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ABSTRACT

Inadequate food and imbalanced nutrients are major causes of human malnutrition
for the poor, sick, children, elderly and People Living with HIVV/AIDS (PLWAS)
who are the most vulnerable. These groups have high protein requirements but are
unable to access adequate amounts from animal sources due to high cost.
Therefore, there is need to explore cheap plant foods with comparable protein
quality and quantity as animal protein foods such as grain amaranth (4maranthus
hypochondriacus). The current level of production is quite low (0.25 - 1t ha™) as
compared to the potential of 3 t ha™. This study investigated the effects of
combined organic and inorganic fertilizer, fertilizer pelleting and pinching on the
growth and yield of grain amaranth. The study was carried out at the Maseno
University demonstration farm during the short rains in 2010 and the long rains in
2011 in two experiments which were laid out as Randomized complete block
design (RCBD) with split plot arrangement and replicated three times. For
fertilizer and pinching experiment study, the main plots were pinching at different
times and the subplots were the different inorganic and organic fertilizer
combinations, while in pelleting study, the main plots were pelleting and the
subplots were three different levels of manure and inorganic fertilizer
combinations. The data collected was on days to 50 % germination, days to 50 %
flowering, days to 50 % maturity, average plant height, stem width, number of
leaves, height of flower head, canopy, plants dry matter weight, grain yield and
1000 seed weight. The data were subjected to Analysis of Variance and
significant means separated by the least significant difference at P<5%. A
regression of yield and growth parameters was done to determine the factor with
the greatest influence on yield. To assess the effect of organic and inorganic
fertilizer combination and fertilizer pelleting on the soil and plant tissues nutrient
status during growth and development of amaranth, soil and leaf samples were
taken at seedling, flowering and at harvesting growth stages and analyzed for
nitrogen (N), phosphorous (P) and potassium (K) .The soil and leaf nutrient data
was subjected to regression analysis. Regression analysis was used to observe the
influence of the nutrient levels in the soil and leaves on the crop yields. Pinching
at 28 days after planting was the best practice for increased stem width, number of
flowering stems, canopy, number of leaves and yield. Fertilizer combination of
75 % organic N and 25 % inorganic N had the highest grain yield of 1.185t
hawhile fertilizer combination of 25 % organic and 75 % inorganic recorded the
lowest grain yield of 0.665 t ha'both in 2010 and 2011. Stepwise multiple
regressions of the factors with yield showed plant height to have the highest
influence on vyields. All the pellet fertilizer treatments had better growth
parameters, higher dry matter weight, 1000 seed weight and grain yield than the
control. In 2011, pellet fertilizer treatment with 75 % organic N and 25 %
inorganic N had mean grain yield of 743 kg ha™, while non- pellet fertilizer of the
same treatment had mean grain yield of 533 kg ha™. In the same season pellet
fertilizer treatment with 25 % organic N and 75 % inorganic N had mean grain
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yield of 413 kg ha™ while the non-pellet fertilizer of the same treatment had mean
grain yield of 231 kg ha™ (Least Significant Difference = 141.3). The regression
models were statistically significant at P<5% in estimating the linear dependency
of; % N in leaves on % N in the soil at both seedling and flowering stages, yield
on the level of potassium in the soil and in the leaves at both seedling and
flowering stages. The regression models using fertilizer pellets showed positive
correlation between % N levels in the leaves and % N levels in the soil at
flowering stage representing a normal curve. The regression models positively
related P levels in the soil and yield at seedling stage which is normally the case.
The study recommends the use of a mixture of 6.75 kg ha™ organic manure and
22 kg ha™ inorganic N to ensure prolonged source of nutrients to the plant and to
enhance yield. Coating of fertilizers containing high leachable nutrients or
pelleting with manure is also recommended.
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CHAPTER ONE: INTRODUCTION

1.1 GENERAL INTRODUCTION

Poverty and inability to access adequate amounts of expensive animal protein
foods to meet dietary requirements is a major reason for the widespread and
severe malnutrition among vulnerable groups such as the poor, children, elderly
and people living with HIV/AIDS. As such, exploration of a cheap plant food
with comparable protein quality and quantity as animal protein foods is needed.

Grain amaranth (4maranthus hypochondriacus) is one such plant.

Grain amaranth contains 12 to 18 % crude protein (dry matter basis), which is
higher than most grains except soybeans (Teutonico and Knorr, 1985; Keckesova
et al, 2013). The grain protein contains substantial amounts of essential amino
acids; 5 % lysine and 4.4 % methionine (Peter et al., 2003). The lysine content is
twice that of wheat protein, three times that of maize, and as much as is found in
milk (BOSTID, 1984). The amino acid composition of amaranth protein compares
with the FAO/WHO protein standard (FAO, 1973; Teutonico and Knorr, 1985;
Mlakar et al, 2010). In addition, the total lipid content of grain amaranth ranges
from 5.4 to 17.0 % dry matter which is generally higher than that for cereals.
Amaranth lipid has a high level of un-saturation (about 75 %) and almost 50 %

linoleic acid (Becker et al., 1981; Mlakar et al, 2013). Grain amaranth contains



dietary minerals such as iron, calcium, potassium, phosphorous, magnesium,
copper and manganese (Mlakar et al, 2013). The calcium content is twice that of
milk. It also contains tocotrienols (a form of vitamin E) which has cholesterol-
lowering activity in humans (Railey, 1993). Grain amaranth grows fast, is high
yielding under a wide range of agro-climatic conditions, is easily digestible even

by convalescents and is tasty in a variety of forms.

Researchers have reported that the water requirement for growing grain amaranth
is 42-47 % that of wheat, 51-62 % that of maize and 79 % that of cotton (Mwangi,
2003). In general amaranth is extremely drought tolerant (Kauffman and Weber,
1990). Some grain will be produced as long as there is enough moisture in the soil
for the seeds to germinate, and as long as there is enough rainfall about three
weeks after emergence. Grain amaranth can be grown in areas receiving 390mm

to 550 mm annual rainfall.

Grain amaranth, with its desirable characteristics, is thus a choice crop for food
and nutrition security and more importantly as an adaptation/mitigation strategy to
climate change. Nevertheless, a survey done in 2008 in the Lake Victoria Basin,
farmers indicated that lack of awareness on crop husbandry and utilization limits

the production of grain amaranth (Nyankanga et al., 2012).



1.2 PROBLEM STATEMENT AND JUSTIFICATION
Grain amaranth yields in Kenya are depressed averaging one ton ha™ (Poverty

Eradication commission, 2006). The crop is grown by small scale resource poor
farmers who cannot apply recommended rates of nutrients; hence net negative
nutrient balances. This leads to low production and contributes to food insecurity.
Nutrients can be supplied from either inorganic or organic sources. The short term
benefits from use of inorganic sources include fast release of nutrients to meet
crop demand and convenience in application. However inorganic fertilizers are
expensive, out of reach of poor farmers and the nutrients are easily leached
leading to pollution of water sources. Slow release fertilizers dissolve gradually,
thereby delaying nutrient release to curb pollution. Fertilizer pelleting is one of
the slow release technologies and has been tried in other crops and further
information on its use in grain amaranth is required. Livestock manure which is
available in most homesteads can supply crop nutrients. The use of manure has
long term benefits that include release of nutrients to plants slowly and for a
prolonged period of time in addition to improving the soil physical properties.
However the use of livestock manures alone cannot meet crop nutrient demand
because of limited quantities available, low nutrient content and the slow release
of nutrients during periods of peak crop nutrient demand. To enhance crop
nutrient use efficiency, a fertilizer augmented soil enrichment approach is applied

which is based on making the best use of organic matter and manure with the



addition of limited amounts of mineral fertilizer to maintain the supply of
essential elements such as phosphorus and nitrogen. A survey done in 2008 in the
Lake Victoria Basin, indicated lack of information on use of fertilizer
augmentation in grain amaranth production (Nyankanga et al., 2012). In addition
there is insufficient information indicating effects of pinching on amaranth grain
production. Hence there is need for further study to evaluate the effects of
combined organic and inorganic nutrient sources, fertilizer pelleting and pinching

on the performance of grain Amaranth (4dmaranthus hypochondriacus).

1.3 OBJECTIVES
1.3.1 Broad objective:
The overall objective of this study is to increase production of grain amaranth

through pinching and the use of inorganic fertilizer and manure.

1.3.2 Specific objectives:

1. To determine the effect of pinching and inorganic and organic
fertilizer combinations on the growth and grain yield of Amaranthus
hypochondriacus.

2. To determine the best inorganic and manure argumentation level to

maximize grain production of Amaranthus hypochondriacus.



To evaluate the effect of pelleting of inorganic and organic fertilizer
combinations on the growth and grain vyield of Amaranthus
hypochondriacus.

To assess the effect of combined organic and inorganic fertilizers on soil
properties and plant tissues nutrient status during growth and development

of Amaranthus hypochondriacus.



CHAPTER TWO: LITERATURE REVIEW

2.1 GENERAL INTRODUCTION

2.1.1 Origin

The name amaranth originates from the Greek word for “never — flower.” The
plant is an annual herb, not a “true’ grain and it is a relative of pigweed. Grain
amaranth is a non-grass cereal classified in a very unique food group called
pseudo- cereal. It originated from India and Ethiopia and was later taken to Incas
in Mexico where it was used to cover the deserts (Poverty Eradication
Commission, 2007). Grain amaranth species have been important in different
parts of the world and at different times for thousands of years. It was the staple
food in the diets of the pre- Columbian Aztecs, who believed it had supernatural

powers and incorporated it into their religious ceremonies.

2.1.2 Botany

The grain amaranth is a bushy plant that grows 5 to 7 feet (150 to 210 cm), with
broad leaves and a showy flower head of small, red or magenta, clove like
flowers. The seed heads resemble maize tassels, but are somewhat bushier. The

grains are tiny (0.9 to 1.7mm diameter or 1/32”); lenses shaped, and are golden to



creamy tan in color. Each plant is capable of producing 40,000 to 60,000 seeds

(Railey, 1993). The weight of 1000 seeds varies from 0.7 to 0.9 g.

2.1.3. Species

There are about 60 Amaranth species, several of which are cultivated as leaf
vegetables, cereals, or ornamental plants, while others are weeds. There are three
species of grain amaranth: 4. hypochondriacus, A. cruentus and A. caudatus and
many varieties within these 3 species produce either white, yellow, or pink seeds.
The above three species have been identified as having the potential to increase
world food production (NAS, 1975). Grain amaranth can further be divided into

tall and short types.

2.1.4 World distribution

Grain amaranth is currently grown in many parts of the world mainly in the USA,
South and Central America, Russia, China and most countries in Africa. In Kenya
grain amaranth is considered a newly introduced crop. The Ministry of
Agriculture registered grain amaranth in 1991 as a crop. Grain amaranth
production is being promoted in the country by many stakeholders including the
Ministry of Agriculture, Poverty Eradication Commission (PEC), NGOs and the

private sector. The main production areas in Kenya include parts of Eastern,



Central, Nyanza and Western regions. It is grown by small scale farmers scattered
in these areas. Grain amaranth is known by different cultural names in Kenya; the
Swabhili is mchicha, the Kikuyu’s terere, the luhya’s omboga, the Luo’s ododo,
the Pokot’s sikukuu or chepkuratian, the Turkana’s lookwa or epespes, the Teso’s

Ekwala ( Alemu, 2005).

Production of grain amaranth is promoted for various reasons: food security,
commercial crop to improve family income and earn foreign exchange and for
promotion of urban agriculture among others. The country currently produces
about 400 tons of amaranth grain annually (Amaranth news, 2007). Unfortunately
promotion of grain amaranth is hampered by unavailability of adequate literature

on agronomic practices and value addition technologies.

2.2. AGRONOMY

2.2.1. Ecological Requirements

Grain amaranth is adaptable to a wide range of climatic conditions. It grows best
under humid conditions but has the ability to withstand hot climates. Grain
amaranth is extremely drought tolerant but requires wet conditions during
germination and early establishment (Putnam et al., 1989). Its water requirement

is reported to be 42-47 % that of wheat, 51-62 % that of maize and 79 % that of



cotton (Mwangi, 2003). Amaranth’s drought tolerance is as a result of its deep
and extensive root system and a C4 metabolism (O’Brien and Price, 1983).
However it requires adequate moisture for good production but can be grown in
areas receiving 390 mm to 550 mm annual rainfall. Grain amaranth responds well
to high sunlight and warm temperatures (Putnam et al., 1989). It requires soil
temperatures ranging from 18 °C to 24 °C for optimal growth (Gelinas and

Seguin, 2008).

Grain amaranth is adaptable to different soils- sandy, loamy, alkaline or saline
types but prefers soil pH of 6.0 to 7.5. The type of soil can affect germination.
This is because of the tiny seeds which germinate into tiny and fragile seedlings.
The seedlings can easily be blocked from emergence by a thin crust on the soil
formed after a rain. Selecting soils that are lower in clay and managing the

seedbed to minimize chance of crusting can help ensure getting good stand.

2.2.2 Cultural practices

Planting

The grain amaranth seeds are quite tiny and present a special challenge in
producing the desired plant stand. The seeds are planted in finely prepared soil,

shallowly planted, and packed to assure good seed-to-soil contact. A planting



depth of more than one cm has been shown to delay and decrease emergence
(Webb et al, 1987), although in dry land areas, a planting depth of more than one
cm may be necessary to obtain adequate moisture for germination. A seeding
depth of 2.5 cm may be practical in friable soils if seeding rates are adjusted to
compensate for reduced emergence associated with increased depth. Amaranth
germinates quickly when soil temperatures are from 15°C to 18°C (Webb et al.,
1987). The crop is usually grown as a row crop to allow weed control by

cultivation.

Fertilizer requirements

There is only limited information available on the fertility requirements of
amaranth but nitrogen is reported to be the primary limiting factor in amaranth
production (Pospisil et al, 2006). Various studies have shown that yield
differences of amaranth cultivars were due to nitrogen availability (Myers, 1998;
Pospisil et al., 2006) and individual cultivar traits (Henderson et al., 2000; Sleugh

et al., 2001; Stordahl et al., 1999, Nyankanga et al, 2012).

Nitrogen fertilization

The N needed for the growth of a crop will vary depending on the N status of the
soil and potential for the mineralization. Therefore, optimum N amount for

maximum amaranth growth substantially differs with different researchers, the
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reported range varying from 50-200 kg N h™ (Bharat and Wayne, 1996). Manga
(2001) reported that application of nitrogen fertilizer at the rate of 50 kg N ha™
was optimum for growth and yield of grain amaranth in the savanna ecological
zones of Nigeria. Nyankanga et al, (2012) reported that 87.5 kg N haof inorganic
N, to be the optimum requirement for maximizing grain amaranth yield in
Western Kenya. Endres (1986) reported that no yield advantage noted at higher N

rate than 100 kg ha™. Nitrogen can be supplied from different sources.

Inorganic nitrogen fertilizer

Inorganic nitrogen can be supplied from different fertilizer blends. The main ones
are; Calcium Ammonium Nitrate (CAN) with 26 % nitrogen, Diammonium
Phosphate (DAP) with 18 % nitrogen and urea. Bharat and Wayne (1996)
realized a linear increase in plant height, leaf area, stem width, leaf fresh and dry
weights with increased nitrogen fertilization until 90 kg ha™. Ainika et al, (2011)
and Manga (2001) reported that application of nitrogen at the rate of 50 kg ha™
significantly increased the vegetative growth and development of Amaranthus
cruentus through increased plant height, plant dry matter weight and leaf area
index. Nyankanga et al, (2012) reported a linear increase in yield of Amaranthus

hypochondriacus with application of inorganic nitrogen (N) up to 87.5 kg N ha™.
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Manure application

The use of organic manure in crop production has been studied by many
scientists. Cattle manure is widely used by subsistence farmers though its use in
large scale farming is limited. Manure has high organic matter content;
application of manure often helps restore depleted organic matter in arable land,
especially land with heavy erosion (Zhang et al, 2006). Nutrients added through
manure application are in organic form and they become available to plants over a
longer period of time compared to inorganic fertilizer. Ainika et al, (2011)
reported that application of farmyard manure at the rate of 4 t ha® significantly
increased the vegetative growth and development of grain amaranth
(Amaranthus cruentus) through increased plant dry weight, leaf area index and
crop growth rate but grain yield was not affected. Experiments done to study the
effect of manure application on yield and quality of grain amaranth in western
Kenya recommended the use of 9 t ha' cow dung manure (Nyankanga et al.,
2012). For the small scale farmer large quantities of farm yard manure will be too

expensive and also inconveniencing to transport and apply.

Combined use of manure and inorganic fertilizers

Since the level of decomposition of manure is not easy to determine, high and
sustained crop yield can be obtained with judicious and balanced nitrogen and

organic matter amendments (Makinde, 2007). The combined application of farm
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yard manure and fertilizer has been tried in different crops. In sorghum, Alemu
and Bayu (2005) reported that grain yield was significantly enhanced due to
application of farm yard manure, mineral fertilizers and their interaction effects.
Results of the analysis of the post-harvest soil samples, revealed that the soil total
N, organic carbon (C), available phosphorous (P), Potassium (K) and Magnesium
(Mg) contents were significantly (P<0.01) increased in linear response (P< 0.01)
to farm yard application in the 0-20 cm soil depth. Ainika et al, (2011), while
working on Amaranthus cruentus reported that a combination of 50 kg N ha™
with 4 t ha™ of farmyard manure showed superiority in terms of yield. The yield
was 1295.9 kg ha® as compared to 1138.3 kg ha'when the amount of N is
doubled or 1211.3 kg ha™when the amount of manure is doubled. Ayuso et al,
(1996), and Akanbi and Togun (2002), reported that a combination of maize
stover compost and urea fertilizer at the rate of 3 t ha® + 30 kg N ha
significantly enhanced amaranth growth and vyield attributes. Studies done in
Western Kenya recommended the use of 9 t ha™ of manure alone or 87.5 kg ha’
linorganic N as sufficient for production of 1.84 t ha™. These amounts of fertilizer
are too high and the cost implication is also high for the small scale farmer. The
study tried to determine the level of fertilizer combination for maximum grain

production.
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Use of fertilizer pellets

Pelleting is interaction between particles of materials and applied forces, through
process of biomass densification, to increase its bulk density and decrease volume
(Reza-Bagheri et al, 2011). Biomass densification is the use of some form of
mechanical pressure to reduce the volume of grind material and conversion of this
material to a solid form (pellets), which is easier to handle and store than the
original material, with long-term effects including reduced leaching losses and
enhanced nitrogen uptake, as well as positive effects on both health and soil
nutrients (Erickson and Prior, 1990; Hernandez et al., 2006). Masayuki (1998)
made pellets from livestock manure and found that the fertilizer efficiency of
pelleting compost does not differ essentially from that of the compost which was
used as the raw matter. He further recommended that pellets can be applied to

crops according to the present standard application rates for organic fertilizer.

The use of fertilizer pellets has been tried in several crops. Jeiran et al, (2008)
tried pellets made by mixing urea and dry cow dung on wheat and reported an
increase in harvest index, number of spikes/m? 1000 grain weight, the biological
yield, the grain yield and grain protein content per hectare, and hence
recommending the use of pellet fertilizer as a suitable alternative to urea in wheat.

Reza-Bagheri et al, (2011) also reported that the application of pellet fertilizer
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made by mixing urea with cow dung improved the quantity and quality of corn
yield and its components compared to urea alone. There is scanty literature
relating the use fertilizer pellets in grain amaranth. The recommended fertilizer
rates both organic and inorganic are too high and the use of pellets could decrease

the volume of application of manure and reduce leaching of N nutrient.

Pinching

Pinching is a form of pruning that encourages branching on the plant. It involves
the removing of the terminal bud of an herbaceous plant. The terminal bud
produces auxins which prevents other nodes from opening up to release their
buds. The overall effect being increased height of the main stem. Pinching is a
standard practice in many cut flower productions (Ecke and Matkin, 1976). It is
also practiced in herbs (Phetpradap et al 1994: Hammo, 2008). Once the terminal
bud is removed, several buds on the stem open up before a new terminal bud
accumulates auxins to stop the process (Walston, 2001). Pinching is done by hand
or sharp pair of pruning shears when plants are well established, about 4 to 6
weeks after planting. The stems are pinched back at the fourth or fifth node. This
is done in order to force the plant to produce more flowering stems for increased
flower production. In herbs, it is done to encourage the plant to produce more

desirable forage and seeds (Hammo, 2008).
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In carnations, pinching delays flowering and hence harvesting (Iftikhar, 2007). In
chrysanthemums, the first few flower stems are normally pinched to ensure
uniform development of basal rosette (MOA et al, 2003). Phetpradap et al, (1994)
while working with dahlia observed that pinching reduced the spread of flowering
and resulted in seed heads at approximately the same height above ground level.
They attributed this to the promotion of lateral branch length. However, they
observed no increase in seed yield. Rathore et al, (2011) while studying the effect
of pinching and plant bio regulators on marigold reported that pinching decreased
plant height, increased the number of primary branches and number of flowers per
plant. Gnyandev (2006), reported that pinching China Aster increased seed weight
per plant and also per hectare and 1000 seed weight. Hammo, (2008) worked on
Nigella Sativa L. and reported increased vegetative dry weight, fruit number and
seed yield per plant with pinching and nitrogen fertilization. Pinching is a
common practice in amaranth grown for potherbs to increase foliage through
increased branching. There is very scanty literature available regarding pinching

in amaranth for purpose of increasing grain yield.

Pest management
Weeds

Amaranth seedlings grow slowly the first few weeks and are easily overtaken by

early weeds. There are no herbicides recommended for control of weeds in grain
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amaranth (Aynehband, 2008). Multiple tillage before planting; one to sprout the
weeds, and another one a week or so later to kill the weed sprouts, is
recommended (Jefferson Institute, 1999). Also cover crops and no-till planting
can help prevent weed seeds from germinating. Once amaranth gets to be 15 to 20
centimeters tall, it will begin growing rapidly, and can shade and out compete late

emerging weeds (Myers and Putman, 1988)

Diseases

There are no diseases of economic importance known to affect amaranth
especially in drier areas. But in poorly drained soils, seedlings could be affected
by soil borne pathogens (Fusarium, Pithium and Bacterium ssp) that cause

dumping off. There are no fungicides recommended (Jefferson Institute, 1999).

Insect pests

The tarnished plant bug (Lygus lineolarious), is the worst insect pest on amaranth.
It is a sucking insect that routinely shows up in amaranth heads, attacking flowers
and seeds. It prevents flowers from developing into seeds and reduces seed
weight. It can therefore, cause substantial yield loss. In Central America, blister
beetles and alfalfa webworm are leaf feeders known to cause yield loss.

Pyrethrins are effective in controlling these insects (Jefferson Institute, 1999).
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Other pests include doves which eat the mature seed before harvesting and

monkeys which eat the young plants.

Harvesting, utilization and storage

Grain amaranth matures in 60 to 90 days. Most varieties maintain high moisture
content in the stem and leaves. Harvesting is done when the leaves turn yellow
and inflorescence start dropping. This time the grain should be physiologically
mature (at hard milk stage). The whole plant and inflorescence is cut with
sickle/secateurs at about 30 cm above the ground. The inflorescence is spread on
canvas to dry for two to three days under direct sunshine and then the tiny grains
are threshed out by beating with sticks. Winnowing is done to separate the chaff
and grains. The grains are further dried to about 11-12 % moisture content. The
dry grains are then packed in gunny bags and stored away from dampness. In
developed countries like USA and Mexico, harvesting is done by combine
harvesters. Yields of grain amaranth are highly variable and depend on many
factors. Weather patterns and cultural practices play a particularly important role.
In Kenya, yields in farmers' fields have ranged from 40 kg ha™ to 169 kg ha*
(Amaranth news, 2007). With good rains and proper husbandry, yields of up to
1000 kg ha™ have been reported. Nyankanga et al, (2012) reported a yield of 1.84

t ha™when using 9 t ha™ manure or 87.5 kg ha™* inorganic N.
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Nutritional value

The nutritional composition of both grain and vegetable amaranth has been
extensively studied (Becker et al. 1981; Teutonico and Knorr 1985; Pedersen et
al., 1987; Bressani, 1990; NAS, 2006). Amaranth grain is considered to have a
unique composition of protein, carbohydrates, and lipids. Grain amaranth has 12
to 18 % crude protein (dry matter basis), which is higher than most grains except
soybeans (Teutonico and Knorr, 1985; NAS, 2006). Amaranth proteins are of
high quality. They contain essential amino acids; lysine 5 %, methionine 4.4 %
and tryptophan 0.18-0.28 % that are lacking in other cereals (Senft, 1980;
Venskutonis and Kraujaris, 2013). The lysine content is nearly twice that of wheat
protein, three times that of maize protein, and as much as is found in milk
(BOSTRID, 1984). The amino acid composition of amaranth protein compares
well with the FAO/WHO protein standard (FAO, 1973; Teutonico and Knorr,
1985). The grain therefore, has the potential to substitute expensive animal
protein in the diets of vulnerable people who cannot afford the animal protein
sources, by complementing cereals. For instance, when amaranth flour is mixed in
the ratio 30:70 with either rice, maize, or wheat flour, the protein quality rises
from 72 to 90, 58 to 81, and 32 to 52, respectively (Bressani, 1989). Although
amaranth protein itself is low in leucine, this amino acid is found in excess in

conventional plant protein sources. Amaranth seed protein differs from cereal
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grains by the fact that 65 % is found in the germ and 35 % in the endosperm, as
compared to an average of 15 % in the germ and 85 % in the endosperm for
cereals (Stallknecht and Schulz-Schaeffer, 1993). Consequently, amaranth protein

is well protected from damage during processing.

The carbohydrates in amaranth grain consist primarily of starch made up of both
glutinous and non-glutinous fractions. Amaranth starch granules are much smaller
(1 to 3 pm) than those found in other cereal grains. Due to the unique size and
composition of amaranth starch, the starch may exhibit unique gelatinization and
freeze/thaw characteristics which could be of benefit to the food industry.
Considerations for the use of amaranth starch in food preparation of custards,
pastes, and salad dressing have been studied (Singhal and Kulkarni, 1990). The
total lipid content of grain amaranth ranges from 5.4 to 17.0 % dry matter which
is generally higher than that for cereals. Amaranth lipid has a high level of un-

saturation (about 75 %) and almost 50 % linoleic acid (Becker et al., 1981).

Grain amaranth is high in fiber, which is five times that of wheat. It contains

calcium, potassium, phosphorous, vitamins A and C. The calcium content is twice

that of milk. It also contains tocotrienols (a form of vitamin E) which have
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cholesterol-lowering activity in humans (Railey, 1993). Amaranth grain contains

vitamin B complex, Vitamin C and lactic acid.

Utilization

Utilization of grain amaranth starts either as ground flour or as popped cereal. It is
eaten along with staple foods to complement their nutrient density, improve the
taste and to promote health. The seeds can be cooked with other whole grain or
added to soups and stews as a dense thickening agent. Sprouted seeds are used in

salads and sandwiches (Jefferson Institute, 1999)

Utilization studies have shown that, the grain amaranth flour can be blended with
other cereal flours at 50 % or even 70 % (by weight) levels in different nutritional
products. The blended flour is used to make porridge, ugali, chapattis, or mandazi.
It is also used in multigrain products like breads, noodles, pancakes, cookies and
breakfast cereals (Hackman and Myers, 2003; Muyonga et al., 2008). The popped
grains are used as a snack. Popped grains can be mixed with sugar to make
confectionary. The grain is also used in fortified food where the staple food is low
in certain elements (Mnkeni et al., 2006). Amaranth grain does not contain gluten
and can be used as a substitute for wheat in baking products for people who are

allergic to gluten in wheat and other products (Marjorie, 1984).
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Medicinal value

Grain amaranth has been found to have medicinal values. It has been used in
management of diabetes, migraines, hypertension, liver disease, hemorrhage, TB,
HIV/AIDS, wounds, kwashiorkor, marasmus, stunting, diarrhea and skin diseases.
It contains dietary fibers’ important in prevention of coronary heart disease and
cancer of the colon. Grain amaranth consumption facilitates evacuation of

placenta after birth as well as help in secretion of milk (Mwangi, 2003).

Processing and Economic Usage

Grain amaranth can be used to produce more nutritious industrial products such as
bread, pastry, biscuits, flakes, crackers, ice-cream, and lysine rich baby foods. In
such products, the toasted grain seed flour, which lacks functional gluten, is
blended with wheat flour, which contains gluten. The grains can also be poached,

milled and used in gluten-free bread and pan cake-like chapattis (NAS, 2006).

Because grain amaranth has high protein, as well as a high fat content, there is
the potential to use it as a high energy food. Milled and toasted amaranth products
were found to be highly digestible and absorbable in human feeding studies
(Morales et al. 1988). The balance of carbohydrates, fats, and protein, allow
amaranth the opportunity to achieve a balanced nutrient uptake with lower

amounts of consumption than with other cereals.
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Heat processing removes lectins and improves digestibility and protein efficiency
ratio of the grain and flour. However, excessive thermal processing reduces the
quality of the grain. Temperature, load and moisture affect the popping capacity,
functional properties, nutritional quality, crude protein content, lysine content and

sensory texture of the popped grain (Lara and Ruales, 2002).
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CHAPTER THREE: GENERAL MATERIALS AND METHODS

3.1 SITE DESCRIPTION AND LOCATION

The study was carried out in Maseno University Research Farm in Kisumu
County. The farm is located on latitude N 0° 1’-S 0° 12’and longitude E 34°24’ -
E30°47°, at 1515 m above sea level. The farm is in lower midlands sub humid
(LM2) ecological zone. The rainfall distribution is bimodal with the long rains
being received in March to July and the short rains being received in September to
December (Jama et al., 1997). The farm receives an annual average rainfall of
1750 mm and temperature ranges from 15°C to 31°C (Abednego et al., 2003).
During the experimental period, 1278 mm of rainfall was received in 2010 and
1088.5 mm during the months of January to September, 2011. The mean

temperature in 2010 was 25.5°C and 25.3°C in 2011.

The major soil type in the experimental farm is classified as Acrisols (FAO,
2003). The measured initial soil properties were: Moderate in nitrogen (0.15 %),
low in phosphorus (2.00 ppm), very low potassium (0.25 Cmol/kg), moderate
organic carbon (1.44 %) and moderately acidic (pH water; 5.52 and pH 0.01Cacl,

4.54).
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3.2 EXPERIMENTAL DESIGN AND TREATMENTS

The study was carried out in two experiments which were laid out as Randomized
complete block design (RCBD) with split plot arrangement and replicated three
times. In the experiment to study the effect of fertilizer application and
combination on the growth and vyield, the details are explained in 4.3.2. In the
experiment to assess the effect of fertilizer combination and pelleting, the details

are explained in 5.3.2.

3.4 DATA COLLECTION

Days to 50 % germination were determined by averaging the period it took for
half of the plants in each plot to germinate. Days to 50 % flowering were
determined by averaging the period it took for half of the plants in each plot to
flower. Days to harvest for each treatment were determined by average period it
took for half of the plants in each plot to attain physiological maturity. Five plants
per plot were randomly sampled from the inner rows. From these plants, the
number of leaves per plant was noted weekly up to the 5™ week. Measurements of
plant height, stem width and span of canopy were taken every week starting from
4" week after sowing. Plant height was the height between soil surface and the tip
of the central shoot. Stem width was the width of the stem at the point where
branches arise. Canopy span was the widest distance of foliage. Number of stems

was determined for the pinched plants and was the number of stems originating
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from the pinch area. Dry matter content of selected plants per treatment at
flowering and at harvesting was determined by destructive harvesting of two
plants from the inner rows of the plots. The plants sampled were at average,
representatives of plot population. The plants were uprooted whole, and soil from
the roots washed off. The plants were then placed in brown envelops and dried at
in an oven until brittle dry. The average weight of the dried plants was used to

determine the dry matter weight per plot.

3.5 SOIL AND LEAF SAMPLING
The soil and leaf sampling were done at seedling, flowering and maturity stages.

Details are explained in chapter 6.3.2.

3.6 HARVESTING

Harvesting was done when all the plants had reached maturity and flower heads
had turned brown. Time to harvest was determined by squeezing the seeds. The
mature ones did not produce milk when squeezed. Harvesting was done by cutting
off the inflorescences and placing them in separate containers for each plot. All
the middle plants per plot were harvested and the harvested area measured in m?.
The produce was sundried, threshed and winnowed. The seeds were weighed and

the plots yields determined by extrapolation. 1000 seeds per plot were weighed.
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The daily rainfall (mm), temperature (°C) and humidity (%) were obtained from
Kenya Forestry Research Institute which is located one kilometer from the farm.
The readings of the rainfall were used to calculate the amount of rainfall received

during the cropping season.

3.7 STATISTICAL ANALYSIS
The data was subjected to Analysis of Variance using (ANOVA) Genstat
statistical package, 13" version. Fisher’s least significant difference (LSD) test

was used to separate difference in means at 5% significant level.

27



CHAPTER FOUR: EFFECT OF PINCHING AND FERTILIZER
APPLICATION ON GROWTH AND GRAIN YIELD OF AMARANTH
(AMARANTHUS HYPOCHONDRIACUS)

4.1 ABSTRACT

Grain amaranth yields in Kenya are low due to poor agronomic practices. In other
crops pinching and fertilization have been shown to increase yields. Pinching
reduces the apical dominancy and allows lateral growth, increasing branching and
yield. Despite all this benefits their practice has not been enacted in the
production of amaranth. A study was carried out at the Maseno University
Research Farm in Kisumu County in 2010 short rain and 2011 long rains growing
seasons. The experiment was laid out as a Randomized complete block design
with split plot arrangement and replicated three times with main plots being
pinching treatments and subplots being five levels of organic and inorganic
fertilizer combinations. Pinching 28 days after planting was the best practice to
increase stem width, number of flowering stems, canopy and number of leaves.
None pinched plants had highest yields of 0.732 t ha® in 2010. Fertilizer
combination of 75 % organic N and 25 % inorganic N had the highest grain yield
of 1.185 t ha™ while fertilizer combination of 25 % organic and 75 % inorganic
recorded the lowest grain yield of 0.665 t ha™ in 2011. Stepwise multiple
regressions of the factors with yield showed plant height to have the highest
influence on vyields. The results of this study show a combination of organic and
inorganic fertilizers at 75 % organic N and 25 % inorganic N respectively gave
the highest grain yield of amaranth grown in Western Kenya. It also indicated that
pinching is a good agronomic practice to increase yield of grain amaranth but this
depends on the time it is carried out. The interaction of pinching and fertilizer
combination did not have significant (p = 0.05) effect on any growth parameter or
yield of grain amaranth in 2010 and in 2011.
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4.2 INTRODUCTION

Although the superior nutrition quality of amaranth grain has been long known
and the health and nutrition benefits of consuming it noted in malnourished
children and people living with HIVV/AIDS, its production and consumption is still
limited. The farmers and extension officers lack adequate guidelines on best
agronomic practices for growing the grain amaranth. There is little research done
to determine the best agronomic practices to maximize grain production
(Nyankanga et al., 2012). There is limited and preliminary information available
on the fertility requirements of amaranth (Olaniyi et al, 2008). However studies
done have shown that nitrogen is the most limiting element affecting the yield of

amaranth (Alemu and Bayu., 2005).

In Kenya, grain amaranth is grown by small scale growers who are resource poor
and cannot afford mineral fertilizers. This leads to low production and contributes
to food insecurity. A key resource that could be useful in reversing this trend is
livestock manure which is available at the farm level (Alemu and Bayu., 2005). In
addition to releasing nutrients slowly into the soil, livestock manure also improves
the soil structure. However, the use of organic manures alone cannot meet crop
nutrient demand over large areas because of the limited quantities available, the

low nutrient content of the materials and the high labor demand for processing
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and application (Palm et al, 1997). Thus to enhance the quality and effectiveness
of organic manures many researchers have recommended a fertilizer- augmented
soil enhancing strategy which involves the combined use of manures and mineral
fertilizers. This approach combines the short term benefits of mineral fertilizers

with the long term values of organic manures (Alemu and Bayu, 2005).

The combined use of inorganic N fertilizers and farmyard manure in grain
amaranth has been studied (Ainika et al, 2011; Akanbi and Tugon in 2002).
Ainika et al ( 2011), reported that the application of inorganic nitrogen at the rate
of 50 kg N hacombined with 4 t ha™ of farm yard manure significantly increased
the growth and development of amaranth through increased plant height, plant dry
matter weight and leave area index. These results were similar to those obtained
when 100 kg N ha™ of inorganic fertilizer were used or when 4 t ha™ farmyard
manure was used. Akanbi and Tugon (2002) reported that a combination of maize
stover compost and urea fertilizer at the rate of 3 t ha™ + 30 kg ha™ respectively
significantly enhanced amaranth growth and yield attributes. Studies done in
Western Kenya showed that 87.5 kg N ha™(from DAP and CAN) alone or 9 t ha™
farm yard manure is the requirement for optimum production of grain amaranth
(Nyankanga et al, 2012). For the small scale farmer the recommended quantities

of either inorganic fertilizer or farm yard manure is not affordable. Hence a
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complementary mix of inorganic fertilizer and farm yard manure that has
significantly same effect on yield of the crop is required. There is scanty
information on the use of combined organic and inorganic fertilizer in grain
amaranth production. In this study, the level of combined organic and inorganic

fertilizer for optimum grain production was determined.

Pinching is an agronomic practice that has been used in cut flowers to stimulate
multiple stems for increased production. It is also used in potherbs including
amaranth, to increase foliage through increased branching and number of leaves.
There is no sufficient literature available indicating its application in amaranth for
increased grain production. It is assumed that if grain amaranth is pinched at the
appropriate time, will result to more flowering stems hence higher grain yield.
This study therefore, aimed at evaluating the effects of combined organic (cattle
manure) and inorganic nitrogen and pinching on the grain yield of Amaranth

(Amaranthus hypochondriacus).
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4.3 MATERIALS AND METHODS

The study was done in Maseno University Research Farm using seeds obtained
from Hortitech Seed Company in Naivasha. The conditions are as described on

page 25.

4.3.1 Experimental design and treatments

The experiment was laid out as a Randomized complete block design with split
plot arrangement and was replicated three times. The main plot was pinching
treatment and the subplot was organic and inorganic fertilizer combinations at
five different levels. The main plots measured (17x6) m’and the treatments were,
Pinching at 28 days after planting (P1), Pinching at 49 days after planting (P2)
and No pinching (P3). The subplots measured (3x6) m”and had 5 treatments of
inorganic and organic fertilizer combinations as shown in table 4.1. A distance of
1.0 m and 0.5 m was left between the plots and subplots respectfully to prevent

contamination of neighboring treatments.

Dry cattle manure (1 year old) from Maseno University Livestock Unity was used
as the organic source of N. Before planting, the manure was analyzed for

chemical composition (Table. 4.2).
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Table 4.1 Subplot treatments fertilizer combinations

Subplot Quantities of organic and | Proportions of organic and

treatment | inorganic N inorganic N

T1 9t ha™ manure 100 % organic N

T2 6.8tha” manureand 22 kg ha™ | 75 % organic N and 25 %
inorganic N inorganic N

T3 45t ha™ manure and 43.8 kg | 50 % organic N and 50 %
hatinorganic N inorganic N

T4 2.3 t ha’ manure and 65.6 kg |25 % organic N and 75 %
ha® inorganic N inorganic N

T5 87.5 kg ha™ inorganic N 100 % inorganic N

The manure for each plot was weighed separately, spread evenly and incorporated

into the soil before planting. The inorganic fertilizer was applied in two splits;

46% was applied at planting as Diammonium Phosphate (DAP) 54% was top

dressed as Calcium Ammonium Nitrate (CAN) 6 weeks after planting. The

application rates were based on the recommendations of 87.5 kg inorganic N ha™

and 9 t cattle manure ha® (Nyankanga et al., 2012). Top dressing was done after

the plants were thinned to one plant per planting hole. The treatments quantities of

DAP and CAN applied are shown in table 4.2.

Table4.2: Quantities of DAP and CAN applied to the treatments

Subplot T1 | T2 T3 T4 T5
treatment

Amount of | 0 55.5 kgha’ | 111kgha™ | 166.5 kg ha™ 222 kg ha™
DAP

Amount of | 0 4575 kg ha' |91.5kgha®’ |137.25kgha™ |183kgha™
CAN
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The seed bed was ploughed and harrowed to fine tilth prior to planting. The
manure and DAP were mixed with soil before placing the seeds. The seeds were
sown in shallow holes at a spacing of 60 x 30 cm. Several seeds were put in each
planting hole and left uncovered. Three weeks after sowing the seedlings were
thinned to three per hole and to one seedling five weeks after sowing. Weeding
was done using hand holes twice in all treatments. Gapping up was done within
same plot but where the plot did not have sufficient seedlings for gapping,

seedlings from plots of other blocks with similar treatments were used.

The 1% pinching (P1) was done 28 days after planting and the 2" pinching (P2)
was done 49 days after planting in both seasons. Pinching was done just above the
fourth node in each case. Aphids and the tarnished plant bug (Lygus lineolarious)
were the main pests. They were controlled by use of Dimethoate insecticides.

There was no disease of major importance noted during the two seasons.

The data collected was on days to 50 % germination, days to 50 % flowering,
days to 50 % maturity, average plant height, stem width, number of leaves, height
of flower head, canopy, plants dry matter weight, grain yield and 1000 seed

weight.

34



4.3.2 Data collection

Days to 50 % germination were determined by averaging the period it took for
half of the plants in each plot to germinate. Days to 50 % flowering were
determined by averaging the period it took for half of the plants in each plot to
flower. Days to harvest for each treatment were determined by average period it
took for half of the plants in each plot to attain physiological maturity. Five plants
per plot were randomly sampled from the inner rows. From these plants, the
number of leaves per plant was noted weekly up to the 5™ week. Measurements of
plant height, stem width and span of canopy were taken every week starting from
4™ week after sowing. Plant height was measured between soil surface and the tip
of the central shoot. Stem width was the width of the stem at the point where
branches arise. Canopy span was the widest distance of foliage. Number of stems
was determined for the pinched plants and was the number of stems originating

from the pinch area.

Dry matter content of selected plants per treatment at flowering and at harvesting
was determined by destructive harvesting of two plants from the inner rows of the
plots. The plants sampled were at average, representatives of plot population. The
plants were uprooted whole, and soil from the roots washed off. The plants were

then placed in brown envelops and dried in an oven until constant weight. The
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average weight of the dried plants was used to determine the dry matter weight

per subplot.

Harvesting was done when all the plants had reached maturity and flower heads
had turned brown. Time to harvest was determined by squeezing the seeds. The
mature ones did not produce milk when squeezed. Harvesting was done by cutting
off the inflorescences and placing them in separate containers. All the middle
plants per plot were harvested and the harvested area measured in m? The
produce was sun dried, threshed and winnowed. The seeds per plot were weighed
and the yields per hectare determined by extrapolation. 1000 seeds per plot were

weighed.

The daily rainfall (mm), temperature (°C) and humidity (per cent) were obtained
from Kenya Forestry Research Institute which is located one kilometer from the
farm. The readings of the rainfall were used to calculate the amount of rainfall

received during the cropping season.
4.3.3 Data analysis.

The data was subjected to analysis of variance (ANOVA) for split plot design,

using Genstat statistical software (Payne et al., 2006). Fisher’s least significant
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difference (LSD) test was used to separate the means (P < 0.05). Step wise
regression was done to determine the growth parameters that mostly determine

the grain yield.

4.4 RESULTS AND DISCUSSION

The chemical composition of the manure used for planting is shown in table 4.2.

Table 4.3: Chemical composition of manure used for planting

Soil pH pH % % K Ca Mg(cmol/ | P(ppm)
property (H.0) | (0.01M | Carbon | Nitrogen | (cmol/ | (cmol/ | kg)

Cacl,) kg) kg)
Composition | 7.60 | 7.20 6.65 0.83 9.50 13.50 8.50 950.0

4.4.1 Effect of pinching and fertilizer application on growth and yield of
grain amaranth

The interaction of pinching and fertilizer combination did not have significant (p
= 0.05) effect on any growth parameter or yield of grain amaranth in 2010 and in
2011.

4.4.2 Effect of pinching on the plant vegetative growth

Pinching had significant (p = 0.05) effect on number of shoots, days to flowering

and 1000 seed weight of grain amaranth.
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Number of shoots
Pinching did not have significant (p = 0.05) effect on the number of shoots of

grain amaranth in 2010 but had significant (P = 0.025) effect on number of shoots

in 2011(Figure 4.1).
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Figure 4.1: Effect of pinching on the No. of shoots of grain amaranth.

Note: P1 = Pinching at 28 days after planting, P2 = Pinching at 49 days after planting and P3 = No
pinching. The error bars represent standard error of difference (SED) for the two way interaction
between number of shoots and pinching regime.

Pinching increased the number of shoots. Plants that were pinched 28 days after
planting had the highest number of shoots originating from the pinch area while
those pinched 49 days after planting had the least number of shoots. Pinching
removes the apical dominancy of the central stem thus allowing other buds on the

stem to open up and develop into lateral stems. Scientist working on cut flowers
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reported similar results. Iftikhar et al, (2007) while working on carnations and
Rathore et al, (2011) while working on marigold reported that pinching reduced

flower height and increased number of flowering stems.

Days to flowering

Pinching increased significantly (p < 0.001) the numbers of days to flowering
with plants that were pinched 49 days after planting taking longer to flower
(Figure 4.2). Plants that were not pinched (P3) took the least number of days to
flower in both seasons. Pinching removes the apical dominancy of the central
stem. This promotes vegetative growth hence delayed flowering. Iftikhar et al,
(2007), while studying the effect of pinching approaches on vegetative and
reproductive growth of carnation reported that pinching promoted vegetative
growth resulting in delayed flowering. Similarly, Gnyandev (2006) reported that,
days to 50% flowering of China Aster, differed significantly due to pinching
treatment and was significantly more in pinched plants than in non-pinched
plants. Grawal et al, (2004) reported delayed flowering in pinched
chrysanthemum plants. These results are attributed to pinching altering the
source-sink relationship thereby advancing the reproductive phase (Gnyandev,

2006).

39



80 80
(a) (b)
60 -

2]
o
I

40 -

Days to flowering
-y
o
|
Days to flowering

N
o
L
N
<
1

P1 P2 P3 P1 P2 P3
Pinching regime Pinching regime

Figure 4.2: Effect of pinching on the number of days to flowering of grain amaranth in 2010 (a)
and 2011 (b)
Note: P1 = Pinching at 28 days after planting, P2 = Pinching at 49 days after planting and P3 = No

pinching. The error bars represent standard error of difference (SED) for the two way interaction
between days to flowering and pinching regime.

1000 seed weight

Pinching had significant (p = 0.05) effect on the 1000 seed weight of grain
amaranth in 2011 (Figure 4.3). Plants that were not pinched (P3) had the highest
weight of 1000 seeds while the plants that were pinched 28 days after planting
had the least weight. Pinching increased the number of flowering stems. This
coincides with the fact that plants that were not pinched flowered earlier than the
pinched ones. This means the plants that were not pinched had more time to feed
the grains before physiological maturity resulting to heavier grains (Amul and

Dunham, 1979).

40



0.96 (p)
)
5 092 -
z
T
2 088
>
g
0.84 -
0.8

P2 P3

Pinching regime

Figure 4.3: Effect of pinching on 1000 seed weight of grain amaranth (2011)

Note: P1 = Pinching at 28 days after planting, P2 = Pinching at 49 days after planting and P3 = No
pinching. The error bars represent standard error of difference (SED) for the two way interaction
between 1000 seed weight and pinching regime.

Amul and Dunham (1979) studied the effect of pinching on growth, floral
initiation and development of container grown rhododendron. They reported that
late pinched plants had insufficient time to develop flower buds before the end of
the growing period. The reduced weight of 1000 seeds as a result of pinching
could be because of photosynthates partitioning to more growing points (Iftikhar
et al., 2007). These results are contrary to observations made by Gnyandev (2006)
while working on China aster who reported that pinching increased significantly
the seed yield and 1000 seed weight. He also reported that pinching increased the

number of flowering stems, the number of flowers per plant and the number of
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seeds per plant. In this experiment, although pinching increased the number of
flowering stems, the stems were thin with small size of flower heads and light
seeds as shown by the results of 1000 seed weight. Apaza et al, (2002) studied the
relationship of plant density and yield of grain amaranth. They reported stem
diameter as one with the highest effect on grain yield of amaranth and related the
results to the ability of the plant to store nutrients on the stem. Pinching results to
more slender stems that may not have enough stored nutrients to feed the seeds

resulting to less seed weight.

4.4.3 Effect of pinching on vegetative growth

Pinching had significant effect on number of leaves, plant height, stem width,

canopy and plant dry matter weight of grain amaranth.

Number of leaves

The number of leaves per plant increased significantly (p < 0.001) with time after
pinching, with pinching 28 days after planting (P1) having the highest number of
leaves in 2010 (Figure 4.4). In 2011, the effect of pinching on the number of
leaves was not significant. In 2010, the least number of leaves was observed in
plants that were not pinched (P3) while in 2011, plants that were pinched 49 days

after planting (P2) had the least number of leaves.
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Figure 4.4: Effect of pinching regimes on the number of leaves of grain amaranth.

Note: P1 = Pinching at 28 days after planting, P2 = Pinching at 49 days after planting and P3 = No
pinching. The error bars represent standard error of difference (SED) for three way interaction
between number of leaves, weeks after planting and pinching regime.

The difference in means of the number of leaves for the different pinching
regimes was significant one week after the 1% pinching (Figure 4.4). Pinching
increased the number of flowering stems. This also increased the number of
leaves which increased with sampling time. The increased number of leaves is
due to the increased vegetative growth. Iftikhar et al, (2007) reported similar

results from works on carnation flowers.
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Plant height

Pinching decreased significantly (p < 0.001) the average plant height of grain
amaranth in both seasons. Pinching and time had an interactive effect on plant
height of grain amaranth, with plants that were not pinched (P3) being the tallest
after first pinching and those that were pinched during the second weeding being

the shortest after 7" week up to harvesting (Figure 4.5 (b))
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Figured.5: Effect of pinching and time on plant height of grain amaranth in 2010 (a) and 2011 (b)
Note: P1=Pinching at 28 days after planting, P2 = Pinching at 49 days after planting and P3 = No
pinching. The error bars represent standard error of difference (SED) for three way interaction
between plant height, weeks after planting and pinching regime.

Generally plants in 2011 were taller than plants in 2010 (Figure 4.5). This could
be because the temperatures in 2011 season were higher resulting to faster
growth. Pinching removes the apical dominancy of the central stem thus allowing

other buds on the stem to open up and develop into lateral stems. Once pinched
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the plant concentrates on regrowing dormant buds other than growing height
(Iftikhar et al., 2007). This results to reduced height and increased time to
flowering. Rathore et al, (2011) reported that pinching marigold reduced flower
height, and increased number of flowering stems. The increased number of

flowering stems also causes the increase in dry matter weight.

Stem width

Stem width increased gradually as the plants developed. Pinching had significant
(p < 0.001) effect on the stem width of grain amaranth in 2010 and in 2011

(Figure 4.6).
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Figure 4.6: Effect off pinching and time on the stem width of grain amaranth in 2010 (a) and 2011
(b)

Note: P1= Pinching at 28 days after planting, P2 = Pinching at 49 days after planting and P3 = No
pinching. The error bars represent standard error of difference (SED) for three way interaction
between stem width, weeks after planting and pinching regime.
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In 2010, the difference in stem width was not significant between the two levels
of pinching, but the non-pinched plants had the lowest stem width (Figure 4.6 a).
In 2011, Plants that were pinched 28 days after planting had wider stems followed
by plants that were not pinched up to the 7" week after planting. After the 7"
week the plants that were pinched 49 days after planting had wider stems than
those that were not pinched at all (Figure 4.6 b). Pinching removes the apical
dominancy of the central stem thus allowing development of lateral stems. This
results to increased stem width necessary to support the increased number of
stems. Similar results were reported by Iftikhar et al, (2007) while working on

carnation flowers.

Dry matter weight

Pinching increased significantly (p < 0.001) dry matter weight of grain amaranth
in 2011 (Figure 4.7). At both flowering and harvesting, plants that were pinched
28 days after planting had significantly higher dry matter weight followed by
plants that were not pinched. Plants that were pinched 49 days after planting (P2)

had the least dry matter weight.
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Figure 4.7: Effect of pinching on dry matter weight of grain amaranth in 2011.

Note: P1 = Pinching at 28 days after planting, P2 = Pinching at 49 days after planting and P3 = No
pinching. The error bars represent standard error of difference (SED) for three way interaction
between plant dry matter weight, pinching regime and stage of development.

Pinching results to increased branching and vegetative growth all resulting to
increased biomass. Sawwan and Samawi (2000) reported similar response of

carnation flowers to pinching.

4.4.4. Effect of organic and inorganic fertilizer application on the vegetative
growth and yield of grain amaranth

The application of combined organic and inorganic fertilizer had significant (p =

0.05) effect on number of leaves and yield of grain amaranth.
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Number of leaves

Organic and inorganic fertilizer combination had significant (p = 0.006) effect on

the number of leaves in 2011 (Figure 4.8).
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Figure 4.8: Effect of organic and inorganic fertilizer combination levels on the number of leaves of
grain amaranth in 2011.

Note: T1= 9 t organic manure, T2 = 6.8 t ha™ manure and 22 kg ha™ inorganic, T3 = 4.5t ha™
manure and 43.8 kg ha™inorganic N, T4 = 2.3 t ha™ manure and 65.6 kg ha™ inorganic N, T5
=87.5 kg ha™ inorganic. The error bars represent standard error of difference (SED) for the two
way interaction between average number of laves and fertilizer combination levels.

In 2011, treatment T4 (25 % organic N +75 % inorganic N) had the highest
number of leaves followed by treatment T2 (75 % organic N + 25 % inorganic
N). T3 (50 % organic N + 50 % inorganic N) had the least number of leaves. The

difference between the means of T4 and T2 was not significant. In the controls
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treatment T1 (100 % organic N) had more leaves than T5 (100 % inorganic N)

and the difference was significant. Results of 2010 were not significant.

Nitrogen is an essential component of chlorophyll, protoplasm, protein and
nucleic acid and its absence at appropriate levels could cause yellowing of leaves
and stunting of plant growth (Bergman, 1992). These results show a decrease in
number of leaves as the amount of organic N decreased. The increase in number
of leaves as inorganic N rates increased, reconfirmed the role of nitrogen in
promoting vigorous vegetative growth in leafy vegetables (Tisdale and Nelson,
1990) in which amaranths belong. Nutrients added through manure application
are in organic form and they become available to plants over a longer period of
time than with application of inorganic fertilizer. Manures also hold nutrients
preventing them from being leached and release them steadily over time. Manures
also improve soil fertility status by activating the soil microbial processes. This
explains the decrease in number of leaves as amount of organic manure

decreased.

Grain yield
Organic and inorganic fertilizer combination had significant (P = 0.019) effect on
grain yield of amaranth in 2011 (Figure 4.9). In 2010, 100% inorganic fertilizer

treatment had the highest yields while 100% manure had the highest yield in 2011

49



(Figure 4.9). Among the fertilizer combinations, T2 (75% organic N + 25%
inorganic N) had the highest yields while T4 (25 % organic N +75 % inorganic N)

had the least grain yield in both seasons but these differences were not significant

in 2010.
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Figure 4.9: Effect of different levels of organic and inorganic fertilizer combination on the grain
yield of amaranth in 2010 (a) and 2011 (b).

Note: T1= 9 t organic manure, T2 = 6.8 t ha™ manure and 22 kg ha™ inorganic, T3 = 4.5t ha™
manure and 43.8 kg ha™inorganic N, T4 = 2.3 t ha™ manure and 65.6 kg ha™ inorganic N, T5 =
87.5 kg ha™ inorganic. The error bars represent standard error of difference (SED) for the two way
interaction between grain yield and fertilizer combination levels.

In 2011 these differences were quite significant (p = 0.019). The results show a

trend of reducing yield as the amount of organic fertilizer reduces among the

fertilizer combined treatments. These results are similar to those of Ainika et al,
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(2011) who reported that the application of inorganic nitrogen at the rate of 50 kg
N ha*combined with 4 t ha™ of farm yard manure significantly increased the
growth and development of amaranth through increased plant height, plant dry
matter weight and leave area index and that the results were significantly the same
as when he used 100 kg N ha™(inorganic) alone or 4 t ha™farmyard manure alone.
Nyankanga et al, (2012) reported that grain amaranth grown using manure alone
had better yields than grain amaranth grown using inorganic fertilizer alone.
These results also agree with those of Ayuso et al, (1996) and Akanbi and Togun
(2002), who reported that a combination of maize stover compost and urea
fertilizer at rate of 3.0 t ha® + 30 kg N ha™ significantly enhanced amaranth
growth and yield attributes. According to Makinde (2007), high and sustained
crop yield can be obtained with judicious and balanced nitrogen combined with
organic matter amendment. Alemu and Bayu (2005) while working on sorghum
also reported that grain yield was significantly enhanced due to application of

farm yard manure, mineral fertilizer and their interactions.

4.4.5 Relationship of yield and other growth parameters
The regression of yield and growth parameters; plant height, stem width, canopy,
shoots and height of flower head was significant (Appendix 1V). Yield was

positively correlated to plant height, stem width, number of shoots and height of
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flower head (Appendix V). The accumulated analysis of variance resulted to a
final model:

Yield = 581.6 + 13.3height + 0.003height of flower head + 0.82 canopy +0.459
stem width + 0.002 shoots

These results shows that plant height had the highest effect on yield followed by
canopy size, stem width, height of flower head then number of shoots. Pinching
enhances these parameters. Plant height determines exposure of leaves to sunlight.
Tall plants have more leaves exposed to sunlight for photosynthesis. With
photosynthates partitioning this means more photosynthates are translocated to
developing seeds making them heavier. This explains why the non-pinched plants
had higher yields than the pinched plants in this experiment. The treatment of 75
% organic N and 25 % inorganic N was the best combination. This is in
agreement to the findings of Apaza et al, (2002) who studied the response of grain
amaranth to density and fertilization in Tarija, Bolivia. They reported stem
diameter to have the highest effect on yield per plant. The two valuables (plant
height and stem width) decreased quadratically with increased plant density.
Therefore grain yield per unit area might be directly related to the ability of the

plant to store nutrients on the stem.
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4.5 CONCLUSION

Pinching and time of pinching increased vegetative growth of amaranth through
increased number of leaves, canopy, stem width, plant height and plant dry matter
weight though it had no effect on yields of grain amaranth. In this study, 28 days
after planting was the most appropriate time to pinch in order to enhance
amaranth growth. The combination of cattle manure and inorganic fertilizer
increases grain yield of amaranth. The treatment containing 75 % organic N and
25 % inorganic N is the best fertilizer augmentation for grain amaranth growth

and yield in western Kenya according to this study.

4.6 RECOMMENDATIONS

Since pinching increases vegetative growth of amaranth it is recommended to
farmers growing amaranth for vegetables or for livestock feeds. The pinching
should be done after plants have established but not later than 28 days after
planting. Further studies to establish the effect of spacing and pinching on grain
yield of amaranth are recommended. Mineral fertilizers are expensive. For the
farmers with available cattle manure 9 t ha™ alone or a combination of 6.75 t ha™
manure and 22 kg inorganic N hais enough for maximum production of grain

amaranth in Western Kenya.
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CHAPTER FIVE: EFFECT OF FERTILIZER PELLETS ON THE
GROWTH AND YIELD OF AMARANTHUS HYPOCHONDRIACUS

5.1 ABSTRACT

The use of fertilizer pellets ensures better distribution of the period of N-
availability during the growing season and thereby reducing potential losses. A
field experiment was conducted to assess the effect of pellet fertilizer, produced
by mixing Calcium Ammonium Nitrate (CAN) and dry cow dung manure, on
growth and yield of Amaranthus hypochondriacus. The study was carried out
during the 2010 short rains and the 2011 long rains at Maseno University
experimental farm. The experiment was laid out as Randomized complete block
design (RCBD) with split plot arrangement and replicated three times. The main
plots treatments were fertilizer pellets and the sub plot treatments were fertilizer
pellets made by mixing Calcium Ammonium Nitrate (CAN) and cattle manure.
All the pellet fertilizer treatments had better growth parameters than the control
treatments. The pellet fertilizer treatments had higher dry matter weight, 1000
seed weight and grain yield than the non-pellet fertilizer treatments. In 2011,
pellet fertilizers of treatment T2 (75 % organic N and 25 % inorganic N) had
mean grain yield of 743 kg ha™, while none pellet fertilizer of the same treatment
had mean grain yield of 533 kg ha™. In the same season pellet fertilizers of
treatment T4 (25 % organic N and 75 % inorganic N) had mean grain yield of 413
kg ha™ while the none pellet fertilizer of the same treatment had mean grain yield
of 231 kg ha™. The use of pellet fertilizer is therefore a better option due to its
slow and continuous nutrient release for plant uptake at different stages of its
growth. In addition the combination of CAN and cattle manure in making the
pellets improves the soil structure that is key to sustainable production.
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5.2 INTRODUCTION

The increased use of nitrogen (N) fertilizer in agricultural production has raised
concerns, because the N surplus is at risk of leaving the plant-soil system and
thereby causing environmental contamination (Jeiran et al., 2008). This is in
addition to increased costs associated with the manufacture and distribution of
nitrogen fertilizer (Alizadeh and Ghadeai, 2006; Farhad et al., 2009). Livestock
manure is an important resource for agriculture, as it contains a high level of
nutrients and organic matter. In addition, use of livestock manure ensures optimal
biological activities which maintain soil fertility (Farhad et al., 2009). But the use
of livestock manure has several challenges; bulkiness and cost of transport,
inconveniences and environmental pollution during application in the field. More
over the nutrient content is not stable and depends on what the livestock had fed

on and the level of decomposition is not easy to determine (Masayuki, 2001).

Numerous strategies such as use of nitrogen sources, slow release fertilizer,
placement techniques and nitrification inhibitors have been devised to reduce
nitrogen losses and improve fertilizer use efficiency (Jeiran et al., 2008). One
such strategy is fertilizer pelleting. Pelleting is interaction between particles of
materials and applied forces, through process of biomass densification, to increase

its bulk density and decrease volume. Biomass densification is the use of some
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form of mechanical pressure to reduce the volume of grind material and
conversion of this material to a solid form (pellets), which is easier to handle and
store than the original material (Alizadeh and Ghadeai., 2006). Pellet fertilizer
therefore is a type of slow-release N fertilizer with long term effects including
reduced leaching losses and enhanced N uptake, as well as positive effects on

both health and soil nutrient levels (Reza-Bagheri et al., 2011).

The use of fertilizer pellets in crop production has been embraced by several
scientists in the recent past. However, most studies have assessed the use of
fertilizer pellets on corn ((Reza-Bagheri et al., 2011) and wheat (Jeiran et al.,
2010) with few studies having been conducted on grain amaranth. Masayuki,
(2001) while working on fertilizer pellets from livestock manure found that the
fertilizer efficiency of pelletized compost does not differ essentially from that of
the compost which was used as the raw material. Hence the pellets can be applied
to crops according to the present standard application rates for organic fertilizer.
Since the level of decomposition of manure is not easy to determine, high and
sustained crop yield can be obtained with judicious and balanced nitrogen and

organic matter amendments (Makinde, 2007).
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The objective of this study was to determine the effect of pellet fertilizer,
produced by mixing Calcium Ammonium Nitrate (CAN) and cow dung manure
combined at different proportions on the growth and yield of Amaranthus

hypochondriacus.

5.3 MATERIALS AND METHODS

The study was done in Maseno University Research Farm during the 2010 short
rains and 2011 long rains using seeds obtained from Hortitech Seed Company in

Naivasha. The conditions are as described on page 25.

5.3.1 Experimental design and treatments

The experiment was laid out as a Randomized complete block design (RCBD)
with split plot arrangement and replicated three times. The main plot treatments
were fertilizer pellets while the subplot treatments were three levels of fertilizer
combinations and the controls. The main plots measured (17 x 6) m* with one
meter in between. The main plot treatments were; Pe — Pellet fertilizer and, Po —
Non- pellet fertilizer. The subplots measured (3 x 6) m*with one meter in between
and five treatments. The subplot treatments were of fertilizer combinations as

follows: T1- 100 % organic N(9 t ha*manure), T2 — 75 % organic N and 25 %
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inorganic N (6.8 t ha™ manure and 22 kg ha™ inorganic N), T3 -50 % organic N

and 50 % inorganic N (4.5 t ha™ manure and 43.8 t ha™ inorganic N), T4- 25 %

organic N and 75 % inorganic N (2.3 t ha® manure and 65.6 kg ha™ inorganic N),

and T5 - 100 % inorganic . Dry cattle manure obtained from a maasai boma in

Kitengela was used as the organic fertilizer. Calcium Ammonium Nitrate was

used as the source of inorganic nitrogen. The N content of the manure was 2.45 %

and the nutrient composition of the pellets was as shown inTable5.1.

Table 5.1: Nutrient content of the various pellet fertilizer treatments

NUTRIENT [ T1-manure | T2-83.25kgha’ T3-1685kgha” | T4-252.75kgha
CAN +6.75 T ha™ CAN + 4.5 ha' 1CAN+225T
manure manure ha‘l manure

N- % 2.45 2.10 2.80 35

P- % 0.34 0.45 0.33 0.27

K- % 3.20 2.51 2.01 2.09

Ca- % 3.08 4.22 3.47 2.22

Mg- % 0.47 0.50 0.59 0.40

Fe- mg/kg 258 1028 926 918

Cu- mg/kg 21.8 18.3 235 21.2

Mn- mg/kg 777 836 902 759

Zinc-mg/kg | 61.7 43.5 43.5 28.3

The pellets were made using a disk type pelleter (Figure 5.1).
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Figure 5. 1:Disk pelleter

5.3.2 Agronomic practices

The seed bed was ploughed and harrowed to fine tilth prior to planting. The
fertilizer treatments were mixed with soil before placing the seeds. The seeds
were sown in shallow holes at a spacing of 60 x 30 cm. Several seeds were put in
each planting hole and left uncovered to avoid burying them deep into the soil.
Three weeks after sowing the seedlings were thinned to three per hole and to one
seedling five weeks after sowing. Weeding was done using hand hole twice in all
treatments. Gapping up was done within same plot but where the plot did not have
sufficient seedlings for gapping, seedlings from plots of other blocks with similar
treatments were used. Aphids and the tarnished plant bug (Lygus lineolarious)
were the main pests. They were controlled by use of Dimethoate insecticide
which was bought from a stockist’s shop in Maseno town. There was no disease

of major importance noted during the two seasons.
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5.3.3 Data collection

Days to 50 % germination were determined by averaging the period it took for
half of the plants in each plot to germinate. Days to 50 % flowering were
determined by averaging the period it took for half of the plants in each plot to
flower. Days to maturity for each treatment were determined by average period it
took for half of the plants in each plot to attain physiological maturity. Five plants
per plot were randomly sampled from the inner rows. From these plants, the
number of leaves per plant was recorded weekly up to the 5™ week.
Measurements of plant height, stem width and span of canopy were taken every
week at 7 days interval starting from 4™ week after sowing. Plant height was the
height between soil surface and the tip of the central shoot. Stem width was the
width of the stem at the point where branches arise. Canopy span was the widest

distance of foliage.

Dry matter content of selected plants per treatment at flowering and at harvesting
was determined by destructive harvesting of two plants from the inner rows of the
plots. The plants sampled were at average, representatives of plot population. The
plants were uprooted whole, and soil from the roots washed off. The plants were

then placed in brown envelops and dried in an oven until constant weight. The
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average weight of the dried plants was used to determine the dry matter weight

per plot.

Harvesting was done when all the plants had reached physiological maturity and
flower heads had turned brown. Time to harvest was determined by squeezing the
seeds. The mature ones did not produce milk when squeezed. Harvesting was
done by cutting off the inflorescences and placing them in separate containers. All
the middle plants per plot were harvested and the harvested area measured in m?.
The produce was sundried, threshed and winnowed. The seeds were weighed and

the plots yields determined by extrapolation. 1000 seeds per plot were weighed.

The daily rainfall (mm), temperature (°C) and humidity (%) were obtained from
Kenya Forestry Research Institute which is located one kilometer from the farm.
The readings of the rainfall were used to calculate the amount of rainfall received

during the cropping season.

5.3.4 Statistical analysis.

The data was subjected to analysis of variance (ANOVA) for split plot design,
using Genstat statistical software (Payne et al., 2006). Fisher’s least significant

difference (LSD) test was used to separate significant treatment means (P<0.05).
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5.4. RESULTS AND DISCUSSION

5.4.1 Effect of pelleting and fertilizer combination on the number of Days to
Germination (DG) of grain amaranth.

There was significant (P < 0.001 in 2010, P = 0.011 in 2011) interactive effect of
fertilizer combinations and pellets on the number of days plants took to germinate
in 2010 and 2011 (Figure 5.2). Among the fertilizer combination treatments, non
pellet fertilizer treatments (Po) took longer to germinate than the pellet fertilizer
treatments (Pe) with treatment T3 taking the longest time of 8 days followed by
treatment T2 with 7.7 days in 2010. Amongst the pellet fertilizer combinations,
T1 took the longest time to germinate (8 days) followed by T5 and T2 (7.3 days)
in 2010. Plants with treatment T4 took (5.65 days) the shortest time to germinate.
This shows a trend of decreasing days to germination with increasing inorganic

fertilizer for the pellets.

The number of days to germination (DG) of seeds could be related to the readily
availability of nitrogen required for germination and seed emergency. Inorganic
fertilizer provides nitrogen at instant hence the decreasing days to germination
with increasing inorganic nitrogen. The number of DG could also be related to
the effect of fertilizers’ contact with germinating seeds. Fertilizer scorches

germinating seeds or seedlings when it comes into contact. This explains why
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treatment T5 (100% inorganic) had more DG than the fertilizer combined
treatments. For T1 (9 t ha”manure alone) this could be due to the release of
ammonia which scorches the seed thus delaying germination (Alemu and Bayu,
2005).

For the pellet fertilizer treatments, pellets provided a more aerated and conducive
environment for emergence of seedlings, hence seeds took fewer days to
germinate than those in the non-pellet fertilizer treatments. Among the non- pellet

fertilizer treatments, there was the effect of scorching and ammonia affecting the

seeds.
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Figure 5.2: Effect of fertilizer application and pellets on the number of days to germination of
grain amaranth in 2010 (a) and in 2011 (b).

Note: Pe = Pellet fertilizer treatments, Po = none pellet fertilizer treatments, T1= 9t organic
manure, T2 = 6.8 t ha™ manure and 22 kg ha™ inorganic, T3 = 4.5 t ha™ manure and 43.8 kg ha’
Yinorganic N, T4 = 2.3 t ha™ manure and 65.6 kg ha™ inorganic N, T5 = 87.5 kg ha™ inorganic.
The error bars represent standard error of difference (SED) for three way interaction between days
to germination, fertilizer combination levels and pellet treatments.
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5.4.2: Effects of fertilizer application on the height of flower head and 1000
seed weight of grain amaranth

Fertilizer application had significant effect on the height of flower head and 1000

seed weight of grain amaranth.

Height of flower head

Height of flower head was measured as one of the parameters that determine grain
yield. There was significant effect (p < 0.001) of fertilizer combinations (CAN
and manure) on height of flower head of grain amaranth in 2010. Height of flower
head decreased with decreased proportions of manure (Figure 5.3). Treatment T1
(100% manure) had an average of 28.4 cm flower height while T5 (100% CAN)
had an average of 18.4 cm flower height (Figure 5.3). Results of 2011 were not

significant.
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Figure 5.3: Effect of fertilizer application on the height of flower height of grain amaranth in 2010
Note: T1 = 9 t organic manure, T2 = 6.8 t ha™ manure and 22 kg ha™ inorganic, T3 = 4.5 t ha™
manure and 43.8 kg hainorganic N, T4 = 2.3 t ha™ manure and 65.6 kg ha™ inorganic N, T5 =
87.5 kg ha™ inorganic. The error bars represent standard error of difference (SED) for the two way
interaction between height of flower head and fertilizer combination levels.

These results are attributed to presence of manure and the slow release of
nutrients that ensures supply of nutrients to the plant for prolonged period of time.
This enhanced plant growth including the flower head. Other scientists have
reported improved crop growth by integrated use of organic and inorganic
fertilizers. Ainika et al, (2011) reported that growth and yield parameters of
amaranth increased significantly in response to the application of farmyard
manure. Mortesa et al, (2011) reported increased yield attributes of rice when

organic fertilizers were used.
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1000 seed weight

There was significant (P = 0.006) effect of fertilizer combinations (CAN and
manure) on 1000 seed weight of grain amaranth in 2010 (Figure 5.4). The 1000
seed weight increased with increased proportions of manure. Treatment T3 had
the highest 1000 seed weight of 1.18 g while treatment T4 had the least 1000 seed

weight of 0.97 g (Figure 5.4). Results of 2011 were not significant.
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Figure 5.4: Effect of fertilizer application on the 1000 seed weight of grain amaranth in 2010

Note: T1 = 9 t organic manure, T2 = 6.8 t ha™ manure and 22 kg ha™ inorganic, T3 = 4.5 t ha™
manure and 43.8 kg hainorganic N, T4 = 2.3 t ha™ manure and 65.6 kg ha™ inorganic N, T5 =
87.5 kg ha™ inorganic. The error bars represent standard error of difference (SED) for the two way
interaction between 1000 seed weight and fertilizer combination levels.

The results show the complementary role played by combining manure and CAN
in the release of nutrients steadily over time. Akanbi and Tugon (2002) reported

that a combination of maize stover compost and urea fertilizer at the rate of 3.0 t
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ha® + 30 kg N ha™ significantly enhanced amaranth growth and vield attributes.
Morteza et al (2011) while working on rice reported maximum weight of 1000
seeds with 2 t ha™ organic fertilizer. The results confirm the report of Makinde
(2007) that, high and sustained crop yield can be obtained with judicious and

balanced nitrogen combined with organic matter amendment.

5.4.3 Effects of fertilizer application and time on vegetative growth of grain
amaranth.

Fertilizer application and had significant effect on number of leaves, canopy,

plant height, stem width and plant dry matter weight of grain amaranth.

Number of leaves

Leaves are important organs which have an active role in photosynthesis. To
achieve high yield, maximization of leaf area is an important factor (Morteza et
al, 2011). Different fertilizer combinations had significant (P < 0.001) effect on
the number of leaves of grain amaranth in 2010 and 2011 (Figure 5.5). The
number of leaves per plant increased gradually with time. Treatment T1 (9t ha™
manure) had the highest number of leaves throughout the growing period
followed by treatment T2 (6.8T ha™ manure and 83.25 kg ha™ CAN). The two

treatments were not significantly different. In 2010, the highest number of leaves
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was observed in treatment T2 (6.8 t ha™ manure and 83.25 kg ha™ CAN) followed
by the control treatment T1 (9 t ha® manure). However these two treatments did
not differ significantly among themselves. The least number of leaves was
observed in treatment T5 (337 kg ha® CAN) followed by T4 (2.3 t ha™manure
and 252.75 kg ha® CAN). These also did not differ significantly among
themselves. The difference in means for the treatments with the highest and
lowest number of leaves was significant. In 2011, the treatment T1 had the
highest number of leaves followed by T3 (4.5 kg ha™ manure and 168.5 kg ha™
CAN) then T2 (6.8 t ha® manure and 83.25 kg ha® CAN) but these were not
significantly different. The number of leaves decreased as the amount of organic
fertilizer decreased. These results show the complementary role of combining

organic and inorganic fertilizer.

The increase in number of leaves due to enough nutrition can be explained in
terms of possible increase in nutrient absorption capacity of plant as a result of
better root development and increased translocation of carbohydrates from source

to growing points (Morteza et al, 2011).
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Figure 5.5: Effect of fertilizer application and time on the number of leaves of grain amaranth in
2010 (a) and 2011 (b).

Note: T1 = 9 t organic manure, T2 = 6.8 t ha™ manure and 22 kg ha™ inorganic N, T3 4.5 t ha™
manure and 43.8 kg hainorganic N, T4 = 2.3 t ha™ manure and 65.6 kg ha™ inorganic N, T5 =

87.5 kg ha™ inorganic. The error bars represent standard error of difference (SED) for three way
interaction between number of leaves, weeks after planting and fertilizer combination levels.

These results are attributed to beneficial effect of manure. The little quantity of
CAN in T2 (6.8 t ha’ manure and 83.25 kg ha™ CAN) was essential to ensure
initial supply of nitrogen to the plant for production of leaves. Later manure
released nutrients to the plant making them available throughout the growth
period. In T5 (control), a lot of nitrogen was leached from the CAN and only a
fraction of the amount applied being available to the plant. The result confirms the
role played by farmyard manure in supplying nutrient, gradual release of nutrient
and impacting physical effects on soil condition through good aeration, water

holding capacity, structure and increased microbial activity (Ainika et al., 2011).
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Similar results were reported by Cook (1982) while working on fertilizing for
maximum Yield. He found that farmyard manure supply both its physical effects
on soil condition, the nutrient it supplies and the way it supplies the nutrient

thereby sustaining cropping system.

Canopy size
Organic and inorganic fertilizer combinations with time had significant (P <
0.001) effect on canopy of grain amaranth in 2011 (Figure 5.6). Results of 2010

were not significant.
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Figure 5.6: Effect of fertilizer application and time on the canopy size of grain amaranth in 2011
Note:T1 = 9 t organic manure, T2 = 6.8 t ha™ manure and 22 kg ha™ inorganic, T3 = 4.5 t ha™
manure and 43.8 kg hainorganic N, T4 = 2.3 t ha™ manure and 65.6 kg ha™ inorganic N, T5 =
87.5 kg ha™ inorganic. The error bars represent standard error of difference (SED) for three way
interaction between canopy size, weeks after planting and fertilizer combination levels.
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Among the fertilizer combinations, treatment T2 (6.8 t ha™ manure and 83.25 kg
ha® CAN) had the highest canopy size with time while T4 (2.3 t ha*manure and
252.75 kg ha™ CAN) was the combination with the narrowest canopy. T1 (100%
organic) had the widest canopy while T5 (9 t ha™* inorganic) had the narrowest.
Canopy of a plant refers to all the above ground foliage (leaves, branches and
reproductive organs). Any factor that supports growth and development also
supports canopy growth. These results are similar to those of leaves and plant
height. They are attributed to the additive nutrient supply and to a better
synchrony of nutrient availability with crop demand, i. e the immediate
availability of nutrients from mineral fertilizers and slow release from manure

(Alemu and Bayu, 2005).

Plant height

Fertilizer combination and time had significant (P< 0.001) effect on plant height

in 2010 and 2011(Figure 5.7).
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Figure 5.7: Effect of fertilizer application and time on the plant height of grain amaranth in 2010
(a) and 2011 (b)

Note: T1 = 9 t organic manure, T2 = 6.8 t ha® manure and 22 kg ha™ inorganic, T3 = 4.5 t ha™
manure and 43.8 kg hainorganic N, T4 = 2.3 t ha™ manure and 65.6 kg ha™ inorganic N, T5 =
87.5 kg ha™ inorganic. The error bars represent standard error of difference (SED) for three way
interaction between plant height, weeks after planting and fertilizer combination levels.

In both seasons the difference in means became significant from the fourth week
after planting. Treatment T1 (9 t ha® manure) had significantly higher heights.
Among the different fertilizer combinations, treatment T2 (6.8 t ha’manure and
83.25 kg ha™ CAN) had the highest plant heights followed by treatment T3 (4.5 t
ha® manure and 168.5 kg ha™ CAN). However these treatments did not differ
significantly among themselves (LSD = 11.173 in 2010 and 17.899 in 2011). The
lowest heights were observed in the control treatment T5 (337 kg ha’ CAN)

followed by the treatment T4 (2.3 t ha’manure and 252.75 kg ha™ CAN).
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The average plant height decreased with decreasing quantities of manure. These
results are attributed to the additive nutrient supply and to a better synchrony of
nutrient availability with crop demand, i. e the immediate availability of nutrients
from mineral fertilizers and slow release from manure (Alemu and Bayu, 2005).
Ainika et al (2011) reported that application of farmyard manure at the rate of 4 t
ha? significantly increased the vegetative growth and development of grain

amaranth.

Stem width

Stem width is a parameter that indicates growth and development of a plant. And
it is a component of the yield. Fertilizer combinations and time had significant (P
< 0.001) effect on the stem width of grain amaranth in both 2010 and 2011
seasons (Figure 5.8). The stem width increased gradually after planting and the
difference in means for the different treatments became significantly different at
five weeks after planting (Figure 5.8 a). In 2010, treatment T2 (6.8 t ha™manure
and 83.25 kg ha™CAN) had the highest width followed by the control T1 (9 t ha™
manure) and these two differed significantly. The lowest stem width was observed
in treatment T5 (337 kg ha® CAN). There was decreasing stem width with
decreasing proportion of manure. In 2011, treatment T1 (control) had the widest
stem followed by treatment T2 (6.8 t ha”manure and 83.25 kg ha'CAN) while

treatment T5 (control) had the narrowest stem followed by T4 (
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Figure 5.8: Effect of fertilizer application and time on stem width of grain amaranth in 2010 (a)
and 2011 (b)

Note: T1 = 9 t organic manure, T2 = 6.8 t ha® manure and 22 kg ha™ inorganic, T3 = 4.5 t ha™
manure and 43.8 kg ha™inorganicN, T4 = 2.3 t ha™ manure and 65.6 kg ha™ inorganic N, T5 =
87.5 kg ha™ inorganic. The error bars represent standard error of difference (SED) for three way
interaction between stem width, weeks after planting and fertilizer combination levels.

These results are attributed to the presence of manure and slow release of
nutrients that was available to plant during the growing period. The little CAN in
treatment T2 (6.8 t ha™ manure and 83.25 kg ha™ CAN) provided the required

nitrogen for early establishment of seedlings and development of leaves.
Plant dry matter weight

Fertilizer combinations and time were observed to have a significant (P = 0.017)

effect on the plants dry matter weight in 2010 (Figure 5.9).
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Figure 5.9: Effect of fertilizer combination and time on the dry matter weight of grain amaranth in
2010.

Note: T1 (9 t organic manure), T2 (6.8 t ha™ manure and 22 kg ha® inorganic), T3 (4.5 t ha™
manure and 43.8 kg ha™inorganic N), T4 (2.3 t ha™ manure and 65.6 kg ha® inorganic N), T5
(87.5 kg ha™ inorganic). The error bars represent standard error of difference (SED) for three way
interaction between dry matter weight, fertilizer combination levels and crop development stage.

Results of 2011 were not significant. At flowering, the highest dry matter weight
was observed in T1 (9 t ha® manure) and lowest in T4 (252.75 kg ha™ CAN and
2.3 t ha’manure). At harvesting, the highest dry matter weight was observed in
T2 (83.25 kg ha™ CAN and 6.8 t ha’manure) while the lowest was observed in T4
(252.75 kg ha® CAN and 2.3 t ha’manure) fertilizer treatments. The dry matter
weight is shown to decrease with decreasing proportions of manure. This trend is
attributed to the presence of manure and slow release of nutrients to the plant for a

prolonged period of time. Similar results were observed by Alemu and Bayu
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(2005) who reported that stover yield of sorghum was enhanced by an integrated

application of farm yard manure and inorganic fertilizers.

5.4.4 Effects of fertilizer pellets and time on height of flower head of grain
amaranth

The size of flower head is an indicator of expected grain yield in crops such as
grain amaranth. Fertilizer pellets and time had significant (p < 0.001) effect on
height of flower head of grain amaranth in 2010 (figure 5.10). The highest height
of flower head was observed in treatment T1 (9 t ha™ manure) which did not
differ significantly with treatment T2 (6.8 t ha”manure and 83.25 kg ha® CAN).
The lowest height of flower head was observed in treatment T4 (2.3 t ha™manure
and 252.75 kg ha® CAN). The non-pellet fertilizer combinations had a higher
height of flower head compared to the pellet fertilizer combinations at the same

proportion of inorganic and organic combinations (Figure 5.10).
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Figure 5.10: Effect of fertilizer pellets and time on the height of flower height of grain amaranth in
2010.

Note: Pe = pellet fertilizer treatments, Po = non - pellet fertilizer treatments. The error bars
represent standard error of difference (SED) for three way interaction between height of flower
head, weeks after planting and pellet treatment.

Among the pellet fertilizer treatments, T1 (9 t ha™ manure) had the highest height
of flower head. Treatment T4 (2.3 t ha™ manure and 252.75 kg ha™ CAN) had the
lowest. In non-pellet fertilizer treatments, T2 (6.8 t ha™ manure and 83.25 kg ha™
CAN) had the highest height of flower head which did not differ significantly
with T3 (4.5 t ha™ manure and 168.5 kg ha™ CAN). The lowest height of flower
head was observed in T4 (2.3 t hamanure and 252.75 kg ha® CAN) followed by

T5 (337 kg ha! CAN). Results of 2011 were not significant.
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Increase in size of flower size was gradual for none fertilizer treatments and
steady for the pellet fertilizer treatments. The two means almost coincided at
maturity of the crop (13 weeks after planting). The observed trend is because
pellets are leached of their bases and release nitrate nitrogen several weeks later
than ordinary compost. Therefore an anaerobic state is maintained inside the
pellets, so that nitrification is slow and continues for prolonged period of time.
Therefore the effect of pellets is not different from that of ordinary compost from

which the pellets are made (Masayuki, 2001).

5.4.5 Effect of fertilizer pellets on yield of grain amaranth

Grain yield is a function of interaction among various yield components that are
affected differently by the growing conditions and crop management practices
(Farhad et al, 2009). Fertilizer pellets had significant (p = 0.011) effect on grain
yield of amaranth in 2011(Figure 5.11). The pellet fertilizer treatments had higher
grain yield than none (Po) pellet treatments which decreased with decreased

proportions of manure.
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Figure 5.11: Effect of fertilizer pellets on the grain yield of amaranth in 2011.

Note: Pe = pellet fertilizer, Po = non-pellet fertilizer. The error bars represent standard error of
difference (SED). The error bars represent standard error of difference (SED) for the two way
interaction between yield and fertilizer pellet treatments.

Treatment T2 of pellets had an average yield of 743 kg ha™ and 533 kg ha™ for
none pellets. Treatment T4 had an average yield of 413 kg ha™ for pellets and 231

kg ha™ for non-pellets (Table 5.2). Results of 2011 were not significant.

The increase in grain yield could be due to increase in yield attributes (number of
leaves, plant height, stem width, height of flower height and dry matter weight).
These results could be attributed to the beneficial effect of coating of CAN which
thus regulated nutrient release to the plant. This is in addition to the reduction of

N losses through leaching and hence a constant supply of nutrients to the roots.
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Besides, the manure component of the pellet fertilizer released N and P slowly as
well as contributing to the soil organic matter (Reza- Bagheri et al., 2011, Jeiran

et al., 2008, Jeiran et al., 2010).

Table 5.2: Effect of fertilizer pelleting on grain yield of amaranth in 2011

Fertilizer combination

Grain yield (kg ha™) | T1 T2 T3 T4 T5  Means
Pe 1412 743 654 413 601 765
Po 441 533 628 231 452 457
LSD Pellets 141.3

Note: T1 = 9 t organic manure, T2 = 6.8 t ha” manure and 22 kg ha™ inorganic, T3 = 4.5 t ha™
manure and 43.8 kg hainorganic N, T4 = 2.3 t ha™ manure and 65.6 kg ha™ inorganic N, T5 =
87.5 kg ha™ inorganic. Pe = pellet fertilizer, Po = non- pellet fertilizer.

For the pellets, all the treatments were significant with exception of T3. For
fertilizer combination T1 was significant from the rest of the treatments while for

pellets x fertilizer combination T1xPe were significant.

Bagheri et al, (2009) reported higher grain weight in corn with application of
pellet fertilizer comprising of 92 kg N ha™ and 600 kg ha™cow manure. Jeiran et
al, (2010) also found out that application of fertilizer pellets comprising of 50 kg
ha™ urea and 100 kg ha™ manure had higher 1000 seed weight and grain yield of

wheat than other treatments.
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5.5 CONCLUSION

The use of organic and inorganic fertilizer combination is useful in grain
amaranth production, as it ensures continued supply of nutrients to the plant
resulting in sustainable crop production. The manure component also improves
soil structure. Application of cow dung manure at the rate of 6.8 t ha’ in
combination with CAN at the rate of 83.25 kg ha™ significantly increased the
growth, development and yield of grain amaranth through increased number of
leaves per plant, individual plants’ canopy size, plant height, stem width, plant dry

matter weight and 1000 seed weight.

The use of fertilizer pellets is a good alternative to use of CAN in grain amaranth
production. It also ensures safe and healthy environment besides minimizing the
bulky transport of manure. In addition the production of pellet fertilizer by
combining dry cow dung manure and CAN also contributes to the improvement
of soil organic matter that is required for sustainable agricultural production.

Fertilizer pellets is a good way of reducing N leaching. However the quantities of
available slow release nutrients need to be considered while fertilizer pellets are
made. Fertilizer pellets increased height of flower head and yield of grain
amaranth. Fertilizer pellets made from 4.5 t ha™ manure and 168.5 kg ha™ CAN

seems to be the least combination while 6.8 t ha*manure and 83.25 kg ha* CAN
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is the most economically viable combination of fertilizer mix for making fertilizer

pellets for growing grain amaranth in Western Kenya.

5.6 RECOMMENDATIONS

Since application of manure and CAN improves growth, development and 1000
seed weight of grain amaranth it is recommended to farmers growing amaranth
for grain. Application of 6.8 t ha™ cow dung manure in combination with 83.25 kg
ha® CAN is recommended in western Kenya. And since mineral fertilizers are
expensive, 9 t ha' cow dung manure is adequate. This amount of manure is
expensive to transport and also poses environmental risks during application.
Pellet fertilizer of the same quantities of cow dung manure and CAN is

recommended for increased yields of grain amaranth in Western Kenya.
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CHAPTER 6: EFFECT OF FERTILIZER APPLICATION ON SOIL AND
PLANT TISSUE NUTRIENTS DURING THE GROWTH OF
AMARANTHUS HYPOCHONDRIACUS

6.1 ABSTRACT

During growth and development, different crops utilize N, P and K nutrients in
different quantities, whereby the tissue nutrient content is dependent on amount
available for uptake by plant roots. In order to assess the effect of combined
organic and inorganic fertilizers and fertilizer pelleting on soil and plant nutrients
during growth of Amaranthus hypochondriacus, a study was carried out at
Maseno University Experimental farm. The study comprised two experiments
which were laid out in a Randomized complete block design in a split plot
arrangement and replicated three times. Benchmark soil samples at zero to 15 cm
and 15 to 30 cm depth were taken from experimental field before planting to
determine pH, organic carbon, nitrogen, phosphorous and potassium levels. At
seedling, flowering and harvesting, soil samples were taken from the top 0-20 cm
from each subplot and three of the youngest fully developed leaves were also
taken from randomly selected plants from the middle rows. The samples were
analyzed for N.P.K and organic carbon content. The data was subjected to
regression analysis to assess the influence of the nutrients in soil and leaves on the
yields. The regression models were statistically significant in estimating the linear
dependency of; N in leaves on N in the soil at both seedling and flowering stages:
yield on the level of K in the soil and in the leaves at both seedling and flowering
stages: and yield on the P levels in the soil at seedling stage. The regression
models for the pellets were significant in estimating the linear dependence of; N
in the leaves on N in the soil at both seedling and flowering stages: and yield on K
in the soil at seedling stage. For improved management of crop nutrients, N, P and
K should be available to plants from seedling to flowering stages. It is also
beneficial to use fertilizer pellets to ensure better nutrient supply to plants.
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6.2 INTRODUCTION

Plant growth occurs through light interception during photosynthesis where
carbon dioxide (CO;) is converted into basic molecules for metabolism
(University of Hawaii, 2013). The primary nutrients, nitrogen (N), phosphorous
(P) and potassium (K) are required in large quantities and therefore, their
management is very important (University of Hawaii, 2013). Nitrogen is required
for seedling vigor and vegetative growth. Nitrogen is an essential element in all
amino acids, is a component of nucleic acids and chlorophyll and its deficiency
results to plant’s retarded growth, necrosis and reduced yields (Mulagoli et al,
2008). Phosphorous is required for root growth, energy transfer reactions, protein
synthesis, and development of reproductive structures (Clain, 2011). It enhances
crop maturity and quality especially in grain crops. Potassium is involved in many
enzymatic reactions, is used in the synthesis of energy compounds required for
translocation within the plant, N uptake and protein synthesis. K maintains water
balance and stalk strength. Crops that are K deficient can have low N intake, yield

and protein (Mulagoli et al, 2008).

Although plants require a balanced supply of the nutrients throughout their

development, it is important to ensure plants are supplied with adequate nutrients

during early stages in order to maximize on yield. Various growth stages require
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instant flow of nutrients and mineral fertilizers are the quickest and surest way of
supplying the nutrients in known amounts, proportions and forms ready for uptake
by plants (Clain, 2011). However, the use of inorganic fertilizers has raised
concerns due to fertilizer leaching and environmental contamination. Appropriate
combinations of organic and mineral fertilizers may be the best way of effecting

soil fertility management to boost production and achieve sustainable yields.

Soil analysis appraises soil nutrient status and requirements and thus determines
the right type of fertilizer material and the correct application rate for a given field
(Mulagoli et al., 2008). When individual plants are grown with restricted access to
a particular nutrient, growth is reduced and specific deficiency symptoms may
occur. A general feature is increased allocation into roots and decreased allocation
to leaves and stems (Poorter and Nagel, 2000). An increased allocation to roots
enables the plant to explore greater soil volumes to capture nutrients necessary for

continued leaf expansion.

In the soil, nitrate can be lost through nitrification and leaching particularly under
wet soil conditions. Also both ammonium and nitrate can be tied up through
immobilization by microorganisms in the soil as they decompose low-N organic

residues (Alemi et al., 2010). Phosphorous in the soil is considered immobile
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however its availability can be affected by both P-sorption and P- precipitation
(University of Hawaii, 2013). Potassium is a mobile nutrient in the soil and may
be lost to leaching, retained by soil particles or precipitated as secondary mineral

(Clain, 2011)

Grain amaranth is a shallow rooted crop and the domain root zone is usually 20
cm below the soil surface which can lead to considerable nitrate loss by leaching
under irrigated or high rainfall conditions. According to Alizadeh and Ghadeali,
(2006) and Jeiran et al, (2008), pelleting of nitrogenous fertilizers reduces N
losses and improves fertilizer use efficiency. The objective of this study was to
assess the effect of combined organic and inorganic fertilizers and fertilizer
pelleting on soil and plant nutrients during growth of Amaranthus

hypochondriacus.

6.3 MATERIALS AND METHODS

The study was carried out in Maseno University Research Farm during the 2010
short rain and 2011 long rain seasons using seed obtained from Hortitech seed

Company in Naivasha. The conditions are as described on page 25.
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Experimental design and treatments

The study was carried out in two experiments which were laid out in Randomized
complete block design (RCBD) with split plot arrangement. The treatments are

described on pages 32 and 57.

6.3.1 Data collection

Benchmark soil samples at zero to 15 cm and 15 to 30 cm depth were taken from
experimental field before planting to determine pH, organic carbon, N, P and K.
At seedling, flowering and at harvesting stages of growth, soil samples were taken
from the top 0-20 cm from each subplot and three of the youngest fully developed
leaves were taken from three randomly selected plants from the middle rows. The
soil samples were taken from three randomly selected points in a zigzag manner
from the middle rows. All samples from each subplot were mixed to get a
homogenous single sample. The soil and leave samples were analyzed for N, P, K
and organic carbon content. The samples were analyzed at soil Analysis Lab of
Kabete Campus, University of Nairobi using the acid/alkaline digestion method of
analysis as described by Okalebo et al, (2002). The Mehlich- method was used to

extract P and K.
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6.3.2 Statistical Analysis
The soil and leaf data were subjected to regression analysis. The analysis results
were used to observe the relationships of the interactions of the models and the

influence of the nutrients in soil and leaves on the yields.

6.4 RESULTS AND DISCUSSIONS

6.4.1 Effect of fertilizer application and the relationship of nitrogen in the soil
and leaves of grain amaranth

The linear regression model was significant at explaining the linear relationship
between percentage nitrogen in the soil and in the leaves at both seedling and

flowering stages of growth of grain amaranth in Western Kenya in 2010.

Seedling stage

At seedling stage the regression model was significant (p = 0.033) in estimating
the linear dependence of percentage nitrogen in leaves on the percentage of
nitrogen in the soil at 95% confidence interval (Figure 6.1). The equation
obtained was Y = 5.70375-7.53963 x_Thus one unit input of nitrogen in the soil

decreased the nitrogen in the leaves by 7.53963 units at seedling stage.
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The correlation of % of N in the soil and the % of N in the leaves had a negative
value of - 0.55. This means that when N in the soil decreased the N in the leaves
increased (figure 6.1). This could be because of the uptake of N from the soil to

the leaves through the plants roots. At seedling stage the only source of N for the

plant is soil.
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Figure 6. 1: The relationships between nitrogen in the soils and in the leaves at seedling stage of
growth of grain amaranth.

At seedling stage, N is actively being removed from the soil by the plant, leaching
or by denitrifying organism. The rate of N uptake is related to the rate of plant
growth (Gastal and Lemaire, 2001). At seedling stage, the plants are small hence

percentage of N concentration is high.
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Flowering stage

At flowering stage the regression model was significant (p = 0.0068) in estimating
the linear dependence of percentage nitrogen in leaves on the percentage of
nitrogen in the soil at 95% confidence interval (Figure 6.2).. The result shows that

one unit input of nitrogen in the soil increased the nitrogen in the leaves by 6.407

times.
5
4.5 -
g AR
(5]
9@
(]
£ 4 * .
£
> *
X
3.5 y= 6.&)7x +3.049
RZ=0.4428**
3 T T
0.08 0.12 0.16 0.2

% N in the soil

Figure 6. 2: Relationship of nitrogen in the soil and nitrogen in the leaves at flowering stage

The correlation of percentage of N in the soil and the percentage of N in the
leaves had a positive value of 0.655. This means that when N in the soil increased,

the N in the leaves increased also and vice versa. This could be due to the fact that
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regulation of N uptake being proportional to growth rate (Gastal and Lemaire,
2001). The more the N is taken up by the plants the more the growth rate and the
more it is accumulated in the plant tissues. Nitrogen is required for processes such
as photosynthesis, distribution of nutrients and leaf expansion. As the crop growth
advances these processes become faster and so N is taken faster from the soil.
Therefore, the N levels in the leaves at flowering stage of grain amaranth
depended on the N levels in the soil. Similar results are reported by Noroa and

Loomis (1981) and Sinclair and Shiraiwa (1993).

6.4.2 Effect of fertilizer application on phosphorous in the soil at seedling
stage and yield of grain amaranth

The trend of P concentration in the soil and leaves is shown in figure 6.3.
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Figure 6.3: Changes in concentration of P during growth and development of grain amaranth in
2010
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The graphs show that the concentration of P in the soil was low until seedling
stage after which it increased gradually. This could have been due to reduced
demand by the plant from seedling towards maturity and gradual release from
organic sources. The concentration of P in the leaves decreased sharply from
seedling to flowering stage which could have been due to dilution as the size of
the plant increased. Thereafter the concentration decreased gradually probably

due to movement from leaves to flowering buds.

The regression model was statistically significant (p = 0.0283) in estimating the
linear dependence of yield to the amount of phosphorous in the soil at seedling

stage at 95% confidence interval in 2010 (Figure 6.4) .
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Figure 6.4: Relationship of yield and phosphorous in the soil at seedling stage
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There was a negative correlation (-0.5684) between yield and phosphorous level
in the soil at seedling stage. This indicates that for every unit increase of

phosphorous in the soil, the yield decreased by 0.5684 units.

Phosphorous is required by plants for root development, flower initiation, seed
and fruit development. Increased P in the soil may means that P is tied by other
elements and may not be available for uptake by the roots. This may finally lead

to decreased yields since P is required for seed and food development.

6.4.3 Effect of fertilizer application on the level of potassium in the soil,
leaves and yield

The trend of K concentration in the soil and leaves during growth and
development of grain amaranth is shown in figure 6.5. The concentration of k in
the soil remained quite low throughout the growing period. This means K is
available in small quantities in the soil. The small increase at flowering suggests

added K to the soil probably from organic sources.
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Figure 6.5: Changes in K concentration during growth and development of grain amaranth in 2010

The concentration of k in the leaves increased from seedling to flowering and
thereafter decreased. The increase from seedling to flowering is due to the
increased plant demand for K to support its functions. K is required for among

other functions stem development.

Effect of potassium levels in the soil on yield at seedlings stage

The regression model was statistically