in shoots (Shen et al.,

2003).

1.1 Problem statement

Suicidal germination of Striga seeds by secondary metabolites of root exudates in some

desmodium species is considered as one of the effective ways of reducing Striga

seedbank in infested fields. Production of the semiochemicals that stimulate and inhibit

attachment of Striga on host plants is, however, hindered in phosphorus deficient soils

such as those found in western Kenya. It requires several continuous maize - desmodium

cropping seasons to realize significant reduction in Striga seeds as well as complete

suppression of Striga emergernnce. There is no phosphorus recommendation rate

available for a maize-desmodium cropping system that targets Striga management.

Several studies have shown that root development and growth as well as regulation of

metabolic pathways in plants are processes that are sensitive to phosphorus deficiency.

However, information on the extend to which phosphorus does influence effectiveness of

desmodium species in controlling Striga hermonthica weed is lacking. Further more,

information on the dynamics of soil fertility associated with maize - desmodium system is

inadequate.

1.2 Justification

Small scale farmers in western Kenya continue to get low maize yields partly due to low

soil fertility. Deficiency of nitrogen and phosphorus are common in the region. In

addition, maize production is also constrained by Striga hermonthica, a parasitic weed.

Areas which have severe low soil fertility are also the hardest hit by Striga. An estimated
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annual crop loss worth US $ 7 to 13 billion in sub Saharan Africa has been attributed to

Strigadamage.

Desmodium uncinatum and Desmodium intortum are the two widely used species m

controlling Striga hermonthica. The species induce suicidal germination of Striga seed

through root based activities. Several studies have shown that the most important nutrient

for establishment of legumes in the tropical region is phosphorus. It enhances root

development, root growth and controls key enzyme reactions besides regulating

metabolic pathways. Thus enhanced growth of desmodium roots, by phosphorus, is likely

to increase production of semiochemicals stimulants that triggers Striga 's suicidal

germination and eliminate phytotoxic effects on the host plant. Continuous suicidal

germination of Striga weed ensures a steady decline of Striga seed bank.

There is inadequate information available on phosphorus role in suicidal germination of

Striga seeds by demodium species. But by enhancing root development and growth,

phosphor has the potential of increasing effectiveness of desmodium species in

controlliing Striga. There is need to develop phosphorus recommendation for use in

maize - desmodium cropping system that are earmarked to control Striga weed. Under .

improved phosphorus nutrition, both below and above ground biomass of desmodium

plants are likely to increase. The improved ground cover, offered by desmodium shoot,

and the gradual but steady enrichment of soil nitrogen from biological process is expected

to improve both soil moisture and soil fertility. Consequently, there is need to establish

soil fertility dynamics associated with the system after a period of continouous cropping.

1.3 Objectives

1.3.1 General Objective

To establish influence of phosphorus on production and effectiveness of D.uncinatum (Jacq,)

De and D.intortum (Mill.) Urb species on Striga hermonthica (Del) Benth incidence in a

maize based system.
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1.3.1Specific Objectives

1. To determine the effects of phosphorus and desmodium species on Striga seed
germination and viability.

2. To determine the effect of phosphorus and desmodium on selected soil properties

3. To determine the effect of phosphorus and desmodium species on Striga incidence
and maize yield components

4. To determine the effect of phosphorus on desmodium nodulation and biomass
accumulation

1.4 Hypothesis

1. Viability and germination of Striga seeds are not affected by phosphorus and
desmodium species.

2. Continous maize - desmodium based copping system does not affect soil properties

3. Striga incidence and maize yield components are not affected by phosphorus
application in a maize - desmodium based system

4. Application of phosphorus does not affect desmodium nodulation and biomass
accumulation.

1.5 Conceptual Frame Work

The process of biological nitrogen fixation is root based and is thus influenced by soil

physical, chemical and biological properties. Phosphorus nutrient stimulates root

development as well as promote root growth thereby making it possible to have a wider

soil surface area exploited by roots formining of soil nutrients.

Both below and above ground biomass growth is thus promoted by the improved

nutrition. It is also envisaged that large root density and catalyzed microbial activities

through enhanced phosphorus nutrition would result III increased and effective

nodulation. In particular, the increase in the number of effective nodules would
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potentially enhance biological fixation of nitrogen. Furthermore, the anticipated

complete ground cover offered by the desmodium shoot biomass coupled with gradual

but steady enrichment of soil nitrogen from the biological process is-expected to improve

both soil moisture and soil fertility thus subsequently leading to increase in soil

productivity.

In addition, the enhanced desmodium root growth by phosphorus nutrient is likely to

stimulate high production of semiochemicals that triggers Striga's suicidal germination

in Striga infested fields thereby eliminating the parasitic effects of weed on the host

plant. Indeed, continuous suicidal germination of Striga weed ensures a steady decline of

Striga seed bank. Schematic outline of the conceptual framework is presented in Figure

le,
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Figure l e: Schematic representation of the conceptual framework of influence of phosphorus on causes of
biological N fixation, effects on Striga weed emergence and soil moisture conservation resulting in
increased soil productivity.
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CHAPTER TWO

2. LITERATURE REVIEW

2.1 Forms of phosphorus in soils

Phosphorus occurs in soils in organic and inorganic forms. Its chemistry is complex

owing to the ability of each phosphate ion to form a multiplicity of compounds of

different and variable solubilities (Olsen and Khasawneh, 1980).

In many virgin soils, the total phosphorus content ranges from about 1000 - 2000 mg/kg

(Black, 1968; Sanchez 1976) although upt07000 mg/kg has also been reported (Okalebo,

1987). In natural waters and solutions, the total phosphorus concentration is often as low

as 10-6 mol/l. (0.03 mg/l) (Stumm and Morgan, 1970; Taylor and Kilmer, 1980). Van

Straaten (2007) reported that that total phosphorus content of soils vary over broad range

depending on its organic matter content, the parent material and the extent of weathering.

In most soils, organic and inorganic phosphorus compounds are in dynamic equilibrium

with each other (Anderson 1980). Plants and micro -organisms synthesize organic

material and so convert inorganic phosphorus into organic phosphorus. Conversely, the

organic material is mineralized biologically and chemically by hydrolysis and oxidation,

and so organic phosphorus is reconverted into inorganic phosphorus. The rates of these

conversions as well as the positions of the equilibrium in soils are regulated by climate,

soil properties, plant growth and microbial and animal activities (Anderson 1980).

2.1.1 Inorganic phosphorus

Inorganic phosphorus is believed to be the most preponderant form of phosphorus

although soils exist in which as much as 86 per cent of the total phosphorus is inorganic

form (Fiend and Birch, 1980). Inorganic phosphorus has been classified into four main

groups: calcium phosphate, aluminium phosphate, iron phosphate and the reductant-
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soluble phosphate extractable after removal of the first three forms using Hedley et aI.,

(1982) method.

Reports by several workers on the relationships of inorganic phosphorus concentration in

soil solution have revealed that phosphorus concentration decreases with increase in the

pH (Lucas and Blue 1972; Amarasiri and Olsen, 1973; Friesen et al. 1980; Haynes 1984).

As soil pH increases, the iron phosphate, which is the least soluble of the inorganic

fractions, tends to accumulate at the expense of the relatively more soluble aluminium

and calcium phosphates. This trend accounts for the relatively high content of iron

phosphate recorded in acid tropical soils (Hinga. 1973; Berner and Morse, 1974).

Investigation of inorganic phosphate transformations by chemical weathering in soils

have revealed .that aluminium and iron phosphate fractions have solubilities

approximately equal to that of calcium phosphate at pH range of 6 to 7 (Hsu and Jackson

1960).At soil pH lower than 6 to 7 range, aluminium and iron phosphates are more stable

than calcium phosphate while in the pH range above 7; calcium phosphate is the most

stable fraction especially in the presence of calcium carbonate (Amrhein et al. 1985). The

influence of solubilities of inorganic phosphates by cation activities from aluminium

silicates, hydrous iron oxides, calcium carbomate, exchangeable calcium and soluble

salts were reported by Berner and Morse (1974) and Amrhein et al., (1985). The calcium

phosphate formed include hydroxyapatite Ca (P04)6(OH) 2 and dicalcium phosphate. -

CaHP04 and intermediary complex calcium phosphates between the two calcium

phosphates (Amrhein et al., 1985).

2.1.2 Organic phosphorus

Part of the total phosphorus in soil is .combined with organic matter and the remainder

with soil minerals. The former constitutes organic phosphorus. The percentage of organic

phosphorus increases with nitrogen content but usually decreases with increase in soil

depth and soil pH (Keter 1974.)
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Dalal (1977) and Anderson (1980) have reviewed the chemical nature of organic

phosphorus and the factors influencing the mineralization and immobilization turnover
I

balance of soil phosphorus). The organic phosphorus content of soils-varies considerably

but generally constitutes 20 to 86% of the total phosphorus content of surface soils

(Saunders 1960; Birch 1960).

The nature and reaction of organic phosphorus are not so well understood, as are those of

inorganic phosphorus (Larsen 1967). Thus, some of organic bound phosphorus

compounds in soils are not so well known (Larsen 1967; Brady 1984). However, some

studies have indicated that the organic phosphorus is present largely as nucleic acids,

inositol hexaphosphate or phytin and as phospholipids. Earlier work by 1968) had

revealed that there is little evidence for the presence of nucleic acids in soils; that inositol

phosphates are more abundant than inositol hexaphosphates while phospholipids are

present only in minor amounts.

A number of workers have investigated the importance of organic phosphorus in crop

nutrition. Fried and Birch (1960) observed that responses to phosphate fertilizers by

wheat grown in some East Africa soils were well correlated with organic phosphorus.

Colle et al., (1977) showed the mineralization-immobilization turn over of organic

phosphorus in fertility of grassland soils was high and useful. Willet (1988) attributed

the high phosphorus uptake and decrease in dry matter yields obtained in a wet dry soil

cycles experiment to greater use of phosphorus from organic materials.

Mineralization of organic material and release of phosphorus from organic sources has

been a topic in plant nutrition studies (Beck and Sanchez, 1994; Sharpley and Withers,

1994). It is appreciated that organic compounds that contain phosphorus are used to

transfer energy from one reaction to drive another reaction within cells thereby

stimulating early plant growth and hasten maturity (Lowell et al., 2002).
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2.2. Fate of fertilizer phosphorus in soils

2.2.1 Dissolution of phosphorus fertilizers

Apatite is often the dominant phosphorus mineral in deposits and rocks used for P-

fertilizer manufacture. The solubility products of hydroxyapatite, Cas (P04)3(OH), and

fluoroapatite, CaS(P04)3F are as low as 10-113.7and 10-120.86,respectively, at 25°C and 0.1

M PA (Lindsay and Moreno, 1960; Sillen and Martell,1964). Complete acidulation of

apatite yields mono-calcium phosphate monohydrate (MCP) Ca (H2P04)2.H20, which is

highly soluble and the main P compound in super phosphate fertilizers. When MCP

dissolves in water, the final P concentration in solution is not controlled by the solubility

product of MCP only, but also by the solubility product of more basic calcium

phosphates (Van der Eijk, 1997). When MCP dissolves, di-calcium phosphate,

CaHP04.2H20, precipitates, while H+ and P concentrate in the solution, the latter

especially in the form of H3P04. If, due to a large application of super phosphate or

drought, the amount of MCP is large in comparison with the amount of water in the soil,

a strongly acid and highly concentrated solution 'develops (Lindsay and Stephenson,

1959).

Other phosphorus fertilizers such as ammonium phosphate, potassium phosphate and

poly-phosphates, are readily soluble in water (Lindsay 1979), do not easily form

secondary and tertiary phosphates, and do not show the degree of H+ production during

dissolution as observed with MCP.

2.2.2 Reactions between fertilizer phosphorus and soil constituents

When phosphate fertilizers are applied to soils, the phosphate dissolves and starts

reactingwith various soil constituents (Van der Eijk, 1997, Okalebo et al., 2002) .In most

soils, the reactions can be of chemical, physical or biological nature and they often

proceed simultaneously under field conditions, so that the nature of the reactions and the

relative importance of each of the reactions are difficult to determine. Whatever the

nature of these reactions, the result is always that fertilizer P is retained by soil

constituents.
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P retention has been studied thoroughly and there is extensive literature on subjects such

as the ability of soils or individual soil constituents to retain P, the reaction mechanisms,
involvedin the retention, and factors such as moisture and temperature regulating rate of

the retention and affecting the forms in which P is retained. Literature on these subjects

was reviewed by Beek and Van Riemsdijk (1979) and by Sample et al., (1980). In the

past decades, attention has been paid to modeling the P processes in the soil with regard

to dissolution, diffusion sorption, and adsorption (Barrow 1986, Van Riemsdijk et al

1984,Freese et al 1995, Van der Zee and Bolt, 1991, Lookman et al., 1995. Probert et

al.,2002) and P transport (Van der Zee and Bolt 1991).

When P is applied to soils in liquid form, the P concentration in the soil solution usually

decreases rapidly at first and subsequently declines slowly over a period of several

months (Barrow and Shaw 1975). Consequently, the amount of P retained by the soil

constituents increases with time, rapidly at first and subsequently more slowly (Van

Riemsdijk et al., 1984). The initial rapid decrease in concentration can be ascribed to

adsorption,which reaches completion in a few hours. The slow decline is due to several

processes, such as precipitation (Van Riemsdijk and Lyklema 1981); Martin et al.,1988),

crystal growth (Stumm and Leckie 1971), renewal of adsorption sites by rearrangements

and diffuse lattice penetration of adsorbed and precipitated P (Beek 1979; Barrow 1986;

Van Riemsdijk et al., 1984) and microbial immobilization (Chauhan et al 1979).

Furthermore, in porous soils, diffusion of P between and into soil aggregates is a slow

process and, consequently the retention of these inner surfaces takes time, which is

another reason for the slowness of the decline of the P concentration in the soil solution

(Muljadiet all966; Willet, 1988).

Soil constituents involved in the retention of P are present in solid and liquid form. If

present in liquid form, they are concentrated mainly in a diffuse double layer or in a stern

layer of charged solids, while in the bulk solution they often occur in low concentrations.

Retention of P present will therefore take place preferentially near and on the surfaces of

soil solid constituents.
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Singlecoordinated (M-O-H) groups situated on edges of clay minerals on hydrous oxides

of Al and Fe and humic substances or exposed Ca ions on calcium carbonates are mainly
,

responsible for adsorption of P on surfaces. At low soil pH (M-O-If} associated protons

and change into (M-O<H/Ht groups, whereas at high pH they dissociate protons and

change into (M-Or groups. The relative distribution of these three species is a function of

the pH in the soil solution (Breeuwsma 1973). Consequently, P detention decreases with

increasingpH. Gerke and Hermann (1992) noted contrary results. They found an increase

in P retention on humic Fe surfaces in pH range of 5.2 to 6.2 which they explained by an

increased accessibility of the adsorption sites. Exposed Ca ions adsorb HC03-, OR or

H20 groups electro-statically (Kuo and Lotse 1972). Exchangeable cations such as AI, Fe

and Ca species electrostatically held in diffuse double layers also participate in the P

retention (Gerke and Hermann 1992).

The chemical reactions leading to the retention of P are still the subject of study and

discussion. Muljadi et al (1966) suggested that an equivalent adsorption takes place,

H2P04 replacing OR and vice versa, and they assumed the adsorption forces to be

electrostatic in nature. Many others for instance Kuo and Lotse (1972) found that a super

equivalent adsorption occurs and assumed an exchange with surface (H20) groups.

Breeuwsma (1973) found that H2P04 replaced H20 groups at low pH and OR groups at

highpH values and concluded that these exchanges were in accordance with the behavior

of (M-O-H) groups under varying pH conditions. Most researchers assume the formation

of covalent bonds between adsorbed P and (M-O-H) groups, and so consider adsorbed P

to be part of the adsorbents (Kafkafi et al 1967 and Kuo and Lotse 1972). This kind of

retention is referred to as chemisorption (Breeuwsma 1973) or metal-bridge bonding

(Gerkeand Hermann 1992).

2.2.3 Movement of fertilizer phosphorus in soils

Phosphorusmovement in the soil follows three universally accepted pathways namely:

by the action of flowing water (mass flow), by thermal movement along concentration

gradient (diffusion) and by the action of soil organisms. In each instance, the magnitude
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of the movement will depend upon the fraction of phosphorus that is involved and the

rateof movement of that fraction (Larsen 1967).

Movement of dissolved phosphates in soils has been a topic iri studies on plant nutrition

and soil pollution (Nye 1968; Mansell et al., 1977; Beek 1979; Raats et al1982; Van der

Zee and Bolt 1991, Okalebo 2009). The total flux of dissolved P in soils is a function of

the water flux, the P concentration in the soil solution, the P diffusion flux and the P

retention capacity of the soil (Bolt 1979). In turn, the water flux is a function of the

hydraulic pressure and soil impedance. The impedance depends on the geometry of the

pores in the soil and it increases with decreasing moisture content.

Because of low concentration and low self-diffusion coefficient of P ions in soil

solutions, total flux of dissolved P is often small. Thus, due to the P retention in the soil,

the distance over which movement of dissolved P takes place is relatively short

(Bhardoria et al 1991). Under special conditions however, when a highly soluble

fertilizer is applied to a very porous soil and mass flow proceeds rapidly, relatively large

P fluxes might temporarily occur over comparatively long distances. Due to the spatial

variability of climate and soil physical and chemical properties dispersion occurs

Okalebo(1987) especially at high mass flow rates (Van der Zee and Bolt, 1991).

It is recognized that only a small part (5-25%) of applied fertilizer P is taken from the site

of application by plants and is distributed within the plant (Bache 1977; Barrow, 1980).

A minor part returns after harvest in the form of litter and roots, thus the fertilizer P

becomes part of the organic P fraction in the soil (Beck and Sanchez, 1994, Okalebo et

al., 1996).

Another phosphorus transport mechanism is of mechanical nature. This pathway of

phosphorus movement is common particularly in soils with high biological activity, due

to the presence of for instance termites and earthworms, in soils that shrink and swell in

alternating dry and wet seasons, or in soils that are cultivated (Bache 1977; Barrow

1980). Fertilizer P residues and soil material in which fertilizer P is retained are

displacedand are mixed with other soil material.
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Where argillation or podzolization occur and in soils susceptible to erosion, fertilizer P

attached to clay, organic matter or hydrous oxides of Fe and Al may become displaced

from topsoils, and may accumulate in argillic, agric, or spodic horizons of sub soils. In

soils susceptible to water erosion, especially sheet and rill erosion, or to wind erosion,

retainedfertilizer P and residues of previously applied fertilizers are subjected to erosion

too (Taylor and Kilmer, 1980; Sharpley and Withers, 1994, Okalebo et al., 1996).

2.2.4 Factors affecting phosphorus uptake by plants

Plants take up phosphorus from the soil solution in the form of phosphate ions

(orthophosphates) HP04 2- and H2P04 - released by the fertilizer. The HP04 2- and

H2P04 - ions in the soil solution move towards the roots by mass flow, set into motion by

water uptake, or diffusion. Usually diffusion is the main process and, especially in soils

with low levels of P, nearly all the P in the rhizosphere moves in this way (Barber 1980).

Marschner (1995) extensively reviewed the ion uptake mechanisms. Within the roots,

transport of P takes place along two pathways: 1. along the apoplasm, the intercellular

space in the cortex, which is considered to be freely accessible to both water and ions, or

2. along the symplasm, the intracellular space that is separated from the apoplasm by the

plasmalemma and in which transport is blocked at the endodermis due to the presence of

Casparian bands, so that only symplasmatic transport will take place across the

endodermis. For entering the symplasm, H2P04- ions must pass the plasmalemma. This

passage (absorption) requires energy (Higinbotham et al., 1967, Okalebo, 2009), which is

obtained metabolically from respiration. After having been absorbed in the symplasm,

H2P04 - is incorporated to form organic phosphates, for instance ATP that also requires

metabolic energy, or it is transported to the xylem and subsequently distributed over the

entireplant.

By actively absorbing H2P04- plants deplete the soil solution and so create P

concentration gradients perpendicular to the root circumference. Consequently,

centripetal diffusion develops and this diffusion continues as long as plants are able to

absorb H2P04- and soils are able to replenish the H2P04- withdrawn from the soil

solution. In as far as the plant does this; P absorption is thought to be regulated primarily
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by the concentration of inorganic phosphate in the symplasm of the root cells (Blasco et

aI1976). De Jager (1979) showed that this concentration in turn reflected the P- status of
,

theshoot and that it was controlled by redistribution of P from the shoot to the roots.

ReplenishmentofH2P04- in the soil solution is regulated thermodynamically. The various

P sources in the soil release H2P04- at differential rates. These differences in kinetics of

the various P forms (soluble, labile and non-labile) justify an arrangement of the P

sourcesaccording to their reactivity (Larsen, 1967).

A modified Michaelis-Menten enzyme kinetic equation satisfactorily describes the

relationshipsbetween P uptake by plants and soil P concentration. The equation can be

representedas follows:

1=1max *(C-C min)/(Km +(C-C min)

Inwhich: I is the P- uptake rate per root length, in P mol/ern sec. C is the P concentration

in solution, in umol/l. I max is the maximum P- uptake rate per unit root length, in P

mol/em sec. Km is the Michaelis-Menten constant, in umol/l. C min is the minimum P

concentration to which the solution can be depleted, in umol/l. At P concentrations

higher than 50/lmolll, however, absorption rates may exceed the value of I max, so that

simple Michaelis-Menten kinetics assuming saturation of enzyme activity cannot be

applied(Olsen and Khasawneh 1980). Above P concentration of 50/lmolll the following

uptake rates for roots of maize plants were recorded: 0.40 and 0.48 P mollcm see, at C

=IOO/lmol/l(Jungk and Barber1974); 0.36 and 0.48 P mollcm see, at C = 500 umol/l (De

Jager, 1978);0.40 and 0.56 pmollcm sec. at C = 1000 umol/l (Jungk and Barber, 1974).

The diffusion of H2P04- ions from the soil to the roots and its eventual uptake by plant

roots are influenced by several factors. The various factors affecting diffusion and

absorption are those that affect root morphology and root activity. They are genetically

and partially environmentally controlled. The root morphology and characteristics such

as root radius, root length and the presence of root hairs vary within species and even

amongvarieties (Nielsen 1978), and are likely to affect the rate of P absorption per unit
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root mass (Jungk and Claassen, 1986). Theoretically, plants having thin roots densely

coveredwith root hairs are better adapted to grow on soils with low levels of available P
[

thanthose plants with thick roots without root hairs, if the abilities Of the roots to absorb

P are equal per unit root surface (Van Noordwijk and de Willigen, 1979).

The other factors that also affect root metabolism and absorption functions include soil

temperature, soil water potential, soil aeration, and mechanical impedance have been

reviewed extensively by (Drew 1979). Elsewhere, Brouwer et al (1973) observed that

optimum temperature for maize growth ranges from 20 to 30°C. Yet under prolonged

water stress, cortical cells lose water and collapse, leading to a reduction in absorbing

root surface area and eventually resulting in damage to the symplasm (Clarkson et al.,

1968).Additional shrinkage of the roots gives rise to the formation of air-filled gaps

betweenroot surface and surrounding soil, resulting in an interruption and possibly in a

strong reduction in water flow and in H2P04- diffusion to the roots (Brouwer et al.,

1973).

The uptake of H2P04- is also affected by variations in the ionic composition of the soil

solution.Loneragan (1979) and Adams (1980) have reviewed the various interactions of

P with other elements. In particular Ca plays an important role in membrane behavior

(Marschner et al., 1966) and its presence in the rhizosphere is essential for normal root

functioning. Indeed several workers have reported the synergy in soil pH, Ca, and P

absorption (Robson et al., 1970. Jakobsen, 1979; Ogola, 1993). Robson et al (1970)

found that, in culture solutions, a stimulation exerted by Ca on the P uptake was

pronounced at a P concentration of 0.2/lmol/1 than at 5 umol/l, At the lower

concentration,the P uptake was more than doubled. These findings probably indicate that

the synergistic effect of Ca is of importance especially in soils with low available P. So

far this effect has been tentatively attributed to the role Ca ions play in the behavior of P

"carriers" or to the influence Ca ions have on the neutralization of electronegative

adsorption sites leading to an improved accessibility to root cell membranes by H2P04-

ions (Loneragan, 1979 and Haynes, 1984).
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In instances where Ca supplied by mass flow exceeds the amount absorbed, Ca2+ will

accumulate at the root surface. Any further accumulation of Ca will decrease the P

concentration in solution and Ca may eventually, when this falls below a critical level,

reducethe P- uptake rate (Jakobsen, 1979). Diffusion of P to the roots will often affect

the P- uptake rate. In many tropical soils, due to a low native P concentration in the soil

solutionand fixation of fertilizer P, diffusion fluxes are very low (Bhardoria et al 1991).

Oftenthese fluxes are further reduced by low water potentials (Gahoonia et al., 1993).

2.3 Phosphorus and Striga relationship

Phosphorus is the nutrient most commonly applied in conjunction with nitrogen when

fields are fertilized with inorganic nutrients particularly in soils deficient in these 2

nutrients. Thus parasitic plants are highly likely to encounter elevated levels of this

nutrient in fertilized fields. Phosphorus supply is known to affect the growth and

physiology of non-parasitic plants, and responses to this nutrient are in many cases

similar to those seen when nitrogen supply is varied (Marschner 1985). Under conditions

of phosphorus deficiency, root dry weight and root: shoot ratios increase (Anghinoni and

Barber 1980; Schorring and Jensen 1984), as does the exudation of reducing sugars and

aminoacids (Graham et al. 1981).

In a study that investigated the effects of phosphorus supply on interactions between

hemi parasitic angiosperm Rhinanthus minor L. and its host species Loliumperenne L.,

Davies and Grave (2000) found that parasitism by R. minor significantly suppressed host

growth, with final biomass losses ranging between 32 and 44%. They also observed that

phosphorus supply had a marked impact on the outcome of the host-parasite interaction

to the extent that by the end of the growing period, parasite biomass at 0.65 mM P was

90% lower than that achieved at 0.13 rnlvl P. In contrast, the host biomass at 0.65 mM P

was 74% higher than achieved at 0.13 mM P, indicating that the negative impact of

parasitismon the host species was reduced when phosphorus supply was increased.

Unlikenitrogen, the role of other nutrients in the response of Striga plants to soil fertility

is scanty. This is surprising given that application of fertilizers (organic or inorganic)
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generallyinvolves introduction of not only nitrogen but also of a range of other nutrients.

It would seem possible that the other nutrients may also be playing some role in the

responseof parasitic angiosperms to increasing fertility. Phosphorus.is the nutrient most

commonlyapplied in conjunction with nitrogen when fields are fertilised with inorganic

nutrients. It is also present in relatively large amounts in most organic fertilisers which

are most frequently used, farmyard manure (MAFF 1994). Parasitic plants are therefore,

highlylikely to encounter elevated levels of this nutrient in fertilized fields.

Phosphorussupply is known to affect the growth and physiology of non-parasitic plants,

and responses to this nutrient are in many cases similar to those seen when nitrogen

supplyis varied (Marschner 1985). Under conditions of phosphorus deficiency, root dry

weightand root: shoot ratios increase (Anghinoni and Barber 1980; Schorring and Jensen

1984),as does the exudation of reducing sugars and amino acids (Graham et at. 1981).

Rootsalso become finer (Hallmark and Barber 1984), possess more root hairs (Fohse and

Jungk 1983), and total root length increases (Anghinoni and Barber 1980). Changes such

as these have been implicated in the suppression 'of parasitic plants at high nitrogen

levels.Indeed reductions in the germination and attachment of Striga under conditions of

highnitrogen have been ascribed to changes in host root morphology and root exudation

patterns(Cechin and Press 1993a, 1993b; Pesch and Pieterse 1982).

Littleis known about the impact of phosphorus on parasitic angiosperms as contradicting

reportshave dominated such investigations. Work by Farina et al., (2006) suggested that

phosphorusis unlikely to playa key role in the response of Striga spp. In contrast, there

are indications that phosphorus has a role in Orobanche responses as reported by other

researchers.For example, Southwood (1971) reported suppression of Orobanche minor

associatedwith the application of superphosphate, whilst Abu- Irmaileh (1979, 1981), and

Jain and Foy (1987, 1992) found phosphorus to playa secondary role in the response of

Orobanchespp. to rising nitrogen supply.

Performanceof the hemiparasite Rhinanthus minor L. when unattached is known to be

highly dependent on phosphorus levels. In their study, Seel et al., (1993) were able to

show that the growth, photosynthetic rates and water use efficiency of unattached R.
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minorwere significantly increased when soil phosphorus was raised. Work on a closely

related species, R. angustifolius [syn. R. major, syn. R. serotinus] indicates that the
I

impact of soil phosphorus may persist into the attached phase. De Halla (1985) found that

the growth and reproductive output of R. angustifolius responded positively to increasing

phosphorus supply (0.03-31.0 ppm P) both when the parasites were unattached and when

they were attached to the grass Deschampsia flexuosa. The response was not however,

consistent across host species. In the same study, when R. angustifolius was attached to

Latium perenne L., the increase in growth was only evident with increases up to 3.1 ppm

P. Above this, parasite performance was significantly decreased by rising phosphorus

levels.

In yet another study, that investigated the effects of phosphorus supply on the outcome of

interactions between hemiparasitic angiosperm Rhinanthus minor L. with its host species

Loliumperenne L., Davies and Grave (2000) found that parasitism by R. minor

significantly suppressed host growth, with final biomass losses ranging between 32 and

44%. They also observed that phosphorus supply had a marked impact on the outcome of

the host-parasite interaction to the extent that by the end of the growing period, parasite

biomass at 0.65 mM P was 90% lower than that achieved at 0.13 mM P. In contrast, the

host biomass at 0.65 mM P was 74% higher than that achieved at 0.13 mM P, indicting

that the negative impact of parasitism on the host species was reduced when phosphorus

supply was increased.

2.4 Nitrogen and Striga relationship

Association between Striga infestation, low soil moisture availability, and poor soil

fertility has long been hypothesized (Basinski, 1995; Parker, 1984a). Indeed several

workers have reported that the effect of Striga is more widespread and serious in areas

where both soil fertility (particularly nitrogen) levels and soil moisture are low (Mumera

and Bellow 1993, Ransom, 1996). Nitrogen in particular plays a key role in this response.

For example, a number of studies have found suppression of host growth by parasites

such as Striga and Orobanche to be alleviated by an increase in nitrogen supply (Bebawi

1981; Hess and Ejeta 1987; Hezewijk et al. 1991; Mumera and Below 1993). Various
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workershave also shown that nitrogen plays important role in the suppression of Striga

weed infection (Odhiambo and Ransom 1994, Oswald., 2005). There are instances in,
whichnitrogen supply improved plant growth and yield in the presence of Striga without

alteringthe intensity of infection (Mumera and Below, 1993).

Elsewhereit has been reported that in vitro germination, attachment and early growth of

Striga on sorghum host were lower with 3 mM than with 1 mM ammonium nitrate in the

nutrient solution (Cechin and Press, 1993). Although Pesch and Pieterse (1982)

describedsuppression by urea of Striga seed germination and radicle elongation in vitro,

contradictoryresults are reported from field (Bebawi, 1987; Pieterse, 1991). On infertile

and highly infested soils, application of nitrogenous fertilizer frequently increases

exudationby host roots of Striga emergence (Doggett, 1988; Ogborn, 1987). Although

the role ofN in reducing Striga infestation is incompletely understood, one of its effects

is to decrease exudation by host roots of Striga seed germination stimulants (Bebawi,

1987). The induced decrease in root exudation could as well be be a function of time.

Soonet al., (1997) in a study that compared two rates ofN applied at four different times

to both succeptable and tolerant maize cultivars showed that application of N at 60 and

120 kg-l ha did not affect Striga emergence across cultivars ; however time of N

applicationsignificantly (p:S0.05) reduced the number of emerged Striga plants. The rate

and time of N application interaction also significantly affected the number of Striga

emergence.These researchers concluded that time of N application were more important

thanN rate in suppressing Striga emergence and host plant damage. The most effective

time of N application on Striga emergence was at 2 to 4 weeks after planting. The

apparent inconsistencies in the nitrogen and Striga association may be related to the fact

thatnitrogen efficacy on Striga is influenced not only by the level of nitrogen but also by

the form (N03- or NH/) of nitrogen '(Pieterse and Verkleig (l991)and the timing of

nitrogen availability (Mumera and Bellow, 1993, Odhiambo and Ransom 1994). The

mechanismsunderlying the apparent nitrogen mediated reduction in Striga infection are

even less well understood. One possibility is that nitrogen directly inhibits Striga

germination (Pieterse and Verkleij., 1991) while another involves reduction in the
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exudationfrom the roots of compounds that stimulate germination (Netzly et al., 1988.,

Rajuet al., 1990). It has also been reported that under N deficiency, plants allocate less
I

carbohydratesto structural development and more to storage and synthesis of phenolics.

Someof the phenolic compounds that exude from the host plant roots have been shown

to stimulateStriga seed germination (Chang et al., 1986, Netzly et al., 1988., Khan et al.,

2002). Field studies have shown that increasing supply of nitrogen fertilizer coupled with

handweeding may not reduce Striga hermonthica infestation (Odhiambo and Ransom.,

1994).Other studies have also shown that Striga does not alter much the leaf and root

biomassarchitecture of the host plant as it does on grain and stem dry weight (Graves et

al., 1989). The lower productivity associated with Striga infected plants has been

attributedto two causes. The first being transfer of carbon from host to the parasite (Press

et al., 1987a) while the second cause is reduction in photosynthesis of host plant leaves

(Pressand Stewart 1987b).

2.5 Biological nitrogen fixation (BNF)

Nitrogenis the most abundant element in the earth's atmosphere. It is a vital element as

many classes of compounds essential to living systems are nitrogen-containing

compounds.Nitrogen is a primary nutrient for all green plants, but it must be modified

before it can be readily utilized by most living systems. Nitrogen fixation is one process

by which molecular nitrogen is reduced to form ammonia (Hardarson, 1990). This

complexprocess is carried out by nitrogen-fixing bacteria present in the soil (Bergersen,

1980; Hardarson, 1990). Although nitrogen fixation involves a number of oxidation-

reductionreactions that occur sequentially, that reaction which describes its reduction can

bewritten in a simplified way as:

N2 + 6 e + 8H+ ---> 2 NH/ (ammonium ion). The ammonium ion (the conjugate

acid of ammonia, NH3 ) that is produced by this reaction is the form of nitrogen that is

usedby living systems in the synthesis of many bio-organic compounds evaluated (Kipe-

Noltet ai.,1993).
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Anotherway by which ammonia may be formed is by the process called nitrification. In

thisprocess compounds called nitrates and nitrites, released by decaying organic matter

are converted to ammonium ions by nitrifying bacteria present in 'the soil (Turner and

Gibson, 1980). The process carried out by these bacteria is also a complex series of

oxidation-reduction reactions. The reduction reactions involving nitrate and nitrite ions

canbe simplified as:

N03- + 2e- + 2H+ -----------> N02- + H20

(nitrateion) (nitrite ion)

An important characteristic of legumes is their ability to fix atmospheric nitrogen in

symbiosis with nodule forming rhizobium bacteria (Hardason, 1990). Legumes

undergoingeffective biological nitrogen fixation can therefore be grown with less applied

nitrogen (Ojiem 2006, Okalebo et ai, 2009). To assure proper management and fully

realize the benefits of this plant-microbial association, it is necessary to estimate the

amountof nitrogen fixed under different field conditions. It is only after this is known

that various factors can be manipulated to increase the amount and proportion of N the

legumeplant derives from the atmosphere (Wolk, 1980).

Several strategies aimed at enhancing and exploiting symbiotic nitrogen fixation by

legumesin agricultural systems have been and continue to be pursued. The development

ofrhizobial inoculants remains the major agronomic contribution of scientific research on

biologicalnitrogen fixation (Giller and Cadisch, 1995). Ideally, inoculation is required

whencompatible rhizobia are absent; their population densities are low, or when native

rhizobiaare less efficient at N2 fixation than alternative (commercial) strains (Hansen,

1994;Brockwell et al., 1995; Giller and Cadisch, 1995). Soils lacking in rhizobia may

occur in areas where indigenous related legumes are absent or where levels of pH,

osmotic stress, temperatures and heavy metals are detrimental to rhizobia populations

(Catroux et al., 2001; Hansen, 1994). Host legumes can enrich their immediate soil

environmentwith rhizobia through rhizosphere effects (Thies et al., 1995).

27



2.6 Effect of phosphorus on nodulation in legumes

Deficiencyof nutrients or when in excesses may affect N fixation-in legumes directly

through adverse effects on root infection, nodule development and nodule function.

Inorganicfertilizers greatly influence growth and formation of nodules (Pankaj et al.,

1998).

Phosphorusis probably the most limiting nutrient for growth of leguminous cover crops

in tropical soils. It is critical for both nodulation and biological nitrogen fixation in some

legumes(Sprent, 1999). Great amounts of phosphorus are required by rhizobial strains.

Indeed nodules are stronger sinks for phosphorus than roots, shoots and even young

matureleaves (Graham, 1992). It has been shown that in some cases, plants dependent on

nitrogenfixation require more phosphorus than plants supplied with inorganic nitrogen

(Israel, 1987; Sprent, 1999). For a long time, influence of P on symbiotic nitrogen

fixation in leguminous plants has received considerable attention, but its role in the

processstill remains unclear.

Phosphorus deficiency, which affects 60% of bean growing areas, was considered the

main factor limiting N fixation in the field. Certain bean cultivars, BAT 447, were

identifiedthrough breeding work that was focused onP x BNF interactions, as capable of

efficiently fixing N under P stressed conditions (Cadisch, 1993). However, in many

other studies, the requirement of phosphorus by the host plant in a legume - cereal

systemfor optimal growth and symbiotic N fixation has emerged repeatedly (Everard et

at. 2006). For example, Tsvetkova and Georgiev (2003) reported decrease in fresh and

drynodule weights in both P deficient and P oversupplied soybean plants.

Severalworkers have reported that plants engaged in symbiotic N2 fixation have a high

requirementfor P (Robson 1983; Jungk 1998) which is mainly contributed by high ATP

requirements for nitrogenase function (Ribet and Drevon 1996; Al-Niemi et al., 1997)

plus P needs for signal transduction ,membrane biosynthesis and nodule development

andfunction (Graham and Vance 2000).
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Phosphorusgreatly influences growth and formation of nodules although its role in the

process remains unclear (Pankaj et al., 1998). It increases plant growth and stimulate
I

nodulation in legumes (Gates 1974, Gates and Wilson 1974; Robson et al., 1981;

Jakobsen1985; Israel 1987 and Hellsten and Hus-Danell 2000) as well as in other plants

(Yang 1995 and Reddell et al., 1997). Increase of whole plant growth and plant nitrogen

concentration in response to increased soil P supply has been reported in several

leguminousspecies including soybean (Israel, 1987; Israel, 1993). Phosphorus deficient

treatments decreased fresh and dry plant biomass, nodule weight, nodule number and

nodule functions while under high supply of phosphorus, the decrease in plant growth,

and nodulation was stronger (Graham, 1992, Pankaj et al., 1998). Elsewhere, other

workersreported that plants engaged in symbiotic N2 fixation had a high P requirement

that full filled the high demand of adenosine tri phosphate (ATP) needed for nitrogenase

function(Robson, 1983; Jungk, 1998).

The effects of phosphorus on nodulation and nitrogenase activity have been ascribed to a

generalstimulation via a plant growth (Robson et al., 1981; Jakobsen 1985; Yang 1995;

Reddellet al., 1997). However, some investigations have suggested that phosphorus has

a specific stimulation on different plant nodulations ( Israel 1987; Hellsten and Hus-

Danell 2000). Studies by Robson et. at (1981) concluded that P nutrition increased

symbiotic nitrogen fixation in subterranean clover (Trifolium subterraneum L.) by

stimulatinghost plant growth rather than by exerting specific effects on rhizobial growth

or on nodule formation and function.

Elsewhere,Muyekho et at (2003) observed that application of phosphorus at the rates of

23 and 46 kg P205/ha significantly increased silverleaf desmodium nodulation (total and

effective number of nodules). In yet another study, nodulations of P deficient soybean

was found to be small in size and less effective in N fixation compared to those obtained

from the control (0 kg of P ha") treatment plot. Zhao et al., (2004) observed that

nitrogen fixation almost stopped at 37 days after inoculation (DAI) under P deficiency.

Studies by Israel (1987) on effects of phosphorus supply on nodulation and nitrogen

fixationin subterranean clover revealed that nodulation occurred only after or at the same
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time as growth responses. However, correcting phosphorus deficiency increased both

nitrogen concentrations and weight of the tops while phosphorus concentrations in
I

nodules greatly exceeded those in either tops or roots in both mycorrhizal and non-

mycorrhizalplants (Robsson et ai.2002).

In study that investigated the role ofP in nodulation, Robson et al., (1981) found that P

nutrition increased symbiotic nitrogen fixation in subterranean clover (Trifolium

subterraneum L.) by stimulating host plant growth rather than by exerting specific effects

on rhizobial growth or on nodule formation and function. However, they observed that

greatamounts of phosphorus were required by rhizobial strains. Nodules are considered

as stronger sinks for phosphorus compared to roots, shoots and or even young mature

leavesaccording to Graham (1992) and Israel (1993)

Interactive effects of phosphorus supply and combined nitrogen on dry matter and

nitrogen accumulation by nodulated soybean (Giycine max L.) plants, and the relative

effectsof phosphorus supply on nodule number, mass, and function in comparison to host

plant growth were studied by Robsson et al. (2002) to investigate the role of phosphorus

in symbiotic dinitrogen fixation. The study revealed that severe phosphorus deficiency

markedly impaired both host plant growth and symbiotic dinitrogen fixation and that

symbiotic dinitrogen fixation has a higher phosphorus requirement for optimal

functioningthan either host plant growth or nitrate assimilation. Huda et al 2007 tested

influenceof different inorganic fertilizers (P and K ) on nodulation status and growth of

plants. They obtained the highest nodule number (62) fresh (0.5g) and dry (0.07g)

weightsat 160 kg P K fertilizer/ha while shoot and root length, collar diameter, fresh and

dry weight of the plants were significantly different (p :s 0.05) among various

combinationof fertilizers. They concluded that PK at the rate of 160 kg/ hnr' fertilizer

with soil and cow dung mixture at the ratio of 3: 1 is recommended for optimum growth

and nodule formation of D. Sissoo in degraded soils under nursery environment (Hus-

Dane112000,Zhao et ai., 2004).
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2.7 Effect of nitrogen on nodulation in legumes

I

Beckeet al., (1986.) studied the effect of increasing amounts of nitrogen (nitrate or urea)

onthe nitrogen fixing capacity (acetylene reduction assay = ARA), growth (fresh and dry

weight)and the number of stem- and root-nodules of the tropical legume Aeschynomene

ufrasperu in hydroponic cultures (in growth cabinet) as well as in pot experiments (field

conditions). Plants were grown under 6 nitrate concentrations (0,3,6,9,12 and 15 mM

Nil) in hydroponic solution and with 4 urea concentrations (0,50,100 and 200 kg Nlha)

in pots. The study showed that root nodulation and ARA were strongly inhibited by

increasing amounts of mineral nitrogen while stem nodulation and potential nitrogen

fixationof stems remained unaffected. They also observed that even lower amounts of

mineralnitrogen enhanced growth as well as nitrogen fixation.

In another study, Khalifa et al., (1987) tested effects of varying levels of nitrogen

fertilizerson soyabean nodulation in rainfed and irrigated systems. They observed that

influenceof nitrogen on nodulation was dependent on moisture condition and that there

wascontrasting inverse relationship between the number of nodules and dry weights. The

study revealed that there were fewer and heavier nodules produced under irrigation

system whereas nodulations associated with rainfed condition had profuse and lighter

nodules.

In a more recent study, Muyekho et al (2003) confirmed that that increasing N

application beyond 20 kg N/ha resulted in significant decline in total and number of

effectivenodules produced per plant while application of phosphorus at the rates of 23

and 46 kg P20s/ha significantly increased nodulation (total and effective number of

nodules).

It is, however, recognized that application of mineral nitrogen reduces both nodulation

and the rate of nitrogen fixation by legumes. The degree of inhibition varies with the

form and rate of the N-compound, plant species, cultivar, strain of Rhizobium, growth

season,light intensity, temperature and other nutritional and soil conditions (Eaglesham

et al., 1983).Thus, potential nitrogen fixations (ARA) by stem nodulating legume such as
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Sesbuniurostrutu remain unaffected by mineral nitrogen (Dreyfus and Dommergues,

1980;Eagleshum and Szallay, 1983).
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CHAPTER THREE

3. MATERIALS AND METHODS

3.1 Pot Experiments

3.1.1 Introduction

Pot experiments were conducted at KARI-CIMMYT Striga Research Station in Kibos

between2007 and 2009. The experiments were conducted using soil samples collected

from Striga free but phosphorus deficient field located at Maseno ATC (latitude -

0.0008800,longitude +34.5983600) and altitude 1490 masl (Figure 3.1a). Bulk soil was

collectedfrom a spot earlier identified in the field and transported to the station where it

wasair dried and ground to pass through a 70 mesh screen. From the sieved bulk sample,

1kg sub sample was separated and used in determining both Striga seed count and innate

soilproperties. Another portion of the bulked soil was used to determine water holding

capacity. The remaining bulk sample was stored in gunny bags and kept at room

temperature in readiness for carrying out pot experiments described in sections 3.1.6,

3.1.7 and 3.1.8.

3.1.2 Collection and preparation of Striga hermonthica seeds

Strigaseeds were harvested at the end of 2006 long rains from fields heavily infested

with S. herrnonthica at KARI-CIMMYT in Kibos. The seeds were obtained from floral

heads with mature and healthy intact capsules. The harvested heads were put in large

khakipaper bags (No. 25) before they were emptied and spread on polyethylene sheet in

a wind-sheltered area for 14 days to sun dry. After threshing the seeds, they were

screenedthrough a 2 mm sieves. The accompanying trashes were separated from seeds

by adding potassium carbonate (1.4 specific gravity) to the material collected from the

sieve. The mixture was shaken for 1 minute and the floating Striga seeds decanted,

drainedoff and rinsed with distilled water. Clean seeds' were allowed to air dry and then

storedin dry plastic bottles under room temperature.
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3.1.3 Preparation of bulk sand-Striga mixture inoculum

Priorto planting maize, soils were inoculated with Striga seeds prepared according to

procedureoutlined by Berner et al. (1997). The inoculum was prepared by thoroughly

mixing10 gm of viable (86%) Striga hermonthica seeds with 5 kg of clean air dried

sieved(212-micron) sand.

3.1.4 Determination of soil water holding capacity (WHC)

Waterholding capacity of the soil used in the pot experiment was determined prior to

setting up the experiment. Three sets of 500 g air-dry (AD) soils were each put in

separatebeakers. Tap water was gradually added to each of the samples while mixing

until the mixture got to the point of being able to flow. Two sub samples of each pot

samplewere transferred into moisture cans, weighed while the other sub sample was

driedin a ventilated oven at 1050C for 24 hrs. The oven dried (OD) soil was weighed.

Thedifferences in weight of wet and dry soil samples were calculated and expressed as

H20 kg-l soil. The determined water holding capacity was then used to estimate the

amountof water used in irrigating the potted plants.

3.1.5 Experimental pots

Whiteplastic pots measuring 20 em in diameter (for desmodium) and those measuring 18

em in diameter (for maize) were used to set up the pot experiments in an open screen

house.Desmodium earmarked pots were each lined at the bottom with thin black plastic

gauze(2 rnm), prior to filling them with 7.5 kg, to keep soil in position as well as impede

desmodiumroot(s) from penetrating out of the pots. Pots earmarked for maize were lined

at the base with a 15 cm diameter Whatman filter paper and filled with 5 kg soil.
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3.1.6 Effect of phosphorus and desmodium species on S.hermonthica seed
germination and viability

I

S. hermonthica seeds in Ep1ee bags were buried in a maize potted .culture and exposed

continuouslyto aqueous root exudates from already established potted D. intortum and

D. uncinatum plants. Germinated and non-germinated but viable S. hermonthica seeds

weredetermined after exposing the seeds to the root exudates treatments for 21 and 42

days. Germinated seeds were observed under microscope while seeds that did not

germinatewere tested for viability and the proportion of non germinated but viable seeds

determinedusing 1% tetrazo1ium solution method as described by Berner et al., (1997).

3.1.6.1 Experimental design and treatments

A 2 by 8 factorial experiment consisting of 2 desmodium species (D. intortum and D.

uncinatum) and 8 phosphorus levels, applied as triple super phosphate (TSP) at

equivalentrates of 0, 15, 30, 45, 60, 75, 90 and 105 Kg P ha-1
. The treatments were

arrangedin a complete randomized design (CRD) and replicated 3 times.

3.1.6.2 Establishment of desmodium plants

Desmodium earmarked air dry potted soils (each weighing 7.5 kg) were accordingly

treatedwith phosphorus (see section 3.1.6.1) and moistened with 1200 m1sof tap water.

Tenseeds of D. uncinatum and D. intortum species were drilled at the centre of each pot.

Afteremergence, plants were thinned to 3 plants pot -1 at 14 days after emergence (DAE)

and allowed to establish for 42 more days before root exudates were used to irrigate

pottedmaize plants (Plates 3.1a, lb), Desmodium plants were top dressed with urea at

uquivalentrate of 20 kg N ha -1 at 30 DAE. To sustain growth, desmodium plants were

irrigatedwith tap water at 700 m1 pot -Ion Mondays, Wednesdays and Fridays between

9.00and 9.30 am. Plants were kept weed free by hand removal as and when need arose.
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3.1.6.3 Establishment of maize plants

Maizeearmarked potted soils (each weighing 5 kg) were initially moistened with 900 mls

pot -I of tap water- The moistened soils were treated with basal phosphorus (TSP) at

equivalentrate of 46 kg P ha" prior to planting 2 seeds of Striga suscceptable maize

variety(H513). After emergence, maize plants were thinned to one plant pot -I at V- 4

growthstage. Plants were later topdressed with nitrogen as urea in two equal splits of 20

kgN ha -I each at V- 4 and V-6 growth stages. Plants were watered at 400 ml pot -Ion

alternatedays.

Plates 3.la and lb. Establishing maize and desmodium plants in the pot
Experiment

3.1.6.4 Striga seed treatment

TwoEplee bags each containing 150 Striga seeds were buried 8 em deep in each of the

maize potted soils. Bags containing Striga seeds were introduced just after thinning

maize to 1 plant -1 pot. Seeds of S hermonthica were counted using a Microscope at

KARI-CIMMY Striga Research Station located at Kibos North. Each bag was tied with a

nylonthread tag that protruded above soil surface (Plate 3.2).
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3.1.6.5 Desmodium root exudates treatment

Potswith desmodium plants were each connected through flexible infusion tubes (130

em x 10 rrun) to l-liter capacity white plastic bottles that had been '-'strategically placed

underneatha raised bench (Plate 3.3). The arrangement ensured safe delivery of droplets

ofaqueoussolution of chemical components eluting from desmodium roots.

Elutingaqueous solution collected in the 1 liter capacity plastic bottles were used to

irrigatepotted maize plants at the rate of 150 ml pot -Ion Tuesdays, Thursdays and

Saturdaysat the rate of 150 ml pot -1 . However, the second set of control treatments

(without root exudates) received 150 ml pot -1 of tap water. All treatments were

administered between 9.00 and 9.30 am on due dates. Excess root exudates were

discarded;bottles emptied and re-fitted in readiness for the subsequent day's collection.

Maizeplants continued to receive exudates for 42 days.

Plate Setting up Eplee bags containingS. hermonthica seeds for viability and
germination tests

Plate 3.2. Eplee bags containg S.hermonthica seeds with protruding nylon threads
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Plate 3.3 Infusion tubes through which aqueous root exudates
are delivered to the maize plants

3.1.6.6 Determination of germinated Striga seeds

After 21 and 42 days of continuous exposure to desmodium root exudates, one of the

buriedEplee bags in each pot was retrieved, carefully opened and seeds rinsed from the

screencloth with distilled water into labelled petri dishes that had been lined with 9 em

Whatman filter paper No.5. (Plate3.4). The seeds were then checked for germination

using a multi lens microscope and counted accordingly. The germinated seeds were

removedfrom the petri dish using a clean sharp needle.

The remaining bags consistently continued to receive root exudates from the respective

treatments for the next 21 days .The numbers of germinated seeds were determined and

valuesconverted to the proportion of seeds in Eplee bag.
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Plate: 3.4. Preparing Striga hermonthica seeds for viability and
germination tests

3.1.6.7 Determination of Striga seed viability

Thenon-germinated seeds remaining in the petri dish were treated with 1% tetrazolium

solutionand observed for viability as outlined by Berner et al., (1997). Solution of 1%

tetrazoliumwas prepared by dissolving 1 g of 2,3-5 triphenyl tetrazolium chloride salt in

100 ml distilled water contained in a conical flask that had just been covered with

aluminumfoil and the content refrigerated awaiting usage. Petri dishes containing the

recoverednon-germinated seeds, after 21 and 42 days of exposure to root exudates, were

alsocoveredwith aluminum foil to exclude light and treated with 2.5 ml of 1% tetrazolium

solution, which slightly soaked them. The aluminum-covered petri dishes, with

tetroziluiumsoaked seeds, were placed in an oven to incubate at 400 C for 48 hrs.

After48 hrs, the mixtures were transferred into separate funnels lined with 9 em Watman

filterpapers No.5 by rinsing the petri dishes with distilled water. All Striga seeds trapped

on the funnel linings were further rinsed and solutions allowed to drain. The filter papers

wereplaced in clean petri dishes and seeds soaked with sodium hypochlorite solution (1%

aOel) that barely covered them (Plate 3.5). After a while, viable seed coats showed red-
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stainendosperm beneath while non-viable seeds remained unchanged (Plate 3.6). A multi

lensmicroscopewas used to identify viable and non-viable seeds.

Thetotal viable seeds corresponding to specific treatments were obtained by summing up

therespective germinated seeds and non-germinated but viable seeds. The procedure was

repeatedwith seeds retrieved after 42 days of exposure to root exudates.

Plate 3.5. Separation of viable S. hermonthica seeds from non viable seeds at Kibos

A) Non germinated but viable seeds

~ ~

/- \
B) Non-viable Seed C) Germinated seed

Plate 3.6. Identified S. hermonthica seeds: (A) non germinated but viable seeds (B) non-
viable seed and (C) germinated seed
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3.1.6.8 Data analysis

Theproportion of viable (non germinated but viable + germinated seeds) and non viable

seedsobtained were transformed as LogiO (n+ 1). The data was subjected to ANOV A.

Significantlydifferent means were separated by LSD at 95% level of confidence.

3.1.7 Effects of phosphorus and desmodium species on Striga hermonthica
Seed bank, emergence, biomass and maize yield components

3.1.7.1 Experimental design and treatments

A 2 by 8 factorial experiment was laid in a complete randomized design (CRD). The 2

factorsincluded desmodium species (D. intortum and D. uncinatum) and 8 levels of

phosphorusapplied at 0, 10.3, 20.6, 30.9, 41.2, 51.5, 61.8 and 72.1 mg P kg-1 soil as

triplesuperphosphate (TSP). The experiment was replicated 3 times.

3.1.7.2 Infestation of potted soils with sandlStrigq mixture

All pots earmarked for maize (except controls) were filled with three (3) kg of 2 mm

sievedsoils from Maseno before they were sprinkled on the surface with 5 gm of sand +

Striga mixture (approximately 3000 Striga seeds). The sand-Striga mixture was obtained

froman earlier prepared bulk sand-Striga inoculumn. Additional 2 kg of the soil was

uniformlyspread onto Striga seeds to provide uniform cover. The infested potted soils

wereeachthoroughly mixed to ensure uniform distribution of seeds in each pot.

3.1.7.3Establishment of desmodium plants

Seed of D. uncinatum and D. intortum were drilled at the centre of each of the

phosphorustreated potted soils (see section 3.1.6.1). The pots were placed on a 1 meter

raisedbench. At 1 week after emergence, desmodium plants were thinned to three plants

pot -1. The remaining plants were allowed to grow for another 7 weeks after which

regularly trapped root exudates were used to irrigate Striga infested maize plants.

Wooden racks were used to support and hold pots in position throughout

experimentation. Plants were top dressed at equivalent rate of 20 kg N ha-I at 30 DAE
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and irrigated with tap water (700 ml pot-I) on Mondays, Wednesdays and Fridays.

Desmodiumplants were kept weed free.

3.1.7.4 Establishment of maize plants

Pottedsoils infested with Striga seeds were each irrigated with 900 mls of tap water prior

toplantingtwo seeds of Striga suscceptable maize variety (H513). Emerged plants were

thinnedto one plant pot -1 at 7 DAB. Two equal splits of 28.5 mg N as urea was used to

topdress maize plants at 14 and 28 DAB. In order to sustain growth, 300 ml. of water

pot-Iwas applied on the same days that desmodium plants were also watered.

3.1.7.5 Extraction of root exudates

Desmodiumroot exudates were delivered through flexible infusion tubes measuring 130

em(length)and 10 mm (diameter) to l-liter capacity plastic bottles that were strategically

placedunderneath desmodiwn pots and next to the recipient potted maize plants. The

arrangementof pots ensured safe delivery of droplets of aqueous solution of chemical

components eluting from desmodium roots. The collected solutions, from each

desmodiumspecies, were used to irrigate potted maize plants except in the second set of

controltreatments that was irrigated with tap water. Excess collected root exudates were

discarded;bottles emptied and re-fitted in readiness for the subsequent day's collection.

Thiswas done to ensure that equal amount of root exudates solution was administered to

maizeplants at anyone time. The aqueous root solutions were applied on alternate days

withwater at the rate of 200 ml pot-I.

3.1.7.6 Striga emergence

Striga emergences were monitored at the 8th, 10th and 12th week from the time maize was

planted. Emerged Striga plants in each pot were physically counted as and when due

(plate 3.7). Prior to removal of Striga plants, soils in the pots were moistened with tap

water at 300 ml pot -1. This made it possible to uproot the counted plants with minimal

disturbanceof the soil surf
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Plate3.7 S. hermonhica infested and non infested treatments

3.1.7.7 Striga biomass

All uprooted Striga plants were placed in marked brown paper bags and their fresh

weightsdetermined. The contents in the bags were oven dried to a constant weight. The

dry weights were recorded for Striga biomass using an electronic weighing balance

(DenverXL-31000) .Total for fresh and dry matter yields were obtained by summing up

yieldsrecorded at the 8th, 10th and 12th weeks of maize growth.

3.1.7.8 Seedbank determination

The initial Striga seed bank status for both uninfested and infested soils as well as

seedbank levels after each experiment were determined using elutriation method as

describedby Eplee and Norris (1990). Soils analysed for seedbank at the end of each
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experimentwere sampled after cutting and removing the above ground maize biomass.

Thecontentin each pot was separately emptied on labeled brown paper No. 25, air dried,
andmixedwell by crashing using pestle and motor.

Soilsamples (weighing 250 gm) from each sub sample were fitted into elutriator and

excesswater added. The soil-water mixture was agitated with the elutriator at a low flow

ratefor 10minutes and followed with a high flow rate for 2 minutes before allowing the

mixtureto pass through 3 sieves that were sequentially arranged in the order of 20 mesh,

70meshand 170 mesh. The set up ensured blockage of particles with size larger than

Striga seeds at the top but allowed smaller particles through to the bottom sieve where

Striga seeds collected. Residual fraction collected at the 170 mesh sieve was transferred

for washing in the separation columns that had been half filled with a solution of

potassiumcarbonate (specific gravity: 1.4 g mr! ).

Waterwas added to the column slowly to prevent mixing. The columns were allowed to

settle for 20 minutes without agitation. Seeds of S. hermonthica aggregated at the

interfaceof water and potassium carbonate solution. Particles lighter than S. hermonthica

seedswere drained off from the bottom of the columns while the interface materials were

collectedonto nylon screens made of monofilament cloth (Pate 3.8). Seeds of Striga were

separatedfrom other foreign materials and counted under microscope.
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Plate 3.8. Separation of Striga seeds from other particles using
potassium carbonate solution technique

3.1.7.9 Determination of maize yield components

A 5M tape measure was used to take plant height measurements just after cutting the

plants at the soil surface. A Vernier Calliper (0-250mm) was used to record Stem

diameter.Cobs were removed and shelled. Grain weight and grain moisture content were

recordedusing weighing balance (Model XL - 31000) and moisture tester (Dickey - john

multigrain).Grain yields were converted to 14 % moisture equivalent content weight.

FreshStover biomass was chopped into about 5 em pieces and placed in separate bags,

weighedand oven dried at nO C to a constant weight.

3.1.7.10 Data analysis

Collecteddata was subjected to analysis of variance (ANOY A) at 5% level of significance

usingthe SAS statistical package (SAS, 2003). Data on seed bank count and plant density

weretransformed using the formula; X = (LOglO(n+ 1)) where X is the number of Striga

plants m-2 or seed number kg"1 soil (Little and Hills, 1978). Striga biomass was

transformedusing the formula SQRT (X+0.5). Significantly different mean values were

separated using Least Significant Difference (LSD) test. Regression analysis was
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performedto compare the relationships between Striga density and Striga seedbank as

wellas Striga density and Striga biomass.

3.1.8 Effects of phosphorus on desmodium nodulation and biomass accumulation

3.1.8.1 Experimental design and treatments

A 2 by 8 factorial pot experiment was laid in a complete randomized design (CRD. Pots

wereeach filled with 7.5 kg sieved (2 mm) dry soil. The treatments consisted of two

desmodiumspecies (D. intortum and D. uncinatum) and 8 levels of phosphorus which

wereapplied at 0, 10.3,20.6,30.9,41.2, 51.5, 61.8 and 72.1 mg P kg" soil. Plants were

all top dressed at 85.5 mg N pot .J with urea at 21days after emergence (DAB). The

experimentwas replicated 3 times.

3.1.8.2 Establishment of desmodium plants

Desmodiumseeds were drilled at the centre of each of the phosphorus treated soils (see

section3.1.6.1 above). Emerged plants were thinned to three plants pot -J at 7 DAB. To

sustain growth, desmodium plants were irrigated with tap water at 700 ml pot .J at

alternatedays. All pots were kept weed free by carrying out hand removal as and when

weedswere noticed. Desmodium plants were maintained up to the 15th weeks before

shootswere harvested (1st harvest). The re-growth plants were further maintained for

another13weeks before shoots (2nd harvest) and roots were harvested.

3.1.8.3 Data collection

Datawas collected on desmodiurn shoot biomass, root biomass, number of nodules and

freshnodule weight as described hereunder.

3.1.8.4 Determination of shoot biomass

Shoots were separated from roots by cutting with a clean sharp knife. They were

transferredinto labeled brown paper bags for determination of fresh weight. The paper
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bagsand contents were thereafter oven dried at 68° C to a constant weight and dry matter

yieldsrecorded

3.1.8.5 Determination of root biomass

Shootswere separated, as described in section 3.1.8.4 above. Roots were soaked for 30

minutesand gently washed with excess tap water to ensure complet removal of soil.

Noduleswere left intact on the root surfaces. The cleaned roots were allowed to drain off

water for 10 minutes and fresh weights recorded. Fresh roots were transferred into

labeledbrown paper bags and contents oven dried at 68° C to a constant weight.

3.1.8.6 Determination of total nodules, effective nodules and nodule weight

Effective (pinkish) and non-effective nodules, associated with specific phosphorus

treatments,were identified and separately harvested from the cleaned Iwashed roots. The

noduleswere counted using a tally counter. Fresh nodule weights for both effective and

non-effectivenodules were determined using electronic weighing balance (Model XL -

31000). The sum of effective and non-effective nodules for each treatment was

consideredas the total nodules for that treatment.

3.1.8.7 Data analysis

Collected data was subjected to analysis of vanance (ANOVA) at 5% level of

significanceusing the SAS statistical package (SAS, 2003). Significantly different mean

valueswere separated using Least Significant Difference (LSD).
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3.2 Field Experiment

3.2.1 Introduction

Fieldexperiment was initiated at the beginning of 2007 long rams ( LR 07) and

concludedat the end of 2008 short rains (SR 08). The experiment was conducted at

giyaand Ndori located in Siaya and Rarieda districts respectively (Figure 3.1a). The

siteswere chosen on the basis that maize production in the region is constrained by

severeinfestation of Striga hermonthica (Figure 3.1b) and has widespread phosphorus

deficiency(Hassan et al., 1994., Vanlauwe et al., 2008, and Okalebo et al., 2009). The

actualfieldsfor experiments were identified by making a transect walk in the company of

anextensionstaff who had worked with a project that targeted soil fertility improvement

andmanagementof Striga weeds in the area. An informal interview with the potential

hostfarmers(owners of farms with massive Striga plants as well as phosphorus deficient

maizeplants) was conducted. Host farmers gave historical background and management

strategiesof the fields. We selected fields which' have been under continous maize

cultivationbut had not been fertilized for at least 5 years. Soil samples were collected and

analyzedto establish the native physical and chemical properties of the identified fields

priorto settingup the experiment.

3.2.2 Description of the study areas

3J.2.1 Ngiya

Fieldexperiment at Ngiya was located north of equator (Table 3.1) within Olwa village

inKarapuldivision. Soils in the area are well drained, deep to very deep with friable clay

describedas rhodic Ferralsols (Jaetzold and (Jaetzold et al., 2009). The site receives

bimodalrainfall with long rains ranging from 700 to 800 mm and short rains (August to

December)ranging from 500 to 680 mm at 66% level of reliability. The main cropping

seasonstarts in mid February through July while short rains (with rainfall from 480 to

600mm)begins in August and ends in January. Farmers in the area intercrop beans with

maizeand to a lesser extent with sorghum during main seasons.
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Dueto relatively high population density (400-800 persons km"), most of the land is

eitherunder crop or is part of homestead. Most homesteads and farm hedges are fenced
I

with indigenous and or some agroforestry trees that often shade. neighboring crops.

Continuouscultivation of farmland coupled with minimal (if any) nutrient replenishment

hassteadilyresulted in depletion of soil nutrients and decline in maize yields.

3.2.2.2 Ndori

Thefield experiment sited at Ndori was situated south of equator (Table 3.1) on land that

belongsto a community-based organization (Hagonglo). The soils at the site are well

drained,deep with dark reddish friable clay, described as rhodic Ferralsols (Jaetzold et

al.,2009). The site's ten-year mean annual rainfall is 1400 mm that is 60% reliably and

is consistently distributed during long rains. Like Ngiya site, the main season starts in

midFebruary and ends in August while short rains start in September through December.

Thetwo major cereal crops grown in the area are maize and sorghum. Most of the land is

putunder crops. Continuous cultivation of farmlands without adequate replenishment of

nutrientscoupled with severe infestation of Striga hermonthica weed results in low maize

yields. The area has a population density that range from 300-700 persons km" (Jaetzold

andSchmidt,2009).

Table 3.1. Geographical information of the sites used in the study

Parameter Ngiya Ndori

Altitudeabove sea level (masl)
Locationbearing

1387
03548N
0342266E

1500
550-700

450-600
3

rho. Ferralsols
AEZ 2

1294
0318S

0342205E
1200

450-600
450-500

3.4
ferra-orth. Acri.

AEZ 3

Averageannual precipitation (10 yrs) mm.
60% rainfall reliability 1st season

2nd season
Meannumber of dry months
Soiltype (FAO)
Agro-ecologicalclassificatio

Classificationafter Jaetzold et al., (2009), Masl = meters above sea level
AEZ = Agroecological zone, rho. = rhodic, ferra-orth .. = feralo-orthic Acrisols
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3.2.3 Soil characterization

Soilsused in the determination of soil chemical properties were collected using a 10 em,-.
(diameter)soil auger. Four samples were taken at the depth ofO-15cm and 15-30 em. The

soilsfrom each depth, were bulked in labeled brown paper bags and thouroughly mixed

toformcomposite samples. Each set of the composite sample was air dried and ground to

passthrough a 2 mm sieve. Subsequent soil sampling was done in each treatment plots at

theend of every season. The samples were analysed for N, organic C, pH, P, K, Ca, Mg

andCEC.

3.2.3.1 Soil pH

SoilpH was determined electrometrically in water at a 1: 2.5 (soil/water ratio) ratio as

outlinedby Okalebo et.al.. (1993). 10 g of air - dry soil samples was added to 25ml of

distilledwater and the mixture shaken at 260 rpm for 10 minutes before it was allowed to

settlefor 30 minutes. The pH of the soil suspension was recorded using glass electrode p

H metre(Fischer, Accumet).

3.2.3.2 Soil texture

Soiltexture was determined by the hydrometer method (Okalebo et al, 1993). 50 g of 2

mm air - dried soil sample was mixed with distilled water and dispersed in a 10 ml of

10% Sodium hexametaphosphate solution. After stirring for two minutes, the suspension

wastransferred into Bouyoucos cylinder (Bouyoucos, 1962) and made to the mark with

distilledwater. The amount of soil separated in suspension, by stirring the solution, was

measuredby taking hydrometer readings after 40 seconds and 2 hours. The soil texture

classwas determined from the textural triangle scale.

3.2.3.3 Total N

Totalsoil N, was determined by digesting O.2g air dry soil samples in 4.4 ml H2S04 and

H202 digestion mixture (made of 0.42g selenium powder and 14g lithium sulphate,

350mlof 30% hydrogen peroxide and 420 ml of concentrated H2S04) at 3600 C 2 hourrs
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(Andersonand Ingram, 1993). The digests was allowed to cool and thereafter made up to

100ml mark with distilled water. About 0.2ml of the extract was put in a test tube,
\

followedby addition of 5ml of colour development reagents 1 (a mixture of sodium

salicylate,sodium citrate and sodium tartrate in deionized water) and reagent 2 (a mixture

ofNaOHand 5% sodium hypochlorite solution) and samples allowed to setle for 1 hr as

colorsdeveloped. The sample N concentrations were read on a spectrophotometer at

655nm.

3.2.3.4 Total organic carbon

Total organic carbon was determined by modified Walkley - Black "Wet" oxidation

methodof Allison (1964).0.5 g of 0.3 mm air - dry soil sample was weighed in triplicate

intoa block digester tube where 10 ml of 1N potassium dichromate (K2Cr207) solution

and15ml concentrated sulphuric acid (H2S04) was added. Two reagent blanks were also

prepared.The mixtures was digested at 1550 C for 30 minutes and then allowed to cool.

Thedigests was transferred quantitatively to 250 rill conical flasks with about 150ml of

distilledwater followed by 10 ml of 85% orthophosphoric acid (H3P04). The unreacted

dichromatein the digest and the blanks were titrated against 0.5 M Ferrous ammonium

sulphatesolution. The percentage organic carbon was calculated using the formula:

OrganicCarbon (%) = (B -T) X 0.3 X V) I (W IB)

WhereT = Sample titre (ml), B = Blank titre (ml), W = Oven - dry sample weight (g), V
= Volumeof IN K2 Cr2 07used (ml), 0.3 = 1 ml of IN K2 Cr2 07 = 0.003g C X 100.

3.2.3.5 Extractable phosphorus

Extractable phosphorus was determined after extraction with Mehlich extractant (a

mixtureof O.1MHCI and 0.025M H2S04) (Olsen and Sommers, 1982). 5g of 2 mm air-

drysoil was weighed and a scoop of activated phosphorus-free charcoal added to absorb

organic matter and decolorize extracts. The soil was saturated with 25 ml of the

extractingsolution and flask closed with a rubber stopper and shaken for 30 minutes on a

shakerat 200-300 rpm. The solution was filtered through Whatman paper No. 42. Flask
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containingall chemicals but no soil was includded (Blank solution). Phosphorus

concentrationsin the samples were determined calorimetrically following ammonium

molybdate-vanadate procedure using spectrophotometer (Model: Noraspec ® II,

PharmaciaBiotech) at 430 nm after one hour.

3.2.3.6 Cation exchange capacity (CEC)

Cationexchange capacity (CEC) was determined using ammonium acetate (NH40AC)

(PH = 7.0) method as described by Okalebo et al; (1993). 10 g of air- dry soil was

saturatedwith 100 ml of 1M NH40AC solution at pH 7 prior to shaking with a shaker for

30 minutes.The suspension was filtered (through Whatman filter paper No. 42). The

leachatewas retained for exchangeable bases determination. The ammonium-saturated

soil(retainedin the filter paper) was washed with 50 ml ethanol and leached with CaCh

toreleaseadsorbed ammonium ions. The amount of ammonium ions in the leachate was

quantified,spectrophotometrically, as the CEC of the soil.

3.2.3.7Exchangeable cations

Exchangeablecations (Ca+ + and Mg+ l in the leachate/extract (see CEC determination

above)were determined using atomic absorption spectrophotometer (Model CTA -2000

AAS, chern.Tech Analycal, UK) while exch. K was determined using flame photometer

(model:EEL, Evans Electroselium, UK).

3.2.4 Effect of desmodium on selected soil properties

3J.4.1 Experimental design

field experiment was conducted at Ngiya and Ndori sites described in section 3.2.2

above.The 2 by 4 factorial experiments was laid on a split plot design with demodium

species(D. uncinatum and D. intortum) species in the main plots while phosphorus rates

fonnedthe sub plots. Phosphorus was applied as triple super phosphate (TSP) at 0,23,46

and69kg P20S hao1
• All treatments were replicated 4 times.
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Land preparation and crop management

entalplots were hand ploughed and allowed to rest for two ~eeks (14 days). The

erethen twice hand harrowed to produce a fine tilth seedbed. The experiment was

onplotsmeasuring 3.75 x 3.3 m. Two seeds of Striga susceptible maize variety H

plantedon a 0.75 by 0.3 m inter and intra-row spacing respectively. Emerged

ere later thined to 1 plant un' at 14 DAB. Desmodium seeds (2.5 kg ha") were

betweenrows of maize (Plate 3.9 and Plate 3.10). A blanket dose ofN (urea) was

at the rate of 20 kg ha-1 in two splits (33% at planting and 67% at 6 weeks after

), Potassium(Muriate of potash) was uniformly applied to all plots at the rate of

K ha". The first manual weeding was carried out using hand hoe before S.

nthica plants emerged (V- 4 growth stage). But in the 2nd nd 3rd weeding, weeds

carefullyhand pulled except Striga which were only uprooted after each count. Pests

pateilus) were controlled by applying dipterex (dimethyl 2.2.2 - trichloro -

thy/phosphate) at V-6 growth stage of the crop. At the beginning of every season,

'urnplants were cut at the soil surface and maize planted in between rows of the

te.3.9 Field layout at Ngiya Plate. 3.10 Feld layout at Ndori

Data collection
leswerecollected at the depth Of (0-20 em) within a net plot of 2.25 x 2.1 m.

plotsconsistedof three and two middle rows of maize and desmodium
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respectively.Collected soil samples were analysed for pH, N, P, Ca, Mg, SOC and
CEC.

.2.4.4Determination of soil chemical properties

Topsoil (0-15 em) samples from each plot at Ngiya and Ndori experimental sites were

takenat the beginning of every season just before planting. Core soil samples were taken

at6 differentspots per plot using a 10 em diameter auger. The samples were thoroughly

mixedby hand to produce homogenous or composite sample for each plot. The sub

sampleswere air dried and ground to pass through a 60 mesh screen. The samples were

analyzed for soil pH, organic carbon, total nitrogen, available phosphorus, calcium,

magnesiumand potassium using the procedures outlined in Okalebo et al., (2002) at

ationalAgricultural Research Laboratory (KARI- NARL) Nairobi .

.2.4.5 Data analysis

Dataon soilpH, total organic carbon (OC) total nitrogen (%N), available phosphorus (P),

c. K, Na, Ca and Mg was captured in excel spreadsheet while statistical analysis was

performedusing SAS 8.2 (SAS, 2003). Changes in soil properties after four seasons of

continuouscropping and application of inputs were tracked by comparing results of

Initialsoil properties (before establishment of the experiment) with soil properties

obtainedat the end of the fourth season. Data were subjected to ANOVA to test for

ignificantdifferences among the means of various treatments while means were

Effects of phosphorus and desmodium species on Striga hermonthica
seedbank, emergence, biomass and maize yield components

.2.5.1Data collection

Fromfield experiment, data was collected on Striga emergence (at 8, 10 and 12th weeks

after planting maize), Striga biomass, Striga seed bank and selected crop yield

mponents(dry shoot weight, stem diameter, plant height) and grain yield.
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3.2.5.2Striga emergence

I

Thenumbersof emerged Striga plants were established at the 8th, lOth and 12th weeks

ofcropemergence (WAE) by counting Striga plants in the net plots. After each count, all

Striga plantswere uprooted and placed in marked brown paper bags in readiness for fresh

biomassdetermination.

3.2.5.3 Striga biomass

All uprooted Striga plants were placed in marked brown paper bags and their fresh

weightstaken. The contents in the bags were transferred to the lab at the Department of

Horticultureand Botany where they were oven dried at 72 OC to a constant weight and

dry matteryields recorded using Denver XL-31 000 electronic balance. Cumulative fresh

anddrymatter yields were obtained by summing up yields recorded at the 8th, 10th and

12thWAE.

3.2.6 Field sampling and sample preparation for seedbank determination

FieldStriga seedbank status was determined at the onset of the LR 2007 and at the end of

thesubsequentseasons. Two core soil samples were seasonally collected within each net

plotsto monitor S. hermonthica dynamics associated with the various treatments. Soil

samplescollected from the net plots were separately emptied on labelled brown paper

bagsNo. 15, air dried (AD) and mixed well by crushing them using pestle and motor.

ThecrushedAD samples were passed through a 2 mm sieve and Striga seeds recovered

byelutriationmethod described in section 3.5.1.8.

J.6.1 Yield components

ix (6) maize plants in the net plots were studied for plant height, stem diameter, above

groundbiomass, and grain yield. Biomass and yield data were taken at physiological
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maturity.A 5 M tape measure was used to take plant height measurements. This was

doneat physiological maturity just before harvesting. At harvesting, whole plants were
I

cutat the soil surface and fresh weights determined. Maize cobs' were removed and

placedin separate bags and fresh cobs weighed. The fresh and dry weight of cobs and

Stoversamples were used to calculate above ground biomass. Grain weight and grain

moisturecontent were recorded using weighing balance (Model XL - 31000) and

moisturetester (Dickey - john multigrain). Grain yields were converted to 14 % moisture

equivalentcontent weight. The remaining Stover was chopped into about 5 em pieces and

subsamplescollected and weight recorded. Stover and cob samples were oven dried to a

constantweight at 72° C.

3.2.6.2Data analysis

Collecteddata was subjected to analysis of vanance (ANOVA) at 5% level of

significanceusing the SAS statistical package (SAS, 2003). Data on seed bank and Striga

densitywere transformed using the formula; X = (LOglO(n+ 1)) where X is the number of

Striga plants m-2 or biomass in tons ha-1 (Little and Hills, 1978). Striga biomass was

transformedusing the formula SQRT (X+0.5). Significantly different mean values were

separatedusing Least Significant Difference (LSD). Regression analysis was performed

tocomparethe relationships between Striga density and Striga seedbank as well as Striga

densityandStriga biomass.
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CHAPTER FOUR

RESULTS

Effect of desmodium species and duration of root exudates exposure on
Striga seed germination

Therewas a significant interaction between desmodium and time of root exudates

exposureon Striga germination (Table 4.1). The average per cent germination of seeds

obtainedafter 21 days of exposure to root exudates from the two desmodium species

werecomparable. But extending seed exposure duration to 42 days significantly (p :S

0.05) increased seed germination from 12% to 21% and from 10 to 23% under

D.intortumand D.uncinatum treatments respectively. There was however, no significant

differencebetween desmodium species although eluting discharges from D.uncinatum

roots triggeredslightly more seeds to germination at the end of 42 days.

Table.4.1.Effect of desmodium root exudates on S. hermonthica seed germination

----------- Days of conditioning and exposure to root exudates ----------

Desmodium sps. 21 42

-------------- % germination ---------------

D.intortum 12.37 21.41

D. uncinaturm
Mean
LSD

9.62
10.95b

NS

23.17
22.29a
NS

CV% 23 27

n = % Striga seeds that germinated

Applicationof phosphorus did not significantly affect seed germination at either 21 or 42

daysof seed exposure to root exudates. There was, however, significant increase in seed

germinationafter 42 days of seed exposure (Table 4.2).
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Table 4.2. Interaction between phosphorus and duration of desmodium root
exudates exposure on seed germination

------Days of conditioning and exposure to root exudates --------

P kg ha"
21 days 42 days Mean
--------- % seed gemination---------

WRE* 31.4 25.1518.9

o
15
30
45
60
75
90
105

13.3
12.8
12_0
10.0
8.5
9_5
8.6
9.1

24_3ab
22_5ab
22.2ab
19.5ab
20.1ab
23.2ab
24.7a
22_7ab

10.95b
NS
46.93

22.29a
4:51
44.58

Mean
LSD
CV%

18.8
17.7
17.2
14.7
14.3
16.3
16.5
15.9

16.79
4.25
31.78

NS= Non significant Means follwed with the same letters do not differ significantly
* WithoutRoot Exudates,

4.1.2 Effect of phosphorus and desmodium root exudates on S.hermonthica
germination at 21 days of seed exposure

Applicationof phosphorus at rates above 45 kg P ha' significantly reduced Striga seed

germinationunder D.uncinatum and D.intortum environments. Root exudates released

fromD.intortum which received 60 kg P ha' produced significantly low germination

(9%) comparedto control 0 kg P ha' that was about 16% germination recorded. Exudates

fromD.uncinatum had significantly low germination (7%) at 75 kg P ha' rate of

application.Results presented in Table 4.3 also show that most Striga seeds were induced

to germinateby exudates that emanated from unfertilized desmodium plants. Means

computedacross phosphorus rates indicate that low germinations were mainly associated

withaqueoussolutions from D. uncinatum compared to those from D. intortum.

60



Table.4.3. Influence of phosphorus on S.hermonthica germination after 21 days
ofseedconditioning and exposure to desmodium root exudates

P kg ha' D-intortum D.uncinatum Mean

............... % germination .................

0 15.66 11.00 13.33
15 15.62 10.30 12.83
30 15.33 8.66 11.99
45 11.66 8.33 9.995
60 8.66 8.31 8.495
75 12.00 7.00 9.51
90 9.66 7.66 8.66
105 10.33 8.00 9.17

Mean 12.375a 8.63b 10.96
LSD 1.835 0.824 1.39)
CV% 51.373 33.133 49.2

Meansfollwedwith the same letters do not differ significantly

.1.3 Effect of phosphorus and desmodium root exudates on S.hermonthica
germinationat 42 days of seed exposure

Prolongingexposure of Striga seeds to root exudates to 42 days increased germination by

about12% in D. intortum and 10% in D.uncinatum treatments (Table 4.4). Fertilizing

D.uncinatum at rates above 60 kg P ha' significantly increased germination compared to

otherP treatments. This trend was, ,however, in constrast with observations made in the

D.intortum treatments where significantly high number of seeds germinated at Prates

below45 kg P ha'. Although seed germination was variedly affected across phosphorus

treatments,there was no significant difference in the influence of root exudates

emanatingfromD. intortum and D. uncinptum.
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Table. 4.4. Influence of phosphorus on Striga germination after
42days of seed conditioning and exposure to desmodium root exudates

-- (

P kg ha' D-intortum D_uncinatum Mean

________________% germination ________________

0 27_06 2L06 24_360
15 25_00 20-13 22_565
30 24_66 20_38 22_520
45 18_33 18_70 18_515
60 17_36 22_73 20_045
75 19_03 27_36 23_195
90 20_13 28_60 24_365
105 19_13 26-40 22_765

Mean 2L416a 23_17a 2229
LSD 2-470 2_986 2_535
CV% 23_781 2521 24_0 )

Meansfollwed with the same letters do not differ significantly

4.1.4 Effect of root exudates on proportions of viable seeds

Therelativeproportion of viable seeds (germinated and dormant seeds) obtained after

exposingStriga seeds for 21 and 42 days to Diuncinatum 's and Diintortum root exudates

ishighlightedin Table 4S Result show that only 12% of viable seeds germinated when

exposedto Diuncinatum 's root exudates for 21 days as 68% remained dormant Over the

sameperiod of seed exposure (21 days), D_ intortum exudates triggered 9% seed

germinationwhile 70% remained dormant Although the number of seeds that

germinatedsignificantly (p ~ 0_05) increased after 42 days compared to 21 days of

continouscontact with root exudates. But the number of dormant seed was not affected,

desmodiumspecies not with standing, The effects of the two desmodiumspecies were

notstatisticallydifferent in tilting the number of germinated and dormant proportions of

theviableseeds.
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ofseedexposure (Table 4.7). This observation was in contrast with the trends observed

whenseeds were exposed for 21 days.

Striga seed viability was reduced, though none significantly, from an initial of 82.5% to

74.5%after 21 days of continous exposure to the exudates (Figure 4.2). The trend

consistentlycontinued with the number of viable seeds dropping significantly (p ~ 0.05)

to54.9%after 42 days seed exposure

Table4.6. S.hermonthica seed viability status after exposure to root
Exudatesfor 21 and 42 days

% viable seeds % non viable seeds

Days D. Uncinatum D .intortum D. Uncinatum D .intortum

0 86 86 14 14
21 76 74 24 25
42 61 59 39 41

Mean 74.3 73.0 25.7 25.6
LSD 21.6 22.5 18.4 19.4
CV% 11.2 9.8 10.2 9.2

Meansfollwed with the same letters do not differ significantly

21 days
• % not viable

42 days
SE= 8.9

0% viable

initial

----------------- % proportion --------------

Figure 4.1. Proportion of S.hermonthica seed viability status after exposure to
desmodium root exudates for 21 and 42 days
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Table.4.7. Influence of phosphorus on S.hermonthica germination after
42daysof seed conditioning and exposure to desmodium root exudates

P kg ha" 21 days 42 days Mean,
................ % Viable seeds ................

0 76 69 72.5
10.3 74 68 71
20.6 75 53 64
30.9 76 52 64
40.2 74 48 61
51.5 78 51 65
60.8 77 51 64
71.2 76 50 63

Mean 75.8a 55Ab 65.6

LSD NS 19.7 10.2
CV% 12.5 lOA 9.6

Means follwed with the same letters do not differ significantly

SE = 12 21 days, SE = 8.3 42 days
100

40

%viable 80
seed 60

20

o +-----~----~----~----~----~----~----~-----
o 15 30 45 60 75 90 105

P (Kg/Ha)

- 4-- 21 days • 42 days

Figure4.2. Effect of duration of exposure to desmodium exudates and
phosphorusin interaction on S. hermonthica seed viability
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4.2 Soil fertility dynamics as affected by maize - desmodium cropping system

4.2.1 Soil Characterization

ThepH of the soils sampled at the start of LR 2007 ranged from 4.69 to 4.98 and

averaged4.84 at Ngiya while pH values at Ndori ranged between 5.01 and 5.31 with a

meanof 5.16 (Table 4.8). Ngiya soil is described as acidic. Soil nitrogen and phosphorus

areacutely deficient while organic matter is low at this site. The soil at Ndori is also

acidicand acutely deficient in soil nitrogen, phosphorus, potassium and calcium. Soil

organiccarbon is low. However, within the experimental plots, the initial soil pH was

uniform.

Table 4.8. Soil properties at Ngiya and Ndori experimental sites before nutrient
application

Attributes Ndori Ng'iya

pH (1:2.5 soil:water) 5.16 4.84
% Total OC 1.44 1.53
Total % N 0.15 0.17
Olsen P (mg kg" soil) 9.0 6.0
Calcium (me%) 2.6 2.2
Potassium (me%) 0.57 0.24
Sodium (me%) 0.12 0.05
Magnesium( me%) 2.85 1.59
Exchangeable bases (me%) 6.14 4.08
Sand 34 35
Silt 29 34
Clay 37 31

4.2.2 Changes in soil properties

4.2.2.1Soil pH

SoilpH was reduced by the end of the fourth cropping season in both Ngiya and Ndori

sitesirrespective of P treatment (Figures 4.3a,4.3b,4.3c and 4.3d). Seasonal soil p H were

alsofound to be responsive to rates of P application. Although soil p H associated with P

wereslightly higher than soil p H of the control treatment, it was fertilization
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at69kg P20S ha" that gave significantly high soil p H compared to the p H of the control

treatmentat the end of the fourth cropping season. While other P treatments tended to
I

consistentlyreduce seasonal soil p H, application of P at 69 ha' did not affect soil p H

significantly.

Meansoil pH across desmodium species dropped from 5.16 to 4.90 in Ndori and from

4.82to 4.65 in Ngiya. This represent decrease by 0.26 and 0.17 units at Ndori and Ngiya

sitesrespectively.

2007 LR 2007 SR 2008 LR 2008 SR

SE = 0.11

5

Soil4.9
P H 4.8

4.7

4.6

4.5+----------,----------~----------,_--------_.

;r
~ ..•• I·...

Season

I--+- 0 Kg P205/Ha ...•.. - 23 46--691

Figure 4.3a. Seasonal changes in soil pH as affected by phosphorus and D.
uncinatum at Ngiya
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Figure4.3b. Seasonal changes in soil pH as affected by phosphorus and D.
uncinatum at Ndori

4.85
Soil4.8
pH 4.75

4.7
4.65
4.6+------~------~-----~~-----~

2007 LR 2007 SR 2008 SR2008 LR

Season
1·--.--0 Kg P205/Ha .. •.. 23 46 )- 691

Figure4.3c. Seasonal changes in soil pH as affected by phosphorus and D. intotum
at Ngiya
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Figure 4.3d. Seasonal changes in soil pH as affected by phosphorus and D. intortum
at Ndori

4.2.2.2Total Soil Nitrogen

Totalsoil nitrogen in the control treatment was significantly (p<0.01) lower than in plots

thatreceived 246 kg P20S ha-1 treatments at both Ngiya and Ndori sites while variations

withindesmodium species were not significantly different (Figure 4.4a and 4.4b). After

thefourcontinous cropping seasons, total soil N in Ndori reduced from 0.15 to 0.14% in

desmodium pure stand as well as in plots that received 46 and 69 kg P20S ha-1 (Figure

4.5b).This represents an average decrease of 6.6%. At this site, both control treatments

(0 kg P20S ha' and maize pure stand) registered most of the losses (i.e. 23 % in maize

purestand and 16.5% in 0 kg P20S ha' treatment). In Ngiya , losses in total N were

signicantly (p:S 0.05) high in the control and maize mono crop plots compared to either

desmodium pure stand or phosphorus treatments applied at 246 kg P20S ha" (Figure

4.5a).The decrease in total N was relatively low in Ndori compared to Ngiya, which had

totalNdecreased by 32% in the control treatment.
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Figure4.4a: Changes in total soil N as affected by treatments after
fourcontinuous cropping seasons at Ngiya

1 = maize pure stand 2 = desmodium 3 = ° kg P20s/ha
4 = 23 kg P20S /ha 5 = 46 kg P20S 6 = 69 kg P20S

DD.uncinatum

DD.intortum

z 0 ~-r.-or~,,~,-,,~.-,,~••-,~~
'0(1)-0,005
roB -0,01

'£-0015Q) ,
Ol
ffi -0,02
.c
()-0,025

-0,03

-0,035

-0,04

. SE = 0.0025 D. uncinatum
SE = 0.0.003 D. intortum

Figure4.4b. Changes in total soil N as affected by treatments after
fourcontinuous cropping seasons at Ndori
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4.2.2.3 Soil Organic Carbon

Theinitial soil organic carbon contents in the experimental plots were not significantly

different at either Ngiya or Ndori sites. But after the four seasons of continuous

cultivation, soil organic carbon (SOC) was significantly (p :.::;:0.05) increased by

phosphorusfertilization. However, SOC was slightly reduced in the maize pure stand at

Ngiyabut marginally increased in both maize monocrop and control treatments in Ndori.

Soilorganic carbon was increased in desmodium pure stand to a level comparable with

thatobtained by applying phosphorus at 46 kg P20S ha-1 in Ngiya and Ndori (Figures

4.5aand 4.5b). The highest increase in SOC, at Ngiya, was 0.30% while in Ndori the

marginof increase was 0.24% all of which were obtained at 69 kg P20S ha-1
• The

increasesrepresent 20% and 16% of the 2 sites respectively. The overall mean organic

carbonacross phosphorus treatments increased from 1.53% to 1.68% at Ngiya while in

dori,it increased from 1.44% to 1.57%.
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Figure4.5a. Changes in soil OC as affected by treatments after four
continuouscropping seasons at Ngiya
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Figure4.Sb. Changes in soil OC as affected by treatments after four
continuous cropping seasons at Ndori
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4.2.2.4 Soil available phosphorus

Therewas strong correlation between available phosphorus and, application rates. The
'--

highdoses of P had correspondingly high available P. At the end of the fourth season,

totalphosphorus was significantly high in plots that received ~ 46 P20S ha-1 compared to

thosethat received ~ 23 kg P20S ha-1 at both sites (Figures 4.6a and 4.6b). In both maize

anddesmodium pure stand treatments, phosphorus levels were reduced by about 11% and

16% respectively. A similar trend was observed under control treatment in Ngiya. In

Ndori,the control treatment had slightly more P depleted (Figure 4.6b).

SE = 1.1 D.uncinatum SE = 0.8 D. intortum20
C

h 0 15
a I
n 5 p 10
g e p
e n m 5-
i P 0
n

-5

I

• D.uncinatum

D.intortum

46 69
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Figure4.6a. Changes in available P as affected by treatments after
four continuous cropping seasons at Ngiya
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4.3 Effect of Phosphorus and desmodium on Striga incidence

4.3.1 Pot experiments

4.3.1.1 Striga seedbank

InitialStriga seedbank in the uninfested soils ranged from 0 to 4 seeds kg -1 of soiL But

afterinfestation of the soils with Striga seeds, the seedbank was raised to a mean of 597.2

seedkg" soiL There was no significant difference between Striga infested soils used in

thepot experiment across treatments. Consequently, the observed maize responses were

attributedto the treatment effects.

Highdoses of phosphorus (> 30.9 mg P kg' soil) significantly (p=0.049) reduced

seedbankcompared to the control treatment in experiment 2 (Figure 4.7a). The greatest

adverseimpact was, however, observed at 51.5 mg P kg" soil irrespective of desmodium

species.The declining trend in seed numbers with every increamental rate of phosphrus

followeda partem similar to that observed with Striga density (Figure 4.7b).

• - Experiment 1 - Experiment 2

SE = 15.4 Exp. 1
SE = 23. Exp. 2

400
350
300

Seeds 250
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!
I

o 10.3 20.6 30.9 41.2 51.5 61.8 72.1

P (mg/kg SOil)

Figure4.7a. Effect of desmodium root exudates on S. hermonthica seed
countas influenced by phosphorus

BothD.uncinatum and D.intortum generally had similar effect on Striga seed numbers

irrespectiveof phosphorus application rates. There were significant (p= 0.045 and p =

0.041) reduction in the number of Striga seeds at 30.9 and 41.2 mg P kg-1 soil III
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D.uncinatum and D.intortum environments respectively. Seed count reduced from a

meanof378.5 (control) to an average of 196.6 seeds kg-1 soil (at 30.9 mg P kg-1 soil) in

theD.uncinatum environment. But under D.intortum, Striga seed counts reduced from

365.1(control) to 260.1 seeds kg" soil (at 41.2 mg P kg' soil} Any further addition of

phosphorusdid not affect seedbank status significantly although a consistent reduction

trend was observed in the D. uncinatum treatments. Although the number of Striga plants

thatemerged increased with seedbank, the relationship was weak (r2 = 0.453) (Figure

4.7b).
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Figure 4.7b. Relationship between Striga density and Striga seed numbers

4.3.1.2 Striga Density

Thenumberof Striga plants was affected by phosphorus application in young and mature

desmodiumplants, experiment 1 and 2 (Figure 4.8a). The effect of P was significantly

lowerat 72.1 mg P kg' soil in experiment 1 compared to experiment 2. In experiment 2,

therewas significant (p :s 0.05) difference in Striga density was obtained at phosphorus
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rates~ 30.9 mg P kg' soil except at 41.2 mg P kg-1 soil compared to the control

treatment(Figure 4.8a). The number of Striga plants in experiment 1 was significantly

(p~0.05) higher compared to the number obtained in experiment 2 at phosphorus rates

above10.3 mg P kg' soil. In experiment 2, a near complete suppression of Striga was

achievedat 61.8 and 72.1 mg P kg' soil.

15
SE = 1.25
SE = 1.14
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pot 5

o
-5
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Figure. 4.8. Effect of phosphorus on S. hermonthica emergence at 8 - 21weeks
(experiment 1) and 21- 33 weeks (experiment 2) stages of desmodium growth

Applicationof phosphorus at:::; 51.5 mg P kg" soil did not significantly suppress Striga

density under D.uncinatum environment while D.intortum registered significant

(p=0.043)reduction in the number of Striga plants at low P rates (Table 4.10). While T

D.intortumhad its greatest Striga suppression at 51.5 mg P kg-1 soil rate of P application,

D.uncinatum impact was felt most at 61.8 mg P kg' soil. Mean Striga density across

phosphorusrates revealed that D.intortum had 6.4 plants" pot. The species was slightly

moresuppressive than D. uncinatum which had a mean of 7.6 plants per pot (Table 4.10).

Unlikein the D.uncinatum environment, D. intortum species registered consistent

reductionin the number of emerged Striga plants with incremental rate of phosphorus.
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MeanStriga plants, across phosphorus rates, for D.uncinatum and D.intorum were

neverthelessnot siginificantly different.

4.3.1.3 Effect phosphorus and desmodium root exudates on Striga biomass

Applicationof phosphorus at 61.8 and 72.1 mg P kg" soil significantly reduced Striga

biomasin the D. uncinatum environment. But under D. intortum, Striga biomass was

significantly(p:S 0.05) reduduced at P application rates z 51.5 mg P kg" soil (Table

4.l0). Generally, there was inconsistent reduction in Striga biomass with each

incrementalrate of P in the D. intortum system. This was, however, not the case under D.

uncinatumwhere the effect of P rates was inconsistent. Increases in Striga biomass from

7.4mg' pot (control) to 7.8, 8.1 and 9.3 mg' pot were obtained at 10.3, 20.6 and 30.9

30.9mg P kg" soil respectively. This trend was, however, reversed at 41.2 mg P kg" soil

applicationrate (Table 4.10). There was positive relationship (1=0.8461) between Striga

biomassand Striga density (Figure 4.9) while maize grain yield was inversely related to

thenumber of Striga plants ((I = 0.4855) (Figure 4.10)).

Table 4.10. Effect of phosphorus and desmodium on Striga incidence, biomass
and seedbank (mean of 2 experiments)

----------- D. uncinatum -------- --------" D. intortum ---------

Phosphorus Striga Striga biomass Seeds Striga Striga biomas Seeds
mg kg" soil plants" pot (mg pori) (kg' soil) plants" pot (mg pori) (kg' soil)

0 10.6 7.4 378.5 13.8 8.1 365.1
10.3 10.9 7.8 283.6 9.5 7.2 297.8

20.6 12.1 8.1 285.1 7.8 5.2 252.0
30.9 7.6 9.3 196.6 6.5 4.9 260.6
41.2 7.5 5.2 232.0 8.1 5.4 24l.0
51.5 7.1 5.6 19l.6 l.6 1.0 212.5
61.8 2.3 2.1 235.5 l.6 l.0 243.6
72.1 2.5 2.0 ,227.3 l.6 0.8 228.1

Mean 7.6 5.93 253.7 6.35 4.14 262.6
LSD 6.72 3.93 139.5 5.56 4.03 116.7
CV% 5.2 9.2 32.1 14.4 4.9 41.1
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4.3.1.4 Effect of desmodium and phosphorus on maize grain and yield components

Therewas highly a significant interaction between phosphorus and D..uncinatum on grain
'--

yieldand stem diameter. Both parameters were significantly increased at :S20.6 mg P kg-

, soil fertilizer application rates compared to the control treatment (Table 4.11a).

Whereas grain yield was improved by 74%, plant height was increased by 40% at 20.6

mgP kg" soil application rate. There was, however, no significant gain, with additional

dosesof phosphorus, on any of the two parameters.

Stemdiameter was the most responsive yield component to phosphorus application under

D. uncinatum system. Stem diameter was significantly increased with as little as 10.3 mg

P kg" soil dose to 6.4 em from 4.6 em (control). A further gain in stem diameter was

obtainedby applying 51.5 mg P kg' soil (Table 4.11 a). Although Stover dry matter yield

increasedwith increase in P rates, the gains were not significant.

Table 4.11a .Effect of D.uncinatum on maize growth and grain
yield undervarying phosphorus regimes (mean of 2 experiments)

Phosphorus Plant height Stem diam Stover DMY Grain yield
(mg! kg soil -----cm------------ -------glplant-------

0 70.17b 4.6c 69.5 19.4b
10.3 82.50ab 6.4b 66.8 19.6b
20.6 98.50a 6.5b 83.8 33.8a
30.9 102.3a 7.0ab 72.4 36.9a
4l.2 107.5a 6.6b 90.1 37.6a
51.5 103.5a 7.0ab 81.0 29.2a
6l.8 100.la 7.1ab 81.3 30.3a
72.l 105.3a 7.6a 97.2 37.5a

Mean 96.18 6.60 80.3 30.50
LSD 21.81 0.861 NS 9.70

CV% 18.5 11.08 29.9 26.94
P Level 0.718 0.0001 0.376 0.0007

Means followed with the same letter are not significantly different,
DMY = Dry Mtter Yield

Like in the D. uncinatum system, there was significant interaction between phosphorus

and D. intortum on all yield components except Stover dry matter yield (Table 4.11 b).

Neither vertical crop growth nor Stover dry matter yield were affected at :S20.6 mg P .kg
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I soi rates of P application. Both grain yield and stem diameter were significantly

(p~O.05)increased at 20.6 and 10.3 mg P kg' soil respectively.

Table 4.11b. Effect of D.intortum and phosphorus on maize yield
components (mean of 2 experiments)

Phosphorus Plant height Stem diameter StoverDMY Grain yield
(mg kg' soil) ---------cm----------- ----------g/plant----------

0 76.3c 4.93b 68.93b 13.014c
10.3 95.0bc 6.55a 75.98b 18.117bc

20.6 89.3bc 6.66a 85.29ab 26.681ab
30.9 105.3ab 7.25a 91.16a 35.808a
41.2 105.3ab 7.38a 93.80a 28.114ab
51.5 101.6b 7.25a 92.67a 36.817a
61.8 114.3ab 6.91a 107.42a 35.836a
72.1 124.8a 7.35a 97.23a 35.886a

Mean 101.49 6.78 89.06 28.77
LSD 22.916 1.191 22.174 10.937

CVO/O 19.09 14.92 21.17 32.31
P Level 0.0054 0.0037 0.0003 0.0002

Means followed with the same letter are not significantly different,
DMY = Dry Matter Yield

4.3.2 Field experiment

4.3.2.1 Initial S. hermonthica seedbank

InitialS. hermonthica seedbank density was determined at the onset of the long rains Gust

beforeplanting) in February 2007. The baseline Striga seed numbers (natural Striga

infestation)at the two experimental sites (Ngiya and Ndori) are shown in Table 4.12.

Resultshow that there was high Striga seedbank implying high Striga infestation level.

Seednumbers were significantly (p:::;0.001)different within the same field as evidenced

byvariations in the maximum and minimum seed counts (Table 4.12). At Ngiya, Striga

seedbankranged from 114 to 428 kg -! soil while Ndori site had Striga seed number
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rangingfrom 161 to 382 seeds kg -I soil. Soils from Ndori had slightly small variation

between minimum and maximum seed status compared to soils at Ngiya. Mean Striga

seeddensity at the two sites were 361 (Ngiya) and 288 seeds kg -I s~il at Ndori.

Table 4.12. Initial Striga seed bank in the experimental field (15 em depth soils)

Site --------------- Striga seeds kg" soil-----------

Nn Max Min Mean SE CV (%)

Ngiya 15 428 114 361 92 47
Ndori 15 382 161 288 75 38

4.3.2.2 Effects of desmodium on Striga seedbank dynamics

Therewas no significant reduction in Striga seedbank within the first 3 seasons at Ngiya
(Table4.13). But seedbank was significantly (p :S0.05) reduced during the last season
(2008 SR) in both Ngiya and Ndori sites. Seedbank was reduced from 283.7 seeds kg"
soilin the first season (2007 LR) to an average of212.5 seeds kg" soil at the end of2008
LR in Ngiya. The seedbank was reduced to a mean of 148 and 111.5 seeds kg" soil under
D.uncinatum and D.intortum treatments respectively in 2008 LR. Although D.intortum
systemappeared slightly more effective in seasonal suppression of Striga seeds, it was
D.uncinatum that registered consistent reduction in seedbank at Ngiya.

Drastic reductions in seedbank were observed after the first two seasons in Ndori,

regardless of desmodium species. The initial seedbank averaged 251.5 seeds kg -I soil

under D. intortum system. But this was significantly (p :S 0.05) reduced to a mean of

106.5and 61.5 seeds in LR 2008 LR and 2008 SR respectively (Table 4.13).

81



Table4.13.Effect of desmodium and season on Striga seedbank at Ngiya and dori

Duncinatum Season Ngiya Ndori
LR2007 283.75(2.455) 247.50(2~00)
SR2007 244.00(2.389) 238.75(2.380)
LR2008 212.50(2.328) 178.25(2.252)
SR 2008 148.00(2.173) 121.00(2.086)

Mean season 222.06(2.345) 196.4(2.294)
LSD 74.8 (0.201) 67.7(0.187)
CV% 69.2 (16.3) 80.6(18.3)
P level 0.0001 0.002

D.intortum
LR 2007 275.00(2.440) 251.50(2.401)
SR 2007 301.50(2.481) 246.25(2.392)
LR 2008 187.00(2.274) 106.50(2.252)
SR 2008 111.50(2.049) 61.50(1.799)

Mean season 218.75(2.340) 166.4(2.222)
LSD 87.8 (0.165) 80.32(0.107)
CV% 75.2(21.2) 91.5(30.7)
P level 0.0001 0.003

Valuesinbracketare transformed Log 10 (n+1),LR = Long rainy season, SR = Short rainy
season

4.3.2.3Effect ofpbospborus rates on S. hermonthica seedbank at Ngiya and Ndori

Applicationof phosphorus at 46 and 69 kg P20S ha' resulted in significantly (p :S0.05)

lowseedbank compared to seedbank obtained at 23 kg P20S ha-l and control treatments

irrespectiveof desmodioum species (Figure 4.11 ab). There was no difference between

controland phosphorus application at 23 kg P20S ha' treatments in soil Striga seedbank.

Theunfertilized D.uncinatum and D.intortum treatments had 347 and 336 seeds kg-l soil

respectively.This was slightly reduced to 325 and 321 seeds kg-l soil in the immediate

subsequentseason respectively. Supression of seedbank by unfertilized D. intortum was

slightlyhigher than unfertilized D. uncinatum at this site. Although applications of

phosphorusat 69 kg P20S ha" suppressed Striga seed bank the most, there was no

significantdifference between 69 and 46 kg P20S ha" rates in both D.uncinatumand and

D.intortumsystems in Striga bank suppression.
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Therewas significant (p ~ 0.05) difference between phosphorus application rates at 23

and46 P20S ha·l in the D.intortum treatment while D.uncinatum did not register any such

differences.The seed bank was 202 seeds kg" soil at 23 kg P20S ha .'This was reduced to

121 seeds kg" soil at 46 kg P20S ha' in the D.intortum treatment. A significant (p=

0.051) difference between phosphorus application at 46 and 69 kg P20S ha-l rates was

observedin the D uncinatum system. But at Ngiya, there was no significant difference in

Striga seedbank between the control treatment and phosphorus application at 23 kg P20S

ha'. Generally, D.intortum appeared slightly more suppressive at all phosphorus rates

comparedto D.uncinatum.
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Figures 4.11a (Ngiya) and 4.11b (Ndori). Effect of desmodium and phosphorus on S.
hermonthica seed count (average of 4 seasons)

4.3.2.4 Time Trends and Relationships between Striga seed numbers and Striga
density

Time trend lines shown in Figure 4.12a and 4.12b indicate that there was positive

relationshipbetween Striga seed numbers in the soil and Striga density at both Ngiya and

Ndorisites respectively. During the first season, there was high amount of Striga seeds in

the soil as well as high number of Striga plants. Nevertheless, both Striga seeds and

plantsgradually declined in the subsequent seasons. The number of Striga plants declined

sharplywith seed during the first two seasons but thereafter maintained a relatively slow
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rate of decline at the sites. Striga seeds in the soil maintained a gradual declining trend

throughoutthe last two seasons at the two sites.
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4.3.2.5 Effect of phosphorus on time of Striga emergence at Ngiya and Ndori

InNgiya, there were significantly (p:S;0.05)fewer S. hermonthica plants that emerged at 8

WAE compared to those observed at 10 and 12 WAE irrsespective of phosphorus rates

(Table 4.14ab). The number of Striga plants that emerged at 10 and 12 WAE were

statistically similar at 23, 46 and 69 kg P20S ha-' phosphorus application rates. However,

at 12WAE, phosphorus application at 69 kg P20S ha" gave significantly low number of

Striga plants compared to those obtained at 23 kg P20S ha' which nevertheless had

comparableeffects with 46 kg P20S ha'.

InNdori, the number of Striga plants that emerged across P treatments was significantly

(p~O.05)lower at 8 W AE compared to those that emerged at either 10 or 12 WAE (Table

4.14).At 12 WAE, lower Striga numbers emerged at 69 kg P20S ha-' than at 46 and 23 kg

P20S ha-' . The control treatment (0 kg P20S ha-') registered significantly high number of

Striga plants at all stages of evaluation. Whereas unfertilized desmodium treatment had a

mean of 13.2 and 16.4 plants m-2 at 10 and 12 VIAE respectively, the corresponding

mean plant density obtained at 69 kg P20S ha-' was only 5.8 and 7.8 plants m". This

represents a reduction of about 56% and 52% at 10 and 12 WAE respectively. Maize

purestand was associated with the highest number of emerged Striga plants regardless of

timeof counting.
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Table4.14 Effect of phosphorus and desmodium on time of S. hermonthica
emergenceat Ngiya and Ndori (average of 4 seasons)

------------------------ Striga plants m-2-----------------'='--Site

Kg P20S ha" 8 WACE 10WACE 12 WACE Total count

Ngiya
MPS
o
23
46
69

13.75(1.169)
6.46(0.873)

2.47(0.54)
1.31(0.364)
0.69(0.228)

33.94(1.543)
13.69(1.167)
6.63(0.883)
5.31(0.80)
2.10(0.491 )

29.06(1.478)
13.31(1.156)
8.69(0.982)
6.44(0.872)
3.81(0.682)

76.74(1.891)
33.46 (1.537)
17.70 (1.272)
13.06 (1.148)
6.60 (0.881)

Mean 4.92(0.772b)
LSD(oos) NS
CV% 96.93(31.9)

12.33(1.125a)
5.731(0.628)
93.89(29.2)

12.26(1.123a)
4.295(0.224)
49.39(21.2)

29.51(1.484)
6.88 (0.197)
47.32(16.8)

dori
34.53(1.55)
13.21(1.152)
10.06(1.044)
8.00(0.954)
5.78(0.833)

MPS
o
23
46
69

16.93(1.253)
7.84(0.946)
4.56(0.745)
4.09(0.708)
2.094(0.49)

40.5(1.618)
16.40( 1.241)
11.00(1.079)
8.18(0.964)
7.75 (0.944)

91.0(1.968)
37.4(1.584)
25.62(1.425)
20.12(1.328)
15.12(1.222)

14.318(1.185a) - 16.768(1.25a) 19.29(1.661)
4.69 5.095(0.123) 8.34(0.167)

68.873(14.44) 61.477(12.96) 44.78(10.61)

Mean 7.10(0.908b)
LSD(oos) NS
CV % 74.13(16.8)

= Maizepure stand, Means with the same letter are not significantly different, WAE = Weeks after crop
)emergence,Values in bracket are transformed Log., (n+ 1)
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4.3.2.6.Seasonal Striga emergence at Ngiya and Ndori

Therewere highly significant (p=0.0001) difference in Striga emergence at 8 WAE

comparedto those at 10 and 12 WAE in 2007 LR and 2007 SR under D. uncinatum

regardlessof site (Figure 4.13a and 4. 13b). The difference in total number of Striga

plantsthat emerged in LR 2007 and LR 2008 seasons was also siginificant (p= 0.05). The

numberof total emerged plants was, however, not significantly different within the first

twoseasons at the two sites (Tables 4.15 a&b).

At8 WAE, the average number of Striga plants in 2007 LR at Ngiya was 6.4 plants m"

in D. uncinatum and 14.7 plants m-2 in the D.intortum systems respectively. The

correspondingStriga density at 8 WAE in Ndori was 9.2 plants m-2 in D. uncinatum and

7.1plants m-2 in the D. inrortum environment. There was consistent seasonal reduction in

themean number of Striga plants as maize plant matured, to the extend that only a mean

of 1.7and 6 plants m-2 emerged in Ngiya by the end of 2008 SR under D. uncinatum and

D.intortum species respectively.

In 2007 LR, Striga emergence at lOW AE, was about 24.3 and 36.1 plants m-2 under

Duncinatumand D.intortum systems respectively. However, the number of Striga plants

wasdrastically reduced in the subsequent seasons. The reduction was about 58% in 2008

LR and 92% in 2008 SR under D. uncinatum treatment while D. intortum had triggered a

dropof about 54% and 79% in 2008 LR and 2008 SR respectively. Striga plants that

emerged at 10 and 12 WAE were comparable under the two desmosium species

environmentin both Ngiya and Ndori sites.

InNdori, there was significantly (p:S0.05) high number of emerged Striga plants in 2007

LRat both lOW AE (22.5 plants m-2) .and 12 WAE (30.4 plants m") under D.uncinatum

compared to 6.8 plants m" obtained at 8 WAE .There was also a significantly low

numberof Striga plants (8.2 Striga plants m-2
) which emerged at 8 WAE in 2007 LR

underD. intortum based system compared to 23.4 and 32.2 plants m-2 recorded at 10 and
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12WAE respectively. The successive Striga emergence observed in 2007 SR, 2008 LR

and 2008 SR showed a gradual downward trend.

Althoughmost Striga plants emerged at lOW AE during 2008 LR under D.uncinatum,

the observed emergences were nevertheless not significantly different from those

obtainedat either 8 or 12 WAE (Figure 6.9a). There was also no significant difference in

Striga emergence between times of Striga counts during the last two seasons.
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Figure 4.14h. Effect of D. intortum on emergence trend of S. hermonthica
plants at Ndori

90



Table 4.1Sa. Effect of phosphorus and two desmodium species on Striga density at Ngiya

Mean
D.intortum

Kg P205
ha" LR2007 SR2007 LR2008 SR2008 LR2007 SR2007 LR2008 SR2008 Mean Overall Mean

D. uncinatum

------- Striga density m,2--------

0 74.5(2.02) 63.5(1.81) 35.0(1.8) 33.4(1.53) 51.6(1.72) 89.7(1.96) 54.0(1.74) 23.5(\.39) 11.0(1.08) 44.55(1.66) 48.08
23 65.0(1.88) 30.5(1.44) 33.0(1.7) 19.1(1.31 36.9(1.54) 80.3(1.9\) 48.3(1.69) 8.7(1.29) 5.0(0.78) 38.13(1.59) 37.51
46 56.5(1.76) 36.5(1.57) 20.5(1.33) 4.0(0.69) 29.4(1.48) 37.2(1.58) 26.5(1.44) 17.0(1.25) 0.0(0.0) 20.18(1.33) 25.29
69 59.0(1.78) 3?0(1.60) 10.5(1.06) 3.0(0.60) 27.8(1.46) 43.0(1.64) 28.0(.954) 10.0(1.02) 0.0(0.0) 20.50(1.33) 24.20

Mean 63.8(1.8a) 42.4(1.6ab) 24.8(1.4b) 14.9(1.2b) 36.4(1.57) 62.55(1.8a) 39.2(1.6ab) 1?'3(1.3b) 4.0(0.7b) 30.8(1.5) 33.62
LSD(o.05 NS NS 11.8(0.410) 13.6(0.16) 12.7(0.135) NS NS 7.52(0.3) 6.47(0.52) 19.2(0.3\) 21.36
CV% 49.6(13.5) 65.0(21.5) 89.8 (26.1) 57.2(24.4) 67.85(23.6) 55.6(21) 93.9(30.) 64.5 (24) 58.1(22) 65.9(24) 14.60

Values in bracket are transformed Log 10(n+ 1), NS = Non Significant, LR = Long rainy season, SR = Short rainy season, Values followed with
, the same letters do not differ significantly .

I" ('
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Table 4.1Sb. Effect of phosphorus and two desmodium species on Striga density at Ndori

SR2007 LR2008 SR2008 Mean
D.intortum

KgP205
ha" LR2007

LR2007 SR2007 LR2008 SR2008 Mean Overall Mean

D. uncinatum

----------- Striga density m-2
-------------

0 105.0(2.03) 88.0(1.94) 76.8(1.89) 55.5(1.75) 81.30(1.92) 70.0(1.85) 60.5(1.78) 45.0(l.66) 46.0(1.67) 55.4(1.75) 68.40
23 92.5(l.97) 67.4(1.83) 22.5(1.37) 44.3(1.60) 57.75(1.76) 6l.0(1. 79) 54.5(1.74) 3l.5(l.51) 30.0(l.49) 44.3(1.65) 51.02
46 78.0(l.89) 38.0(1.59) 19.5€1.31) 4.50(0.74) 35.00(1.55) 64.0(1.81) 29.7(1.48) 12.8(1.14) 2.50(0.54) 27.3(1.38) 31.10
69 72.0(l.86) I? .5(1.27) 13.5(1.16) 0.50(0.17) 25.87(1.42) 57.6(1.77) 28.2(1.46) 7.0 (0.90) 0.00(0.00) 23.2(1.16) 24.53

Mean 86.9(1.94a 52.7(1.73a) 33. 1(1.5ab) 26.3(1.4b) 50.0(1.71) 63.2(1.8a) 43.3(1.6ab) 24.1(1.4b) 19.6(1.3b) 17.5(1.6) 33.76
LSD(005)NS NS 50.2(0.52) 47.7(1.27) 34.8(0.32) NS NS 30.2(0.6) 28.5(1.3) 23.3(0.4) 29.04
CV% 42.2(16.3) 90.8(29.1) 71.5(26.4) 44.9(18.4) 48.7(22.3) 53.1(25.3) 77.0(28.9) 63.2(27.8) 59.7(20.4) 55.5(18.9) 13.12

Values in bracket are transformed Log 10(n+ 1), NS = Non Significant, LR = Lon~ rainy season, SR = Short rainy season,

". ("
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4.3.2.7Effect of phosphorus and desmodium on Striga density and maize yield
componentsat Ngiya and Ndori

,
Therewas significant interaction between phosphorus and desmodium species on Striga

densityat both Ngiya and Ndori experimental sites (Tables 4.17a&b). The cumulative

effectof unfertilized desmodium plants was significantly (p:S0.05) low compared to P

fertilizertreatments at rates above 23 kg P20S ha -I, desmodium species not withstanding.

Thenumber of Striga plants across seasons in the control treatment (0 kg P20S ha -I )

werereduced from 51.6 in D. uncinatum and 44.5 plants m" in D. intortum systems to

36.4 and 20.5 plants m-2 respectively at 69 kg P20S ha -I phosphorus application rate.

Thisrepresents a drop of 30 and 54% respectively for desmodium species. Mean number

of Striga plants in maize pure stand treatments was about 1.5 folds higher than Striga

plantsobtained under any of the unfertilized desmodium species. There was a significant

differencein stem diameter as well as maize grain yield in treatments associated with few

and those with high Striga plants. The unfertilized D.uncinatum had a mean of 51.6

Strigaplants m-2 and grain yield of 1.16 t ha-I while phosphorus fertilization at 69 kg

P20S ha -I rate had a mean of 27.9 Striga plants m-2 and produced grain yield of 2.59 t

ha' (Tables 4.16).

Maizepure stand treatment produced the largest number of Striga plants (103.5 plants m'

2 ) andwere also associated with stunted as well as low grain yield.
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Phosphorus Striga density Stem diameter StoverDMY Plant height Maize grain yield
Kg P20S ha-' (plants m-2 ) (cm) (ton ha-' ) (cm) (ton ha")

D. uncinatum
MPS 123.1 4.28 5.6 123.70 0.803

0 51.6 5.961 6.4 129.43 1.162
23 36.9 5.818 7.9 140.62 2.056
46 29.37 7.016 10.6 139.68 2.589
69 27.88 6.121 11.3 157.5 2.692

Mean 36.44 5.496 9.1 126.58 2.125
LSD 12.7 0.5671 1.46 17.37 0.821

;

CV% 67.85 14.59 26.6 19.41 4.004

D.intortum
MPS 83.9 2.2813 5.8 69.93 0.532
0 44.55 5.1438 6.1 115.00 0.897, 23 38.13 5.5406 7.9 110.93 1.451
46 20.18 5.4069 10.2 145.94 1.804
69 20.50 5.4488 11.9 130.56 1.952

Mean
LSD
CV %

4.5264
0.5857
16.683

9.02
1.34
25.2

114.65
15.11-26
18.34

30.84
19.2
65.9

1.526- -
0.685
15.26

MPS = Maize pure stand, DMY = Dry matter yield
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Table 4.17a. Effect of D. intortum on emeraence trend of S. hermonthica

WTE LR2007 SR2007 LR2008 SR2008 Mean
I LR2007 SR2007 LR2008 SR2008 Mean Overall Mean

D. uncinatum
I

D.intortum

--------------- Striga emergence m-2 ---------------

8 8.l 9.3 4.1 2.0 5.88 17.2 8.8 5.3 7.1 9.6 7.78
10 24.1 26.2 5.6 1.4 14.32 38.5 11.3 9.4 5.8 16.25 15.30
12 3l.l 32.5 3.8 0.9 17.08 31.3 22.4 12.8 5.2 17.93 17.49

Mean 2l.la 22.7a 4.5ab 1.43b 12.42 29.0 14.2 9.17 6.03 14.59 13.52
LSD (0.05 17.5 19.2 NS NS 8.45 16.8 10.6 NS NS 7.82 6.94, CV% 28.5 21.5 16.1 15.3 18.6 30.0 24.0 22 18.9 16.4 19.0

a

WTE = Weeks to emergence, NS = Non Significant, LR = Long rainy season, SR = Short rainy season, Values followed with the same letters do not
differ significantly

". ("
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At Ndori, the number of Striga plants was significantly affected by phosphorus

application in a trend similar to that observed at Ngiya. Treatments which were

associatedwith high Striga density had relatively small maize plant stem diameter as well

aslow grain yields while those with low Striga density had relatively tall and high grain

yields (Table 4.17b). Application of phosphorus at 69 kg P20S ha-1 reduced Striga

pressurefrom a mean of 81.3 plants m-2 in the unfertilized D.uncinatum system to 26

plantsm-2
. The reduction in Striga density correspondingly translated into significant

(p=O.002)increase in grain yield to 2.80 from 0.5 t ha-1
. The effect of phosphorus on

Striga density was also significant at 46 and 69 kg P20S ha" in the D.intortum

environment.There was reduction in Striga population by 31% and 39% at 46 and 69 kg

P20S ha-1 rates repectively. The gains associated with the corresponding reduction in

Striga pressure were 3 and 5 folds, compared to yields obtained in the unfertilized

desmodiumtreatments, respectively.
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Table 4.17b. Effect of D. intortum on emerzence trend of S. hermonthica olants at Ndori
WTE LR2007 SR2007 LR2008 SR2008 Mean I LR2007 SR2007 LR2008 SR2008 Mean Overall Mean

D. uncinatum
I

D.intortum

-------- Striga emergene m-2
---------------

8 8. 8 5.2 6.1 5.0 6.28 7.6 9.3 4.6 2.1 5.9 6.09
10 28.4 15.8 7.3 4.3 13.95 21.0 18.5 7.2 1.2 11.98 12.97
12 31.3 24.4 5.8 2.6 16.01 32.0 17.6 3.4 0.1 13.28 14.65

Mean 22.83 15.13 6.4 3.97 12.08 20.2 15.13 5.06 1.13 10.40 12.24
LSD(o.05 NS 9.67 NS NS 8.45 11.04 7.23 NS NS 6.18 7.23, CV% 28.5 29.5 23.1 18.7 25.60 24. 3 20.1 17.9 18.0 22.9 17.5

WTE = Weeks to emergence, NS = Non Significant, LR = Long rainy season, SR = Short rainy season

". (.
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Althoughboth stem diameter and plant height were not affected significantly, except at

69kg P20S ha-1 rate of phosphorus application, an increasing trend was observed with
(

everyincreamental rate of phosphorus to either d.uncinatum or d.intortum. Maize pure

standtreatment produced the highest Striga plants that averaged 89.9 plants m-2 across

seasons. The pure stand was also associated with stunted as well as low grain yields

(Table4.18).

Table 4.18. Effect of phosphorus and D. uncinatum on Striga density and maize yield components at
Ndori(average of 4 seasons)

Phosphorus Striga density Stem diameter Stover DMY Plant height Maize yld
KgP20S Ha-1 (plants m-2 ) (cm) (ton ha' ) (em) (ton ha')

D.uncinatum
MPS 90.0 3.06 3.9 60.93 0.269

0 81.30 5.975 4.6 159.83 0.449
23 57.75 6.368 5.1 177.72 0.605
46 35.00 6.106 7.4 167.06 1.238
69 25.87 6.437 7.8 179.57 2.799

Mean 49.98 5.88 6.23 149.02 1.273
LSD 34.8 0.451 1.173 18.02 0.886
CV% 48.74 11.42 28.8 17.09 11.45

D.intortu
MPS 82.05 3.06 3.7 70.81 0.46

0 55.37 5.21 4.2 136.93 0.49
23 44.25 5.79 5.4 149.39 0.68
46 27.25 6.32 6.8 157.14 1.32
69 23.2 6.46 8.1 129.07 2.49

Mean 17.5 5.36 6.15 128.67 1.046
LSD 23.3 0.447 1.152 22.042 0.103
CV% 55.5 11.35 32.3 23.35 13.947

MPS= Maize pure stand, DMY = Dry matter yield
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4.3.2.8.Seasonal effect of phosphorus and desmodium on S.hermonthica biomass
at Ngiya and Ndori

Therewas highly significant (p<0.0001) interaction between phosphorus and season on

Strigabiomass, irrespective of desmodium species. In season 1 (LR 2007) and season 2

(SR2007), Striga biomass obtained at 23, 46 and 69 P20S ha' phosphorus application

rateswere similar, but they were significantly different from that of control treatment

(Table4.19). Striga biomas was reduced from 0.069 tlha in the unfertilized D.uncinatum

(control)to 0.025 0.019 and 0.017 tlha at 23, 46 and 69 P20S ha' rates in the first season.

Thesame trend was observed with D.intortum.

Inseasons 3 (LR 2008) and season 4 (SR 2008), application of phosphorus at 46 and 69

kg P20s ha-1 in the D.uncinatum and D.intortum systems had comparable effects that

weresignificantly (p<0.031) different from the control treatment.
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Table4.19. Effect of desmodium and phosphorus on S. hermonthica
biomassat Ngiya

Site Kg P205
( ha") LR 2007 SR 2007 LR 2008 SR 2008 Mean

--------------- Striga biomass (t ha' ) ----------------

Ngiya
MPS 0.08 0.062 0.050 0.036 0.057
0 0.065 0.041 0.017 0.015 0.035
23 0.025 0.019 0.012 0.012 0.017
46 0.018 0.015 0.006 0.004 0.012
69 0.018 0.016 0.002 0.0007 0.009

Mean 0.031a 0.023b O.Ole 0.007e 0.018
CV% 34.7 22.0 27.7 21.2 30.2
LSD(005) NS NS 0.007 0.004 0.007

Ndori
MPS 0.06 0.052 0.046 0.033 0.048
0 0.025 0.022 0.017 0.016 0.020
23 0.028 0.023 0.017 0.0110 . 0.019
46 0.020 0.018 0.012 0.0007 0.014
69 0.025 0.017 0.011 0.0002 0.0135

Mean 0.025a 0.0201ab 0.014be 0.007e 0.0166
CV% 35.2 40.8 41.5 30.09 38.2.8
LSD(005)NS NS 0.004 0.007 0.0072

NS = Non Significant, LR = Long rains season, SR = Short rains season,
MPS = Maize pure stand.
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Therewas significant interaction between desmodium and phosphorus on Striga biomass

inthelast two seasons at Ndori (Table 4.19). The biomass averaged 0.024 and 0.023 t ha,
IinD.ucinatum and D.intortum treatments respectively during the first season (LR 2007)

andconsistently declined in the subsequent seasons (SR 2007 and LR 2008)_ By the end

ofthe third and fourth seasons (LR 2008 and SR 2008), Striga biomass had drastically

reducedto 0.008 and 0.009 t ha' in the D.uncinatum and D.intortum environments.

Applicationof phosphorus above 23 kg P20S ha-1 significantly (p:S0.05) reduced Striga

biomassin season 4 (SR 2008). At 46 kg P20S ha' application rate, reduction in biomass

droppedfrom a mean of 0.0153 and 0.0167 t ha' in the un-fertilized D.uncinatum and

D.intortum treatments to 0.005 and 0.009 t ha" respectively. In season 4, there was

highly significant (p:S0.0001) reduction in Striga weight in both D.uncinatum and

D.intortum species at 69 kg P20S ha-1 compared to the lower doses. The control treatment

had the heaviest Striga plants, season and desmodium species not withstanding.

However, unlike in the controlled environment (pot experiment), there was no

relationshipbetween Striga density and biomass under field condition (Figure 4.15a and

4.lSb).Except in the early seasons (LR 2007 and SR 2007), Striga density and biomass

werepositively correlated. But this trend apparently did not hold in the latter seasons.
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Figure 4.15a. Relationship between Striga biomass and Striga density during 4
seasons of continuous cropping at Ngiya.
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Figure 4.15b. Relationship between Striga biomass and Striga density during 4
seasons of continuous cropping at Ndori
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4.3.2.9.Relationship between Striga density and maize yield as affected by
phosphorus and desmodium

Relationships between maize yield and Striga density as affected by various levels of

phosphorus application at Ngiya and Ndori are presented in Figure 4.16a and Figure

4.16brespectively. Results show that maize yield was inversely related to Striga density

inboth sites. Treatments that produced low yields are also the ones that had high number

of Striga density while high grain yields were associated with presence of low Striga

plants.Large numbers of Striga plants were associated with maize pure stand treatment

whiledesmodium based treatments had relatively fewer Striga plants except during the

firstseason.

There was sharp reduction in the number of Striga plants at Ndori and Ngiya in

desmodiumintercrop treatments that received phosphorus. The evidence that phosphorus

application accelerated reduction of Striga plants in the desmodiumlmaize intercropped

treatment at both Ngiya and Ndori sites. Supplying phosphorus at 69 kg P20S ha'

producedremarkably negative impact on Striga plants but increased maize grain yield by

340and 511% at Ngiya and Ndori sites respectively.
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4.3.2.10 Time Trends and Correlation between Striga Seed Numbers and
Maizeyield

Changes in Striga seed numbers in the soil and the corresponding maize yields

averaged over all treatments at Ngiya and Ndori are presented in Figure 4.17 and

Figure4.18. The trend line shows inverse relationship between maize yield and seed

numbersin the soil that also depended on season. There were relatively high numbers

of Striga seed in the soil during the earlier seasons, which progressively declined in the

subsequentseasons as maize yield increased.

• Seed bank + Mze ton/ha • Linear (Mze ton/ha) -- Linear (Seed bank)
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Figure 4.17a. Time trend in maize yield in relation to Striga seedbank at Ngiya
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Figure 4.17b. Time trend in maize yield in relation to Striga seedbank at Ndori
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4.3.2.11.Time trends and correlation between Striga density and maize yield

Seasonal changes in Striga density and the associated maize yields averaged over all

treatmentsat both Ngiya and Ndori are shown in Figures 4.19a and 4.19b respectively. A

trendthat followed the pattern similar to seed numbers and maize yield relationship was

observed in the two sites. Striga density progressively declined as maize yield increased.

The declining trend in the number of Striga density was initially slightly low (in LR

2007) but increased in the subsequent seasons under D. uncinatum while D. intortum

environment had consistent suppression effect on Striga density throughout the period of

experimentation (Figures 4.20a and 4.20b) for Ngiya and (Figures 4.21a and 4.21b) for

Ndori).Gains in maize grain yields were gradual with seasons irrespective of desmodium

species.

6

5

4

3 ---
•2

1A

• - Striga density • Mze ton/ha - Linear (Striga density) - - Linear (Mze tonlha)

•
Ton/Ha

O.B

• 1.2
y = 0.1239x + 0.502--------

0.6

OA

0.2

O~----------~----------~----------~-----------+O
LR07 SR07 LROB SROB

Season

Figure 4.19a. Time trend in maize yield in relation to Striga density at Ngiya
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Figure 4.21a. Seasonal trend of D. intortum shoot biomass, maize yield and
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4.4. Effect of phosphorus on desmodium biomass accumulation and nodulation

4.4.1. Effect on biomass accumulation

4.4.1.1. Shoot biomass yield

Shootdry matter production associated with various rates of phosphorus in the first and

secondharvests for D. uncinatum and D. intortum is presented in Table 4.20a) and Table

4.20b, respectively. It is evident from the results that mean shoot biomass produced in the

second harvest was 21% and 42% higher than production in the first harvest in D.

uncinatumand D. intortum plants respectively. D. intortum had significantly (p :s 0.05)

different shoot dry matter yields at phosphorus rates :2: 20.6 mg kg" soil compared to

controltreatment in both first and second harvests (Table 4.20b). But such differences in

dry shoot weight in D. uncinatum were observed only in the second harvest at Prates

above41.2 mg kg" soil (Table 4.20a). Both species of desmodium produced significantly

morebiomass in the second harvest compared to the first harvest.

Table 4.20a. Effects of phosphorus on D. uncinatum shoot biomass

Phosphorus 15WAP 28WAP Cumulative
mg P kgisoil (gol pot) (golpot)

0 22.15 32.63 54.78
10.3 31.07 39.66 70.13
20.6 36.57 40.10 76.67
30.9 34.47 41.53 76.02
41.2 36.28 45.63 81.9
51.5 37.87 40.96 78.14
61.8 38.94 43.83 82.17
72.1 35.79 ·45.40 81.09
Mean 34.14 41.20 37.7
LSD NS 7.547 23.91
CV% 5.3 6.8 7.7
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Table 4.20b). Effects of phosphorus on D. intortum shoot biomass
accumulation.

Phosphorus 15WAP 28WAP Cumulativemg P kg-
(g" pot) (g' pot)'soil

0 25.10 29.50 54.6
10.3 45.70 51.00 96.7
20.6 54.53 69.18 123.71
30.9 53.56 76.97 130.4
41.2 51.63 70.04 121.67
51.5 58.88 81.48 140.2
61.8 50.08 77.10 127.18
72.1 45.13 88.68 133.81
Mean 48.07 67.994 58.01
LSD 21.374 30.992 44.602
CV% 7.5 5.1 9.4

WAP = Weeks after plantmg

4.4.1.2 Root biomass yield

Results presented in Table 4.21 below show that root dry matter yield for D. uncinatum

was significantly (p=0.045) increased to 40 gm' plant at 41.2 mg P kg" compared to the

control treatment which had a mean weight of 24.6 gm' plant while D. intortum root

weight was significantly increased at a lower rate of 30.9 mg P kg -1 soil. Addition of

phosphorus in excess of these rates did not translate into any gain in weight except at

72.1 mg P kg-1 soil which resulted in total D. intortum root biomass being increased by

about 84% while D. uncinatum had root weight increased by 20% (Table 4.21).

Comparison of D. uncinatum and D. intortum dry root biomasses, across phosphorus

rates, revealed that D. intortum roots was about 15% heavier than D. uncinatum's roots

with more pronounced variations being observed at low rates of fertilization.
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Table. 4.21 Effect of phosphorus on desmodium root biomass

Phosphorus D. uncinatum D. intortum
(mg P kg-

g-!plant Mean
!soil)

0 24.56 19.13 21.85
10.3 28.86 32.53 32.2
20.6 30.43 41.5 35.96
30.9 33.3 43.93 38.61
41.2 39.9 43.13 41.51
51.5 34.63 37.36 36.0
61.8 29.56 35.16 30.86
72.1 29.66 34.56 32.11
Mean 31.366 35.916 33.641
LSD NS 11.274 7.4975
CV% 6.6 4.1 6.9
S.E 3.011 3.760 2.6231
P 0.0783 0.006 0.0003

4.4.2 Effect of phosphorus on desmodium nodulation

Effect of phosphorus application on nodulation varied with rate of phosphorus

fertilization in both D. intortum and D. uncinatum species although number of nodules in

D. uncinatum species did not respond significantly to phosphorus application (Table

4.22). The species produced a mean of 31.3 nodules" pot at control treatment. But

number of nodules increased to a peak of 71 nodules" pot at 72.1 mg P kg-! soil.

Application of phosphorus at ~ 20.6 mg P kg" soil significantly (p = 0.039) increased the

number of nodules produced by D. intortm species. The number of nodules was increased

from an average of37 (control) to 86.8 nodules" pot at 51.5 mg P kg' soil.

Fresh nodule weight was not significantly affected by phosphorus application in D.

intortum (Table 4.22) while D. uncinatum produced significantly lighter nodules at 41.2

and 51.5 mg P kg-! soil (Table 4.22). Nodules produced by D. uncinatum were few but
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relatively bulky and heavy while those produced by D. intortum were large in number

and lighter, phosphorus rates not withstanding (Plates 4.1 and 4.2).

Table 4.22. Effect of phosphorus on number of nodules and fresh nodule weight of
tw d di .0 esmo IUm species.

D. uncinatum D. ntortum D. uncinatum D. intortum
Mg P kg'

Total number of nodules Fresh nodule weightsoil
(nodules" pot) (g-l nodule)

0 31.33 37 0.7 0.5
10 45.67 33 0.78 0.47
.3
20 46 52.3 0.71 0.43
.6
30 62 51.8 0.69 0.41
.9
41 61 68 0.55 0.52.2
51 55.33 86.8 0.55 0.33.5
61 50.33 70.6 0.67 0.38.8
72 70.67 73.6 0.62 0.5.1

Mean 53.541 60.04 0.662 0.443
1

LSD NS NS 0.142 0.159
CVO/O 9.2 6.6 5.4 8.8
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Plate 4.1. Variation in D.intortum nodules size Plate 4.2. Variation in D. uncinatum nodules sise

l....,
Plate 4.3a. Nodulation and root density Plate 4.3b. Nodulation and root density
of P fertilized D. uncinatum of P deficient D. uncinatum

4.4.2.1 Comparison of effective and non-effective nodules

The two desmodium species produced ineffective and effective nodules (red nodules)

which indicate that effective nodules were active in fixing nitrogen. Application of

phosphorus at rates 2: 41.2 mg P kg' soil did not affect number of nodules in D.

uncinatum (Figure- 4.23). But the number of active nodules obtained in the control

treatment was significantly (p:S0.05) low compared to the ones obtained at 20.6 and 30.9
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mgP kg" soil in D. uncinatum. Application of phosphorus at 30.6 mg P kg" soil did not

onlyincrease the number of effective nodules (6 nodules per plant) but also induced the

highestnumber (13 nodules per plant) of total nodules in D. uncinatum}

D. intortum had a significant (p :S0.05) increase in total nodules at Prate:::: 30.9 mg P kg-

I soil except at 41.2 mg P kg" soil (Figure 4.24). Significantly high number of effective

nodules was produced by D. intortum at 30.9, 51.5 and 60.8 mg P kg' soil application

ratesof fertilization compared to the control treatment. The number of effective nodules

produced by either of the two species generally followed a trend similar to that of total

nodules.
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Figure 4.22. Effect of phosphorus on D. uncinatum nodulation
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Figure- 4.23. Effect of phosphorus on D. intortum nodulation
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4.4.2.2 Relationships between nodulation and root biomass under phosphoYus
fertilization

Nodules and root biomass showed positive relationship at low ,,rates of phosphorus
'--

application(Figures-4.25a and 4.25b). The number of nodules consistently increased with

rootweight and peaked at 41.2 mg P kg'! soil. Further increase in phosphorus was less

beneficial although at 72.1 mg P kg-! soil, phosphorus application outstandingly

increasedthe number of nodules in D. uncinatum by about 80%. The largest number of

nodules was .obtained at 41.2 mg P kg" soil, which represents an increase of 112%

compared
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Figure 4.2Sa. Relationship between D.uncinatumroot biomass and
nodule number as affected by phosphorus
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Figure 4.2Sb. Relationship between Dintortum root biomass and
nodule number as affected by phosphorus
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A trend line showing relationship between nodule fresh weight and total number of

nodules indicated a negative correlation with critical phosphorus rate (above which

,nodules became lighter) being 55 and 46 mg P kg' soil for D~,-'!lncinatum's and D.

intortum species, respectively (Figure-4.25c) and Figure-4.25d).
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Figure 4.2Sd. Relationship between number of nodules and fresh nodule
weight of D. intortum as affected by phosphorus

Phosphorus fertilization did not affect nodule weight but it tended to increase root weight

(Figure-4.26a) and Figure 4.26b). The trend line showing relationship between nodule

fresh weight and desmodium root weight indicated a negative correlation with critical

phosphorus rate being obtained at 48 mg P kg" soil for D. uncinatum's and 35 mg P kg-I

soilD. intortum (Figure 4.26a and Figure 4.26b).
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CHAPTER FIVE

5. DISCUSSIONS

5.1 Effect of desmodium root exudates on S.hermonthica seed germination

Desmodium root exudates contain blends of secondary metabolites with Striga seed germination

andinhibitory stimulatory activities (Khan et al., 2001; Tsanuo et al., 2003). The two pathways

involvedin the control of Striga weed, using desmodium, results in suicidal germination of its
seedsand consequently preventions of the development and attachment on the roots of the host
plant.

In our study, we observed that significantly low number of germinated Striga seeds were

associated with 21 days compared to 42 days of continuous exposure to desmodium root

exudates. The increase in germination associated with 42 days of exposure was about

twice as much, phosphorus rates not withstanding. This observation suggests possibility

of either increased effectiveness or cumulative build up trends of stimulant that triggers

Striga germination with age of theplant. It is likely that a large number of conditioned

Striga seeds were stimulated to germinate as they got in direct contact with aflavanone

compounds contained in desmodium root exudates. Germination stimulants are contained

in desmodium root exudates (Khan et al., 2002; Tsanuo et al., 2003, Muniru et al., 2003).

Thus, the significantly higher proportion of germinated seeds, observed after 42 days of

continuous exposure, was attributed to the fact that the relatively long period of direct

release had allowed for accumulation of stimulants and thus enhanced chances of

conditioned seeds getting stimulated.

Although soil moisture condition was controlled throughout the experiment, Striga seeds

may have not all conditioned at the same time thus contributing to either early or late

germination. Seed conditioning takes about 7 days or more depending on soil moisture

and temperature condition (Vallance, 1950; Worsham, 1987). Elsewhere, Bebawi, et al.,

(1984) and Saunders, (1960) reported that Striga seeds become dormant in the absence of

appropriate germination conditions and remain viable for several years. In yet another
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study, it was reported that dormancy of Striga hermonthica seeds are distributed within

seed population and that loss of primary dormancy precedes induction of secondary

dormancy (Israel and Alistair 2009). c..

From this study, we propose the suggestion that conditioning of Striga seed with

desmodiun root exudates cumulatively induces (through germination stimulant) seed

germination in a relative proportion.

There is no direct effect of phosphorus in the management of Striga weed as reported by

some researchers. In a study that investigated effects ofN, P and K on Striga asiatica (L.)

Kuntze seed germination and infestation of sorghum by Raju et al., (1990) revealed that

the presence or absence of P in the growth medium did not affect Striga seed

germination. These authors concluded that P was probably not an essential element in the

production and or activity of the stimulating substance from sorghum. However, in our

study, we observed that at 45 kg P ha-l and above, the number of germinated seeds were

significantly lower than the control treatment, irrespective of duration of exposure.

Generally, there was a declining trend in the number of germinated Striga seeds with

phosphorus application which suggests that both D.uncinatum and D.intortum plants

produced relatively more effective Striga sensitive root exudates in conditions deficient

in phosphorus.

5.2 Effect of desmodium root exudates on S.hermonthica seed viability

It is recoginized that seeds are the sole source of Striga infestation. They are produced in

thousands often from about 10,000 per plant (pieterse and Pesch, 1983). Dispersed seeds

may remain dormant for several months (after-ripening period) without germinating even

if conditions are ideal (Vallance, 1959). At the expiry of "after-ripening" period, Striga

seeds will germinate in the presence of a stimulant exuded from plant roots only after the

seeds have been conditioned by moisture adequate for seed imbibition within a

temperature range of 20 to 33° C (Vallance, 1950; Eplee, 1975, Worsham, 1987). Other

soil additions that can condition Striga seed include organic amendments such as

farmyard manure and green manure (Frost, 1995; Odhiambo, 1997). After germinating,
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Striga radicle grows directly towards the source of the stimulant chemotropically (Chang,

et al., 1986).

We initiated this study to test the hypothesis that phosphorus and desmodium interaction

through root exudates affect Striga germination and seed longevity in the soil. Seed

longevity in the soil is a function of several factors that include seed predation,

pathogenicity, mortality or germination among others (Crist and Friese., 1993). Against

the background that Striga seeds will not germinate in the absence of a chemical

stimulant and only after, they have been conditioned, it is probable that desmodium root

exudates emanating from plants earlier treated with phosphorus could influence

germination and or viability either way.

Our results indicated that the longer the seeds remained exposed to desmodium exudates,

the more the viable seeds either germinated or reverted to dormant status and also

gradually changed to non viable status, desmodium species not withstanding. The

findings from this study further demonstrate that longevity of Striga seeds is adversely

affected by D.uncinatum and D. intortum root exudates to the extent that prolonged

exposure of exudates has potential of reverting Striga infested soils free of viable seeds.

The findings are in agreement with results reported by Khan and Midega (2006) that long

term usage of either D.uncinatum or D.intortum has potential of completely depleting

Striga seed bank in the fields. Based on our results, we propose that stimulatory and

inhibitory activities of desmodium root metabolites concurrently take place with the

process that reverts viable Striga seeds to dormant status. Further research is needed to

investigate the mechanism involved in reverting seed viability status.

Root exudates from D.uncinatum posted relatively stable trend at all phosphorus rates

while exudates from D.intortum had fluctuating effect across phosphorus rates indicating

that D.intortum is relatively more sensitive to phosphorus nutrition than D.uncinatum.

123



5.3 Soil fertility status of the study sites

. In western and central Kenya, most soils have more than 27 per cent Al saturation which

contributes to low maize and grain legumes yields « 0.5t/ha/season) at smallholder farm

level (Obura et ai., 2003). Soils at Ngiya and Ndori have an average pH of 4.8 and 5.2

respectively. They are thus classified as acidic, which is characteristic of soils in the

tropics (Sanchez et ai., 1997, lama, 2000). The acid soils are highly weathered and are

dominated by low clay activity, which limits their capacity to hold exchangeable bases (

Ca2+, Mg2+ and K+) and hence are typically of low inherent fertility. Generally, soil

acidity is attributed to abundance of hydrogen (H+) and aluminium (A13+)cations in soils.

However, soil acidity may be aggravated by (i) crop removal of cations in exchange for

H+, (ii) leaching of cations and being replaced first by H+ and subsequently by A13+(iii)

decomposition of organic residues which produce carbonic and other weak acids (Palm et

al., 1997, Bolan and Hedley, 2003). Direct effect of low soil pH on crop growth is

suppression of root development (Kidd and Proctor, 2001., Kochian, 1995) and reduced

availability of macro nutrients to plant, especially phosphorus, which is readily available

under medium pH range (Brady, 1984).

At Ngiya and Ndori fields, low soil pH coupled with acute deficiency of phosphorus and

low organic matter exhibits presence of excess At3 ions which fixes P and subsequently

prevents its uptake and hinders translocation of nutrients to the plant top from the roots

(Kochian, 1995, Kanyanjwa et al ., 2002,). Root elongation and overall crop growth is

retarded in such soils (Kanyanjua et al., 2002; Ligeyo and Gudu, 2005). The acute

deficiency of available P at the two experimental sites was attributed to high Fe and Al

oxides that dominate Ferralsols (Smithson and Sanchez, 2000).

Most African soils are inherently low in organic carbon « 20 - 30 mg/kg in the top soil).

Bationo et al., (2003), advanced the cause of low SOC in the tropics as due low root

growth of crops and natural vegetation coupled with rapid turnover rates of organic

materials with high soil temperature and micro fauna, particularly termites. Low soil
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organic carbon (SOC) and N in the soils used in our study was attributed to the intensive

cultivation without any matching restocking of organic matter in the fields ( Okalebo et
I

aI., 1987; Bationo et al., 1995; Nandwa, 2003) . Soils low in OC lack positive soil

attributes provided by soil organic matter (Palm et al., 1997. and Dudal, 2002). Low

sac results in poor physical soil properties which hinder supply of macro and

micronutrients (Nziguheba et al., 2000, Giller et al., 2006). The critical level of sac is

2%, which is used as a cut-off recommendation for nitrogen fertilization in Kenya (Ayaga

et al., 1994).

The attributes that influenced dynamics in soil properties were phosphorus levels as well

as desmodium species. This was pronounced during long rainy season which had well

distribution of rains that favored both maize and desmodium plants. The prolific growth

of desmodium in the fertilized treatments, especially after the first season, was evidently a

reflection of soil condition. An increase in sac was triggered by the impact of.

decomposting residues as stimulated by micro fauna and flora.

5.4 Effect of maize and desmodium cropping on soil pH

Continuous cropping can have varying effects on soil properties due to differences in

climate, crop rotation, soil type, or length of time the soil has been under a particular

management (Werner, 1997). We recorded changes in soil properties that largely are in

agreement with other reports on work carried out under conventional management

practices similar to our case, although contradicting results have also been reported

elsewhere. Thus Mugendi et al., (1999) observed a general reduction in soil pH after

application of inputs that included mineral fertilizer, Leucaena and Calliandra biomass.

We observed a similar trend in our study where phosphorus fertilization of desmodium x

maize intercrop reduced soi1p H by an average of 0.15 at Ndori and 0.1 at Ngiya. The
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marginal reduction in pH in our study was probably due to addition of H+ ions on the

cation exchange complex of soils from the applied mineral fertilizer as well as those from

the decomposing organic materials (Tisdale et al., 1993, Oglesby' .and Fownes, 1992).

However, the reduction in soil pH was probably accelerated by leaching of base cations

especially during rainy seasons.

The apparent attribute associated with the dynamics in soil properties in this study was

phosphorus levels. This was evidently so during long rainy seasons that were

characterized by even rainfall distribution. This inevitably favored both maize and

desmodium plants that received P. The prolific growth of desmodium in the fertilized

treatments, especially after the first season, was evidently a response to soil condition. In

a study that looked into the effect of inputs on soil properties after application, Eghball

(2002) observed a general increase in some soil parameters. In contrast, Mugwe, (2007)

reported a general reduction in some soil fertility parameters after continuous

applications of inputs and cropping.

5.5 Effect of maize and desmodium cropping on soil organic carbon

Increase in sac observed in treatments that received high doses of phosphorus (~ 46 kg

P20S ha-1
) was attributed to the enhanced P fertility in such plots. The improved fertility

through application of P mineral fertilizer in this study could have been increased both

roots as well as above ground biomass production. Thus, the increase in sac was

possibly indirectly triggered by the impact of decomposing residues, in the relatively less

disturbed soil aggregates, as reported by Antil et al., (2001) and Bationo et al., (2003). In

normal productive soil, SaM does not accumulate because every addition of organic

matter stimulates activities of microorganism that contribute to decomposition and

mineralization to available nutrient forms.

It is, however, appreciated that some residues and specific constituent of complex

residues can decompose more rapidly than others (Behera and Wagner, 1974; Haider et

al., 1974). Continuous cultivation has been reported to increase microbial attack and

mineralization, which leads to breakdown of soil aggregates and thereby exposing SOM
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(Six et al., 2000; Bationo et al., 2003; Teklay, 2005). The process of breakdown of

organic materials is also accelerated by temperature and soil fauna (Focht and Martin,
(

1979; Feller and Beare, 1997; Bationo et al., 2003). These factors.are considered to have

favored accumulation of sac in our study.

5.6 Influence of phosphorus on effectiveness of desmodium root exudates

Suppression of Striga emergence by desmodium root exudates was evidently influenced

by phosphorus application. The effects of phosphorus were more pronounced in pot

experiment 2 where root exudates from mature desmodium plants aged between 21 and

33 weeks was used. Root exudates from desmodium plants aged 8 to 21 weeks used in

experiment 1 had adverse effect on Striga emergence only at high (72.1 mg P kg' soil)

phosphorus rates while exudates from the more mature desmodium plants suppressed

Striga emergence at rates ~ 30.9 mg P kg" soil. These observations suggest that

suppression of Striga emergence by the root exudates is not only cumulative but is also

dependent on both age of desmodium plant, hence root density, as well as phosphorus

status of the growth media. Apparently, there is very little, if any, work done in this area

of research as yet.

Fertilizing desmodium with phosphorus induced early emergence of Striga plants but this

trend reversed as desmodium plants matured, possibly because of large production and

exudation of germination as well as inhibitory stimulants which consequently adversely

affected Striga incidences over time. Unlike in the controlled environment pot

experiment,there was no relationship between Striga density and biomass under field

condition although in the early seasons (LR 2007 and SR 2007), Striga density and

biomass were positively correlated. The apparent lack of relationship between Striga

density and biomass in the latter seasons at Ndori and Ngiya sites was probably due to

heterogeneity of the field condition. Variations in soil moisture and soil temperature

coupled with the apparent increase in Striga suppression by old desmodium plants are

likely to have affected plant density as well as growth.
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D. uncinatum species was associated with relatively high Striga emergences during the

first two seasons but the emerged plants did not survive long as most of them ceased

growth at tender age due to the carpet surface coverage by desmodium vines/leaves,

which shaded and smothered the emerged plants as the season advanced. The other

possible reason for such occurrences was linked to desmodium root functions in the soil.

It is probable that D. uncinatum may have released relatively more Uncinanone A

(germination stimulant) compared to Uncinanone B (attachment inhibitory stimulant) at

this site. In contrast the low number of Striga plants associated with D. intortum system

at Ndori suggests possibility of high Striga attachment deterrence by desmodium. We

suggest that high deterrence of Striga attachment was possibly through production of

highly effective and or large quantity of Uncinanone B compounds by desmodium

species. It is also possible that there may have been low or less effective production of

Uncinanone A compounds by desmodium plants resulting in only a few conditioned

seeds getting stimulated to germinate.

Unlike D.uncinatum, which had inconsistent trend of Striga density with phosphorus

application rates, the root exudates from D.intortum species registered consistent

reduction in the number of emerged Striga plants with increase in phosphorus rates.

Nevertheless, mean Striga plants across phosphorus rates for D.uncinatum and

D.intortum were not significantly different which indicates that neither of the two species

of desmodium was out rightly superior to the other in Striga suppression.

Maize Stover biomass was positively correlated with stem diameter as well as grain

yield. Tall plants were also the ones with large stem diameter and were associated with

less Striga density as well as relatively low Striga seeds. Similar findings was reported by

Soon et al.,(1997) reported. Stem diameter was the only growth component that was

significantly increased at low (10.3 mg P kg-! soil) P application rate. Consequently, it

was considered the most P sensitive parameter compared to others captured in this study.

Application of phosphorus above 5l.5 mg P kg' soil to D,intortum and D.uncinatum

triggered low number of emerged Striga plants and relatively high biomass. However,

this did not translate into any gain in grain yield. The probable reason for such
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occurrence is that the treatments may have induced conditions that did not favour Striga

seeds to condition and subsequently affected both germination and emergence. Prior to

seed germination, Striga require favourable environment (moisture and temperature) for a

period of7 to 14 days to condition (Worsham 1987., Kim 1991:, and Berner et al., 1997).

It appears that the prevailing environment was also less favourable to maize crop and

hence no gains were reflected on grain yield. Alternatively, high phosphorus saturation in

the fertilized soil may have maintained maize crop making it not succumb to Striga

parasitism as nutrients were in abundance, a situation that however, failed to induce any

additional grain during grain formation. The positive correlation between Stover biomass

as well as stem diameter to grain yield was not surprising as healthy plants were able to

withstand the less environmental stress associated with low Striga incidences (Ahonsi et

al., 2004., Vanlauwe et al., 2008).

Large number of Striga seeds in the soil was associated with high number of emerged

Striga plants, which had also triggered low grain yield. However, there are instances in

which the number of Striga seeds and the number of emerged Striga plants did not

directly relate to grain yield. For example, root exudates from D. uncinatum treatment,

which was associated with the least number of Striga seeds (191.6 seeds kg·l soil) and

had a mean of 7.1 Striga plants" pot produced grain yield of 29.2 g.l plant. This was

about 15% less than that produced by the treatment,which had a mean of 285.1 Striga

seeds and 12.1 Striga plants plants" pot.

5.7 Seedbank and Striga emergence dynamics

Unfertilized desmodium treatments had comparable Striga density with maize pure stand

treatment during the first season. However, this trend reversed as relatively fewer plants

were observed in desmodium treatments in the subsequent seasons (Khan et al., 2006).

This indicates that effectiveness of desmodium plants in suppressing Striga emergence

were minimal in the young plants, but increased as the plant matured. We hypothesise

that unlike mature plants, young desmodium plants roots may have produced insufficient

Striga germination stimulants that hardly met the threshold necessary for stimulating

Striga germination. It is also probable that from young roots, appreciable quantity of
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inhibitory stimulants was produced that was enough to considerably suppress Striga

emergence.

Most suppression on Striga seeds and plants at both Ngiya and Ndori was achieved at 69

kg P20S ha" rates. The effect at 46 and 69 kg P20S ha' were, however, comparable at

Ngiya. In Ngiya, fertilization of D.uncinatum at 69 kg P20S ha-1 induced a mean of 65%

reduction in Striga density compared to 36% in the unfertilized treatment while

D.intortum had the corresponding reductions of76% and 47% respectively.

In Ndori, where there was relatively less rainfall during crop growth, application of

phosphorus at 69 kg P20S ha' on D.uncinatum triggered a reduction in Striga density by

a mean of about 70% while the unfertilized desmodium treatment induced only 10%

reduction. But in the D.intortum system, reduction of about 32% and 79% were obtained

in the unfertilized and fertilized (69 kg P20S ha-1
) treatments respectively. It was

interesting to note that adverse effects of desmodium species on Striga density were

slightly high in the wet site (Ngiya) compared to that at Ndori that experienced less rains

especially during the short seasons. It is probably that the prevailing dry condition at

Ndori had not favored conditioning of large number of Striga seeds resulting in the

observed relatively low germination while the prolonged wet season experienced at

Ngiya was likely to have posed conducive environment for most seeds to condition and

germinate upon being stimulated.

After 4 continuous cropping seasons, Striga seeds were reduced across phosphorus rates

by 4% and 2% at Ngiya and 21% and 33% at Ndori under D.uncinatum and D.intortum

systems respectively. The trend in seed reduction at Ndori indicates that D. intortum was

more effective in relatively long dry spell during crop growth than D.uncinatum which

was effective in a more reliable rainfall area (Ngiya). The apparent superiority of D.

intortum in the dry environment was attributed to its drought tolerance and sensitive

response to phosphorus application (Ostrowski, 1966 and Haque et al., 2002).

D. intortum was not only responsive to phosphorus application in terms of crop growth;

but was also more effective in suppressing Striga incidences at lower doses of
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phosphorus compared to D. uncinatum. This was probably due to the fact D. intortum is

species is drought tolerant. It is thus possible that it had its root growth less impeded by

the prolonged dry spell experienced at the start of 2007 long rains, unlike the less drought

tolerant, D. uncinatum species. There was variation in soil moisture observed during crop

growth following uneven rainfall distribution especially at Ndori.

Fertilizing desmodium with phosphorus induced early emergence of Striga plants but this

trend reversed as desmodium plants matured, possibly because of large production of

germination as well as inhibitory stimulants which consequently adversely affected

Striga incidences with time. It is also noted that under field condition, phosphorus is

likely to have induced vibrant maize root growth which is likely to have released high

Strigoi stimulants to trigger germination of a large number of conditioned Striga seeds.

But this trend reversed in the subsequent seasons as desmodium plants also matured. This

observation suggest that as desmodium plants matured and its root density increased,

there was an increase and or enhanced production and exudation of Striga stimulatory

and inhibitory isoflavanone compounds: ' 5"-dihydro-5,2',4'-trihydroxy-5"-

isopropenylfurano-(2",3";7,6)- isoflavanone (uncinanone B) and 4",5"-dihydro-2'-

methoxy-5,4'-dihydroxy-5"-isopropenylfurano-(2",3";7,6)-isoflavanone (uncinanone C).

The two compounds (from root exudates) have been shown to stimulate germination and

inhibit Striga attachment respectively (Khan et al., 2000; Muniru et ai., 2003 and Khan et

al., 2006). The adverse effect on Striga incidences was thus increased as maturing

desmodium roots explored soil volume and further widened contact surface area in the

soil. This explains the reduction trends in seedbank as well as the relatively low

emergences of S. hermonthica plants associated with phosphorus fertilization.

Striga seed numbers positively correlated with Striga density at both Ngiya and Ndori

sites. Striga density reduced as seed population declined with seasons. However, season

1 (LR 2007) was associated with most seeds as well as Striga plants while season 4 (SR

2008) had the least irrespective of desmodium species. The number of seeds in the soil

declined as more and more of them germinated with time. The consistent drop in both

seeds and Striga plants with seasons especially during the last 2 seasons was attributed to
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the induced suicidal germination by desmodium's root metabolites (Khan et al., 2008).

Seasonal uprooting of emerged Striga plants before flowering is also considered to have

accelerated the process of seed reduction as well as Striga density in the plots.

D.uncinatum was associated with; relatively high Striga emergences during the first two

seasons but the emerged plants did not survive long as most of them ceased growth at

tender age especially at Ngiya. We attributed this trend to carpet surface coverage by

desmodium vines/leaves, which shaded and smothered the emerged plants as the season

advanced (Khan et al., 2008). The other possible reason for such occurrences was linked

to desmodium root functions in the soil. It is probable that D. uncinatum may have

released relatively more Uncinanone A (germination stimulant) compared to Uncinanone

B (attachment inhibitory stimulant) at this site. In contrast the low number of Striga

plants associated with D.intortum system at Ndori suggests possibility of high Striga

attachment deterrence by desmodium. We hypothesise that high deterrence of Striga

attachment was possibly through production of highly effective and or large quantity of

Uncinanone B compounds. It is also possible that there may have been low or less

effective production of Uncinanone A compounds resulting in only a few conditioned

seeds getting stimulated to germinate.

Enhanced canopy coverage associated with mature desmodium plants is considered as

another possible reason why few Striga plants emerged in the later seasons (LR 08 and

SR 08) compared to season 1 (LR 07). This was evident where desmodium had received

high doses of phosphorus. In such environments, desmodium plants had established well

and accumulated large biomass that nearly covered completely the ground surface. It was

no wonder that Striga plants that emerged earlier did not survive long. The trend was

particularly more pronounced at Ngiya, where there was relatively more rainfall that

favored plant growth. Our observation is in agreement with findings of Khan et al,

(2008) who reported low Striga emergence in treatments that had full surface ground

covered while high emergences were associated with less covered surface treatments.

There were spontaneous emergences of Striga plants particularly at Ndori. This trend was

consistent with soil moisture condition. At early stages of crop growth, soil was generally
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less dry while during the late stages of maize growth; soils were much drier as rains

tended to diminish with season. Variations in soil moisture as well as soil temperature

have been reported to have adverse affect on microbial activities which have direct

influence on Striga seed conditioning and germination (Pieterse and Verkleij, 1991,

Ahonsi et al., 2002ab).

Consistent seasonal decline in Striga density and the associated gradual decline in Striga

seeds was influenced by phosphorus fertilization. Lower doses of phosphorus were

associated with relatively high number of Striga seeds as well as Striga plants while high

rates of phosphorus had low number of Striga plants and seed numbers. The decline in

Striga seeds was relatively more pronounced in desmodium-intercropped systems that

received phosphorus rates at 46 and 69 kg P20S ha-l. It is likely that phosphorus had

promoted prolific root growth, of desmodium plants, which thoroughly explored the soil

and enhanced germination of conditioned seeds within the reach. This is probably the

reason why relatively less germination was attained with lower phosphorus doses. The

finding gives indication that agrees with those reported by other workers that phosphorus

initiates root development in plants as well as promotes their growth (Zanchez et al.,

1976, Okalebo et al., 1990).

5.8 Maize response to Striga stress

Maize grain yield was influenced by both Striga seed count in the soil as well as Striga

plant density. Large number of Striga seeds in the soil was associated with high number

of emerged Striga plants, which had also triggered low grain yield. However, there are

instances in which the number of Striga seeds and the number of emerged Striga plants

did not directly relate to grain yield. For example, root exudates from D. uncinatum

treatment, which was associated with the least number of Striga seeds (191.6 seeds kg"

soil) and had a mean of 7.1 Striga plants" pot produced grain yield of 29.2 g-l plant. This

was about 15% less than that produced by the treatment, which had a mean of 285.1

Striga seeds and 12.1 Striga plants" pot.
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As expected, treatments that resulted in large number of seeds also produced high

number of Striga plants, which inevitably increased parasitism and consequently lowered

grain yield. However, there are instances in which the number of~triga seeds and the

number of emerged Striga plants did not negatively correlate to grain yield. Treatments,

which had few Striga plants but posted low yields, gave the indication that relatively

large number of Striga seeds had actually germinated and attached but failed to emerge

as a result of unfavourable environment. The germinated seeds had thus parasitized the

crop below the ground thereby causing damage to the crop. It is recognized that Striga

inflicts most damage on the host crop before the weed emerges from the soil and that

numerous germinated seeds do not necessarily emerge above the ground after

germination (Gurney et al., 1995; Odhiambo et ai., 1988).

Various research findings have shown that Striga control requires an integrated approach

that attacks Striga from various fronts (Schulze et ai., 2003). This approach is necessary

because of Striga's genetic plasticity that makes the weed adapt and overcome control

measures employed singly (Dashiell et al., 2000). Consequently, several strategies have

been developed for controlling Striga infestation in farmers' fields. Some of such

methods include heavy application of nitrogen (lgbinosa et al., 1996), crop rotation

(Oswald and Ransom, 2001), application of herbicides (Oswald, 2005), use of

tolerant/resistant crop varieties (Showemimo et ai., 2002) and use of trap crop crops

(Gbehounou and Adongo, 2003). In addition, use of desmodium uncinatum in a maize

based cropping system was recently advanced and is being disssaminated to farmers in

Striga hot spots (Khan et ai., 2006).

Root exudates of desmodium plants aged from 23 to 35 weeks exhibited higher adverse

effects on seedbank and Striga emergence than those aged between 8 and 22 weeks. Thus

allelopathic action of desmodium on Striga weed was influenced by duration of contact

and is accelerated by phosphorus application.

Phosphorus induced vibrant maize root growth which released Strigol stimulants and

triggered germination of a large numbers of conditioned Striga seeds. This process

favored faster depletion of Striga seeds from the soil.
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From our study, the relationships between maize yield and Striga density at various

levels of phosphorus application indicated that maize yield is inversely related to Striga

density as treatments that produced low yields are also the ones that had high number of

Striga density while high grain yields were associated with few, if any, number of Striga

plants. Furthermore, effectiveness of desmodium was dependent on plant age as well as

rate of phosphorus supply. There were as high number of Striga plants in the unfertilized

desmodium intercropped treatments as there were in the maize control plots during the

first season although the number of Striga plants sharply declined under desmodium

based system in the subsequent seasons. Desmodium plants may have not established

well during the first season and this may be the reason why it registered dismal action on

Striga emergence. We hypothesize that phosphorus fertilization might have enhanced

prolific root growth of both desmodium and the host plants which in tern influenced

production of Striga stimulatory compounds and activities.

The number of Striga plants recorded from sole maize treatment plots was initially high

in the first season but decreased steadily in the -subsequent seasons. Seedlings of S.

hermonthica produce adventitious roots that form both primary and secondary haustoria

wherever there is contact with host roots, thereby greatly increasing capacity to absorb

water and nutrients from the host crop (Doggett, 1988). It is probable that the poor

growth of maize crop resulted in less Striga plants emerging from the soil in the

subsequent seasons, as the malnourished crop could no longer support as many Striga

plants. We further hypothesise that the sharp decline in Striga density was partly due to

natural depletion of seeds in the soil arising from suicidal germination of seeds through

actions of desmodium root exudates. This inadvertently improved maize yield for the rest

of the remaining seasons. The number of Striga plants recorded from sole marze

treatment was initially high in the first season but decreased steadily thereafter.

There were relatively high numbers of seed in the soil during the earlier seasons, which

progressively declined in the subsequent seasons as maize yield increased. The declining

trend in Striga seed numbers was relatively stable with time probably because of

desmodium induced suicidal germination of the seeds and the contribution of the regular
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hand pulling of emerged plants soon after every count. The inverse relationship between

maize yield and seed numbers in the soil is a pointer to the need for phosphorus efficient

and faster growing legume spp. that exhibit allelopathy to Striga seed.

Use of legumes as trap crops to reduce the Striga seed bank in a cereal-legume rotation is

the option appreciated by many researchers Odhiambo and Ransom., (1994), Musambasi

et al., (2001) and Ahonsi, et al., (2004,) evaluated effects of selected S. hermonthica

control strategies on biotic suppressiveness by comparing effects of the treatments in

non-pasteurized soil with those of the same treatments in pasteurized (steamed) soil.

They found that biotic soil suppressiveness to S. hermonthica existed naturally in the soil

used and was enhanced by a preceding soybean crop and application of N, P or NPK

fertilizers. Supplemental inorganic fertilizers in a legume - cereal based system, as well

as other soil-based S. hermonthica management systems such as crop rotation are very

important aspect in enhancing natural suppressiveness of soils (Berner et al., 1996;

Ahonsi et al., 2002a).

The adverse effect of phosphorus and desmodium interaction on Striga was one possible

reason why maize yields were high despite the relatively high number of Striga seeds in

the soils. Our study provides evidence that despite high Striga seedbank in the soil, maize

yield was not compromised after full establishment of desmodium especially at higher

rates of phosphorus application. It is possible that even conditioned Striga seeds were

rendered dormant by desmodium root exudates. This could explain the reason why high

number of Striga seeds was retained in the soil yet only a few Striga plants emerged in

mature desmodium plants that were phosphorus-fertilized. In a study that compared

"push pull" and other Striga control strategies in western Kenya, application of

formulated fertilizer package (22 kg N and 10 kg P ha-1
) to D. uncinatum led to higher

Striga emergence without compromising maize yield. It was however, not clear from the

study how a young desmodium plant had contributed to the improved maize yields

(Woomer et al., 2005).

Maize grain yield was affected by both Striga seed count in the soil as well as Striga

density. As expected, treatments that gave large number of seeds also produced high
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number of Striga plants, which inevitably lowered gram yield. However, there are

instances in which the number of Striga seeds and the number of emerged Striga plants

did not correlate to grain yield. Treatments, which had few numbers of Striga plants but

posted low yields, gave the indication that relatively large number of Striga seeds might

have germinated, having experienced conducive environment that conditioned them. The

seeds subsequently received exudation of germination stimulant by maize roots as well as

stimulants from desmodium roots delivered by aqueous exudates solution. It is therefore

possible that the germinated seeds had also attached themselves on the maize roots and

hence parasitized the crop below the ground thereby causing damage. It is recognized

that Striga inflicts most damage on the host crop before the weed emerges from the soil

and that numerous germinated seeds do not necessarily emerge above the ground after

germination (Gurney et al., 1995).

5.9 Effect of phosphorus on shoot biomass

Our results revealed consistent gams m shoot biomass enhanced by phosphorus

especially at higher rates of application. We attributed the massive shoot biomass

accumulation observed at high P rates to the enhanced root growth and increased nutrient

uptake. We show in this study that both D.intortum and D.uncinatum had biomass

accumulated gradually in apparent response to their growth and physiological

development. As expected, mature plants produced higher herbage dry matter yields than

the young ones. By the end of the first season, desmodium plants had matured and had

roots fully established in the pot. It thus resulted in optimizing nutrient uptake and

resulted in accelerating accumulation of shoot biomass. Our result is in agreement with

previous findings from field studies by other workers (Haque et al., 1986, Cadisch 2003

and Reda et al., 2005). In yet another study where effect of organic and inorganic

fertilizers on D. uncinatum growth was investigated under field condition, Muyekho et

al., (2003) reported that application of N beyond 40 kg N ha' resulted in a significant

decline in total herbage dry matter yield while application of P at 23 and 46 kg P20S ha-1

induced (significantly) increase in herbage dry matter yield. They also observed no gain

in shoot dry matter yield at P rates above 46 kg P20S ha".

137



5.10 Effect of phosphorus on root biomass

Supplying phosphorus at 41.2 mg P kg" soil increased D. uncinatum and D. intortum root
<,

biomass by 62 and 131%, respectively. The increase in biomass was evidently more

pronounced in the D. intortum treatment, which suggests that D.intortum was more

responsive to phosphorus application than D. uncinatum. In a study that tested nine

tropical and one temperate pasture legume species grown on soil with varying additions

of phosphate, Ascencio (1996) found that phosphorus was positively correlation with

biomass production of Desmodium tortuosum (sw.) de in a phosphorus deficient soil

while severe phosphorus stress reduced its root length by 50%.

Lack of response by root biomass to phosphorus application above 51.5 mg P kg' soil

was probably caused by high P concentration (associated with the application rates) in the

soil. This may have induced deficiency and or antagonized the uptake of others nutrients

and resulted in compromising root growth. Alternatively, presence of mycorrhizae in the

acutely P deficient soil used in the pot experiment might have had contribution in

suppressing P uptake. A number of workers have reported suppression of phosphorus

supply by some fungi in phosphorus deficient soils. Kaori et al., (2006), showed that both

AM fungi and root holoparasitic plant Orobanche minor Sm., reduced supply of

phosphorus but not of other elements (N, K, Mg, Ca) they examined using red clover

plants (Trifolium pratense L.). Other workers who investigated mycorrhizae as potential

resource for phosphorus acquisition in systems that incorporate legumes sps also reported

similar results (Ciotola et al., 1995, Ciotola et al., 1996, Savard et al., 1997).

5.11 Desmodium nodulation

Many soils in the tropical region are, low in both total and available phosphorus (Chien

and Menon, 1995; Rao et al., 1999). This condition is worsened by continuous depletion

of nutrients (Sanchez et al., 1997, Smalling et al., 1997). It is appreciated that legumes

require effective rhizobia strains and adequate soil phosphorus to fully exploit their

nitrogen fixation potential. Our work revealed that supplying phosphorus induced
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production of not only large number but also small sized and lighter nodules. This

observation was particularly holding in D. intortum treatments.

Although appreciable number of the total nodules produced by each desmodium species

was red in colour, indicating potential of nitrogen fixation, the number tended to decrease

with application of phosphorus above 41.5 mg and 51.8 mg P kg' soil in D. uncinatum

and D. intortum respectively. The proportion of effective nodules was 59% and 64% of

total nodules in D. uncinatum and D. intortum treatments. Interestingly, treatments that

produced high number of effective nodules in D. intortum also produced lighter nodules

while treatments that produced few nodules had relatively heavy nodules. This

observation indicates that nodule production by D. intortum was inversely related to

nodule fresh weight. It may be of interest to quantify and compare the biologically fixed

nitrogen associated with the relatively few but big sized nodules in D. uncinatum and the

small, but large in number, produced by D. intortum.
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CHAPTER SIX

6.1 CONCLUSIONS AND RECOMMENDATIONS c..

6.1.1 Conclusions

Continued exposure of Striga seeds for 42 days to root exudates from either D.

uncinatum or D. intortum was more effective in stimulating Striga seed germination

than exposure for 21 days. Exposing Striga seeds to desmodium root exudates induced

reversion of viable Striga seeds to dormancy status. The mature desmodium plants (21

to 33 weeks old) were more effective in stimulating as well as suppressing Striga

incidences compared to the relatively young (8 to 21 weeks old) desmodium plants.

Application of P benefited desmodium plants and resulted in prolific growth that did not

only improve soil productivity but also enhanced nodulation. Increase in SOC was the

most outstanding gain in soil properties observed after the four seasons of continous

maize - desmodium cropping system.

Fertilizing desmodium with phosphorus triggered early emergence of Striga plants but

this trend reversed as desmodium plants matured and increased suppression of Striga

emergence. It is probable that as desmodium plant matured, the associated increase in

root density explored large soil surface/volume, from which nutrients were mined. Root

exudates of desmodium plants aged from 21 to 33 weeks exhibited higher adverse

effects on seedbank and Striga emergence than those aged between 8 and 22 weeks.

Thus allelopathic action of desmodium on Striga weed was influenced by duration of

contact and accelerated by phosphorus application at ~ 46 kg P20S kg-1 soil.

The number of Striga seeds in the soil was positively correlated to the number of

emerged Striga plants but was inversely correlated to maize grain yield. With adequate

supply of phosphorus, maize plants produced massive root biomass that was likely to

have released more Strigol stimulants that triggered germination of a large numbers of
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conditioned Striga seeds. This process favoured faster depletion of Striga seeds from the

soil.

Effectiveness of desmodium root exudates was dependent on root growth, high root

density enhaced exploration of wide soil surface and hence eased accessability of Striga

seeds in the soil. Consequently, a1lelopathic action of root exudates on Striga was

influenced by stage of desmodium growth and accelerated by phosphorus application at :s
46 kg PzOs kg" soil.

Increase in biomass production was evident with phosphorus application in D. intortum

regadless of growth stage while D. uncinatum was more responsive to P application at

relatively late stages of growth. While D.uncinatum had a linear response trend at all

phosphorus rates, D.intortum had fluctuating response across phosphorus rates indicating

that D.intortum is relatively more sensitive to phosphorus nutrition than D.uncinatum

species.

The number of nodules consistently increased with root weight and root density both of

which responded positively to phosphate fertilization. The number of nodules in the D.

intortum species and nodule weight were, however, inversely correlated. Supplying

phosphorus at either 46 or 69 kg PzOs ha-1 induced increase in root density which resulted

in enhanced root weight as well as production of large number of nodules.
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6.1.2 Recommendations

• Exposure of Striga seeds for 42 days to desmodium root exudates provided optimum

suppression of Striga incidence '--

• To obtain significant suppression of Striga incidence, farmer should continuously

have maize - desmodium system for at least 3 seasons.

• Suppression of Striga incidence as well as increase in soil organic carbon can be

optimized by applying P at 69 kg P20S ha". in a maize - desmodium cropping

system.

6.1.2.1 Recommendation for further research

We recommend the following for further research:-

• Effect of longer exposure (beyond 42 days) of S. hermonthica to desmodium root

exudates on seed longevity in high and low phosphorus regimes

• Mechanism involved in reverting viable S. hermonthica seeds to dormant status by

desmodium root exudates.

• Production and relative effectiveness of stimulatory and inhibitory activities of D.

uncinatum and D. intortum in Striga control.
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