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ABSTRACT
In Western Kenya, maize yields in farm fields is usually less than 1ton/ha compared to the
potential of up to 10tons/ha. The low yields are largely due to low soil fertility coupled with
- poor management. The main fertility constraints are low levels of available phosphorus
associated with the high soil acidity. Nandi south- sub-county farming systems are associated
with the above constraints. Farms productivity in the area is classified as high, medium and
low soil fertility, depending on time of conversion to arable farming from forest. Farmers are
‘resources poor’, can hardly afford the relativel}'} costly inorganic fertilizers and neither do
they have access to high quality manure alternative to either restore or maintain the farm soil
fertility. The need for sustainable product is necessary to improve the local farming system
by introducing higher quality P-fortified manure as alternative to the costly inorganic
fertilizer. An éxperiment was therefore set up to compare P-fortified compost with compost
and two Inorganic phosphorus sources. A Randomized Complete Block Design (RCBD)
replicated three times with six treatments namely control, rock phosphate (RP) 60 kg
P,Os/ha, Triple super phosphate (TSP) 60 kg P,Os/ha, Compost (6t/ha), P-fortified Compost
(30 kg P2Os/ha) and P-fortified Compost (60 kg P,Os/ha), was set up at the three sites low,
medium and high soil fertility. Maize H513 and was used as a test crop in the short rain
season and repeated in the long rain season without additional treatments to evaluate the
residual phosphorus effect of the treatments. The P-source experiment (season II) was set up
in new site on adjacent farms during the long rain season. All experimental plots received
blanket application of nitrogen fertilizer (60 kg N/ha) applied as CAN in split application.
Data collected included plant height, leaf area index, chlorophyll content, 100 seed weight
and grain yield. Plant samples were also collected and analyzed for total P. The data was
subjected to Analysis of variance (ANOVA) and the mean separated using Tukey’s Honestly
Significant Difference (THSD) Test at 0.05 level of significance using SAS. P-fortified
Compost (60 kg P20s/ha), and TSP increased plant growth and yields in all the sites. P-
fortified compost (30 kg P,Os/ha), had higher Agronomic Phosphorous Use Efficiency
(APUE) of 40, 26.7, and 30 kg kg™ in high, medium and low fertility site respectively. P-
fortified compost manure (60 kg P,Os/ha) and P-fortified compost manure (30kg P,0s/ha)
had the highest residual effect on maize growth and yield across sites. Generally, the results

of the study indicate that application of P-fortified compost manure significantly increased

growth and yield of maize.
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CHAPTER ONE
INTRODUCTION

1.1 Background information

Only about 18% of Kenya’s land mass is classified as medium to high potential
agricultural land (GOK, 2010). Western Kenya is mainly medium to high potential and
covers approximate:ly 13,000 Km” of total land mass. The area has a population density of
more than 1100 persons/km® and an average farm size of 0.6 ha per capita (Marenya and
Barret, 2009). Western Kenya comprises about 52% of the maize growing area in Kenya
(Jayne ef al., 2001). Farmers in the western Kenya region commonly get maize yields below
1 ton/ha/season against the potential yield of 10 tons/ha (Nekesa et al., 1999). Soils in this
area vary from high through medium to low fertility depending on time from conversion from
forest to cultivation. For example Kapkerer that has been under cultivation for between 80 to
105 years is classified as low fertility, while, Kiptaruswo and Kiobem that have been under
cultivation for 60-80 and 5-30 years are classified as medium and low fertility respectively
(Jaetzold and Schmidt, 2006).
The low maize productivity is mainly attributed to low soil fertility coupled with low
resource level and lack of adaption of appropriate agronomic recommendations. Among the
soil fertility constraints that contribute to low maize yield are low levels of P, pH and organic
matter (Okalebo ef al., 2002; Kinyangi 2008). In addition to low soil fertility, heterogeneity is
a common phenomenon both at farm and landscape level (Titonell ef al, 2005). Studies in
Western Kenya have noted gradients in soil fertility, pH, N, P and organic carbon levels
within different fields of the same farm or within different farms but same agro-ecological
environments (Titonell er al, 2005; Vanlauwe et al, 2007). The blanket agronomic
recommendations for maize in western Kenya which include 60 kg/N/ha and 60 kg/P,Os/ha
assume that farms are homogenous in soil fertility (KARI, 1994). Studies have however
shown that variations in soil fertility are significant and cannot be ignored (Ojiem and
Odendo, 1997). Consequently adoption of recommendations does not often resolve the

nutrient replenishment problem resulting in continuing soil fertility decline (Zingore ef al.,
2007).



South Nandi District, Nandi County, in Western Kenya is one such area where soil fertility
bas been declining. Continuous maize cultivation and differential application of fertilizer has
resulted in decreased organic carbon and nutrients (Kimetu er al., 2008) at farm and
landscape level. The soil fertility management approaches therefore call for interventions that
specifically target the less fertile soils and those that maintain fertility of the areas that are
more fertile.

Phosphorus is one of the major nutrients limiting crop production in the region. The
soils are generally acidic hence deficient in P because of strong sorption of P by aluminum
(Al) and iron (Fe) oxides and hydroxides and other amorphous material (Hinisinger, 2001).
Large application of inorganic fertilizer P is thus required to overcome P sorption and achicve
high crop yields (Warren, 1994; Henry and Smith, 2002). The practice is expensive and
unaffordable by most small scale farmers. Affordable Phosphorous management systems that
involve recycling of less expensive natural resources such as organic materials may be a more
viable means of enhancing soil fertility in smallholder farms in the area.

Composting is a practical means of bulkihg organic resource and concentrating their
nutrients. Compost manure has long been identified as a low cost locally available fertilizer at
farm level. Compost manure has great potential for improving soil productivity and crop
yield by improving the physical, chemical and microbiological properties of the soil as well
as nutrient supply (Bertoldi ef al., 1983; Sarwar et al., 2008). Addition of compost to the soil
often results in reduced sorption (Sharply and Moyer, 2001), and increased efficiency of P
utilization by crops. The benefits of compost manure use at farm level are limited by the
amount and quality. The quality of compost can be improved by fortification through
incorporating nutrients that are most limiting (Keziah ef al, 2007). Organic and mineral
fertilizers are required for sustaining crop production (Vanlauwe er al., 2002). The organic
fertilizer improves soil structure, moisture content and soil organic matter, while the mineral
fertilizer target the limiting nutrient, and also lowers the high C: N ratio of many crop
residues (Misra et al., 2003) hence increasing decomposition rate by micro-organisms.
Minjingu Rock Phosphate (MRP) is one of the fertilizers that is locally available and
recommended for use in acidic soils. The low solubility of MRP however limits its use
(Ikerra et al., 1994). Studies have shown that the availability of phosphate and rock

phosphate to crops in acid soils is increased when composted (Ndung’u et al., 2003; Schefe et
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1.2 Statement of the problem

Maize is a major staple food crop in Western Kenya. Farmers in the region however
realize low maize yields often below 1 ton/ha (Nekesa ef al., 1999). The low production is -
attributed to low levels of P, low pH and organic matter levels in the soils (Okalebo et al.,
2002; Kinyangi 2008). The high prices of inorganic fertilizers have made it difficult for most
resource poor small-scale farmers who are the majority in western Kenya, purchase sufficient
quantities to replenish soil nutrients. The farmer’s low P-fertilizer input is ineffective on
these highly P-fixing soils. Use of compost manure by farmers is however low because of its
low P value in acidic soils. The low P value of compost manure can be improved by
fortification through addition of P mineral fertilizer during composting. The effect of P-

fortification in these soils has however not been quantified.
1.3 Objective

1.3.1 Broad objective

The broad objective of the study was to contribute to increased maize production among the

smallholder farmers in Nandi South Sub-Countythrough introduction of low cost P- fortified

fertilizers.

1.3.2 Specific objectives
To determine the:
1. Effects of P-fortified compost manure on growth and yield of maize in Nandi South
Sub-County
il.  Agronomic Phosphorus Use Efficiency (APUE) of different P-sources on maize
production in the acidic soils of Nandi South Sub-County.

ii.  Residual value of P-fortified compost in maize production in Nandi South Sub-

County.

1.4 Hypotheses _
i.  P-fortified compost manure has no effect on growth and yield of maize.
ii.  Different sources of P have similar phosphorus use efficiency (PUE), in maize.

iii.  P-fortified compost manure has no phosphorus residual value on maize production in
Nandi South Sub-County.



iii.  P-fortified compost manure has no phosphorus residual value on maize production in

Nandi South Sub-County.

1.5 Justification of the study

Many rural households in Kenya highlands are no longer self-sufficient in maize
production, a major staple food crop and source of income. Continuous cultivation of farms
has led to decline in soil fertility due to constant removal of nutrients leading to reduction of
crop yields. The high cost of inorganic fertilizers has made it difficult for most resource poor
small-scale farmers to purchase sufficient quantities to replenish soil nutrients. Alternative
methods for improving soil fertility in degraded areas and maintaining fertility in the high
fertility zones are necessary. Organic manure use offer comparative advantage in enhancing
soil fertility besides improving crop yields. Compost manure is one such organic amendment
but it has low nutrient content. P-fortification (adding of P mineral fertilizer) is one of the
ways for improving the quality of compost. Rock phosphate has been recommended as an
effective, local and inexpensive P fertilizer option for smallholder farmers in western Kenya.
The use of the cheaper form of P in composting can provide less costly p-fortified compost
manure. This study will provide farmers with an alternative cheaper, cost-effective and
environmental friendly source of effective P-fertilizer. P-fortified compost is an appropriate

technology to increasing soil fertility for enhanced maize production in smallholder farming

systems.



CHAPTER TWO
LITERATURE REVIEW

2.1 Maize Production in Western Kenya

Maize is the main staple food crop in Kenya. It is grown in varied agro-ecological
zones across the country. The area under maize production is estimated at 1.89 million
hectares, with an expected national production of 2.8 million metric tons and a national
consumption of 3.6 million tons per annum (USDA, 2013). This indicates a production deficit
of up to 0.8 million tons, which is met through imports from the neighboring countries. Small
scale producers accounts for about 70% of the overall production, which is mainly grown for
subsistence. The remaining 30% of the output is from large scale commercial producers
(Export Processing Zone Authority, 2005).

Western Kenya comprises about 52% of the maize growing area in Kenya (Jayne er
al., 2001). Farmers in this area generally realize less than 1 ton/ha against a potential yield of
10 tons/ha (Nekesa ef al., 1999). The low yield has been attributed to climatic conditions,
inadequate use of fertilizers and high costs of external inputs (Kang’ethe, 2004). Low levels
of P, low soil pH and organic matter (Okalebo er al., 2002; Kinyangi 2008) are among the
most important soil fertility constraints. Increase in maize production in western Kenya is a
function of improved yield per unit area rather than rexpansion in area under production

because most of the arable land is already under cultivation (Karanja and Oketch, 1992).

2.2 Soil degradation

Soil degradation and nutrient depletion due to continuous cultivation, removal or
burning of crop residues, loss of nutrients through soil erosion, overgrazing between cropping
seasons and inadequate use of inorganic fertilizers are the major causes of declining soil
fertility in Sub-Saharan Africa (Bationo ef al., 1998; Bekunda er al., 1997). In Sub Saharan
Africa, conversion of forest area to small-scale permanent agricultural land accounts for 60%
of land-use change (FAO, 2005) and is often followed by low or no use of nutrient
amendments (Sanchez ef al., 1997; Sanchez, 2002; Smaling ef al., 2006). Thus the small
scale farmers continue to suffer widespread nutrient deficiencies of N, P and base cations, Ca,
Mg and K (Hartshorn et al., 2006) due to continuous cropping without adequate soil

amendment. Generally about 320 million hectares of land in sub Saharan African is affected
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bz human induced soil degradation (Oldeman ef al., 1991; Crosson and Anderson, 1995). In
these cropping system the amount of nutrients extracted from harvesting of crops, leaching
and water erosion normally outweigh those imported naturally through atmospheric
deposition, biological nitrogen fixation, and artificially through organic manure and mineral
fertilizer (Smaling, 1993).

In many farming systems in the tropics, large differences in nutrient balance can often
be observed between fields within farms, resulting to substantial differences in soil fertility
status between fields (Smaling er al, 2002). In a study in Central Kenya, Murage et al.
(2000) reported differences in chemical and biological soil properties of productive and non-
productive fields within a farm as a result from past soil management. Gradients in both soil
fertility status and in soil nutrient balances have also been reported for ‘village fields and
‘bush fields’ in Central Mali (Dembele” et al., 2000). Soil fertility tended to decrease with
distance from the homestead, continuous concentration of nutrients in the smaller areas
around the homestead, at the expense of nutrient depletion in further and larger fields,
coupled with continued export of produce and a lack of external inputs into the farm, leads to
an overall negative nutrient balance at farm level (Giller er al,, 1997). In Western Kenya,
Tittonell er al., (2005) observed that soil fertility indicators and nutrient concentration on
smallholder farms varied between different fields. The difference was attributed to variation
in cropping patterns and frequencies of cultivation. In Western Kenya, nutrient balance
studies show about 22 kg N, 2.5 kg P and 15 kg K/ha are lost annually (Smaling et al., 1993),
although losses can be high as 112 kg N, 3.0 kg P, and 70 kg K/ha in the intensively
caltivated highlands of western Kenya (Van den Bosch er al., 1998). Crop yield decline
arising from the nutrient depletion not only affect viability of individual farms but also the

~ food security of sub Saharan Africa.

2.3 Phosphorus fertility management strategies

Phosphorus (P) is a vital component of a number of macromolecules and is an integral
part of energy metabolism and major biological processes including photosynthesis,
respiration, and membrane transportation. Its genetic role in ribonucleic acid and function in
energy transfers via adenosine triphosphateare is indispensable (Li ef al., 2011).
Phosphorus is found in all living beings as part of proteins, nucleic acids, membranes and

energy molecules such as ATP, GTP and NADPH. Usually, it is the second element limiting
' 6



plant growth preceded by nitrogen, but depending on some environmental and biological
factors it can be the main growth-limiting nutrient (Azziz ef al., 2012).

Phosphorous deficiency is widely spread in East Africa (Ngome et al., 2012; Okalebo ef al.,
2006). It is particularly acute in western Kenya where 80% of smallholder land used for
maize has soil test value below 10 mg kg™ (Jama, and Van Straaten 2006) where as sufficient
P in most agricultural soil range is 30-80 mg kg™ (Li et al.,, 2004). Inherently low levels of
soil P, low availability of P compounds and fixation of applied soluble source of P in the soil,
are the major hindrances for sustained production of arable crops (Brady and Weil, 2002).
One of the recent strategies proposed for sustainable intensification of food production in the
tropics is P-recapitalization (Buresh et al, 1997). This involves massive P application
designed to permanently saturate the sorption sites and provide P for crop uptake. The
strategy turns the soil P-fixing capacity from a constraint into an asset. Fixed P forms the
stock that provides P over a period of 5-10 years, referred to as soil capital, whereas the P
available during an annual cropping cycle is called liquid P (Buresh e al., 1997). Generally,
10-20% of P applied is available for crop uptake in the year of application, whereas the
remaining 80-90% soil P (residual P) is adsorbed on the soil constituents and builds up as the
scil P capital. The use of P-recapitalization by the resource poor farmers has not been possible due to

high rates of application hence high cost of inorganic P fertilizer (Onwonga et al., 2008).

2.3.1 Inorganic fertilizer

Most inorganic fertilizers are mined from ores or sedimentary deposits, except for
those that contain nitrogen (N) which is synthesized with high eﬁergy input from the air, Asa
result of the high element concentration and high solubility of the inorganic fertilizers, their
beneficial effects on plant growth are quick and easy to recognize. The use of inorganic
fertilizer is an important means of supplying the soils with necessary nutrients in crop
production (Adeniyi and Ojeniyi, 2003). There inorganic fertilizers are too costly for the
resource-poor farmers of tropics and subtropics (Egle et al., 1999). Moreover, the high
acidity of tropical and sub tropical soils fix P making it hardly available to crops (Marschner,
1995). In Kakamega, Western Kenya, Crowley and Carter (2000) noted that most farmers
used sub optimal levels of chemical fertilizer, because of high costs. Studies have tested

varied quantities of fertilizer P (Nziguheba ef al., 2000) besides combining chemical fertilizer



with organic resources including crop rotations (Kihara ef al., 201 0) to mitigate the effects of

P fixation by the soils.

2.3.2 Organic fertilizers

Organic fertilizers are all forms of organic soil amendments that originate from both
livestock waste and crop residues, with the nutrients in them being mineralized by soil
microbes and slowly making them available to plants over a long period of time (Lampkin,
2000). In addition organic fertilizers supply humus which increases the nutrient and water
holding capacity of the soil. Organic fertilizers however contain mineral nutrients in the form
of complex organic molecules and the levels of nutrients are much lower than inorganic
fertilizers (Palm et al,, 1997). Despite the slow release of nuftrients organic fertilizer offer
good soil management practice in sustainable crop production because soil fertility is
enhanced through the modification of soil physical, chemical and biological properties
(Haering and Evanylo, 2005). In low-input system, management of organic resource is a
viable option for improving agriculttiral productivity and compensating for nutrient loss in
soil. The use of organic resource is important to farmers in Sub-Saharan Africa where the
soils are highly weathered while socio-economic and environment conditions limit their
access and/or use of right quantities of chemical fertilizer (Makokha et al., 2001; Van
Straaten, 2002). Improving soil fertility using‘ organic resource in smallholder farming system
of sub-Saharan Africa has not achieved the desired result because of unequal distribution of
these organic resources across various cropping systems. Indeed, the availability of organic
resource as nutrient source is limited by the alternative uses of fuel, and feed. In dry areas, the
availability of organic resource in insufficient quantities pose a challenge to their utilization
as a source of soil nutrient because of competing, uses such as fuel and feed for animals
(Bationo ef al., 2006; Gichangi et al., 2007). In the high potential areas of Rift Valley and
Western Kenya, production rate of crop residues such as maize stover and wheat straw is
high; about 15 tons/ ha/year (Savala ef al., 2003). Labour shortage is however a constraint in

adoption of this technology (Quansah and Yeboa, 2000).



2.3.3 Compost manure

Supply of adequate nutrients for optimum crop growth will depend on the quality of
the manure. One way of achieving this is through composting process. This process could be
defined as a biotechnology where microorganism, worms and insects participate to produce
an innocuous product, chemically stable and utilizable to improve soil fertility and crop
production. (Brito et al., 2009). Composting depends on a number of factors that have both
direct and indirect influence on the activities of the microorganisms. They include the type of
raw material being composted, its nutrient composition, moisture content, temperature,
acidity or alkalinity and aeration. The microorganisms that do much of the work need high
temperatures, plenty of oxygen, and moisture. In the traditional method of composting, the
influence of the listed factors had been largely ignored and therefore the final composts
obtained from such unimproved method are poor in quality (Paredes ef al., 2005).

Compost has been proposed as a means of simultaneously diverting organic materials
from landfills while producing a valuable product that improves tilth, organic matter content
and nutrient supply of agricultural soils (Levy and Taylor, 2003). However different
composting methods have a great influence on the quality of the fertilizer (Taiwo et al.,
2704). If compost is not well decomposed, it will continue with the decomposition process
leading to nutrient immobilization (Lampkin, 2000). The effectiveness of good quality
compost manure can be increased by combining it with an inorganic fertilizer source. Studies
by Hellal ef al. (2012) indicate that composting organic resource with RP increased total N

and soluble phosphorus thus increase in crop production.
2.4 Fortification of compost organic material

2.4.1 Fortification with soluble phosphorus source

Readily soluble P fertilizers have the poteﬁtia! to supply P to plants immediately after
application but the P-availability to plants generally decreases with time due to the
conversion of soluble P to less soluble forms as a result of reaction with soil constituents,
especially in strongly P-fixing acidic soils of volcanic origin (Rivaie ef al., 2008). High rates
of phosphate fertilizers are thus required to improve crop yields on highly acidic soils.
Fortification of soluble phosphorus source includes composting inorganic P (soluble P) with

organic materials (crop residues and manures). Upon composting of organic material improve
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P availability through reduction in soil P sorption and increase in desorption of already-fixed
P in acidic soils (Kisinyo et al,2011) Fortification of crop residues with DAP fertilizer in
western Kenya was shown to result in higher organic resource in terms of N (2.2%), P
(0.42%) and organic matter (52%) which increased maize grain yield (Ndung’u er al.,2007).
Hirzel er al. (2009) recorded tremendous increase in maize and rice yields following

combined application of farm yard manure and mineral fertilizer.

2.4.2 Fortification with Rock Phosphate (RP)

Rock phosphates are regarded as valuable alternative to P fertilizer for a sustainable
agriculture system and are increasingly recognized as potential fertilizers (Yu et al.,2012).
Rock Phosphate (RP), partially made of mineral apatite is an important commercial source
because of its high concentration of P minerals (Kauwenbergh 2006). The benefit of RP over
mineral fertilizers is that it’s a cheaper source of P for crops (Jama er al., 2006) and has some
liming effect (Nekesa et al., 2005). Types of RPs in Africa include Tundulu from Togo,
Burundi and Malawi; Minjingu from Tanzania; Busumbu and Sukulu from Uganda; Nkombwa
and Kalume from Zambia and Dorowa RP from Zimbabwe. Rock Phosphate originates
mainly from igneous or sedimentary rock sources with sedimentary being the most widely
used in world phosphate production.

A number of studies have also highlighted the suitability of Minjingu RP as P source for
crops in P deficient soils. Shisanya ef al. (2003) reported that this deposit may prove crucial to the
amelioration of the 900,000 hectares of low-phosphorus soils in the highlands of Western Kenya
for several years where farmers are currently cultivating several food legumes. A relative
asronomic effectiveness (RAE) of 75% for Minjingu RP was reported in the five seasons
following application to maize in Western Kenya. On-farm trials in P deficient soils in western
Kenya demonstrate Minjingu Rock Phosphate to be as effective as triple superphosphate (TSP,
20% P) at equal P rates (Jama and Straaten, 2006) The major problem with using Rock
Phosphate (RP) is their low solubility. The P in RP 1s not plant available where the pH of the
soil is greater than 5.5 and even when conditions are optimal; plant yields are lower than
those obtained with soluble phosphate (Singh and Reddy, 2011). In fact, of all RP sources in
Sub Saharan Africa, only the RP from Mali, Senegal and Tanzania which are Tilemsi, Matam and

Minjingu respectively have solubility in 2% citric acid exceeding 10% (Vanlauwe and Giller,
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2006). In soils, insoluble P compounds can be solubilized by organic acids, phosphatase enzymes
and complexing agents produced by plants and microorganism (Park et al., 2011).

Fortification of composted organic material with RP otherwise known as phospho-
compost would enhance the solubility and the subsequent availability to plants of phosphorus
(P) from rock phosphate (Amberger er al., 1992; Van de Berghe, 1996). Various approaches
have been used to improve the solubility, and effectiveness of RP with different success. The
dissolution of rock phosphate through composting varies with characteristic and kind of
organic residue used (Mahimaraja et al, 1995). Akanda er al. (2005) in a study that
composted RP and poultry manure showed that solubilization of RP by poultry manure
enhanced its effectiveness in maize and cowpea. The release of P from rock phosphate is a
function of the acidification of rock phosphate by organic acids and more importantly their
chelating ability on calcium, iron and aluminum which fixes soluble P (Pohlman and McColl,
1986). Another important factof in the release of P from rock phosphate is the participation of
the Hydroxyl (OH) groups in the organic acids. Kpomblekou and Tabatabai, (1994) found
that citric acid with three carboxyl (COOH) groups and an Hydroxyl (OH) group were able to
dissolve more P from rock phosphate than cis-aconitic acid with three carboxyl groups but
without the Hydroxyl (OH) group. Additional benefits that occur from application of
phospho-compost are the movement of dissolved P to a greater soil depth, which provides a
larger soil volume for P uptake by plants. Plant materials composted with animal wastes are
favored because they produce more organic acids and humic substances (Palaniappan and
Natarajan, 1993). Manna ef al. (2001) and Srikanth ef al. (2006) found that the application of
phospho-compost at 10 Mg ha™' can give plant growth, dry matter accumulation, seed yield
and P uptake of soybean crop equivalent to that when SSP is applied at 26.2 kg P ha™. Hellal
et al. (2013) reported that application of phospho-compost gave higher maize growth

parameter and Phosphorus use efficiency.

2.5 Phosphorous uptake and use efficiency
Phosphorus use efficiency is the ability of a crop plant to produce high yield in a soil
(or other media) that is limiting in phosphorus supply (Fohse ef al., 1988; Gourley et al.,
1994). Phosphorus efficiency can be conceptualized in two ways:-the efficiency with which P
is utilized to produce yield, i.e., the amount of P needed in the plant to produce one unit of
grain. Its calculated using yield, (YN - YO)/FN, where YN and YO, are the crop yields with
11



and without the nutrient being tested, and FN is the amount of nutrient applied, all in kg ha-
The second way is P utilization efficiency or internal P requirement and is expressed as the P
concentration in the plant to produce a given peféentage of its maximum yield (Fohse et al.,
1988; Bhadoria et al. (2002), its calculated using nutrient uptake, (UN - UO)/FN, where UN
and UO are the nutrient uptake by crops with and without the applied nutrient, all in kg ha-1
and FN is the amount of nutrient applied, all in kg ha-1.Phosphorus use efficiency has been
used to compare the effectiveness of phosphorous sources (Mahimairaja et al., 1995). Hellal
et al. (2013) noted that Phosphorus use efficiency in maize was higher in phospho-compost
as compared to the other P sources. Hellal et al. (2009) in an earlier study found that the
combined application of compost and town refuse with rock phosphate increased the yield

and P uptake of faba bean plants.

2.6 Residual P effect

The residual effect of P refers to P that can be taken up by crops for many years
(Syers et al., 2008: Nuruzzaman et al. (2005), depending on soil P fixation capacity, soil pH,
crop species, and P application time (Sheida ef al., 2012). Crop uptake is generally only 10—
20% of the P fertilizer applied in the first year, but a substantial part of applied P accumulates
in the soil as residual P (Syers er al., 2008). The efficiency of an application can be evaluated
for one or more subsequent season. Proper evaluations of residual effects require longer time
periods to truly capture their full impact (Syers ef al., 2008). Akande et al. (2003) reported an
increase in soil available P of between 112 and 115 % and 144 and 153 % respectively for a
two year field trials, after applying rock phosphate with poultry manure on okra. Akande er
al. (2005) further reviewing the effect of rock phosphate amended with poultry manure on the
growth and yield of maize and cowpea reported that when rock phosphate application had
continued over a period of several years a large pool of undissolved rock phosphate could
accumulate. Residual effects of manure or compost application can maintain crop yield level
for several years after manure or compost application ceases since only a fraction of the P and
other nutrients in manure or compost become plant available in the first year after application
(Eghball, 2002). Residual effects of organic materials on soil properties can contribute to

improvement in soil quality for several years after application ceases (Ginting et al., 2003).
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CHAPTER THREE
MATERIALS AND METHODS

3.1 Site description

The research was conducted in three sites along a soil fertility gradient in Nandi
County, Western Kenya. The soil fertility gradient was based on the time since conversion
from forest to agriculture (1900 to date). High fertility site Koibem lies between latitude 00"
09° 28.2°N; Longitude 34° 54° 31.9”E, with an elevation of 1770 m above sca level. The
medium fertility site Kiptaruswo lies between 00° 02’ 28.1”N and 034 56’ 35.9”E at an
altitude 1582 m above sea level. The low fertility site Kapkerer lies between 00° 00° 31.9”N
and 34 48’ 14.6”E, with an elevation of 1530 m above sea level ((Jactzold and Schmidt,
1983). South Nandi receives a bimodal rainfall ranging from 1800mm to 2146 mm per
annum. The long rains are experienced in March to August while short rains from August to
December. The major dry season is between January and February. Temperatures are fairly
constant throughout the year with mean daily minimum and maximum of about 12°C and
29°C respectively. The soils are predominantly Nitisols, characterized as dark red, well

drained, deep, sandy to sandy loam texture (Jaetzold and Schmidt, 2006).

Figure 1: Map of Kenya showing study sites
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Table 1: The chemical characteristics of soils in the selected sites.

Sites
Soil property Koibem Kiptaruswo Kapkerer
pH (water) 52 5.3 5.8
Available P(mg kg™) 370 13.0 9.0
Exchangeable K(mg kg™) 550 340 280
Exchangeable Ca(mg kg™) 3820 - 3470 3240
Fxchangeable Mg(mg kg™) 82 84 82
Total N (%) 0.30 0.20 0.10
Organic C (%) 3.70 2.70 1.20

Initial physical and chemical properties of soil were determined before the experiments
were set up (Table 1). The soil chemical characteristics generally varied with site. Soils in
high fertility (Koibem) and medium fertility (Kiptaruswo) were more acidic compared to
those in low fertility (Kapkerer). Soils in medium and low soil fertility site have a low
amount of soil available phosphorus, since the sufficient P range in agricultural soil is 30-80
mg kg (Li ef al., 2004). This result is partly attributed to long period of continuous cultivation
without P replenishment in low soil fertility site (Kapkerer), hence need for supplemental P
addition (Ndung’u et al., 2006). Organic carbon was high in high soil fertility site while in
low soil fertility site (Kapkerer) it was low, the sufficient organic carbon range is between
1.5-3.0% (Okalebo ef al., 2002). Total nitrogen was very high in Kiobem while in Kapkerer
the nitrogen level was low, since the sufficient range in agricultural soil is 0.12- 0.25

(Okalebo et al.,2002).

3.2 Experimental design and treatments

The study was set across a soil fertility gradient range, categorized as low, medium and
high fertility. The experimental design was randomized complete block design (RCBD) with
three replications per site. The experiment had six treatments of different phosphorous
sources and levels. The treatments assigned to each experimental unit were (i) Control with-
no fertilizer input (ii) Rock Phosphate (RP) at the full recommended rates of 60 kg P»Os/ha,
(iii) Triple Super Phosphate (TSP) at the recommended rates of 60 kg P,Os/ha (iv) Compost
manure (COM) at 6 tons/ha. (v) P—fdrtiﬁed Compost at half rate 30kg P,Os/ha (PCOM30),
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6t/ha, (delivered in 6t/ha compost) (vi) P-fortified Compost at recommended P rates of 60kg
P>0s/ha (PCOMG60) 6t/ha, (delivered in 6t/ha compost). This experimental set up was carried
out in the short rain season and repeated in the long rain season without additional treatments
to evaluate the residual phosphorus effect of the treatments. The P-source experiment (season
IT) was set up in new site on adjacent farms during the long rain season to avoid confounding

by residual phosphorus.
3 3 Compost preparation and chemical characterization

3.3.1 Compost preparation

Composts without fortification and those fortified at P-levels of 60 kg/ha and 30 kg/ha
were prepared and used for this experiment. The respective compost composts were prepared
based on method described by Ndung'u ef al. (2003) with some modification. The materials
used were mainly agro-organic wastes that included maize stovers, cattle manure, green
vegetation and wood ashes. Fortification of P was done at two enrichment levels equivalent
to 30 and 60 kg P»Os per hectare using Mijingu rock phosphate (27-29% P,0s), a relatively
cheaper therefore more affordable form of phosphorus fertilizer. The amount of rock
phosphate added in the compost heap was calculated to achieve a final application rate of the
irtended treatment rates with an application of 6 tons/ha of compost i.e. at P-levels of 30
kg/ha, 1.3kg RP/layer was applied while at P-levels of 60 kg/ha, 2.58 kg RP/layer was
applied.

The compost heap was done in a 0.3m deep pit of length Sm and width of 1.5m.
Maize stalks were chopped to a maximum length of 20cm and layer first to a thickness of
30cm. Other materials added were cow dung (10cm layer), Rock phosphate (calculated
amount), soil (Zem layer), green vegetation (15¢m) and finally a sprinkle of wood ash. Water
was added to each layer to achieve a moisture content of 40-60% (Lekasi ef al., 2003). This
process was repeated two more times. The heap was then covered with a 10em soil layer and
dry grass to reduce loss of moisture during composting period. The compost heaps were
turned after three weeks and thereafter every two weeks to facilitate even decomposition,
with occasional sprinkling of water to maintain moisture content, for a duration of 12 weeks.

The mature compost is the product is a dark mass with an earthly smell (Plate 3).
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Plate 2: Cattle manure

Ash

Green vegetation

Topsoil

Rock phosphate

Cattle manure

Maize stalk

Plate 3: Mature compost Figure 4: P-foritied Compost heap set up

3.3.2 Chemical characterization of compost manure

PCOMG60 had the highest available P, followed by PCOM30 and lastly the unfortified
compost (Table 2). Exchangeable base Ca was relatively high (4.93 g kg™ 4.77 g kg™’ and
4.62 g kg') in PCOM60, PCOM30 and unfortified compost respectively. In addition to
increasing P, fortification of compost resulted in increase of total nitrogen .i.e. 60% for
PCOM60 and 20% for PCOM30 Organic C was highér in PCOM60. P-fortified compost

manure is among the highest organic resources in terms of N, P, K and Organic matter.
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Table 2 Chemical characteristics of the different compost manure

Characteristic COM PCOM30 PCOMG60
pH (water) 7.0 8.0 8.2
Extractable P(mg kg™) 373.5 597.8 745.6
Exchangeable K(mg kg™) 351 350 354
Exchangeable Mg(mg kg™) 88 88 88
Exchangeable Ca(mg kg™) 4630 4780 4930
Total N (%) 0.90 1.10 1.50
Organic C (%) 6.03 6.07 ' 6.66

3.4 Land preparation, and crop management "
In the first season during the short rains land was prepared using hand hoe to a

moderate tilth. Maize variety H-513 was then planted in plots measuring (3.6x3.75) m?

ata
spacing of 75¢m x 30cm. Nitrogen in form of CAN was applied in all plots at a rate of 60 kg
N/ha in split application (33% at planting and 67% as top-dressed). The plots were generally
kept weed free by mechanical weeding, while pests such as stalk borer was controlled by
applying Actelic® 1% at a rate of 8 kg/ha. The plant height, leaf area, and chlorophyll content
were determined at the 5™ leaf stage and at 50% tasseling. Plant height and leaf area were
measured using a measuring tape. The plant height was taken from the soil surface to the
apical tip of the plant. The leaf length and breadth were measured to obtain the leaf area. The
leaf area index was estimated as its length multiplied by its maximum width multiplied by
0.75 (maize leaf calibration factor), Elings (2000). Chlorophyll content was determined on
tie newest fully expanded leaf (Shapiro and Francis, 2006), using a chlorophyll content meter
(SPADY) (Plate 4). At physiological maturity, five sub-samples of maize cob from each plot
were harvested. Maize grains were then separated from cob by shelling and total weight of
grain recorded. The percentage moisture content was determined using a grain moisture tester
(Plate 5). Total maize grain yield and 100 seed weight were then adjusted to the 13%
moisture content. During the second season, the experimental set up was allowed to run
without additional treatments to evaluate the residual phosphorus effect of the treatments.

Residual effect was calculated as the difference in yield where fertilizer P had been applied
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and that of adjacent plot where fertilizer P has not been applied. The experiment was repeated

in new sites to avoid confounding by residual phosphorus.

Plate 4: Chlorophyll content meter SPAD Plate 5: Grain Moisture tester.

3.5 Soils and compost manure and plant tissue analysis

3.5.1 Seil sampling and analysis

The soil samples were randomly taken across the experimental field, bulked and
thoroughly mixed to form a composite sample. Air- dried soil, sieved through 2 mm mesh
(Otinga er al., 2013) was analyzed for pH (Soil: H;O: 1:2.5), total N (Kjedahl method),
organic Carbon (Walkley— Black, 1934), available P according to Okalebo et al. (2002).
Exchangeable bases (K, Ca and Mg) were extracted with 1.0 M-ammonium acetate at pH 7.
K was measured by Flame Emission Spectrophotometry, whereas Ca and Mg were measured
- by Atomic Absorption Spectrophotometry.

3.5.2 Compost manure sampling and analysis

Compost samples were taken prior to application in respective treatments in sampling
bags for laboratory analysis. The analysis was done at the soil laboratory, KALRO,
Kakamega. The samples were dried, sieved and then analyzed for nitrogen, phosphorus,
organic carbon, calcium, magnesium and pH followed the procedures described in Okalebo ef
al (2002).
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3.5.3 Plant sampling and analysis
Leaf phosphorus uptake was determined on ear leaves taken at 50% tasseling from
two randomly selected plants in each of the three harvest rows in each plot and analyzed for

total phosphorus using the wet digestion method (Okalebo er al., 2002).

3.6 Agronomic Phosphorus Use Efficiency (APUE)

The Agronomic P Use Efficiency was calculated as the yield obtained from the P (Yp)
fertilized plot minus control (Yc), divided by the unit weight of the applied P fertilizer (Pw)
according to Dobermann et al. (2005)

PUE = (Yp-Yc¢)/Pw

3.7 Data analysis
The data obtained was subjected to Amalysis of Variance (ANOVA) using SAS

Institute Version 9.1 statistical software. The treatment means were separated using Turkey’s

Honestly Significant Difference Test at 0.05 level of significance.
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CHAPTER FOUR
RESULTS

4.3 Effect of P-fortified compost manure on growth of maize
4.3.1 Short rains season
Plant height

Generally, treatments significantly affected growth of maize (Table 3). The effect
varied with site. In high fertility site, PCOM60, PCOM30 TSP and Compost had no
significant difference in plant height. RP did not however increase plant height. In medium
fertility site, PCOM60, PCOM30 and TSP had no significant difference in plant height.
Compost and RP did not however affect plant height. In low fertility site PCOM60 and TSP
significantly increased plant height. PCOM30, RP and compost had no significant difference
in plant height.

Leaf area index

In high fertility site, PCOM60, PCOM30, significantly increased leaf area index.
Compost, TSP and RP had no significant difference in leaf area index. In medium fertility
site, PCOM60 and TSP significantly increased in leaf area index followed by PCOM30 then
Compost. RP were comparable to control. In low fertility site PCOMG60 and PCOM30, had

the highest increased Leaf area index. TSP, RP and compost had no significant difference in

Leaf area index.

Chlorophyll content

In high fertility site, PCOM60, PCOM30 and TSP significantly increased chlorophyll
content. Rock Phosphate did not significantly increase the chlorophyll content. In medium
fertility site PCOM60, PCOM30 and TSP had the highest chlorophyll content. RP and
compost did not significantly affect the chlorophyll content. In low fertility site PCOMS60,
PCOM30, and TSP significantly increased chlorophyll content, followed by RP then control.
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Table 3 Effects of P fortified compost on growth of maize across the sites during the short rains season.

Treatment Plant height (cm) Leaf Area Index Chlorophyll content (SPADs)
Koibem  Kiptaruswo Kapkerer | Koibem  Kiptaruswo Kapkerer | Koibem Kiptaruswo  Kapkerer

Control T 45.5b 39.1b 48.0¢c 1.2b 1.1d 2.4b 13.5b 14.7¢ 12.9c

RP 46.5b 42.9b 57.8b 1.7ab l.4cd 2.6b 14.4b 15.0¢c 14.5b
TSP 5933 51.9a 61.2ab 1.8ab 1.9ab 2.6b 19.6ab 19.7ab 15.9ab
Compost 56.1ab 45.2b 58.4b 1.7ab 1.5bed 2.4b 18.0b 16.1bc 16.1ab
PCOM30 56.1ab 50.2a 57.6b 2.1a 1.8bc 2.8ab 18.5ab 19.7ab 15.7ab
PCOM60 60.2a 55.2a 67.9a 2.2a 2.1a 3.1a 21.3a 21.4a 19.3a
THSDy 5 12.0 5.60 112 0.9 0.46 0.31 6.57 4.21 7.4

Means in same column followed by same Tetter are not significantly different at 5% level of probability
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4.3.2 Long rains season
Plant height

Application of P increased the height of maize in the long rain season. PCOM60 and
PCOM30, fertilizer resulted in significantly higher plant growth compared to other treatments
(Table 4). In high fertility site, PCOMG60 had the highest maize plant height. TSP and RP had
no significant difference in plant height. Compost had a significant increase in plant height
compared to control. In medium fertility site, PCOM60 had the highest maize plant height,
PCOM30 was comparable to TSP and RP. Compost had a significant effect on plant height.
In low fertility site, PCOM60 had the highest maize plant height followed by PCOM30 which
was comparable to TSP. RP and compost had comparable in plant height.

Leaf area index

In high fertility site, PCOM60 had the highest leaf area index. PCOM30 was
comparable to TSP. Compost and RP had comparable increase in leaf area index. In medium
fertility site, PCOM60 had the highest increase in leaf area index. PCOM30 and RP had
comparable increase to TSP and compost. In low fertility site, PCOM60 had the highest

increase in eaf area index. PCOM30, TSP Compost and RP had comparable increase in leaf

area index.

Chlorophyll content

In high fertility site, application of PCOM60, PCOM30, TSP and RP fertilizer resulted in
s'gnificantly higher chlorophyll content. Compost was comparable to control. In medium
fertility site PCOM60 and PCOM30 had the highest chlorophyll content compared to control.
TSP, RP, was comparable to compost. In low fertility site, PCOMG60 resulted in significant

higher chlorophyll content. PCOM30, TSP, RP and compost had no significant difference in
chlorophyll content.
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Table 4: Effects of P-fortified on growth of maize across the sites during the long rains season

Treatment  Plant height (cm) Leaf Area Index Chlorophlly content (SPADs)
Koibem  Kiptaruswo Kapkerer | Koibem  Kiptaruswo Kapkerer | Koibem  Kiptaruswo  Kapkerer

Control 42.0c 50.7¢ 86.0c 0.35d 0.48b 1.24¢ 16.2¢ 18.0b 12.6¢

RP 59.0b 71.2b 102.3b 0.49bc 0.83ab [.59ab 28.8a 23.8b 22.2b
TSP 60.0b 70.9b 112.2ab 0.52b 0.80ab 1.63ab 23.9ab  23.3b 20.6b
COM 52.7bc 63.7b 93.0b 0.45cd 0.63ab 1.49bc 21.5bc  23.7b 20.9b
PCOM30  63.7ab 71.3b 111.0ab 0.52b 0.71ab 1.76a 23.7ab  31.3a 22.4b
PCOM60 73.4a  80.7a 127.0a 0.67a 1.12a 1.82a 27.8a 32.3a 25.9a
THSDg 05 122 7.90 28.09 0.05 0.51 0.25 6.99 6.06 5.22

- Means in same column followed by same Tetter do not differ significanily at 5% level pI probability
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4.4 Effect of P-fortified compost manure on maize yield

4.4.1 Short rains season
Yield

The maize yield varied significantly with P sources. PCOM60, PCOM30 and TSP had
the highest crop yield (Figure 5). In high fertility site, addition of PCOMG60, TSP and
PCOM30 had the highest yield increase of 1.71, 1.57 and 1.2 tons/ha respectively compared
to control. This was followed by Compost, which had an increase of 0.72 tons/ha. RP had the
lowest yield increase of 0.6 tons/ha. In medium fertility site, PCOM60 and TSP had the
highest yield increase of 1.7, 1.41 tons/ha compared to the control. PCOM30, RP and
Compost had an increase of 0.85, 0.69 and 0.62 tons/ha respectively. TSP and PCOMG60
significantly (p<0.05) had the highest yield in low fertility site. TSP had the highest yield
increase of 1.74 tons/ha compared to control, followed by PCOM60 which had an increase of
1.56 tons/ha. PCOM30, RP and Compost increased by 0.47, 0.71 and 0.47 tons/ha

respectively.

# Kiobem

Yield tons/ha
(28]

& Kiptaruswo

© Kapkerer

Control RP TSP COM PCOM30 PCOMGO

Fertilizer source

Figure 5: Effects of P-fortified compost on maize yield across sites in the short rain season
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100 Seed weight

PCOMG60 resulted in significantly higher 100 seed weight compared to other
treatments across sites (Table 5). In high soil fertility site, PCOM60 and TSP had the highest
100 seed weight increase of 8.1 and 6.5g respectively. This was followed by PCOM30 and
compost, RP did not significantly affect 100 seed weight. In medium fertility site, PCOM60
had the highest 100 seed weight increase of 7.4g followed by PCOM30 and TSP and lastly
compost. Rock Phosphate had no significant effect on 100 seed weight, while in low soil
fertility site, TSP and PCOM60 had the highest 100 seed weight increase of 4.3 and 4.2g
respectively. This was followed by PCOM30, Compost and RP.

Table S: Effects of P-fortified on 100 seed weight across the sites during the short rain season

Treatment 100 seed weight

Koibem Kiptaruswo Kapkerer

Control 22.0d 19.2¢ 19.2¢

RP 22.5¢cd 20.6¢cb 21.0b
TSP 28.5ab 24.6ab 23.5a
COM 24.7bcd 23.3abe 22.9b
PCOM30 26.4abc 25.1ab 23.3ab
PCOMG60 30.1a 26.6a 23.4a
THSDy g5 4.04 5.0 Sl

Means in same column followed by same letter do not dilfer signilicantly at 5% level ol probability

4.4.2 Long rains season
Yield

The trend in yield in response to the different P sources was similar to those found in
short rain season. PCOM60, PCOM30 and (TSP) significantly increased maize yield in the
three experimental sites as presented in Figure (3). In high fertility site, yields were
significantly (p<0.05) higher in PCOMG60 treated plot. There was a yield increase of 2.18
tons/ha compared to control plots, followed by TSP with an increase of 2.01 tons/ha, P-
fortified compost 30 kg P,0s/ha, Compost and RP had an increase of 1.83, 1.64 and 1.36
tons/ha respectively. In medium fertility, PCOM60 significantly (p<0.05) increased yields by
2.06 tons/ha compared to control, followed by TSP 1.94 tons/ha. PCOM30, Compost and RP
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increased yield by 1.55, 0.75 and 1.18 tons/ha respectively. In low fertility site, PCOM60 and
TSP had the highest yield increase of 1.8 and 1.76 tons/ha respectively compared to control,

the lowest was RP with an increase of 0.91 tons/ha.

# Koibem

Yield tons/ha

% Kiptaruswo

s Kapkerer

Control RP TSP COM PCOM30 PCOMGE0

Fertilizer source

Figure 6: Effects of P-fortified compost on maize yield across sites in the long rain
season
100 seed weight

PCOMG60 resulted in significantly higher 100 seed weight compared to other across
sites (Table 6). In high soil fertility site, PCOM60 and TSP had the highest 100 seed weight
increase of 11.5 and 12.3g respectively. This was followed by PCOM30 and Compost and
lastly RP. In medium fertility site, PCOMG60 had the highest 100 seed weight increase of
14.3g followed by TSP, PCOM30 and RP and lastly compost. In low soil fertility site, TSP
and PCOM60 had the highest 100 seed weight increase of 12.8 and 13g respectively. This
was followed by PCOM30, RP and Compost.
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Table 6: Effects of P-fortified on 100 seed weight across the sites during the long rain
season

100 seed weight
_ Koibem Kiptaruswo  Kapkerer

Control 21.59¢ 19.0¢ 18.3d
RP 24.9bc 25.6b 25.7bc
T3P 34.2a 32.1a 31.1a
COM 24.7bc 23.8b 22.8¢c
PCOM30 27.1b 26.2b 212
PCOM60 33.4a 33.3a 31.3a
THSDy 05 4.83 1.61 2,52

Means in same column followed by same Ietter do not differ significantly at 3% level of probability

4.5 Effect of Phosphorous fertilizer source on Phosphorus Use Efficiency (APUE)

4.5.1 Short rains season

Agronomic Phosphorus Use Efficiency is considered as the efficiency of use of P by
the plant. The (APUE) varied with different sources of phosphorus in high, medium, and low
fertility sites (Table 7). In the high fertility site, P-fortified Compost (30 kg P,Os/ha) had the
highest phosphorus use efficiency of 40 kgkg™ P,0s, followed by P-fortified Compost (60 kg
P,0s/ha), TSP, RP at 28.5, 26.7, 6.3 kgkg‘] P,0s respectively. In the medium fertility site, P-
fortified Compost (60 kg P,Os/ha) and P-fortified Compost (30 kg P,Os/ha) had the highest
phosphorus use efficiency of 28.3 kgkg™ P,0s, followed by TSP 11.5 kgkg™. In low soil
fertility site P-fortified Compost (30 kg P,Os/ha) had the highest phosphorus use efficiency of
30 kgkg’l P>0Os , followed by TSP, P-fortified Cgmpost (60 kg P,Os/ha), then RP at 29 ,26,
11.8 kgkg™ P,0s



Table 7: Agronomic Phosphorous Use Efficiency (APUE) of selected P fertilizers on
maize  yield

Treatment  Short rain season Long rain season
Agronomic (PUE) (kgkg™) P,Os Agronomic (PUE) (kgkg™ ) P,Os
Koibem  Kiptaruswo  Kapkerer Kiobem  Kiptaruswo  Kapkerer
Control 0 0 0 0 0 0
BP 6.3 11.5 11.8 22.7 19.7 152
TSP 26.7 23.5 29.0 33.5 323 29.3
COM 0 0 0 0 0 0
PCOM30 = 40.0 26.7 30.0 61.0 51.6 433
PCOM60  28.5 28.3 26.0 36.3 343 30.0

The PUE were calculated relafive to the control Tor TSP and RP and relative to compost for P-Tortified compost reatments

4.5.2 Long rains season

In high fertility soil site, PCOM30 had the highest (PUE) of 61 kgkg” P,Os (Table 7).
This was followed by PCOMG60) TSP, RP at 36.3, 33.5, 22.7 kgkg™ P,0s respectively.
Control and Compost (6t/ha) treatment had no applied P. In medium fertility site, PCOM30
had the highest (PUE) of 51.6 kgkg™ P,0; followed by, PCOM60, TSP, RP at 34.3, 32.3,
19.7 kgkg™ P,0s respectively. In low fertility site, P -fortified Compost (30 kg P,Os/ha) had
the highest (PUE) of 43.3 kgkg™ P,0s, followed by, P-fortified Compost (60 kg P,0s/ha),
TSP, RP at 30, 29.3, and 15.2 kgkg™ P,0s

4.6 Residual effects of P-fortified compost on growth of maize
Plant height

Residual P effect varied with treatments (Table 8). PCOMG60 and PCOM30 had the
highest residual effect on growth of maize. In high fertility site, PCOM60 and PCOM30 had
the highest residual effect on plant height, followed by RP, compost and TSP. In medium
fertility site, PCOM60, PCOM30 had the highest residual effect, followed by RP, TSP and
compost and control in that order. In low fertility site, PCOM60, PCOM30 and TSP had
highest residual effect, followed by TSP and control in that order.
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Chlorophyll Content

In high fertility site, PCOM60, PCOM30 had the highest residual effect, followed by
TSP, RP, compost and control in that order. In medium fertility site, PCOM60, PCOM?30 had the
highest residual effect, followed by RP, TSP, Compost and control. In low fertility site,
PCOM60, PCOM30 and RP had highest residual effect, followed by compost and control in that

order..

Leaf area index

In high fertility site, PCOM60, PCOM30 and RP had the highest residual effect, followed
‘ by TSP and Compost, and control. In medium fertility site, PCOM60, PCOM30 and RP had the
highest residual effect, followed by TSP and Compost, and control. In low fertility site,
PCOM60, PCOM30 and RP had highest residual effect, followed by TSP, compost and control

in that order.
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Table 8: The residual effects of P-fortified on plant growth across sites

Treatment Plant height (cm) Chlorophyll content (SPADs) Leaf Area Index

Koibem Kiptaruswo Kapkerer Koibem  Kiptaruswo Kapkerer Koibem — Kiptaruswo Kapkerer
Control 35.3¢ 44.0d 73.4¢ 16.2¢ 16.0d 12.5d 0.34d 0.38d 1.24d
RP 60.0b 71.2b 102.3b 23.8ab 26.5b 22.2ab 0.64ab 0.69ab 1.69ab
TSP 58.3b 69.3bc 112ab 23.9ab 22.0c 20.5bc 0.58b 0.65b 1.63b
COM 52.6b 63.6¢c O0b 21.5bc 19.7¢ 17.5¢c 0.45¢ 0.43¢ 1.49¢
PCOM30 70.3a 76.3ab 111ab 25.7a 32.1a 24.3ab 0.63ab 0.71ab 1.76a
PCOMG60 76.6a 80.6a 127a 28.5a 33.3a 25.8a 0.67a 0.80a 1.82a
THSDq 05 8.32 T2l 16.7 5.62 2.72 4.14 0.10 0.33 0.36

Means m same column followed by same letter do not differ significantly at 5% Ievel of probability
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4.7 The residual effect of P-fortified compost manure on P-uptake and yield of maize

4.7.1 Yield

Treatments significantly influenced residual effect on maize yield (Figure 7).
Irrespective of the site, PCOM60, PCOM30 and RP had comparative residual effect followed
by TSP and Compost. In high fertility site, PCOM60, PCOM30 and RP had the highest yield
increase 2.51, 2.15 and 2.24 tons/ha respectively. TSP and compost had an increase of 1.87
and 1.12 tons/ha respectively. In medium fertility site, PCOM60 had the highest yield
increase of 2.49 tons/ha compared to control, followed by PCOM30 at 2.24 tons/ha, RP had
an increase of 2.2 tons/ha. TSP and compost had the lowest increase of 2.19 and 1.38
respectively. In low fertility site, PCOM60, PCOM30 and RP significantly increased yield by
3.19, 2.79, 2.64 tons/ha compared to control. TSP and compost increased by 2.45 and 1.51

tons/ha respectively.
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Figure 7: Residual effect of P-fortified compost on yield
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100 Seed weight

Treatment significantly influenced residual effect on 100 seed weight (Table 9). In
high fertility site PCOM60, PCOM30 and RP had comparable residual effect, followed by -
TSP compost and control. In medium fertility site PCOM60, PCOM30 had the highest
residual effect on 100 seed weight, followed by RP, TSP and control in that order. In low
fertility site, PCOMG60, had the highest residual effect, followed by PCOM30, RP, TSP

compost and control in that order.

Table 9: The residual effects of P-fortified compost on 100 seed weight across different
sites

Treatment 100 seed weight (g)
Koibem Kiptaruswo Kapkerer

Control 19.8d 16.9¢ 18.9¢

RP 30.8ab 26.6b 27.8b
TSP 27.9b 24.0c 25.4¢
COM 23.5¢ 20.1d 23.3d
PCOM 30 31.8a 27.8ab 27.8b
PCOM 60 33.4a 28.8a 30.4a
THSDg 5 3.42 1.29 1.67

Means in same column Tollowed by same Tefler do not dilfer significantly al 3% level of probabilify

4.7.2 Plant P uptake

Treatments significantly influenced residual effect on plant P-uptake (Figure 5).
Irrespective of the site, PCOM had the highest percentage increase, followed by PCOM30,
RP and TSP respectively. Compost had the lowest increase. In high fertility site, PCOM60,
PCOM30 and RP had the highest percentage increase on p-uptake of 96, 70, and 65%
respectively. TSP and compost had an increase 47% and 15% respectively. In medium
fertility site, PCOM60 had the highest P-uptake increase of 75% compared to control,
followed by PCOM30, RP and TSP had an increase 56, 50 and 43%, respectively. Compost
had the lowest increase of 30%. In low fertility site, PCOM60, PCOM30 and RP significantly

increased plant P-uptake by 73, 67, and 59% compared to control. TSP and compost
increased by 39% and 26% respectively.
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CHAPTER FIVE
DISCUSSION

5.1 Effects of P-fortified compost manure on maize growth and yield

Application of P increased the growth and yield of maize in all the sites. This is
because these soils are deficient in P (Table 1) and hence benefited from the application of
available forms of P. Sufficient P in most agricultural soil range is 30-80 mg kg™'. Kihara and
Njoroge (2013) and Titonell ez al. (2011) similarly noted that P is one of the important
nutrients limiting crop production in soils of western Kenya. PCOM60, PCOM30 and TSP
treatments significantly improved attributes of ';growth (plant height, leaf area index and
chlorophyll content) in all the sites. This could be attributed to enhanced availability of P due
to composting, it is likely that during composting, organic acids produced, enhanced the
solubilization P of Minjungu Rock phosphate therefore improving the availability of rock
phosphate. Several scientists have reported the importance of compost in increasing the
solubilization of RP (Chien 2003; Zayed and Motaal, 2005; Hellel et al., 2012). Higher
chlorophyll concentration and leaf area index in PCOMG60 and PCOM30 treatments could
have been due to higher nitrogen level, leading to higher crop growth rate. Singh er al. (2011)
also found improved leaf area and chlorophyll content on higher nitrogen levels, this lead to
higher growth rate. Compost treated plots had better effect on plant height than RP, this may
be due to calcium content in the compost which contributed to liming reaction hence
increased the soil pH (Eghball 2002). Minjungu Rock phosphate applied directly without
composting, did not perform better than the no treatment control, probably because of its poor
solubility (Khan er al., 2009) and thus low uptake by plant. This indicates that MRP at the
rates applied, does not provide adequate available P and may not be of immediate benefit to
the maize crop. Hellel er al. 2013 similarly observed that direct application of RP to mono-
cropped maize resulted in lower yield compared to composted rock phosphate. Yield and
yield attributes showed higher response in PCOM60, PCOM30 and TSP. PCOM60 had the
highest 100 seed weight compared to other treatments across sites. This could be attributed to
higher level of phosphorous. Similarly, Muhammad er al. (2011) documented the positive

impact of RP-enriched organic fertilizer as an effective organic fertilizer for enhancement of

growth and yield of maize.



5.2 Agronomic Phosphorus Use Efficiency (APUE)

Agronomic Phosphorous use efficiency (APUE) is calculated to express the efficiency
of use of phosphorous in terms of additional yield obtained per unit of added P fertilizer,
(Dobermann et al., 2005). Agronomic phosphorous use efficiency (APUE) was significantly
higher in PCOM30- over all the other treatment in all the sites. The high P use efficiency of
maize associated with the application of PCOM30 is related to the availability of added P, the
P use efficiency calculation assumes that all P was available and is taken up for use in yield
accumulation. However, the low P use efficiency, like in the case of MRP and the fixed
soluble P (TSP) could have been attributed to low P uptake. The P use efficiency of maize
was highest in PCOM30 where as at the economical optimal rate PCOM60 the P use
efficiency was lower. This is probably because the soil P tests levels are low, hence highest P
use efficiency occur at lower rates of P application (Hadgul e al., 2013). Hallel er al. (2013)
also indicated that phosphorous use efficiency of Phospho-compost was higher compared to
other fertilizers. Hadgul er al. (2013) similarly observed higher PUE in lower P fertilizer

rates.

5.3 Residual value of P-fortified compost on maize growth and yield

Results obtained on residual effects of the P-sources indicate that in all the sites
PCOMG60 and PCOM30 had a higher residual effect on maize yield than all the other
treatments during the second season. This indicates that composting with MRP resulted in
higher fractions of P forms that had higher solubility, not only in the first season but also in
the subsequent season, compared to the other P sources. It is possible that P in the composted
manure occurred in forms that were somehow protected from P fixation (Hellal et al,, 2013)
and therefore the higher availability. Hirzel er al. (2009) also indicated that compost
application to soil can have significant carry over effects for several years. It was also
observed that grain yields obtained from all treatments generally increased during the residual
test period, this may be due to adequate amount of rain received during the period as
compared to the previous season. The results also indicated that there was an increase in
maize grain yield caused by MRP over TSP. This may be due to the fact that the residual
effect of TSP decreases rapidly in soil with high P fixing capacity, while RP has a longer

residual effect due to its slow dissolution in the soil with time. Gikonyo et al. (2008) in the
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field experiment using seferia grass indicated that MRP had a higher residual effect
compared to TSP. Similarly Muhawish and Razaq (2009) also found that residual effect of
RP was higher than TSP on wheat grain yield. Residual effect of PCOM30 was similar to
PCOM60 meaning that farmers can benefit from using lower MRP through composting. This
1s important as south Nandi farmers can apply P-fortified compost manure in the short rain
season and still be able to benefit the long season maize crop. It could also mean that the

farmers can apply lower rates of P-fertilizer in the second season therefore saving on fertilizer

input cost.



CHAPTER SIX
CONCLUSION AND RECOMMENDATIONS

6.1 Conclusion

The application of P-fortified compost manure increased growth and yield of maize
across sites. The effect of PCOM60 and PCOM30 was comparable to TSP, the most soluble
fertilizer. The value of compost. can thus be increased by fortification using MRP.
Composting MRP with organic resource enhanced its APUE compared to the mineral P
sources namely TSP and MRP. Therefore MRP is beneficial in composted form than when
applied alone. Residual effects of the P-sources indicate that PCOM60 and PCOM30 had a
higher effect on maize yield during the season. This indicates that the value of compost can
be improved by fortification, not only in the first season but also in the subsequent season,

compared to the other P sources.

6.2 Recommendation

Farmers in South Nandi should therefore be encouraged to use rock phosphate in their
compost as it improves the quality of compost. This requires the farmers to be trained in the
processes of preparation and use of p-fortified compost. Further research should be done on

cost benefit analysis of using P-fortified compost manure compared to inorganic P fertilizers.
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APPENDICES

Appendix 1: Fertilizer calculations

Quantity of the fertilizer applied in the experiment.

S‘raight inorganic fertilizer of P sources TSP (46% P,0s) and RP (29% P,0s) were applied.

1)

2)

4)

3)

Quantity of TSP (Triple supper phosphate applied)
Plot size = 3.6 m x 3.75 m =13.5 m’

60/46 x 100=130.4 kg/ha

13.5/10000 x130.4 = 0.176 kg/plot= 176 gms/plot.
Quantity of RP (Rock phosphate)

60/29 x 100=206.9 kg/ha

13.5/10000 x 206.9 =0.2793 kg/plot = 279.3 g/plot
Compost application rate = 2.25 kg/row (4.5m row)
- Based on CRSP application of 1.5 x 2 kg per 6m row
- Rates calculates to 6.67tons/ha (Rates is what CRSP project used according to

info by James)
- Total amount of compost for experiment (3/6 plots to receive compost)
- 3/6 x18 plots/site x 3 sites x (1.8 kg/row x 5 rows/plot) = 243 kg compost.
- Hence for two seasons (243 kg x 2) = 486kg compost.
Fortified compost half rate (Amount of RP to be used)
Amount of material prepared =0.5 tons, RP analysis =29% P205
Amount of P required=0.5 ton/6.7 tons x30 kg P,Os x 100/29 =7.72 kg RP
Amount per layer (Assume 3 layer) = 7.72/3 = 2.57 kg RP approximately 1.3 kg
RP/layer based on 250 kg output.
Fortified compost full rate (Amount of RP to be used).
Amount of material prepared = 0.5 tons, RP analysis =29% P,0s
Amount of P required=0.5 ton/6.7 tons x60 kg P205 x100/29 =15.44 kg RP
Amount per layer (assume 3 layer) = 15.44/3 =5.15 kg RP approx 2.58 kg RP/layer
based on 250 kg output.



Appendix 2: Analysis of variance (ANOVA) for plant height, leaf area index, chlorophyll

content, hundred seed weight, and yields for Kiobem long rain season (Sept- Feb, 2011-
2012)

Means squares

Source of variation DF PH LAI 9 % 2 LI
Treatment 5 333.288889* 0.11389889* 89.4240000* 1.87111222*
Rep 2 5.722222 0.00723889  3.2150000 0.04517222
Model 7 239.698413* 0.08342460* 64.7928571* 1.34938651*
Frror 10 18.655556 0.00573889  4.6730000 0.02045222
Total L7

KEY: PH-plant height, LAI-Leaf area index, CC- Chlorophyll content, 100SW- 100 seed
weight, YLD- Yield, *significant at 0.05 probability level

Appendix 3: Analysis of variance (ANOVA) for plant height, leaf area index, chlorophyll

content, hundred seed weight, and yields for Kiptaruswo long rain season (Sept- Feb, 2011-
2012)

Means squares

Source of variation ~ DF PH LAI L YLD
Treatment 5 306.189333* 0.10032556* 56.0813333* 1.82799222*
Rep 2 20.615000 0.01362222  43.1816667 0.21908889
Model 7 224.596667* 0.07555317* 52.3957143* 1.36830556*
Error 10 7.766333 0.00998222  4.4010000 0.07643556
Total 17

KEY: PH-plant height, LAI-Leaf area index, CC- Chlorophyll content, 100SW- 100 seed
weight, YLD- Yield, *significant at 0.05 probability level
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Appendix 4: Analysis of variance (ANOVA) for plant height, leaf area index, chlorophyll

content, hundred seed weight, and yields for Kapkerer long rain season (Sept- Feb, 2011-

2012)
Means squares

Source of variation DF PH LAl cC YLD

Treatment 3 652.488889* 0.10583556* 37.1330000* 1.31491556*

Rep 2 8.222222 0.00737222  7.8650000 0.13393889

Model 7 468.412698* 0.07770317* 28.7707143* 0.977493665*
~ Error 10 103.822222  0.0065889 4.1970000 0.01981222

Total 17

KEY: PH-plant height, LAI-Leaf area index, CC- Chlorophyll content, 100SW- 100 seed

weight, YLD- Yield, *significant at 0.05 probability level
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