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ABSTRACT

Nitrogen is a major mineral nutrient limiting growth, development and production of
crops in Kenya. The cost of production is way beyond the purchasing power of
smallholder farmers, coupled with the low availability of nitrogen in the soil has
significantly contributed to the reduction in rice productivity in Kenya. In rice
growing regions, including Busia, Kisumu and Kirinyaga counties, there is evidence
of pollution due to high losses of N experienced from agricultural fields. Reduction
of the losses through proper N management is critical to ensure increased yield and
reduced pollution rates of through promotion of good agricultural practices.
Therefore, the objectives of this study were to:-(1) analyze farmer’s practices that
contribute to nitrogen losses in rice farming fields, (2) evaluate growth and yield of
irrigated rice in response to methods of N applications, forms and levels, (3)
determine nitrogen partitioning and nitrogen uptake as affected by levels of nitrogen
sources and methods of application and (4) determine nitrogen use efficiency
(NUE), nitrogen agronomic efficiency (NAE) and nitrogen harvest index (NHI) of
irrigated rice under different levels of N sources. The studies were conducted
through survey and field experimentations. The surveys were conducted in Kisumu
and Busia counties, where 100 farmers were interviewed. The field experiments
were conducted at Ahero irrigation scheme in Kisumu county and KALRO Mwea in
Kirinyaga county. Field experiments were laid out in Randomized Complete Block
Design (RCBD) in factorial arrangements. The treatments included two sources of N
as ammonium sulphate [(NH,),SO.] and urea at three levels (0, 25, and 50kgha™)
applied in two methods (full dose and split). Survey data was subjected to SPSS
software while the field data were subjected to ANOVA using SAS software and
statistical differences were separated using Fischer’s LSD at 5% level of probability.
The survey revealed that (NH4).SO4 was most commonly used form of fertilizer in
both Kisumu and Busia (61% and 48% respectively). Burning and feeding to
livestock were the leading N loss pathways farmers were aware of, with 32%, 34%
stating that they burned the straws in Kisumu and Busia respectively while 39% and
40% fed to livestock in Kisumu and Busia respectively. N sources and levels led to
increased days to 50 % flowering that significantly varied across the treatments,
with the unfertilized plot taking the shortest duration (64 and 97 days in Ahero and
Mwea respectively). Ammonium sulphate (50kgha™) led to highest yields in Kisumu
and kirinyaga (11.2 t ha™ and 7.90 t ha™ respectively) while the control had the
lowest. Significant differences were observed on uptake during different growth
stages ( p<0.05), with a higher N uptake being observed during reproductive and
harvesting stages in both study sites. In all treatments, highest N was partitioned to
the grain. The (NH,);SO, (25, kg ha™) revealed balanced NUE in both study sites
recording 73.15 and 90.10 in Kisumu and Kirinyaga counties. In Ahero, (NH4),SO,4
at 50 kgha™ and Urea at 50 kgha™ exceeded 100% of the normal NUE, recording
120.6 and 146.5 respectively. This was an indication of excessive soil mining by the
plants at this particular stage. In regard to NAE (NH4),SO. at 25kgha™ and urea
25kgha™ at Ahero and Mwea resulted in higher value of 21.53 and 12.90
respectively. In conclusion, farmer’s straw management practices was thought to
contribute N losses in farming systems. (NH4),SO, at 50kgha™ led to highest yield
in both study sites. Further studies, need be carried out on nitrogen forms on NUE
and NAE on long-term conditions.



CHAPTER ONE: INTRODUCTION

1.1 Background Information

Nitrogen (N) is a nutrient that forms an integral part of crop growth and
productivity. It is also considered as the most abundant nutrient in the earth’s crust,
taking approximately 78% in the atmosphere (Elbert et al., 2012). However, the N
must be converted into forms that can be absorbed by the plants to enhance various
growth processes. Main forms in which N is taken up by the plants roots include
Nitrate (NOs) and Ammonium (NH;"). Most of the nitrogen available for plant
growth is from soil through the fixation and conversion, enhanced by the nitrogen
cycle (Zuliang et al., 2012). Some reports also show that crops uptake nitrogen from
the soil by absorption through their roots as amino acids, nitrate or ammonium ions
(Kielland, 1994, Gioseffi et al., 2012). In addition, if nitrate is taken up, it is first
reduced to nitrite ions and then ammonium ions for incorporation into amino acids,
nucleic acids, and chlorophyll (Galloway et al., 2008). Importantly, most nitrogen
obtained by terrestrial animals can be traced back to the eating of plants at some
stage of the food chain. Irrespective of N form that is naturally available in the
ecosystems, most of the agricultural farming systems strive to increase use of N
fertilizers to boost the rate of growth and assure increased yields (Follett, 2012). The
injudicious rates of N fertilizer have the ability to cause poor N efficiency; leaching
losses and ammonia volatilization (Fageria and Baligar, 2005). Over the decades,
nitrogen loss to the environment has been a primary concern (OECD, 2008). This is

probably due to increased fertilizer use, which has increased rapidly since the 1990s



worldwide, which has led to a rise in N losses to the environment (Dinnes et al.,

2002).

Excessive application of N fertilizers affects the growth of the plants through
arresting of some major process such as photosynthesis and chlorophyll formation
(Russell et al., 2006). On the other, little application of N leads to retarded plants
and thus leading to poor productivity. Agriculture being the cornerstone to
enhancing food security, there is need to develop approaches to enhance
management of N in order to improve production while reducing losses that cause
pollution. Partial Nitrogen budget is another essential tool that can be used to
determine the extent of losses of N applied in the cropping systems (Jin et al., 2012).
It gives an account of all nitrogen inputs applied and output removed in the

agricultural setting (Leip et al., 2014).

Rice (Oryza sativa) is the third most important crop in the Kenya as it forms part of
the diet and the economy (Seck et al., 2012). Yields range from less than 1 t/ha
under very poor rainfed conditions to more than 10 t/ha in intensive temperate
irrigated systems globally. Both white and brown rice in the world substitutes 20%
of the dietary energy supply. Besides, it is a crop with health benefits and thus
becomes important in the diet. In the world, there is an increasing population, and
thus rice serves as one of the sources of diets to prevent malnourishment (Ray et al.,
2013). It is cultivated in both upland and swamp ecosystems. Regardless of its
demand, there is a limitation to enhance full capacity of production. A major
limitation of the yield increase is nutrient availability, more specifically nitrogen

(Ladha et al., 2016). Nitrogen plays a key role in ensuring a successful vegetative



growth and reproductive contribution towards the grain filling and thus assuring

high yields (Awan et al., 2015).

Nitrogen use efficiency (NUE) is defined as a ratio of the amount of N obtained
from the field by the crop to the amount of N applied during the growing period
(Cassman et al., 2002). The NUE provides a numerical measure of the usefulness of
plants to absorb and transform available N into potential yield under different
cropping systems. In Africa specifically, N removal with crop production
permanently exceeds the N input with mineral fertilizer. This means that almost two
decades ago 40% more nitrogen was being removed from the agricultural system in
Africa than what was being replaced by mineral N fertilizer ((Fathi, 1998).
Therefore, there is need to develop a model for which N will be applied to enhance
nutrient balance (Fathi, 1998). Previous research on NUE in crop production
systems has emphasized the need for greater synchrony between N required by the
crop N supplied from various sources throughout the growing season (Hamidi, and

Dabagh, 1995).

Nitrogen Agronomic Efficiency (NAE) is another important indicator in terms of
nitrogen management and is described as the N accumulated in the above-ground
part of the plant or the nutrients recovered within the entire soil-crop-root system
(Wortmann et al., 2016). To prevent N loss, there has to be a balance of the nutrient
applied at different stages of plants during plant growth. Thus NAE is a good

indicator of the amount of nutrient recovered in various cropping systems.



1.2 Problem Statement

Currently, effects of nitrogen losses to the ozone layer are profound as it plays a
critical role in catalyzing and destroying the stratosphere. Nitrogen loss is a major
threat in rice cropping systems in Sub-Saharan Africa (Kayombo and Jorgensen,
2006). This has caused a reduction in yields due to limited potential for growth in
crops. Specifically, rice production has been limited in these areas due to low levels
of nitrogen available during various growing stages (Ozkan , 2007). This is a
problem that has been attributed to various sources of N loss such as denitrification,
leaching, and volatilization. Rice has the potential of higher losses to the
environment due to increased rates of emissions and leaching in flooded regions
(Rose et al., 2018, Raun and Johnson, 1999), and this varies with different stages of
development. The resultant emissions contribute to increment in environmental
pollution. The pollution could result from the depositions and other sources,
especially leaching into the water bodies (Schlegel et al., 1996). The amount of N
that is lost through leaching is not quantified and thus makes it difficult to manage

pollution as well as improving crop yields.

According to FAO (2000), nutrient balance is key to enhance food security among
the world’s population. Incidentally, the N lost in the farmers’ fields finds its way to
the Lakes or any other neighboring water bodies, thus contributing to the massive
growth of the algae and consequently algal bloom. This hinders fishing activities
which is the main economic activity embraced by the population within the lake
regions (Liu et al., 2014). Besides, the aquatic life is also uninhabited due to limited

oxygen because of nutrient (N) loading in water bodies (Bouraoui and Grizzetti,



2014). Therefore, to minimize losses, there is need to develop Nitrogen use
efficiency for the region to reduce the losses and promote good practices for
increased productivity. The established NUE does not apply in Kenya, for instance
and other African countries in general due to the difference for nitrogen in the
ecosystem (Brentrup and Palliére, 2010). Additionally, there is need to calculate the
partial N budget for rice in the region to understand the pathways of nitrogen loss
during production. Understanding Nitrogen agronomic efficiency is also essential
for maintaining nutrient balance. In this light, there is a balance between the amount
of N required by the plant for optimum growth while reducing the nitrogen that is
carried to ground and surface waters. This is a major constraint for researchers

attempting to understand and improve agricultural nutrient use efficiency.

1.3 General objective

To evaluate nitrogen and agronomic efficiencies of applied Nitrogen to improve rice

crop productivity

1.3.1 Specific objectives

I.  To analyze farmers’ practices contributing to nitrogen losses in rice farming
systems
ii. To evaluate growth and yield of irrigated rice in response to different
methods of N application under various levels of nitrogen forms.
iii.  To determine the uptake and partitioning of nitrogen in irrigated rice in
response to N application methods, sources and levels based on the local

farmers’ practices



iv.  To determine Agronomic Use Efficiencies, Nitrogen Use Efficiencies and
Nitrogen Harvest Index (NHI) of rice cultivated with different methods of

applications of N sources and levels.

1.4 Research questions

I.  How do factors related to farmer practices on Nitrogen use and management

contribute to increased losses and pollution?

ii. Do application methods and nitrogen forms at different levels have any

effect on growth and yield development of rice?

iii.  Are there differences in nitrogen uptake and partitioning in irrigated rice in

response to forms, levels and methods of Nitrogen fertilizers?

iv. Do nitrogen levels and forms have effect on Agronomic Use Efficiencies,

Nitrogen Use Efficiencies of irrigated rice?

1.5 Hypotheses

I.  There are no significant differences in growth and yield of rice under
different levels, forms and application method of N fertilization
ii.  Methods and different levels of N forms have no effect on nitrogen uptake
and Partitioning at different stages of rice growth
iii.  There are no significant differences in nitrogen forms and levels on the effect
of Agronomic Use efficiencies, Nitrogen Use efficiencies and Nitrogen

Harvest Index of irrigated rice



1.6 Significance of study

This research work aimed at generating more knowledge on the management of
nitrogen in irrigated rice farms. Data obtained are envisaged to provide deeper
scientific understanding of the N cycle through identification of possible pathways
that contribute to losses. Rice production will be increased due to a better
understanding and consequent realization of higher NUE. High losses have been
documented in the region, and this lead to little available N for crop production. The
farmers’ practices leading to poor management of nitrogen were identified, and
recommendation to enhance change and improvement generated. Therefore, N
cycle management in the farming fields will be improved, implying reduction in the
losses through leaching or seepage into the water bodies. The quality of water in the
surrounding communities will be improved and thus promote the alternate source of
livelihood. Thus, the levels of poverty among the population will be reduced by a
greater percentage. Besides, the establishment of NUE for the region will reduce the
cost of production hence increasing levels of incomes. Importantly, findings derived
from this study will be disseminated to extensions and policy makes to emphasize
on the right criterion to use so as to enhance management of N. Establishment of
partial N budget for different levels of nitrogen for crops applied with N will lead
to improved efficiencies of nutrient management hence reduce pollution to greater

levels.



1.7 Conceptual framework

Nitrogen loss and low Nitrogen Use Efficiency for crops,
high levels of environmental pollution

Evaluate existing farmers
‘practice that used in
management of nitrogenous
fertilizers in production of rice.

Evaluate the extent of loss of N in
a production season partial
Nitrogen budget

Evaluation of different methods
of N application that contribute to
low NUE in rice and high losses
resulting to pollution

A

Disseminate appropriate
method for N fertilizers
application and management
rice to enhance improved
high NUE

Train farmers on the ways
and need for improved NUE

Engage stakeholders to
develop policies on Nitrogen
management systems

A

improved livelihoods.

Reduction of pollution due to improved management of N fertilizers in
the cropping systems as well as increased yields, high profits and

Figure 1.1 Conceptual framework




CHAPTER TWO: LITERATURE REVIEW

2.1 Nitrogen Dynamics

Nitrogen (N) makes up 78 percent of atmospheric gaseous form of nitrogen (Ny).
However, this form is not available for utilization by plants. Approximately, 34,000
tons of N is available in the atmosphere but cannot be utilized by crops for growth
(Tischner, 2000). It must be fixed in order to become available, which is done
through the process of producing industrial fertilizers or through nitrogen-fixing

bacteria associated with the roots of legumes (Yang et al., 2012).

Nitrogen is a crucial but limiting element for plant growth and production. Nitrogen
is important for the assimilation of carbohydrates in the plant and plays an important
role in root growth for the absorption of other essential minerals including K and P.
It is a key component of chlorophyll, an essential pigment needed for
photosynthesis, as well as amino acids; the key building blocks of proteins
(Galloway et al., 2008, Foyer and Noctor, 2006). It is also found in other important
biomolecules, such as Adenosine Triphosphate (ATP) and nucleic acids. The path
that N follows in and out of the soil system is referred to as the "nitrogen cycle"”
(Warren, 2014). This cycle is usually influenced biologically through useful
microorganisms (Galloway et al, 2004). In addition, biological processes, in turn,
are influenced by prevailing climatic conditions along with the physical and
chemical properties of a particular soil. Organic nitrogen is found mostly in living
and previously living material in the soil (Yang et al., 2012). Nitrogen is naturally
available in the soil as organic matter, which is mineralized, resulting in

approximately 60-80 pounds of N per acre in annual basis for plant utilization
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(Mason, 2007). Two forms of inorganic nitrogen that are readily available for plants

are plant available are ammonium (NH,") and nitrate (NO3).

2.2 Nitrogen Cycle

Nitrogen cycle describes all the processes through which N undergoes to be
converted into various forms. The conversion can be done either through the
physical or biological process in different ecosystems where it circulates including;
terrestrial, marine and also in the atmosphere (Pelletier and Leip, 2014). Processes
of importance in this include ammonification, fixation, nitrification, and

denitrification (as illustrated in figure 2.1)

N2

 EEE—— —_— NArogean N 4
~N = oF ’ armosphere NITH =N A :
denitrifying bactena - _{ narogen fixing bactena

.

Figure 2.1: Flow chart showing the pathways of N cycle (source: Galloway et
al., 2008).
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Chemical forms of nitrogen present in the environment include organic nitrogen,
ammonium, nitrite, nitrate, nitrous oxide, nitric oxide or inorganic nitrogen gas
(Galloway et al., 2008, Jones, 2016). In addition, organic nitrogen may be in the
form of a living organism, humus or in the intermediate products of organic matter
decomposition (Farrell et al., 2014). Many of the nitrogen cycle processes are
performed by living organism, through their effort to acquire energy or to harvest

nitrogen in a form needed for their growth (Santi et al., 2013).

In biological fixation, symbiotic bacteria known as diazotrophs are major free-
living organisms that carry out the process of nitrogen fixation (Geddes et al., 2015).
The fixation process involves conversion of free nitrogen atoms from their triple
bonded atomic form, N=N, to be used in other ways (Hoffman et al., 2014). There is
also presence of nitrogenase enzyme in the bacteria that catalyzes denitrification of
nitrogen to ammonia (Burns and Hardy, 2012). Symbiotic nitrogen-fixing bacteria
like rhizobium establish a mutualistic relationship with legumes to facilitate nitrogen
fixation. The bacteria benefit with carbohydrates as they provide the plants with
nutrients. In addition, little amount of nitrogen is ‘fixed’ through a process of high
energy fixation that occurs majorly as lighting strikes, converting atmospheric
nitrogen into ammonia (NH4")and nitrates (NO3-) (Fowler et al.,2013). Nitrogen can
also be fixed through man-made processes, like the Haber- Bosch industrial
processes that create ammonia and nitrogen-rich fertilizers (Nancharaiah et al.,

2016).

Assimilation is also another process in the nitrogen cycle of plants from the soils.
During this process N is taken up as nitrates, and then to ammonium that is

incorporated into amino acids, chlorophyll and other proteins (Masoni, 2007).
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Ammonification is also another important component of nitrogen cycle, which is a
product of decomposition of plants into wastes. For instance, when plants die, the
organic N is converted by micro-organization to inorganic ammonium states. Some
of the enzymes involved include; ’GInSynthetase (Cytosolic and Plastic),
GOGATGIu 2-oxoglutarate aminotransferase (Ferredoxin and NADH-dependent)
and GDH: Glu Dehydrogenase. However, different plants have unique pathways
through which they take up such compounds into the metabolic pathways and

growth process (Hanke and Mulo, 2013).

Nitrification process also forms a major step in the nitrogen cycle. In this process
ammonium is converted to nitrite and then to nitrate by soil- living organisms,
collectively known as nitrifying bacteria, like the Nitrobacter (Schlesinger et al.,
2006). Possible reason for ammonium conversion into nitrates is due to the toxicity
of the ammonia gas to the crops (Canfield et al., 2010). However, this process
contributes greatly to eutrophication in water bodies due to huge losses associated
with high amounts of nitrates in the soils. Therefore, in flood zones, this proves to
be real problem to both farmers and the users of these water bodies. Denitrification
is yet another key process in the nitrogen cycle (Luo et al., 2000). In this step, nitrate
is reduced back to the nitrogen gas through use of organisms such as Pseudomonas
and Clostridium species. In addition, this process only takes place in the anaerobic

conditions such as water-logged conditions (Fanning, 2000).

2.3 Nitrogen uptake and assimilation in plants

Uptake of nitrogen by crops constitutes several steps, including uptake, assimilation,

and translocation during growth and when a plant is aging, recycling and
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remobilization occurs. The preferred form in which N is taken up by the plant is
dependent on its adaptations and the soil conditions (Ashton et al., 2008). Crops that
grow in low pH conditions tend to take up ammonium or amino acids, while on the
other hand, in higher pH levels and aerobic conditions soils nitrate is commonly
preferred (Masclaux-Daubresse et al., 2010). Uptake of nitrate takes place in the
roots where two-nitrate transport systems establish a co-existence relationship to
enhance uptake of nitrate from the soil solution and distribute it within the whole
plant. Ammonium ions are taken up by ammonium transporters, and nitrates are
taken up by various nitrate transporters that are powered by a proton gradient
(Masclaux-Daubresse et al., 2010). Nitrogen transportation occurs from the root to
the shoot via the xylem in the form of nitrate, dissolved ammonia and amino acids.
Most of the nitrate reduction is carried out in the shoots while the roots reduce only
a small fraction of the absorbed nitrate to ammonia (Uscola et al., 2014). The
absorbed and synthesized ammonia is incorporated into amino acids via the
glutamine synthetase-glutamate synthase pathway. Nearly all ammonia in the root is
incorporated into amino acids at the root itself, significant amounts of ammonium
ions are transported in the xylem and fixed in the roots (Garma and Bloom, 2014).
This may help avoid the transport of organic compounds down to the roots just to

carry the nitrogen back as amino acids.

Nitrate reduction in the plant takes place in two major steps. Nitrate is first reduced
to nitrite (NO; ) in the cytosol by nitrate reductase and nitrite is then reduced to
ammonia in the chloroplasts by a ferredoxin-dependent nitrite reductase (Hanke and
Mulo, 2013). In photosynthesizing tissues, it uses an isoform of ferredoxin that is

reduced by Photosystem 1 while in the root it uses a form of ferredoxin that has a


https://en.wikipedia.org/wiki/Glutamine_synthetase
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less negative midpoint potential and can be reduced easily by Nicotinamide Adenine
Dinucleotide Phosphate (NADP) (Hanke and Mulo, 2013). In non-photosynthesizing
tissues, Nicotinamide adenine dinucleotide phosphate is generated by glycolysis and
the pentose phosphate pathway. Glutamine synthetase incorporates ammonia as the
amide group of glutamine using glutamate as a substrate in the chloroplasts (Lea,
2014). Glutamate dehydrogenase does not perform a direct role in the assimilation,
instead it protects the mitochondrial functions during periods of high nitrogen

metabolism and takes part in nitrogen remobilization

2.4 Nitrogen use efficiency and agronomic efficiency

Nitrogen use efficiency (NUE) is described as dry matter accumulation per unit of
nitrogen applied (Fageria and Baligar, 2005). Thus, NUE idea delivers a numerical
measure of the usefulness of plants to absorb and transform available N into
potential yield under different cropping systems (Huggins and Pan, 2003). In
addition, it provides information about the utilization of additional N applied to an
agricultural production system of a country or a region (Fageria and Baligar, 2005).
The two major components of NUE are the efficiency of absorption (uptake) and the
efficiency with which the N is utilized to produce grain. Suitable N application rates
and timing are practices for fulfilling plant requirements and enhancing NUE
(Samonte et al., 2006). The NUE has lately gained increasing importance in agro-
environmental policies, e.g. the revised United Nations Economic Commission for
Europe (UNECE) Gothenburg Protocol and thus shows the need for assessment in
various cropping systems such as irrigation and crop rotation (Dalgaard et al., 2017).

Higher use of artificial fertilizer may result in soil and environmental pollution like
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eutrophication (Abril et al., 2007). Crop rotation, soil edaphic features, temperature,

soil water, N fertilizer rates and crop types affect NUE (Halvorson et al., 2002).

According to Halitligil et al., (2000) and Thomas et al. (2007), plant NUE is
affected by nitrogen fertilizers in semi-arid and variable rain-fed situations.
Globally, the NUE for cereals has been determined and has been estimated to be
33% (Brentrup and Palliere, 2010). This implies that there is 67% of nitrogen
applied to the farms that goes to wastes through other sources. Therefore, NUE is an
effective tool to increase nitrogen for production while reducing losses that have
harm to the environment. From the N cycle, it is apparent that losses are exported
from the agricultural products as well as the environmental losses, which are
unavoidable. Theoretically, without any N losses to the environment, NUE of 100%
would be ideal, since the inputs would exactly match the outputs (Carranca, 2012).
Practically, this is not possible since agriculture takes place in an open environment
with a continuous exchange of nutrients between the environmental compartments
such soil, water and air (Berendse and Aerts, 1987). Therefore, losses of N are
unavoidable since crops do not require all the nutrients that are cycled in the
agricultural system. For instance, in cases where application rate of 96 kg N/ha and
the removal in grain is almost the same 92 kg N/ha, the resulting NUE is 96%
(Brentrup and Palliére, 2010). The NUE values of 90-100% show risk of soil
mining, since the applied N demand for roots and straw, are not achieved by N
input. Importantly, there are also unavoidable losses for example due to leaching

during the off period are not compensated (Raun, and Johnson, 1999).

In Africa N removal with crop production has been reported to permanently exceed

the N input with mineral fertilizer (Rahimizadeh et al., 2010). The development
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shows that NUE even further increases over time from 120% to about 140%
(Brentrup and Palliére, 2010). This implies that today 40% more nitrogen is
removed from the cropping system in Africa than what is replaced by mineral N
fertilizer. On the contrary to other places like China, NUE has shown decrease from
about 50% in 1987 to less than 40% in 2006 ((Yuan et al., 2018).This corresponds
with increasing crop production but even more increasing N application rates.
Moreover, in Europe NUE increased from around 40% in 1987 to more than 60% in
2006, mainly due to improved agricultural practices (Carranca, 2012). The world
mean NUE remained relatively stable at 50-55% between 1987 and 2006. It is also
clear that lately, NUE has already gained increasing importance as an agro-

environmental indicator (Asplund et al., 2014).

2.4 Rice production in Kenya

Economically, rice (Oryza sativa L.) is a major source of income and most popular
cereal crop in Kenya as it feeds the majority of the country’s population. According
to reports by (FAOSTAT, 2018) it was classified as the most important food crop
depended on by over 50% of the world population for food needs. It is considered
the third most important staple crop in the Kenya after maize and wheat (Atera et
al., 2018). Most of the consumed rice in Kenya is imported from the Far East,
where Pakistan accounted for 74 percent of total amount during the period 2006-
2010 (FAO (2013). Rice does well various environments such as lowland, irrigated
through flooding and upland rice that diversifies the region in which it can be grown
Kenya. However, the highest percentage is produced under irrigation and thus can
only be grown in swampy areas. The country has a potential of about 540,000

hectares of irrigable land and 1.0 million hectare rain fed for rice production (Atera
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et al., 2018). Major growing areas of rice include Mwea, Ahero, Pekerra, Bunyala

and some individual few private farms. -

2.5 Role of nitrogen in rice

Nitrogen, among other nutrients, is the most essential and the most limiting element
in rice growth. It promotes carbohydrate accumulation in culm and leaf sheaths in
the pre-heading stage and grain and also at the ripening stages (Sabbagh et al, 2015).
However, the positive impacts only occur when applied at the required time or stage,
especially during different intervals of irrigation so that yield can optimized. For
instance, optimal use of the available nitrogen by rice increased the formation of
tillers which is an indication of higher yields (Yosef, 2012). Grain filling is also
another aspect that is highly influenced by the availability of nitrogen in the crop
during reproductive stage (Artacho et al., 2009). Limitation of nitrogen in the
growth period leads to reduced accumulation and hinders grain from filling and
hence increases the number of unfilled grain which leads to reduced accumulated

yields (Thuy et al., 2008).

Nitrogen remains the most difficult nutrient to manage, especially in irrigation for
the case of rice (Samonte, 2006). This nutrient at times acts differently depending on
the forms, with nitrate and ammonium being dominant, hence making its use and
application more difficult (Fageria and Baligar, 2001). In some reports, it is
documented that, nitrogen application efficiency is less in non-submerged irrigation
compared to submergence condition. According to Fageria et al. (2011), NUE
efficiency in flooded rice is less than 50%, implying that more than half of the N

applied is prone to losses either through major pathways such as volatilization of



18

ammonia, nitrate leaching, denitrification and soil erosion or runoff (Raun and
Johnson, 1999). This shows that there is need to evaluate better means of nitrogen
management to reduce losses, to increase yield and minimize environmental

pollution.

2.6 Nitrogen dynamics in flooded rice

Among all mineral nutrients applied as fertilizer, nitrogen is required by rice in
higher quantities and is most susceptible to losses (Tilman et al., 2002). At least
90% of the rice grown across the globe is grown in fields that are flooded for most
of the growing season (Carrijo et al., 2017). Nitrogen is usually applied in the form
of broadcast into the flood water from where it is rapidly absorbed if the application
is timed carefully to match the plant's demand. However, the N that is not absorbed
is lost through gaseous emission. To improve the recovery, either farmers' fertilizer
management must be greatly improved, and options for these are well established, or
the efficiency with which the plant captures and uses N must be improved (Rowe et
al., 2016). Immediately after the broadcasting of fertilizer on the rice field with
flood water, the concentrations of N in the flood water and soil solution near it are
initially sufficiently large that rates of uptake are not limited by root properties.
However, after the N in the flooded water has been exhausted, whether by uptake or
gaseous loss, the crop relies on N in the soil, and there the concentration in solution
is much smaller because the (NH;") cation - the main form of plant-available N is

adsorbed on soil clays and organic matter (Nguyen et al., 2018).

Fertilizer nitrogen is applied to rice fields in the form of ammonium ((NH4"). or urea

which is later converted to ammonium. When a rice field is flooded, the fertilizer
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largely remains as ammonium (Linquist et al., 2006) and is taken up as ammonium.
When the field is drained and the soil becomes aerobic, ammonium is oxidized
through microbial processes through the process of nitrification into nitrate (NOs ).
Nitrate is susceptible to losses in rice systems, and it disappears from the rice
rooting zone within a week or two of the flooded soil (Linquist et al., 2006). When
the field is reflooded and the soil becomes anaerobic, microbes convert a portion of
the nitrate into nitrogen gas through denitrification process and later lost to the

atmosphere (Buresh and De Datta, 1991).

2.7 Timing of nitrogen fertilization at different growth stages of rice

Proper timing of the fertilizer application leads to an increase in yields, reduction of
nutrient loss and also reduces the extent of environmental pollution. Due to the high
cost of fertilizers, application in the cropping systems needs to be timed to reduce
economic losses (Zhao et al., 2015). Due to nitrogen shortage, the pricing is
extremely high and requires proper management specifically for the developing
countries (Shimono et al., 2012). Timing of N fertilizer application is therefore
imperative since it promotes proper balancing of crop demand and also enhances
effective management of the nutrition aspect (Hasegawa and Horie, 1997). When N
is applied in a timely manner it provides the plant with an efficient way to utilize
nutrient throughout the growing period of rice plants. Timing is also effective since
it provides the plants with nutrients during peak growth period such as the
vegetative and flowering of rice to enhance higher yields (Fageria, 2016). According
to a study carried out in Japan, it was reported that increasing the concentration of N
during the spikelet formation led to higher number of spikelet’s which is a measure

of high yield (Hasegawa and Horie, 1997). Liu et al., (2016), reported that when rice
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plants are supplied with sufficient amount of nitrogen during the transplanting stage
it produced significantly higher yield compared to when applied to other growing

stages.

Temperature of is a key factor that affects uptake of nitrogen at different stages of
rice (Shimono et al., 2012). Low temperature in the water supplied to the rice plants
at both the vegetative and the reproductive stage results in low uptake of nitrogen.
Importantly, the low uptake was more pronounced during the vegetative growth than
at reproductive stage (Shimono et al., 2012). The panicle initiation and boot stages
are also the most nitrogen-demand stages based on the increased metabolism process

of the plant, which is enhanced by the water temperature (Saberioon et al., 2012).

Levels of N enhance the yield and the yield attribute of rice since they determine the
amount of N supplied to the plant. The main aim of supplying nitrogen in different
levels is to achieve a balanced nutrition for the crop demand (Shah et al., 2017).
Therefore, an optimal dose is critical at different times during the planting season to
ensure there is no negative effect on the production. According to Anil et al. (2015),
yield and yield parameters increase with increased rate of nitrogen up to the
recommended levels. Some of these attributes include number of spikelet per hill,
number of productive tillers, grain yield and straw yield. This is influenced by the
demand of crop itself to meet the reproductive organs to ensure there is a maximum

realization of the potential yield (Anil et al., 2015).
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2.8 Nitrogen management and levels of nitrogen on harvest index, NUE and

ANE

Nitrogen being one of the most essential mineral nutrient in the growth,
reproduction and yield it requires proper management to facilitate maximum yield.
In management, there is minimization of the nitrogen losses that result to pollution
of the environment as well as reducing the cost of production for the farmers
(Shibata et al., 2017). Timing of application seems to be a challenge regarding when
to apply the fertilizers to improve its utilization by the crop. Taking an example of
farms that have the fertigation; small application of N together with irrigation water
is a way of ensuring there is maximum supply of nitrogen to the crops at different
times of growth (Quemada and Gabriel, 2016). This approach is essential as it
improves the NUE of the crop and thus less is lost either through leaching,
volatilization or denitrification process. By supplying balanced nitrogen, the crop is
able to create a balance of its needs of the nutrients requirement and thus promoting
the NAE (Quemada and Gabriel, 2016). In an attempt to achieving more yields,
farmers tend to use high dosage of nitrogen that end up being degraded in the soil

and thus reducing the NUE (Beegle and Lanyon, 1994).

Soil testing in the agricultural field is the most beneficial aspect towards nitrogen
management. This gives a rational amount of the nitrogen that is required by the
crop before it is planted (Noor, 2017). Based on the soil analysis results it becomes
easier to determine the right rate of dosage and thus increasing both the NAE and
the NUE of the crops and consequently lead to high yields (Noor, 2017). Basal
application of the fertilizers can also ensure there is an improved means of managing

losses of nitrogen. This is since uptake of nutrients occurs in the roots and thus
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applying the nutrients close to the roots increases the uptake surface area and thus
less is lost. With proper N management the NHI is also improved which is a sign of
high yield due to the high amount of N accumulated in the grain (Fageria, 2014).
The NHI is thus positively correlated with the method of N management including
use of the adequate dosage, timing of planting and proper crop rotation practices

(Fageria, 2014).
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CHAPTER THREE: MATERIALS AND METHODS

3.1 The study Area

One experiment was carried out in Kisumu County which covers a total area of
2085.9 km? and 567 km?covered by the water mass of Lake Victoria. The other
experiment was undertaken at Mwea, Kirinyaga County. Kisumu receives rainfall
almost throughout the year and thus does not have a true dry season. It lies between
latitude of 0° 10’ to 0° 60”N and a longitude of 34° 54' E and 59.99" W. The
average temperature is 22.9 °C and an annual rainfall of between 1200 mm and 1300
mm in various locations (Figure 3.2). Mwea, Kirinyaga County on the hand is
located in central parts of country. It lies between 1158 M and 5380 M above the sea
level and Latitude (05° and 04° S) and Longitude (37° and 38° E) with temperatures
ranging between 12°C and 26°C. It has both the tropical climate and the equatorial
annual rainfall patterns ranges between 800-2200 mm and this influenced by its

position along the equator and on the windward side of Mt. Kenya (Figure 3.1).

The research was evaluated using two approaches. The initial data collection
included field survey at Busia, and Kisumu Counties of Kenya. This was carried out
in June 2017. It targeted evaluation of farmers’ practices in regard to use and
management of fertilizers with a special focus on timing, and methods of N

application for rice farmers.

The second approach involved field experiments where trials were established in

Kisumu and Kirinyaga counties.
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Figure 3.1: Showing Mwea experimental site in Kirinyaga County

Figure 3.2: Showing Ahero study site in Kisumu County
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3.2 Field Survey

Purposive sampling procedure was used to target farmers who have ventured in
production of rice in Kisumu and Busia counties. The key informants for the study
in the selected areas of study were agricultural officers at National Irrigation Board
(NIB), farmers’ group leaders and individual farmers. The questionnaire was
randomly assigned to farmers growing rice. For the purpose of quantitative data,
semi-structured questionnaires were administered filled through use of farmer’s
responses. The sample size of the farmer who were considered as the respondents

was determined according to Anderson et al. (2007) equation:

n= pqZ?/ E* — Where n represented:- required sample size, p =estimated prevalence

,q=(1-p),.Z= level of confidence and E* = margin of error

From the equation a total of 100 farmers who are actively engaged in rice production
were interviewed. The information collected from the farmers included; type of
fertilizers used at planting, method of application, time of application, variety of rice
grown, number of seasons in a year that rice cultivation took place, number of
fertilizer applications in a season, watering regimes, challenges of production, and
stage of crop growth during fertilization, yield, management practices of the rice

straws and their perceptions on nutrient losses.

3.3 Field Experiments

This were carried out in two locations during the growing seasons between July-
December 2017 in Ahero while on the other hand it was done between September
15" 2017 and February 2018 in Mwea at NIB Kirogo research station. The

experiment was laid in Randomized Complete Block Design (RCBD) in a factorial
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arrangement and replicated three times. The treatments included; two forms of
nitrogenous fertilizers which were Sulphate of Ammonia (SA) and Urea at different
levels 0, 25, and 50kgha™. There were two methods of applications; full dose and
two splits. The plot sizes measured 3 m by 4 m. The IR-97 variety was used in the
experiment that was sourced from National irrigation Board. Three weeks old
seedlings were transplanted at a spacing (25x15) cm in the 36 plots each plot had a
total of 320 plants. The fields were kept weed-free through manual weeding at
different stages. Watering was done regularly and any incidences of pests and
diseases were managed. Birds were managed through physical scaring while the

fungal diseases were controlled using copper-based fungicides.

3.4 Data Collection

Data on growth parameters (plant height, number of tillers, and days to 50 %
flowering, grain weight,) were collected for a period of 5 months in the field till
harvesting. While plant samples were collected at different growth stages including

vegetative, reproductive and harvesting for N analysis.

3.4.1 Growth parameters
I.  Tiller Counts
The number of tillers in each experimental plot were counted at two weeks interval
from 5 tagged plants and the average taken
ii.  Plant Height
Plant height which was the distance from ground level to the tip of the panicle was

measured using a meter rule in centimeters (cm) from 5 randomly selected plants
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and the average was recorded after every two weeks from 3 weeks after
transplanting (WAT) till ripening stage.

iii.  Dry weight
Shoots, roots, and stems of sampled plants at vegetative, reproductive and harvesting
stages were dried for 48 hours at 70°C. Weight in grams were determined using an
electronic weighing balance model 6354 and recorded.

iv.  Days to 50% flowering
The flowering date in each of the experimental plot was carefully observed and

recorded when 50 % of the plants had flowered.

3.4.2 Yield and yield components

I.  Straw weight
Soon after harvesting, the above ground biomass was cut at an area of 1m x 1m for
each plot and weighed using an electronic weighing scale. This was dried for 48
hours at 70°C. Weight in grams were determined using an electronic weighing
balance model 6354 and recorded.

ii. Grainyield
Grain yield was determined after harvesting of the net plot and transformed to Kg/ha
for every experimental unit. This was dried for 48 hours at 70°C. Weight in grams
were determined using an electronic weighing balance model 6354 and recorded.
The moisture content was brought to 13%.

iii.  Harvest Index
Harvest index for the net plot was determined by dividing grain weight by the total

of the above ground biomass multiplied by 100.
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3.4.3 Physiological growth stages for N analysis

(a)Vegetative Stage

Plant samples of rice were uprooted at vegetative stage, taken to the laboratory,
dried, and kept for N tissue analyses. This was the period between transplanting date
and panicle initiation approximately 60 days after transplanting (DAT)
(b)Reproductive Stage

The N tissue analysis was done from the time of flowering to physiological maturity
of the rice this was 90 DAT

(c) Ripening Stage

This was done just before harvesting of the crops and was period from the time of
planting to the time the plant leaves start turning yellow. Sample crops were

uprooted and grains dried for N analysis 120 DAT.

3.4.4 Soil samples collection

Before commencement of the experiment, soil samples were collected to analyze the
concentration of mineral N in soil from the experimental fields. Sub-samples of soil
were collected using a soil auger in a zigzag pattern from the demarcated spots at a
depth of 0-30 cm. The sub-samples were mixed thoroughly to obtain a composite
sample that was air dried in ventilated room for 3 days, grounded and taken to the

laboratory for analysis of initial mineral N in the soil.

3.5 Analysis of Soil Total Nitrogen
Reagents used in the analysis included; Selenium powder, concentrated sulphuric
acid (H,SO,), Sodium citrate, sodium hypochlorite (NaOCIl), sodium nitroprusside,

Sodium Salicylate, sodium tartate, Potassium Permanganate and copper sulphate.
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The process involved digestion and distillation according to Kjeldahl AOAC (1883).
Nitrate in the soil was reduced and distilled; subsequently the samples were ground,
mixed and spread through a thin layer of paper. The digestion process was carried
out in batches. An amount of 0.200 grams of ground soil samples were weighed and
put in the digestion tubes. One of Kjeldahl tablets was developed in each of the test-
tube. Digestion tubes were placed in a block digester and temperature regulated
slowly to about 330°C A typical heat sequence of 200°C for 30 minutes and a
330°C for the remainder of the digestion time was regulated. The digestion time
varied from 4 -6 hours during which stoppers were removed and allowed to cool. A
blank digestion was prepared with 0.1 g Ethylene —Diamine —Tetraacetic standard

Acid.

Ten (10) ml of Potassium permanganate was added, shaken well and left to stand for
30 seconds while the digestion tubes were held at an angel of 45°, sulphuric acid at
50% concentration was added and in the tube to facilitate cleaning up of the tube
neck. A little of boiling pumice granules were added into the blanks and the sample
digest tubes. Fifty (50) ml of deionised water was added into the mixture until all the
sediments in the test-tube dissolved. Excessive frothing at this stage was altered by
5ml distilled water that was poured through the glass funnel. During the process of
analysis after each samples, the preceding was re-analysed to ensure determination
of stability of the standards. The standards were prepared using the following
procedure; drying 7 grams of anhydrous ammonium sulphate at 105°C for 60
minutes. This was allowed to cool and later dissolved in the deionised water to form

100ml of the volumetric flask which was stored in refrigeration. The 0.1 ml of the
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standard was transferred into the samples in the labelled test tubes and was allowed

to react for one hour. Standard and sample absorbance was done at 655 nm.

The calculations were done by the use formula:

% N in soil = (sample N conc.mag/I-N blank conc.mg/ L X 0.0001X 50ml
0.29

3.6 Analysis of Plant Tissue Nitrogen and Partitioning

Five plant samples from the experimental plots were collected at vegetative,
reproductive and harvesting stages. Plants were thoroughly washed in running water
free from soil. The samples were separated into leaves, stems, roots and grain at
harvesting and taken to the laboratory for drying at temperature of 70° C for 48
hours. The N content in the plant tissue was determined by Kjeldahl digestion
procedure since it converts N compounds into ammonium that can be analysed
titrimetrically. The machine was rinsed six times before the start of the analysis
procedure. Four (4) % of boric acid solution was pipetted into 20 ml test-tube
containing bromocresol green and methyl red indicator. Ten (10) ml of the plant
sample was pipetted into Gerhardt tubes, blanks being the first to start followed by
quality control samples. The digestion tubes were injected with 10ml of 40% NAOH
and 20 ml of water. Forty (40%) of aliquot was distilled against the boric acid and
later boric was titrated against 0.05 of H,SO,4 The residue was dissolved in 25ml pf
of 1.00 M hydrochloric acid. A sample of 0.25g of the tissue was mixed with 2 g of
Na,SO, and 7ml of digestion mixture was concentrated into Sulphuric acid,
selenium and salicylic acid. Drops of Sodium Thiosulfate was added after 2 and 3-4
hours. The mixture was then allowed to cool for 45 minutes and 4 ml of hydrogen

peroxide at 30 % was added. Mixture digestion was done at 410° C till a clear liquid
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was obtained and cooled with water. The % of nitrogen was determined
calorimetrically by an auto-analyzer. To determine nitrogen partitioned to roots,
stem, leaves and grain the N content obtained was divided by the total amount of N

in the whole plant and later converted to a percentage through multiplying by 100.

3.7 Computation formulas for Nitrogen Use Efficiency

The NUE in rice was determined as per the Wang and Zhou (2014) method. Which
was computed as follows: N use efficiency=N uptake from fertilized plants- Uptake

in un fertilized crops / rate of application

3.8 Computation of N-agronomic efficiency and Nitrogen Harvest Index

Agronomic use efficiency was determined through use of the following equation;

Difference method by (Varvel and Peterson, 1990).

NAE = (GY1)-(GYo) /R

GY; = Grain yield from fertilized plots

= GY, = Grain yield from unfertilized plots

R = rate of fertilizer N applied

NAE- Nitrogen Agronomic efficiency

NHI was computed according to Muchow, (1988), ass the ratio between N uptake in

the grain and N uptake in the straw.
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3.9 Data Analysis

Data collected in the field was arranged and compiled for statistical analysis.
Analysis of variance (ANOVA) was performed using SAS statistical computer
package version 9.00 TS Level 0OM0O XP-PRO platform to test for levels of
significance due to treatments and interactions Means were separated using least
significance difference (LSD) test at a significance level of 5%. Associations
between variables were determined by regression analyses, while SPSS software

version 21 was be applied for the analyses of data gathered from survey.
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CHAPTER FOUR: RESULTS AND DISCUSSION

4.1 Survey Findings

4.1.1 Demographic factors and rice production challenges

Results showed variability between the two counties surveyed in terms of age. In
Kisumu, the majority of farmers were within 50-60 years old, representing 29% of
the respondents while in Busia it was between 40-50, which represented 31% of the
respondents. The second most dominant age group in Kisumu was between 30-40
years that had 24% whereas in Busia farmers above 60 years were the second most
dominant; representing 25% of the farmers as illustrated in Table 4.1. At 60 years
(case of Busia county), this age group is assumed to have less knowledge in regard
to management of rice nitrogen applications but more experience in the production

practices (Amudavi et al., 2009).

These findings from Busia are in disagreement with the findings of Ibitoye et al.
(2012), who found that the mean age of rice farmers in their study area was 45years,
which was an indication that rice farmers belonging to the middle age classes, are
physically fit to withstand the stress and risks involved in rice production, and are
more mentally alert to embrace new techniques of rice production. This could be due
to low economic status among the respondent at 60 years hence forced to still to do
farming. According to Guo et al. (2015), at elderly age, have less potential in
farming, however when levels of poverty are high most of the aged individuals will

be forced to rely on farming for livelihood.
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Table 4.1 Age, education levels and challenges experienced by rice farmers in
Kisumu and Busia Counties

Age of the respondents Kisumu (%) Busia (%)
20-30 7 2

30-40 24 29

40-50 20 31

50-60 29 14

Above 60 20 25

Education levels

Primary 48 50
Secondary 26 20
College 12 16
None 14 14
Challenges

Accessibility of seeds and fertilizers 17 18
Shortage of irrigation water 42 48
Marketing 41 34

Report also revealed that among interviewed farmers, 48% in Kisumu County and
50% in Busia County had basic primary education. Twenty-six percent (26%) and
12% of the interviewee had secondary and tertiary education respectively in Kisumu
county. On the other hand, 20% and 16% of the interviewed farmers had secondary
and college education respectively in Busia County. However, 14 % in Kisumu
County and 14 % Busia County did not have any formal education (Table4.1). This
implied that a large population of the interviewed farmers from the two survey sites

had minimal educational understanding. According to Ojiewo et al. (2010), farmers
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with higher level of education (above secondary education) stand a better chance of
improving and managing their nutrient application in their agricultural fields.
Furthermore, according to Schippers, (2002), the low acquisition of tertiary
education among the farmers does not always make them competitive enough to
take into consideration some of the improved methods. This can be of importance in
adoption and improvement of nutrient management that consequently results to

better yields.

Seventeen percent (17%) in Kisumu County and 18% in Busia County had
challenges in accessing seeds and fertilizers challenges. Forty one (41%) percent of
interviewed farmers in Kisumu and 34 % in Busia reported to have experienced
challenges in marketing of the produce. The critical challenges that recorded a
higher frequency was shortage of irrigation water; where 42% of the farmers in
Kisumu and 48% in Busia counties revealed having challenges in accessing
irrigation water. In paddy rice, shortage of irrigation water is one of the leading
factors to losses in nitrogen applied. There is the creation of aerobic environment in
the soil when the field gets drained by water. The ammonium form of N that was
applied gets oxidized immediately though nitrification by the microbial present in
the soil into nitrate which has higher risks of losses due to its negative charge that
repels with the soil colloids (Linquist et al., 2006). These findings are in agreement
with those of Facon, (2000) who reported that in Asia rice farmers have a higher
challenge of accessing adequate water throughout the growing season. In another
report by International Fund for Agricultural Development, (2018), it was reported
in Columbia that domestic rice farmers experience constraints in fertilizers and

seeds.
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4.1.2 Gender and rice production system in Kisumu and Busia counties

The report revealed that both men and women were involved in the production of
rice although the population of men was substantially higher in Kisumu County. In
Kisumu county 80% and 20% male and female were respectively involved in rice
production In Busia County on the other hand had 68% males and 32% females
involved in the farming of rice (Table 4.2).

Table 4.2 Role of gender and farm size on production of preferred rice varieties
in Kisumu and Busia Counties

Gender Kisumu (%o) Busia (%)
Male 80 68
Female 20 38
Size of land

(acres)

0.1-5.0 93 91
6-10 7 7
Above 10 0 2

Preferred variety

Basmati 10 21
IR 90 79

These findings disagree with the report given by FAO (2017) which reported that
more women were involved in rice farming in major regions of the world. Women
are considered to be more careful in their farming activists as they focus on their
priorities and other needs in life. Therefore, where more women are involved in
farming systems there are less wastage and reckless farming hence leading to
improved yield that curb the issue of food insecurity (Magdoff and Tokar, 2010).

Further, regarding nutrient management, women tend to be cautious during
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application and conservation of the resources compared to men. Therefore, it implies
that losses of nitrogen in the lake region could be attributed to by the dominance of
male gender in the production systems (Nilssen, 1984). In the two counties, the scale
of production by farmers in terms of acreage ranged between 0.1-5.0 with 93% and
91% in Kisumu and Busia counties respectively. This aspect can greatly lead to poor
management of nitrogen due to absence of intensive farming that is commonly
adopted by most of the largescale farmers. According to Giller et al. (2009), the size
of farm plays a significant role in management of nutrients, where large scale
holders have the capability of maintaining good agricultural practices as compared
to small scale farmers. In addition, the large holders can set aside a large portion of
their holdings for non-food uses such as pasture or woodlot and other land-use
practices that help control soil loss and fertility depletion (Jew, 2016). Moreover,
these farmers are also comparatively wealthy, they can invest more in inputs and
improvements that raise their long-term productivity as well as enduring in anti-
erosion and anti-leaching technologies (Grabowski 1990). In terms of the most
dominant varieties, IR was the most dominant variety at 90% in Kisumu while in
Busia it was 79%. This was preferred due to apparently less management practices
required in the field. The report also revealed that Basmati was also grown by a
small percentage of the population at 10% and 21% in Kisumu and Busia counties

respectively.
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4.1.3 Types of nitrogenous fertilizers used in production of rice in Busia and

Kisumu counties

In the two counties, respondents reported to have used fertilizers in the production
of rice. The main forms of fertilizers used include Urea, Ammonium sulphate and
Calcium Ammonium Nitrate (CAN). The most dominant form they reported to have
used was Ammonium sulphate (AS) at 61% and 48% in Kisumu and Busia counties
respectively. Urea was the second most dominant in the two counties at 31% and

41% in Kisumu and Busia counties respectively (Figure 4.1).
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Figure 4.1 Farmers’ responses to types of nitrogenous fertilizers used in
production of rice in Kisumu (a) and Busia (b) counties respectively.

These findings disagreed with those of Setyanto et al. (2016) who reported that most
of the farmers used urea in production of paddy rice in Indonesia. Importantly,
across the world, urea is the most commonly used form of N fertilizer by many
farmers (Azeem, et al., 2014). In terms of losses, urea has lower loss risks as
compared to other sources of N through leaching and nitrification. However, in

terms of emissions, Ammonium sulphate is less prone to volatilization as compared
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to urea since urea hydrolyzes easily leading to high losses of nutrients in the
compound and this could be partial reason as to why most farmers preferred to use it
over urea. The choice of the N form to use in production system is considered as
key component in management of nutrient. Calcium Ammonium Nitrate although
not common as revealed by the survey findings (8% and 11% in Kisumu and Busia

counties respectively.

4.1.4 Methods of nitrogen application, farmers Awareness on nitrogen losses

and nutrient pollution

There was a slight variability in responses from farmers in terms of methods of
nitrogen application, and farmer’s awareness to nitrogen losses and nutrient
pollution as shown in Table 4.3 among interviewed farmers, 54 % in Kisumu
County and 52% in Busia County reported to apply full dose of nitrogen as indicated
in Table 4.3. This method of application is done during transplanting of the seedling
to the paddy fields.

Table 4.3: Respondents’ perception on Methods of nitrogen application,
farmers Awareness on nitrogen losses and nutrient pollution

Method of nitrogen application Kisumu (%) Busia (%)
Full dose 54 52
Split 46 48

Awareness on nitrogen losses

Yes 49 50
No 51 50
Awareness on nutrient pollution

Yes 20 23

No 80 77
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The findings of the survey were consistent with those of Osman et al. (2006) who
reported that many farmers applied full doses of urea in the second day after
transplanting. The reasoning is that the fertilizer is less likely to drift to one side of
the flat bed with the incoming water if applied before irrigation, hence leading to
reduction of N losses. Forty six (54) percent and 52% in Kisumu and Busia
respectively used full dose method of application. Split applications are preferred to
reduce the extent of losses of applied nitrogen depending on the crop demand at
particular growth stages. This disagrees with Kamanga et al. (2001) who reported
that most farmers used split application of fertilizer in maize crops to improve
nutrient balance as well as meeting the need of the plants in critical growth stages.
From the interviewed farmers almost half of them were aware of nitrogen losses,
with 49% and 50% in Kisumu and Busia counties respectively indicating their
awareness of nitrogen losses. The farmers also concurred that nitrogen losses were
the greatest challenge facing rice production due to high cost of fertilizers they
experience. Fifty one percent (51) and 50% of the respondents in Kisumu and Busia
counties respectively were not aware of consequences of losses of nitrogen in ice
farming (Table 4.3). These findings were in consistence with those of Wu et al.
(2015) who reported that absence of farmers’ general knowledge on mechanism
through which nitrogen is lost is key to poor agronomic balances hence resulting to
low yields. Absence of extension services in teaching farmers about the potential
impacts of nutrient budgets was considered as one of the socio-economic factor
leading to increased losses. A study carried out in Thailand illustrated that
awareness and understanding of nutrient balance approach is an imperative
component in ensuring there is site specific tool for improved management of

applied nutrients (Wijnhoud et al., 2003).
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4.1.5 Farmer’s straw management practices

From the surveyed area, the respondents reported a number of straw management
practices that they embraced after harvesting the rice grains. In Busia County, 40%
of the farmers reported to burn their straws after harvest, 39% revealed to feed to
their livestock, 10 % indicated to sold the straw and 11 % reported to leave in the
field. In Kisumu, 34% of the respondents burnt, 32% fed to the livestock, 15% sold

out to others and 19% left in the land as indicated in figure 4.2.
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Figure 4.2: Farmers straw management practices in Kisumu (a) Busia (a)
counties

These findings are in agreement with the findings of Quayle (2016) who reported
burning to be the most dominant practice of straw management. Post-harvest
management of straws is key since straw is estimated to contain about 40 percent of
the applied N (Dobermann and Fairhurst, 2002). When straws are burnt, there is a
complete N loss from the soil, which is one of the pathways through which nutrients
are lost. This practice also leads to transfer of nutrients to a common area since most

farmer’s burn the straw in a central location. Thus, this also contributes to nutrient
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imbalances in the growing field. According to Yin et al. (2017), burning causes
atmospheric pollution since burning of straw composing nitrogen leads to
production of methane and nitrous oxide, which are hazardous to the environment.
Burning results to considerable long-term effects in the soil, contributing to
environmental pollution due to emissions of greenhouse gases. Furthermore, smoke
from the straws get trapped in inversion layers in typical autumn weather conditions
and are not considered aesthetically pleasing from a community perspective
(Quayle, 2016). Therefore, there is a significant indication that a gap in agronomic
and soil science research about the loss of nutrients due to straw burning in the farm
is existing based on the poor management practices by the farmers. These findings
are in agreements with a report written by NARC newsletter (2004) that farmers
offer rice straws to livestock, based on the case studies of countries such as
Thailand, Vietnam, and Indonesia. Feeding the straws to livestock and selling out
significantly lead to exportation of nitrogen that would have been retained in the
field (Ahmed et al.,, 2010). Ruminant animals have low efficiency of utilizing
nitrogen contained in the rice stover hence it gets excreted as faeces and urine
therefore making the extent of losses to be extremely high (Smith et al., 2008).
Composting and vermicomposting of the straws which are considered as effective
tools for preparing manure are also associated with detrimental effects of causing
environmental pollution since during the process production of gases such as
ammonia, methane and nitrous acid. According to O’mara, (2011) animal
agriculture contributes 8-10 % of global greenhouse, which is hazardous to the
environment. Furthermore, the production of such gases is of no value to agronomic

balance since it reduces the availability of nitrogen in the compost manure.


https://link.springer.com/article/10.1007/s40093-014-0057-z#CR41
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Therefore, farmers using this form of manure supply unbalanced amounts of

nitrogen that leads to poor yield.

Retaining and incorporating straws in the field is probably the most beneficial
practice in management of nutrients. Incorporation of the remaining stubble and
straw into the soil returns most of the nutrients and helps to conserve soil nutrient
reserves in the long-term. Although the left straws have short term effects on grain
yield, in the long run, farmers who use this practice experience significant benefits.
Where mineral fertilizers are used and straw incorporated, reserves of soil N, P, K,
and Si are maintained and may even be increased. Incorporation of straw and stubble
into wet soil (during plowing) results in temporary immobilization of N and a
significant increase in methane (CH,) emission from rice paddy, a practice that
contributes to greenhouse gases. Incorporation of large amounts of fresh straw is
either labor-intensive or requires suitable machinery for land preparation and may
result in the build-up of disease problems. Transplanting should be carried out two

to three weeks after straw incorporation.

According to Lal (2005), soil quality will improve by returning crop residue into soil
through its potential influence on reducing risks of soil erosion, stabilizing soil
structure and improving tilth, reducing soil bulk density, storing or recycling
nutrients, improving water retention and transmission properties, providing energy
for microbial processes, increasing cation exchange capacity and enhancing
agronomic productivity. Composting is also very suitable for growing fruit plants,
vegetables, and general horticulture-use (Rosmiza et al., 2017). Around 61.5% of
rice straw in Japan is ploughed into the field for general organic compounds to also

encourage the activity of microorganisms (Matsumura et al., 2005). Several
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countries such as Taiwan South Korea (46.0%) have previously successfully

developed and utilised rice straw as a compost (Supaporn et al., 2013).
4.2 Effect of nitrogen forms, levels and methods of application on growth of rice
4.2.1 Plant Height

Application of different nitrogen forms had a significant (P < 0.05) effect on plant
height in both Ahero and Mwea sites. At vegetative stage, ammonium-N at 25 kgha
! resulted in highest plant height in the two sites. In Ahero, ammonium-N at 50
kgha™ recorded the highest plant height at both reproductive and harvesting stages;
with reproductive stage being 56 cm and 72.6 cm at harvest stage compared to

control of 41.9 cm during reproductive and 51.2 cm at harvest stage (Table 4.4).

In Mwea, the trend was different since Ammonium sulphate (AS) at 25 kgha™
recorded the highest plant height at vegetative, reproductive while at harvesting
Urea 25 kgha™ had the highest plant height. Height is a measure of growth that
shows the progress of the plant in response to the nutrition supplied to it. However,
the differences were not statistically different from, urea at 50 kgha™. Urea
applications at rate 50 kgha™ recorded highest plant height followed by 25 kgha™
while the control had the lowest in all major of growth stages. In Ahero, full dose
method was statistically significant (P < 0.05) at vegetative and reproductive stages
recording 53.3 cm 66.3 cm respectively. In Mwea, no statistical differences were

observed across all stages (Table 4.4).
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Table 4.4: Plant height as affected by N sources and levels at vegetative,

reproductive and harvesting stages

Plant  Height

(cm)
Method Ahero Mwea

VS RS HS VS RS HS

Full dose 53.3%  66.3° 75.9% 31.4° 499° 82.7°
Split 49.3>  62.1° 77.5° 31.4% 498  82.8°
LSD 1.8 3.1 3.2 1.2 1.7 2.1
N rates
kg/ha
Control 41.9° 51.2° 59.5° 249° 326° 51.0°
As25 57.6° 71.1% 83.7% 38.7% 576 835°
As50 56.0%°  72.6° 90.4° 31.0° 487%  82.0°
ur25 49.3 64.4° 78.5° 314> 5177 83.7°
Urs0 56.3°  79.2%® 85.9%° 209 504%  82.2°
LSD 1.7 3.0 3.6 4.8 12.5 19.7
NR*M * * * NS NS *

Means followed by the same letter within the same column are not significantly
different (P<0.05). VS- Vegetative stage (60 DAT), RS- Reproductive stage (90
DAT), HS- Harvesting stage (120DAT) M- method of application, NR-Nitrogen
rates As25-Ammonium sulphate 25 kgha™ AS50-Ammonium sulphate 50 kgha

! Ur25-Urea 25 kgha, Ur50- Urea 50 kgha™

Ammonium sulphate applied at 50 kgha™ in full dose method showed the highest

height at the end of the cropping system and urea at 50 kgha™* when applied in split

exhibited high interaction on plant height in Ahero. Similar trend was observed in

Mwea with urea at 50 kgha™ recording a higher plant height compared to full dose at

harvesting stage (Figure 4.3).



100

Plant height(cm)
8888388

2
1

o o

0

e 8

2
1

Plant height(cim)
28885838

[=]

0

46

a

control ursp25 ursp50 As25 assp50
mVS mRS mHS
Cc

1

control ursp25 urspS0 AsgpdS asphl

Vs mRS mHS

1

o888

60

40
0
0
10

0

N oW

00

b |
o3

60
0
0
0
0

L I N i

1

L R = |

‘ | |

control  urf25 urfS0

mVS mRS mHS

as2s

ass0

d

control

urf2s urf50

BVS mRS mHS

a5

ash0

Figure 4.3 Effects of interactions on nitrogen sources, rates and methods of
application on plant height at vegetative (VS-60DAT), reproductive (RS-
90DAT) and ripening stages (HS-3 120DAT) A and B in Ahero and C and D in
Mwea study sites. Ursp25-Urea split 25kgha™, Ursp50-urea split 50kgha™,
Assp25-Ammonium sulphate split 25kgha™, Assp50- Ammonium sulphate
fulldose 50kgha™ Urf25-Urea fulldose 25kgha™ Urf50-urea fulldose 50kgha™,
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There was no difference in the trend in plant heights when supplied with ammonium
Sulphate either as split or full dose in Mwea since both methods showed the same
trend in their influence of plant height as illustrated in figure 4.3. The difference in
the trend of urea could be due to higher efficiency use to reduce losses when it is
applied in split hence minimal are included. For ammonium sulphate, the losses in
terms leaching are not as high as for urea since it can be held by the negative soil

colloids and thus no loss is incurred in either the methods of application used.

The current results on plant height are in agreement with those of Kirna and Patra,
(2002) who reported that ammonium nutrition result into higher plant height than
Urea. This could be attributed to slow releases of nitrogen that is exhibited in this
form of fertilizer hence supplying nitrogen requirements during various critical
growth stages. In addition, increase in plant height at various stages of growth
implied crop responses in times of nutrient demand. According to Marschner,
(1995) urea has extensively higher losses that lead to less supply of nitrogen to the
plant during the stages of high nutrient demand, which agrees with the findings of
this study. The results also conforms with those of Assefa et al. (2009) who found
significant effect on rice plant height using urea, a source of N and applied in split in
the hot-humid North-western part of Ethiopia compared to ammonium sulphate.
This corresponds to the results reported by Russo et al. (1991) that nitrogen
applications two or three times in growing seasons led to increased plant height in
rice. This is attributed to improved use of nitrogen applied, hence reducing the
extent of losses in the rice farming systems. Shaiful et al. (2009) also reported that
when rice genotype was supplied with nitrogen in splits methods resulted in higher

height during the late stages which was evident in this study.
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4.2.2 Effects of Nitrogen Forms and Rates on Number of tillers at different

stages of rice growth

Number of tillers per plant were significantly influenced (P < 0.05) by sources and
rates of nitrogen compared with the control in both Ahero and Mwea. Ammonium
at 50 kgha™ recorded highest number of tillers at vegetative, reproductive and
harvesting stages. At ripening, the maximum number of tillers at 50 kg ha™® of
ammonium was 44.5. While at 25 kgha™ the number of tillers recorded were 35.2
per plant. On the other hand, urea at 50 kgha™ and 25 kgha™ of N exhibited
significance difference (P < 0.05) at the final stage, with 50 kgha™® and 25 kgha™
recording 42.8 and 34.3 tillers respectively. The control (no N supply) had the
lowest number of tillers at vegetative, reproductive and harvesting stages with 17.5,
20.4 and 22.5 tiller counts in the Ahero sites, respectively as shown in table 4.5.
Methods of application showed significant difference at vegetative stage in Ahero
site with full dose recording highest 28.3 tillers while in in Mwea there were no
significant difference observed (Table 4.5) Split applications of urea rates resulted to
more number of tillers when compared to when applied in full dose in vegetative,
reproductive and harvesting stages in the two sites. On the other hand, when
ammonium sulphate was applied in full does all the growth stages resulted in higher
number of tillers compared to split applications in the two sites as illustrated in

figure 4.4.

At Ahero site, the results revealed superior tiller numbers under full dose when the
N application was at lower rate (full dose of ammonium sulphate at 25 kgha™, Fig.
4.4 A) compared to split application (Fig. 4.4 B for ammonium sulphate). However,

when N rates were doubled to 50 kgha™ as ammonium sulphate, the full dose was
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only superior during the vegetative and reproductive stage but this advantage
vanished at harvest stage such that the split and full dose method of application led
to same results. Similar trends were observed with ammonium sulphate at 25 kgha™
at the same site, though the differences were less conspicuous at lower N rates.
Moreover, similar tends were observed with urea at both levels and methods at

Ahero.

Table 4.5: Mean number of tillers as affected by N sources and levels at
vegetative, reproductive and harvesting stages of rice growth

Number of

tillers
Method Ahero Mwea

VS RS HS VS RS HS

Fulldose 28.3* 32.3*  33.4° 5.0° 16.6*  22.3°
Split 245° 29.6° 345 5.2 16.2*  23.7°
LSD 1.8 3.0 3.3 1.0 2.3 1.8
N rates
kgha™
Control  17.5° 20.4°  22.5° 4.30° 13.1°  15.3°
As25 283" 336%™ 352" 7.3° 17.0° 246
As50 34.4* 389" 44.5a 13.3° 22.2%  29.9°
Ur25 27.9° 313" 343 7.2 15.1° 22.0"
Ur50 29.4* 385%™  42.8% 10.2* 18.0°  24.3*
LSD 1.7 2.8 3.1 5.8 6.5 6.6
M*NR * * * NS NS *

Means followed by the same letter within the same column are not significantly
different (P<0.05). VS- Vegetative stage (60 DAT), RS- Reproductive stage (90
DAT), HS- Harvesting stage (120DAT). M-Method of application, NR-Nitrogen
rates As25-Ammonium sulphate 25 kgha™ AS50-Ammonium sulphate 50 kgha™
! Ur25-Urea 25 kgha, Ur50- Urea 50 kgha™
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These findings on number of tillers are in disagreements with those of Babowicz et
al. (1985), who reported urea to be more effective in producing higher number of

tillers in wheat compared to ammonium sulphate. This difference could be due to
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high volatilization of urea in flooded rice hence increasing losses of nitrogen that
consequently lead to less productivity of new tillers. However, the current findings
are in conformity with those of Mohamed et al. (2012) who reported increase in
number of spikelet tillers of wheat cultivars in ammonium sulphate compared with
that of urea. This was attributed to the efficiencies of N during plant growth. Also,
when nitrogen is supplied to plants in form of ammonium sulphate, it is shown to be
five times less volatile compared to urea (Pan et al., 2016). This therefore, provides
evidence of more number of tillers when ammonium sulphate was used in rice
fields. Consequently, high assimilation of nitrogen is envisaged to proceed to
anthesis, leading to increased amount of biomass, since higher number of tillers is a
yield component indicator (Chang and Zhu, 2018). The lower absorption of
nitrogen from urea leads to a greater leakage of nitrogen bound in urea, hence
lowering the efficiencies of urea as source of N (Barrows and Kilmer, 1963).
According to Chaturvedi (2005), number of tillers in a particular plant is an
imperative component since it plays a role in enhancing yield and therefore

influenced by the nitrogen levels and sources.

. The superiority of ammonium sulphate applied in full dose at vegetative stages of
growth was due sufficient supply of nitrogen nutrition to the crops at early stage.
These findings agrees with those of Krishnakumar et al. (2005) who reported full
dose of nitrogen to be more effective in development of early stages when supplied

in form of Urea and ammonium sulphate.

These findings were in agreement with those of Ellen and Spiertz, (1980) who
reported that when urea was applied as a source of nitrogen at different stages

resulted to greater number of tillers, which are indicators of yield components. Split
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applications are associated with improved utilization of applied nutrient during
critical growth stages hence resulting to better development and growth. In another
study, ammonium sulphate produced considerable number of tillers when applied in
full dose than when on split dosage (Jan and Khan, 2000). The findings are in
agreement with the current experiment in Ahero site with ammonium at 25 kgha™
(Asf25) (Fig.4.4 a). Another reports indicate that presence of Sulphur element in
ammonium sulphate may partially provide an explanation as to why nitrogen is
released slowly to the rice crops hence performing well when applied in full doses at
the beginning of the cropping system than when it is splits in three phase although
this depends on other factors such as soil chemical properties, including the acidity

and oxidation status (Ladha et al., 2005).
4.2.3 Days to 50% flowering

There were no significant differences (P < 0.05) in terms of days to 50% flowering
among the various sources and rates of fertilizers applied and the control (no N
applied). Ammonium sulphate at 50 kgha™ took the longest time to flower with a
mean of 76.7 days followed by urea at 25 kgha-1, urea 50 kgha™ and ammonium

sulphate at 25 kgha™ with 75.7, 75.5 and 74 days receptively (Fig 4.5).
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Figure 4.5: Influence of Nitrogen forms and levels on days to 50% flowering in
Ahero (a) and mwea (b) As25-Ammonium sulphate 25 kgha AS50-Ammonium
sulphate 50 kgha™, Ur25-Urea 25 kgha™, Ur50- Urea 50 kgha™

The control took the shortest period to flower with a mean of 64 days, which was
significantly different from the rest of the treatments. In Mwea the trend was the
same; with ammonium sulphate 50 kgha™ and urea 25 kgha™ taking longer to flower
(100 days). Urea at 50 kgha™and ammonium sulphate 25 kgha™ followed in
flowering with 99.8 and 99 days respectively while the control took shorter days
with 97.7 days. The differences were however not statistically significant (figure

4.5).

Similar results were obtained by Wani et al. (2016) who showed that absence of
nitrogen accelerated phenological stage of flowering in rice plants. These results
were however not in agreement with those of Richard et al. (1983) who revealed
that nitrogen decreased the interval of flowering of maize plant. When rice plants
experience deficiency in nitrogen, they use their roots to mine more of the available

nitrogen in the deeper layers of soil. Therefore, due to this form of stress, they tend
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to produce flowers earlier to complete their life cycle before depleting the available
nitrogen (Day and Ludeke, 2012). When rice plants are subjected to low-N
conditions, they acquire N by increasing the root surface area, which increases their
ability to complete the life cycle early hence the early flowering (Marschner et al.
2011). According to Lian et al. (2006), nitrogen stresses trigger molecular responses
in rice resulting to rapid repression of genes related to photosynthesis and

metabolism energy production that fasten the life cycle of a plant.
4.2.4 Shoot dry weight at vegetative, reproductive and harvesting stages

Shoot dry weight was significantly affected (P<0.05) by different levels and sources
of N across all growth stages of rice in Ahero. The highest mean shoot dry weight
was observed with the ammonium sulphate at 50 kgha™ which led to 6.04 g, 21.20 g
and 58.08 g at vegetative, reproductive and harvesting stages respectively; followed
by urea supplied at 50 kgha™ which recorded 4.77 g, 22.71 g and 46.817 g at
vegetative, reproductive and Harvest (maturity) stage. The ammonium sulphate at 25
kgha™ ranked third, with 4.63 g, 19.23 g and 40.0 g at vegetative, reproductive and
harvesting/maturity stages respectively (Table 4.6). The last N treatment was urea at
25 kgha®  with 5.67 g, 14.07 g and 39.91 g at vegetative, reproductive and
harvesting stages respectively. Irrespective of the stages, ammonium resulted to
higher shoot biomass than urea at similar rates. The same trends were also observed
in Mwea site. However, the shoot dry weights were generally higher for each
treatment when compared ammonium N. Even the control shoot biomass was much
higher in Mwea than Ahero (47.3 and 27.1 g respectively at harvest/maturity stages.
Irrespective of the source, N increased the shoot biomass by 39% when supplied

with 25 kgha™ at Ahero but when the N was increased from 25 to 50 kgha™, shoot
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dry weight at harvest stage increased by 37.8% if supplied as Ammonium sulphate

as compared to urea when it was a partly 17.3%.

Table 4.6: Mean shoot dry weight as affected by N sources and levels at
vegetative, reproductive and harvesting stages

Shoot

dryweight(g)
Method Ahero Mwea

VS RS HS VS RS HS

Fulldose 9.3% 20.0° 39.6% 21.1* 69.5° 63.2°
Split 7.1° 19.9%  41.3? 23.6* 70.5° 64.9°
LSD 1.7 3.8 7.0 4.4 8.5 11.2
N rates
kgha™
Control 3.5 12.0° 27.1° 175° 52.6° 47.3°
As25 4.6% 19.2%  40%° 21.0° 88.3%® 61.1%¢
AS50 6.0 2128  551° 29.1*  91.0° 84.8°
ur25 5.8% 14.1°  39.9%¢ 243  68.3%¢ 58.8%¢
Urs0 4.8 22.7° 46.8% 27 66.1% 80.3%®
LSD 2.4 6.6 4.2 127 230 28.5
M*NR NS NS NS NS NS NS

Means followed by the same letter within the same column are not significantly
different (P<0.05). VS- Vegetative stage (60 DAT), RS- Reproductive stage (90
DAT), HS- Harvesting stage (120DAT) M-Method of application, NR-Nitrogen
Rates As25-Ammonium sulphate 25 kgha™ AS50-Ammonium sulphate 50 kgha
! Ur25-Urea 25 kgha, Ur50- Urea 50 kgha™

Methods of application were not significant (P<0.05) in Ahero and Mwea study sites
(Table 4.6). There was similar trend in Mwea, though there were no statistical
significant differences amongst treatments. The only difference was the control,
which was significantly lower than the rest. Addition of N led to 29.2 and 24.2%

increase in shoot dry with 25 kgha™ for ammonium and urea respectively Methods
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of N application did not show significant differences (P<0.05) as illustrated in Table
4.6, which implied either split or full dose method, had no effect on biomass

accumulation in paddy rice.

The superiority of ammonium nitrogen in enhancing rice biomass is not surprising.
Indeed the current findings are in agreement with those of Heeb et al. (2005) who
reported increased shoot dry weight when tomato seedlings were fertilized with
ammonium sulphate as compared to urea. In another study by Ruan et al. (2007);
supplying tea with ammonium fertilizers increased the dry matter accumulation of
leaves, which is of economic significance. Ammonium sulphate application,
especially during vegetative stages led to higher photosynthetic activity, which was
influenced by nitrogen uptake and consequently higher tissue contents. The higher
shoot dry weight can be connected with positive effects of nitrogen of promoting
some of the essential physiological processes in plants (Tchiaze et al., 2016). From
the study by Eriksen et al. (1985) total dry matter production increased when urea
was applied in flooded rice. Although more losses are incurred through volatilization
during initial stages the plant is able take up some amount of nitrogen before it is
subjected to losses that sustains it growth in the entire growing seasons hence

increasing the productivity

4.2.5 Root dry weight at vegetative, reproductive and harvesting stages

The results did not reveal any significant differences (p<0.05) in the mean root dry
matter accumulation at vegetative stage in Ahero. This implied that the growth was
uniform at this stage and did not have any effect from the fertilizers applied. Results

on root dry weight indicated that different rates and sources of Nitrogen had
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significant difference at (p<0.05) during the harvesting stage in Ahero and Mwea.
During this stage, Urea at 50 kgha™ recorded highest root dry weight of 16.97 g in
Ahero while in Mwea it recorded a mean of 29.30 g. At this stage, the control
treatment recorded the lowest root dry weight of 8.01 g and 16.80 g in Ahero and
Mwea respectively as illustrated in table 4.7. At reproductive stage, root dry weight
did not have shown any significant differences (p<0.05) in the two sites (Table 4.7).

Table 4.7 Mean root dry weight as affected by N sources at vegetative,
reproductive and harvesting stages

Root

dryweight(g)
Method Ahero Mwea

VS RS HS VS RS HS

Fulldose 1.7 4.4%  13.2° 2.6° 23.0° 20.6°
Split 1.4° 42% 13.1° 2.2% 195 17.5°
LSD 0.2 09 0.9 05 4.3 5.3
N rates Kkg
ha'
Control 1.22% 3.97° 8.01° 0.98° 19.44% 16.80°
As25 1.23? 4.26° 10.33° 2.13% 28.25° 24.21%
As50 1.23? 4.80° 15.95° 3.16% 21.252°  29.18%
ur25 1.85° 3.73° 12.35% 2.76% 19.32% 17.90°
Ur50 2.03 4.85a 16.97° 3.89° 19.31° 29.30°
LSD 0.96 4.23 1.27 10.68 10.80
M*NR NS NS * NS NS NS

Means followed by the same letter within the same column are not significantly
different (P<0.05). VS- Vegetative stage (60 DAT), RS- Reproductive stage (90
DAT), HS- Harvesting stage (120DAT) M-Methods of application, NR-nitrogen
rates As25-Ammonium sulphate 25 kgha™ AS50-Ammonium sulphate 50 kgha
! Ur25-Urea 25 kgha, Ur50- Urea 50 kgha™
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This could be attributed to the high demand of nitrogen nutrition by the plants to
enhance flower initiation and the grain forming process hence more of the nitrogen
absorbed by the roots is translocated to the reproductive organs hence massive
growth of roots is limited. Interactions between nitrogen rates and methods of
application were observed at harvesting stage of rice crops in Ahero while in other
stages including vegetative, reproductive there were no statistical difference at
P<0.05 as illustrated in appendix 2. In Mwea, there were no significant differences
in the root dry weight for all the stages. Where urea was applied at 50 kgha™ with
spilt application, it resulted into higher root dry weight of 17.86 g. Ammonium
sulphate at 50 kgha™ applied as full dose resulted to higher root dry matter content
compared to when applied to split application recording 17.60 g and14.26 ¢

respectively (figure 4.6).
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Figure 4.6: Interactions effects on nitrogen rates and methods of application on
mean root dry weight at harvesting stage in Ahero study site. Ursp25-Urea split
25kgha™®, Ursp50-urea split 50kgha™®, Assp25-Ammonium sulphate split
25kgha™, Assp50- Ammonium sulphate fulldose 50kgha™ Urf25-Urea fulldose
25kgha™ Urf50-urea fulldose 50kgha™, Asf25-Ammonium sulphate fulldose
25kgha™, Asf50- Ammonium sulphate fulldose 50kgha™

The results indicated that Urea promoted vibrant growth of roots when compared to
urea since it showed higher dry matter accumulation compared to others. These
findings are in agreement with those of Nahar and Pan, (2015), who reported that
root dry weight of castor plant increased with increase in urea fertilization across
growth stages with the highest dry weight being recorded during the final level. The
increased growth of castor plant underground parts was an indication that urea
application had the best effects in promoting growth and development. The high dry
weight of roots at the harvesting stage could be possibly due to the growth
stimulation due to source of nitrogen from urea that is usually experienced at later

growth stages (Sarker et al., 2017). Furthermore, rice roots perform well in later
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stages and this give them of advantages of scavenging for the leached nitrogen in the

lower layers of soil (Mackie-Dawson et al., 1995).

According to Bedell et al. (1999) ammonium had the ability of promoting
morphological characteristics of roots growth when supplied in various growth
stages of maize plants. Therefore, agrees with the findings of this study that
ammonium sulphate showed increased root dry weight content in vegetative,
reproductive and harvesting stages. However, the results of ammonium sulphate
having higher root dry weigh at high dose were inconsistent with the report given by
Fageria et al. (2011) that root dry weight of rice was higher in the lower application
of nitrogen. The interaction in the root dry weight at harvesting stage could be
attributed to increased utilization of nitrogen released from urea due to multiple
application. Urea has highest volatilization losses compared to other forms of
nitrogen fertilizers, therefore, when applied in split doses N loses are minimized and
hence the nitrogen applied is used to promote morphological growth of roots
(Aulakh and Malhi, 2005). The higher root dry weight for ammonium sulphate when
applied in full dose could be due to its slow release property that makes it perform

better when applied as single dose during the early growth stages.

According to Vos (1999), split application of urea in potatoes resulted to significant
yield of the root dry matter contents which was also reflected during growth and
development stages of the plant. The study by Cheema and Ahmad, (2000) showed
similar results with current study, where urea led to increased dry matter content of
roots in legumes when supplied in two or three split within the crop growth period.
Hozhbryan, (2013) also reported similar results in tomatoes when urea at 150 kgha™

was applied both at planting and topdressing stages resulted to high root dry matter
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content. Ammonium fertilization at transplanting plays a significant role promoting
overall  growth of plant till to the final stages. Also, the extent of losses
experienced in this form of fertilizer in either through volatilization or leaching are
quite minimal hence higher efficiency in the plant during the vegetative stages.
These finding are in agreement with those of Phongpan et al., (1988) who reported
that ammonium sulphate when applied in full doses results to higher roots growth in

rice and consequently high dry matter.
4.2.6 Root to Shoot ratios

Root: Shoot ratio revealed significant differences at (p<0.05) at the vegetative stage
in both study sites. In ahero unfertilized plot had the highest mean if root: shoot
ration recording 0.25 while in Mwea urea at 50 kgha™ reported a highest mean with

0.18 (Table 4.8).

The high root: shoot ratio for the control plot was due to vibrant growth of roots as
they scavenge for more nutrition in the deeper layers of soil. Thus, enhancing
increased growth in the lower tissues than the above ground biomass. In case of urea
having a higher root: shoot ratio in Mwea it could be due to enhanced growth of
both the canopy and the rooting system due to high assimilation of urea into the

growth organs.
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Table 4.8 Mean root to shoot ratio as affected by N sources and levels at
vegetative, reproductive and harvesting stages

Root: Shoot

Method Ahero Mwea

VS RS HS VS RS HS
Fulldose 0198  0.22° 0.36° 0.13 0.35° 0.33°
Split 0198  0.22° 0.33° 0.10° 0.28° 0.28°
LSD 0.03 0.04 0.07 0.04 0.08 0.08
|1\| rates kg ha’
Control 0.25%  0.28° 0.41° 0.05° 0.36° 0.23°
As25 0.17®  0.19° 0.37° 0.11% 0.33° 0.39°
As50 0.15°  0.19° 0.40° 0.13%® 0.242 0.31°
ur2s 0.19%  0.24° 0.32° 0.12% 0.28° 0.31°
Urs0 0.19®°  0.20° 0.31° 0.18° 0.31° 0.33°
LSD 0.09 0.10 0.18 0.10 0.20 0.22
M*NR NS NS NS NS NS NS

Means followed by the same letter within the same column are not significantly
different (P<0.05). VS- Vegetative stage (60 DAT), RS- Reproductive stage (90
DAT), HS- Harvesting stage (120DAT), M-methods of N application, NR-
Nitrogen rates As25-Ammonium sulphate 25 kgha™® AS50-Ammonium sulphate
50 kgha, Ur25-Urea 25 kgha™, Ur50- Urea 50 kgha™

These findings are consistent with those of Nahar and Pan, (2015) who reported that
there was higher root: shoot ratio with a higher urea application in castor bean. At
reproductive and harvesting stages there were no significant differences (p<0.05) as
illustrated in table 4.8. This could be probably due to maximization of root and shoot

growth as the plants reaches reproductive and ripening phases of their life cycle.
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Thus, the nitrogen uptake during these stages is used for flower initiation and grain
filling. These findings agree with those of Bonifas et al. (2005) who reported that

nutrient stress influences increased roots at the early stages of growth in maize.

4.2.7 Yield and Yield components as affected by nitrogen source, rate and

methods of application

Nitrogen sources and rates led to significant differences (P<0.05) in rice grain yield
in both study sites. The lowest yields were observed in the control treatments
(6,900 kgha™ and 4,300 kgha™) in Ahero and Mwea respectively. Ammonium
sulphate at 50 kgha™ recorded the highest yield with 11,200 kgha™, 7,900 kgha™
in Ahero and Mwea respectively (Table 4.8). The results showed that ammonium
sulphate at 50 kgha™ had the higher yields, which could be probably due to the
higher nitrogen efficiency exhibited by these fertilizers. The fact that they have less
chances of being lost through volatilization than in the case of urea, and this may
partially explain why the ammonium treated plants were superior. Methods of
application were not statistically significant (P<0.05) in the two sites for grain yield.
In Mwea methods showed significant difference on straw yield and harvest index

(Table 4.9).
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Table 4.9 Yield and Yield components as affected by rates of N sources at
vegetative, reproductive and harvesting stages

Yield and

yield

componen

ts
Metho Ahero Mwea
d

Yield Straw HI  Yield Straw Kgha™ HI
Kg/ha'  Yield Kgha™

Kg/ha-l
Full 8200° 20800° 0.26° 62007 6700° 0.48°
dose
Split 9000? 20500? 0.24®  6900° 6200° 0.53°
LSD 1100 300 0.02 80 300 0.04
N rates
kg/ha
Control  6900° 14400° 0.17° 4300° 4300° 0.47°
As25  9600%° 22500% 0.26°  7300° 7600° 0.48°
As50 112007 24700 0.31° 7900% 7500° 0.51°
Ur25  7800° 19200%° 0.27°  7800° 7500° 0.51°
Urs0  8300% 25800° 0.30° 7900% 7500° 0.51°
LSD 3300 6800 0.08 2100 9400 0.09
M*NR * NS NS NS NS NS

Means followed by the same letter within the same column are not significantly
different (P<0.05). M- Methods of application, NR-Nitrogen rates As25-
Ammonium sulphate 25 kgha™ AS50-Ammonium sulphate 50 kgha™, Ur25-
Urea 25 kgha™, Ur50- Urea 50 kgha™

Nitrogen sources and rates exhibited significant differences (P<0.05) in the two
study sites where the control had the lowest straw yield recording 11,400 kgha™ in
ahero and Mwea with 430 kgha™ the highest was obtained in Urea at 50 kgha™
recorded 25,800 kgha™ ahero while in Mwea ammonium sulphate 25 kgha™ was
highest with 7,600 kgha™ (Table 4.9). The straw yield could have been influenced
by high vegetative growth that was influenced by the better growth through
utilization of applied N that resulted to high biomass. In harvest index (HI), there

were significant differences (P<0.05) due to nitrogen sources compared with the
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control in Ahero study site, while in Mwea there were no significant differences
observed. The highest HI was observed where ammonium was supplied at 50 kgha™
with 0.31 while the unfertilized plot had the lowest recording 0.17 as illustrated in
Table 4.9. Interactions between nitrogen rates, and methods of application were
revealed in grain yield where ammonium sulphate at 50 kgha™ and 25 kgha™* applied
in full dose resulted to highest grain weight as shown in Figure 4.7 in Ahero while in

Mwea there were no significant differences.

Interactions between nitrogen rates, and methods of application were revealed in
grain yield where ammonium sulphate at 50 kgha™ and 25 kgha™ applied in full dose
resulted to highest grain weight as shown in Figure 4.7 in Ahero while in Mwea

there were no significant differences.
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Figure 4.7 Interactions effects on nitrogen sources, rates and methods of
application on grain yield in Ahero study site. Ursp25-Urea split 25kgha™,
Ursp50-urea split 50kgha™, Assp25-Ammonium sulphate split 25kgha™,
Assp50- Ammonium sulphate fulldose 50kgha™ Urf25-Urea fulldose 25kgha™
Urfs0-urea fulldose 50kgha™, Asf25-Ammonium sulphate fulldose 25kgha™,
Asf50- Ammonium sulphate fulldose 50kgha™

In addition, this was evident when either urea and ammonium forms were applied in
either full dose or split forms. The control had the lowest level of yield while the
highest was observed in both the Urea and ammonium sulphate 50 kgha™ when
applied in either full dose or split method. This study agrees with the results of
Balasubramanian et al. (2007) who reported a relative increase in yield of upland
rice when supplied with ammonium sulphate. However, another experiment by
Fageria et al. (2010) working with ammonium sulphate did not result to higher yield
when compared to urea in rice. There are other factors that may lead to such
differences, among them being the variety used, soil structure, oxidation status and

pH of the soil.
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The data on straw yield was consistent with the report given by Islam et al. (2012)
who found out that when rice plants treated with Urea resulted to highest weight of
straw yield followed by ammonium sulphate in Sri Lanka. When plants have higher
number of effective tillers there is a likelihood of having increased straw yield.
Another study by Shubhashree et al. (2017) also confirmed that application of urea
briquette significantly (p<0.05) increased the yield attributes and components;
including straws. A study done by Chen et al. (2016) demonstrated increase in
straws yield when treated with different levels of urea. When urea is supplied in
sufficient amounts during the early stages of growth it accelerates the aboveground
biomass. The higher straw yield can be a good source of feed to livestock, especially

where the farmers use them as animal feeds.

The increased harvest index in Ahero from the N fertilize plants could be due to
efficient partitioning of assimilates towards the economic portion. Additionally, this
could be as a result of sufficient uptake of nitrogen hence contributing to relatively
increased accumulation of biomass and grain formation. These findings are in
agreement with those of Hokmalipour and Darb, (2011) who reported that nitrogen
levels resulted into a higher harvest index in maize resulting from optimum growth
facilitated by nitrogen. In another study by et Kim et al. (2001), it was reported that
application of urea at different levels led to increase in harvest index due to high
simulative growth and biomass accumulation during growth stages of rice. A
higher harvest index in rice crop is considered to be as result of grain population and
consequent increase in grain weight, which is a factor influenced by nitrogen
nutrition (Nakandalage et al., 2016). This was mainly due to higher efficiency and

less losses of nitrogenous fertilizers during the initial stages that promoted vigorous
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vegetative growth and hence was reflected in the yield. Thus, there is possibility
that plants have higher chances of converting applied nitrogen into potential yield
when applied just after transplanting. These findings are in disagreement with those
of Fu, (2001) who reported that split application of ammonium sulphate had better
yield than when applied in single doses. Another study done by Graham and Varco,
(2017) on sunflower indicated that when nitrogen was supplied inform of

ammonium sulphate in single dose it performed better than when split.

From the regression analyses (Fig. 4.8 and 4.9), yield increased with N rates and the
response assumed polynomial function, particularly at Mwea site where the R2
values were 0.64 and 0.86 for urea full dose and slit applications respectively. The
same trend was observed with ammonium (R,= 0.64 and 0.80 for full dose and split
applications respectively. The trend in Ahero was however very different with R2
values being quite low and hence unable to explain grain yield in terms of fertilizer.
In the two sites, there was a corresponding increase in the grain yield with increase
in nitrogen rates irrespective of the source (urea or ammonium) in the two sites
(Figures 4.8 and 4.9). These may imply that the plants were responding to the
increase of the nitrogen nutrition and an increment in the addition would probably
lead to more yield. This may be a pointer that the doses used by the farmers are well

below the plant’s needs, which partially agree with the high NUE in these sites.
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70

12000
12000
~ 10000
1, 10000 .
) ® 8000 SR,
w8000 o ] e
. e .
o o 6000 e °
= 6000 " i
e . ® .y =-2.2933¢+189.33x+4233.3
> 4000 8 v-%68¢+154x+ 41333 4000 @ R=0.7878
g * R?=0.6761
5 2000
& 2000
0
0

0 10 20 30 40 50
0 10 20 30 40 50 60

Ammonrum Sulphate rates kgha
Papplied in full dose method

12000 12000
10000 10000 °
O ] ®
8000 o 8000 R
i I . [ ] .
—e00® . e o 6000 Y =-3.00X + 246 67x+3966.7
e - y =-2.56x2 + 173.33x+ 4500 I R? - 0.8559
. R =0.6369
g 000 ¢ - 4000 @
g
&5 2000 5000
° 0
0 10 20 30 40 50 60 . 0 0 a0 a0 s
-1 : cor ) : . .
Urea rates kgha™applied m full Urea rates kgha! applied in split
dose method method

Figure 4.9: Grain yield as a polynomial function of nitrogen sources, rates and

methods for rice in Mwea study site

The results of this study are in disagreement with those of Moro et al. (2015) who
reported an increment in grain yield in rainfed rice up to a certain level of 90 kgha
and declining beyond this level in Ghana. The disagreement could be probably due
to the different environment since in rain fed the arte of emission and leaching are
minimal compared to low land rice hence leading to high efficiency that maximize

yield. The findings of this study are in agreement with those of Ahmed et al. (1993)

Ammonium sulphate rates
kgha! applied in split method

60

60



71

who reported an increase in the yield of barley in response to an increase in nitrogen
levels. In another study done in India, it was also reported that wheat grain yield
increased with an increase addition of N levels (Sabir et al., 2002). The results are
also in agreement with those of Zhu et al. (2017) who reported an increased in yield
of japonica soft super rice with an increment with nitrogen levels in Nainjing China.
In another study by Zhou et al. (2017), it was reported that rice and nitrogen levels

established a positive relationship in the increment of the grain yield.

4.3 Nitrogen partitioning in different plant organs as affected by nitrogen

forms, rates and methods of application at different phenological stages
4.3.1 Vegetative Stage

The nitrogen partitioning in the rice plant organs was different across all sources and
levels of N at this initial stage of plant growth, and this was observed in the two
sites. In Ahero both Ammonium sulphate and urea at 50 kgha™ had the highest N
concentration partitioned to the roots, with each treatment recording 34% (figure
4.10). However, in Mwea urea at 50 kgha™ partitioned the highest amount of N
(47.5%) to the roots (Fig. 4.11). The roots were followed by the stems in terms of N
partitioning, while leaves had the least N partitioned to them at this initial stage of

plant growth. Similar trends were observed with the control (Appendix 4).
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The concentration of N partitioned to the roots at this stage could probably be due to
high demand of nitrogen during this stage by younger and actively developing
organs hence exerting greater demand for nutrients, consequently triggering roots
to absorb more. These findings are in agreement with those of Dogan et al. (2007),
who reported that at vegetative stage roots absorbs considerable amount of supplied
nitrogen to cater for the demand of the rapidly multiplying young plant organs at this
particular stage. It has also been reported that plants also acquire sufficient amount
of nitrogen during vegetative stages to enhance growth of strong stems to avoid

lodging that may result to greater economic losses (Pinheiro et al., 2001).
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4.3.2 Reproductive Stage

At reproductive stage, there was also variability observed in the concentration of N
partitioned to the different rice plant organs. Irrespective of N sources and levels, the
results from Ahero had higher N content partitioned to their leaves as compared to
other organs. Furthermore, the results revealed that urea at 25 kgha™ had the highest
N partitioned to leaves (53%), while the stems and roots had 20 and 24%
respectively (Figure 4.12). The trends were similar with urea at 50 kgha™ as well as
ammonium sulphate at both 25 and 50 kgha™. The increase in partitioning to the
leaves could be attributed to high uptake in the roots and higher translocation to the
leaves for reproductive processes. On the contrary, the trend in Mwea site was
different with higher amount of N being channeled towards the roots than in stems
and leaves. For instance, urea at 50 kgha™ channeled 45.2% of its N to the roots
compared with 19 and 23% to the stems and roots respectively (Figure 4.13). This
implied that there was higher uptake of N from the soil and less was being
translocated to the reproductive organs. The control had the lowest partitioned to the

leaves compared to other treatments in the two sites (Appendix 5).



75

60 60
=
S~ 50 50
oh
= 40 40
- —
g
C 30 30
)
- —
E 20 20
o
Z 10 10
0 0
leaves roots leaves roots
60 60
=
S~ 50 50
oh
.5 40 40
g
.S 30 30
)
- —
E 20 20
- 10
'z, 10
0 0
leaves roots
leaves roots

Figure 4.12: Mean nitrogen partitioning percentage in Ahero study site at
reproductive stage (90 DAT) a- AS25kg ha™, b-AS 50kg ha™ , c-urea 25kg ha™
,d-urea 50kg ha*



76

60 60
o
N g 50
oh
.5 40 40
g
2 30 30
Qo
A 1o 10
0 0
leaves roots leaves stem roots
60
=
5\ 50
oD 40 60
5 50
o 30
= 40
£
5 20 30
=~ 20
Z, 10 0
0 0
leaves roots leaves roots

Figure 4.13: Mean nitrogen partitioning percentage in Mwea study site at
Reproductive stage (90 DAT) a- AS25kg ha™*, b-AS 50kg ha™ , c-urea 25kg ha™
,d-urea 50kg ha*

Nitrogen is also readily translocated within the plants moving from older to younger
tissues to promote growth in those sections more so in the shoot tips especially
during reproductive stage. Supply of nitrate to leafy vegetables promotes metabolic
pool and storages in the leaf blade pools to enhance productivity potential (Chen et

al., 2004).

These results are inconsistent those of Ye et al., (2014) who reported that leaf N
content decreased during the reproductive stages in cereal crops.  In another study
done by Linquist et al., (2006), most of the nitrogen is concentrated in the leaves

during the productive stage due to the higher photosynthetic processes that the plants
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taking place. Therefore, there is increased recovery of N during reproductive stages
due to efforts to achieve maximum production. These findings are in agreement with
those of Gallais et al. (2006) who reported that in maize low nitrogen concentration
was experienced at the second phase of reproductive stage upon application of
nitrogen levels however, due to some climatic conditions a higher concentration
would be experienced in the roots at this stage than any other organs. This was due
to the hydrolization of nitrogen that is transported to the reproductive organs to cater

for the flowering and grain filling processes (Gallais et al., 2006).
4.3.3 Harvesting Stage

At harvesting stage, the amount of N partitioned to plant organs exhibited some
variations. In both study sites, at harvesting stage, the greatest amount of N was
partitioned to the grain compared the other organs. The leaves followed this and the
trend was the similar in all treatments. For instance, at Ahero site, Urea at 25 kgha™
had highest N partitioned towards grain and leaves 33.3% and 32% respectively)
(Figure 4.14). In Mwea, Ammonium sulphate 25 kgha™ had highest N partitioned to
grain and leaves (36.6% and 31.6% respectively) (Figure 4.15). In both sites, the
control had the lowest N partitioned to the grain although the trend was similar with

the N treatments (Appendix 6).
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The high nitrogen content partitioned to the leaves at ripening stage could be due to
a greater accumulation of nitrogen by the plant during ripening as a mechanism of
maintaining a high photosynthetic rate that would enhance grain-filling process.
The nitrogen is also reported to be very crucial in translocation of carbohydrates
from the source to the sink. This study results agrees with the findings of Qsaki, et
al. (1995) who reported that potato tuber showed higher concentration of nitrogen at
ripening stages when supplied with ammonium. The IR variety of rice that was used
in this experiment is reported to have capacity of exhibiting considerably higher
nitrogen contents in the leaves due to its inherent genotypic characteristics due to
high nitrogen responsive receptors (Garnett et al. 2015). In the grain, high N could
be attributed to remobilization from mature organs e.g. leaves and stems through
degradation of all nitrogen compounds and consequently accumulated for grain
maturation (Yoneyama et al. 2016). The high nitrogen percentage is an indication
of large portion of nitrogen getting exported from the farm hence indicating one of
the sources through which applied nitrogen is exported from the growing field.
These arguments are in tandem with those of Fageria and Baligar, (2005), who
demonstrated that grain N in cereals was always higher than those of the shoots due
to remobilizations and translocation of nitrogen from vegetative parts of the plants
soon after the anthesis stage. In another study by Igbal et al. (2006), it was reported
that ammonium sulphate contributed to higher nitrogen concentration in the grain
when compared to other sources of N. These results are also supported by findings
of Bertheloot et al. (2008) who showed that grain N accumulation is usually
regulated by nitrogen sources, is in accordance to the kinetics of Rubisco
biosynthesis and content as well as grain N accumulation; suggesting that during

grain filling, N translocation from the vegetative organs is mainly limited by the
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availability of the substrate in the source organs. The concertation of N in the stem
and leaves is also another indication of losses of nitrogen from the farm for the case
where farmers use it as hay or even burn. However, in most of the farming systems
roots are lefts in the field, hence enhances recycling of the nitrogen partitioned in the
roots. These findings are also in agreement with those of Cao et al. (2018) who
reported that that in rice crops more nitrogen is partitioned to the grain at harvesting

stage.
4.5 Nitrogen Uptake by rice as affected by N sources and levels

Significant differences (P<0.05) were observed on the plant nitrogen uptake at
vegetative, reproductive and harvesting/maturity stages at the two study sites as
shown in Table 4.10. During vegetative stage, ammonium sulphate at 50 kgha™
resulted into highest nitrogen uptake per plant 13.93 kgha™ while the control had the
least of 4.08 kgha™. The same trend was observed in Mwea where Ammonium
sulphate at 50 kgha™ recorded 20.07 kgha™ and the control had the lowest uptake of
7.02 kgha™. Significant differences were observed at stage in ahero study between
full dose and split method of N application. Full dose method was superior with

10.15 kgha*(Table 4.10).
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Table 4.10 Mean nitrogen uptake by plants affected by N sources and levels at
vegetative, reproductive and harvesting stages

Nitrogen Uptake

Kg ha™

Method Ahero Mwea

VS RS HS VS RS HS
Full dose  10.15° 25.79°  112.50° 11.76% 65.73%  355.00°
Split 7.60° 27.30°  116.50° 12.72%  60.85°  360.00%
LSD 2.209 4,55 24.83 2.68 9.01 6.30
N rates
kg ha
Control 4.08° 15.47°  61.33° 7.02°  43.84°  162.18°
AS25 7.7° 28.37°  11357° 10.97% 74.91®®  346.54°
AS50 13.922 38.06°  186.95% 20.07° 90.18%  549.55°
UR25 9.10* 20.96°  94.66 12.34° 53,60 328.36°
UR50 12.25% 39.46°  161.02° 15.92®° 67.95"° 559572
LSD 4.51 11.17 39.34 7.49 25.17 163.55
M*NR NS NS NS NS NS NS

Means followed by the same letter within the same column are not significantly
different (P<0.05). VS- Vegetative stage (60 DAT), RS- Reproductive stage (90
DAT), HS- Harvesting stage (120DAT) M- method of application, NR- Nitrogen
rates As25-Ammonium sulphate 25 kgha™ AS50-Ammonium sulphate 50 kgha
! Ur25-Urea 25 kgha, Ur50- Urea 50 kgha™

The uptake at vegetative stage depends on the rate of crop growth, which is also
affected by other environmental factors as well as the amount of nitrogen applied.
Additionally, during the vegetative stage there is great biomass accumulation due to
extensive growth of organs such as roots leaves and stems/tillers. These findings are
in agreement with those of Arkoun et al., (2012) who reported that ammonium
sulphate resulted to higher nitrogen uptake in oil seed due to its potential of
mobilizing N during vegetative stages. At reproductive stage, there was an increase
for uptake by the plants across all the treatments in the two sites. The trend

observed at reproductive stage was the same for the vegetative phase, with
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ammonium sulphate 50 kgha™ exhibiting the highest uptake of N recording 38.06
kgha™ and 90.18 kgha™ for Ahero and Mwea respectively, while the unfertilized
plants had the lowest recording 15.47 kgha™ and 43.84 kgha™ in Ahero and Mwea
respectively. This increase in nitrogen could be attributed to the high demand of
nitrogen by plants during this stage to initiate flowering as well as to enhance grain

formation and filling.

At reproductive stage, there is the remobilization of nitrogen from the other organs,
which is majorly concentrated in the reproductive organs hence resulting to higher
intake of nitrogen during this period. These findings agree with those of Kamekawa
et al. (1990) who reported that urea had the potential of having a higher nitrogen
uptake compared to ammonium sulphate at reproductive stages of rice due to its
slow release of nitrogen during the initial stages of growth and later promoting
increased growth during the later stages. At ripening stage ammonium sulphate 50
kgha™ had a high nitrogen uptake while control (no additional N) had the lowest,
with each recording 186.95 and 61.33 kgha™ respectively at Ahero (Table 4.10). In
Mwea urea at 50 kgha™ had the highest uptake with 559.57 kgha™. The increase at
this stage was probably due to a considerable amount of nitrogen that was
accumulated in the grain and which was not the case during the other growth stages
(Awan, 2002). At harvesting, there is translocation of nitrogen absorbed during
vegetative and reproductive to the grain to enhance maximum yields. Urea
applications results to lower efficiency during the early growth stages when the
plants are not actively in need of N nutrition since its losses to atmosphere
depending on the weather conditions is assumed to between 7% to 40% especially in

flooded rice field where it is not incorporated to the soil, resulting to poor utilization
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of applied N (Dobermann, 2000). In a study done Awan, (2002) similar results were
reported that ammonium sulphate was better in terms of total nitrogen uptake at

harvesting stages compared to urea in rice fields.
4.6 Nitrogen Use and Agronomic Efficiencies

Significant differences (P<0.05) were observed in nitrogen use efficiencies in the
two sites at various growth stages. At reproductive and harvesting stages, there was
an increase in the NUE at both Ahero and Mwea study sites. Ammonium sulphate at
50 kgha™ showed superiority in Ahero having a NUE of 31.96 while in Mwea had
134.39 at reproductive stages. Method of N application did not show any significant
differences (p<0.05) in the two study sites. (Table 4.11). In Mwea the 134.96
exceeds the normal range of the NUE, which is normally expressed as percentage.
This is an indication of increased N recovered in the plant compared to what was
applied. In this case, there is an indication of soil degradation and declining fertility
and hence the plants mines the soil in the aim of satisfying its need at this critical
stage of growth. At the harvesting stage, urea at 50 kgha™ recorded a NUE of

146.53, which was also an indication of soil.
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Table 4.11 Mean Nitrogen use efficiency (NUE) and as affected by N sources,
levels and methods at vegetative, reproductive and harvesting stages

NUE
Method Ahero Mwea

VS RS HS VS RS HS
Full dose 18.20* 40.80° 159.00° 20.00° 96.50°  54.60°
Split 12.80* 46.70° 182.00° 20.00° 90.40°  60.80°
LSD 589 1111 748 8.00 17.50 17.70
N rates
kg ha™
As25 22.15° 20.86® 73.15° 27.00° 20.77°  90.10°
AS50 20.03* 31.96° 120.60° 3470 13439  86.65%
Ur25 27.48% 13.41° 54.24" 35.50° 122.70°  82.84°
Urs50 23.387 30.95% 146.53 24.00° 89.00°  87.50°
LSD 13.01 1117 39.44 20.00 45.60 42.70
M*NR NS NS NS NS NS NS

Means followed by the same letter within the same column are not significantly

different (P<0.05). VS- Vegetative stage (60 DAT), RS- Reproductive stage (90
DAT), HS- Harvesting stage (120DAT), M —Method of N application, NR-
Nitrogen rates As25-Ammonium sulphate 25 kgha™® AS50-Ammonium sulphate
50 kgha, Ur25-Urea 25 kgha™, Ur50- Urea 50 kgha™

The NUE is a considered as an indicator to measure the potential of the plants to
convert the applied nitrogen to potential yield hence improve global food production
(Rahimizadeh et al., 2010). NUE also provides a real measure on harmful control of
excess nitrogen based compounds to environment. Soil mining at reproductive and

vegetative stages implies that there was a higher risk of N losses during the initial
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stages of application and thus leading to deficiency of N during times of demand at
reproduction and ripening. These findings are in agreement with Raun and Johnson,
(1999) who reported that NUE of cereal crops is high during the reproductive due to
increased translocation of N uptake N from the roots to other organs. According
Brentrup and Palliere, (2010), the range of 75-90% was essential in NUE in
enhancing productivity, since it showed a balance between the inputs and the output
of N. In this particular study, it was clear that for Mwea at harvesting stage the
NUE was within the recommended range hence minimal mining of N compounds to
the environment was incurred. The crop to initiative flowering as well as grain
filling process uses the higher demand for nitrogen nutrition during this stage. A
balance in yield implies that the plant was capable of meeting the demand of the
straw, grain and roots (Ying et al., 1998). These findings also agree with those of
Peng, et al., (1996), who reported that in irrigated rice there is a higher NUE at

reproductive stage.
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Figure 4.16: Mean nitrogen agronomic efficiency as affected by Nitrogen rates
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kgha

The NAE was also significantly (P<0.05) affected by N sources and levels in the two
sites. In Ahero, Ammonium sulphate 25 kgha™ had the highest nitrogen agronomic
use efficiency with recording 21.53 while in Mwea urea at 25 kgha™ resulted in a
higher NAE with 17.30(figure 4.16). This implied that at lower rate there was
greater returns in the grain as a function of the nutrient applied. These findings are in
agreement with those of Sandoval et al. (2017) who reported that lower rates of N

results to higher NAE.
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4.7 Nitrogen Harvest Index (NHI)

Significant differences (p<0.05) were observed in NHI in Mwea study site but it was
not significant in Ahero study site. In Mwea Urea 50 kgha™ had the highest NH1
with 0.66 (Table 4.12). This could be due to high efficiency of utilization of N
applied by the plant. Split and full doses method of application were insignificant
(p<0.05) in both Ahero and Mwea study sites. According to Yesuf, and Balcha,
(2014), a higher level of NHI is a measure of the nitrogen acquired and transformed
in the grains due to high efficiency of the N rate applied.

Table 4.12 Mean Nitrogen Harvest Index as affected by N sources methods and
levels in the study sites

Nitrogen Harvest Index

Method Ahero Mwea
NHI
Full dose 0.42° 0.62°
Split 0.42° 0.59%
LSD 0.06 0.05
N kg/ha
Control 0.36 0.51°
As25 0.44° 0.64°
AS50 0.43° 0.61%
Ur25 0.39% 0.65%
Ur50 0.44% 0.66™
LSD 0.13 0.11
M*NR NS NS

Means followed by the same letter within the same column are not significantly
different (P<0.05). M-methods of N application, NR-Nitrogen rates As25-
Ammonium sulphate 25 kgha™ AS50-Ammonium sulphate 50 kgha™, Ur25-
Urea 25 kgha, Ur50- Urea 50 kgha™
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In the grain N derived from vegetative parts after anthesis is remobilized and
relocated in the grain hence contributing to high proportion on the applied N in the
grain than any other part of the plant. Additionally, the higher concentration of N in
the grain is as a result of decreases in the pools of N reserves soon after anthesis and
thus a considerable amount is translocated to the grain (Fergusson, 1999). The
findings of this study are however in disagreement with those of Tana et al. (2015)
who reported a decline on NHI because of higher application N levels in wheat.
Therefore, having a higher NHI is an economical indication than the amount of N
applied is recovered back in the grain, which contributes to nutrition of proteinous
compounds to humans. Also, the higher the efficiency of utilization of the N applied
the less the loss hence promoting improved management of N fertilizers in rice

fields.
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CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

The study demonstrated that farmers widely used SA and urea fertilizers in
production of rice. A number of the farmers are also aware of nitrogen losses but a
few demonstrated to have knowledge on nutrient pollution aspects.  Straw
management practices are the key factors leading to high losses of nitrogen hence
leaving the agricultural field depleted of nutrients. Burning, feeding to livestock and

selling out to neighbours were some of the common practices embraced by farmers.

The results also illustrated that ammonium sulphate performed better in rice as
depicted in the findings of various growth and yield parameters such as number of
tiller, height, shoot and root dry biomass, straw weight, grain yield and harvest
index. When ammonium sulphate was applied in full dose it resulted to better yield

than when applied in split in Ahero.

There were significant differences observed in nitrogen partitioning with the highest
being observed in the grains harvested with ammonium sulphate at 50 kgha™
showing the higher nitrogen concentration in both Mwea and Ahero. A highest
nitrogen uptake and partitioning data was during reproductive stage, probably due to

the process of flowers initiation and grain formation.

Nitrogen use efficiency varied significantly across vegetative, reproductive and
ripening stages with the harvesting stage having the highest efficiency of nitrogen
which was attributed to the grain formation that required a considerable amount of
nitrogen to complete the ripening stage to economic factors. Additionally, Nitrogen

agronomic efficiency varied significantly with the lower rates giving a higher value.
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5.2 Recommendations

Through the findings of this study, it is recommended that the county and
national policy makers sensitize the farmers on nitrogen losses, and nutrient
pollution practices that affect production of rice through use of fertilizers.
There is also need to embark on good agricultural management practices of
straw as way of reducing exportation of potential and available nitrogen to

non-reproductive areas.

Due to the fact that Ammonium sulphate fulldose at 50 kgha™ gave the
highest yield, farmers can be encouraged to use this dose for rice production

to maximize yield hence achieving the food security goals.

Farmers need to apply N at reproductive stage as one of the effective stage to
increase the nitrogen recovery in the plants, minimize losses, and promote
economic yield and most importantly improve nitrogen management

practices.

Further studies need to be carried out to evaluate the associations of
nitrogenous compounds on NUE and NAE as an indicator of agricultural
sustainability and environments factors management in a long term farming

system.



91

REFERENCES

Abril, A., Baleani, D., Casado—Murillo, N., and Noe. L., (2007). Effect of wheat
crop fertilization on nitrogen dynamics and balance in the Humid Pampas,
Argentina. Agriculture. Ecosystem . Environment. 119: 171-17

Ahmed, I. A., Abo-Elenin, R. A., and Ahmed, W. E. (1993). Interactive effects of
salinity and both forms and levels of nitrogen fertility on growth and yield of
barley. In Towards the rational use of high salinity tolerant plants (pp. 121-
128). Springer, Dordrecht.

Ahmed, N., Allison, E. H., and Muir, J. F. (2010). Rice fields to prawn farms: a blue
revolution in southwest Bangladesh?. Aquaculture International, 18(4), 555-
574.

Amudavi, D. M., Khan, Z. R., Wanyama, J. M., Midega, C. A., Pittchar, J.,
Hassanali, A., and Pickett, J. A. (2009). Evaluation of farmers' field days as
a dissemination tool for push-pull technology in Western Kenya. Crop
protection, 28(3), 225-235.

Anderson, J.L., B.J. Laurel, and J.A. Brown. (2007). Diel changes in behaviour and
habitat use by age-0 Atlantic cod (Gadusmorhua L.) in the laboratory and
field. Journal of Experimental Marine Biology and Ecology 351:267-275.

Anil, K., Rajeev, K., and Singh, B. B. (2015). Effect of various nitrogen levels on
growth, yield and yield attributes of different genotypes of rice (Oryza sativa
L.). Agriways, 3(2), 65-70.

Arkoun, M., Sarda, X., Jannin, L., Laine, P., Etienne, P., Garcia-Mina, J. M., ... and
Ourry, A. (2012). Hydroponics versus field lysimeter studies of urea,
ammonium and nitrate uptake by oilseed rape (Brassica napus L.). Journal of
experimental botany, 63(14), 5245-5258.

Artacho, P., Bonomelli, C., and Meza, F., (2009), Nitrogen Application in irrigated
rice grown in mediterranean conditions: Effects on grain yield, dry matter



92

production, nitrogen uptake, and nitrogen use efficiency, Journal of Plant
Nutrition. 32: 1574-1593

Ashton, 1. W., Miller, A. E., Bowman, W. D., and Suding, K. N. (2008). Nitrogen
preferences and plant-soil feedbacks as influenced by neighbors in the alpine
tundra. Oecologia, 156(3), 625-636.

Asplund, L.; Bergkvist, G.; and Weih, M. (2014). Proof of concept: Nitrogen use
efficiency of contrasting spring wheat varieties grown in greenhouse and
field. Plant Soil, 374, 829-842; doi: 10.1007/s11104-013-1895-

Atera, E. A., Onyancha, F. N., and Majiwa, E. B. (2018). Production and marketing
of rice in Kenya: Challenges and opportunities. Journal of Development and
Agricultural Economics, 10(3), 64-70.

Aulakh, M. S., and Malhi, S. S. (2005). Interactions of nitrogen with other nutrients
and water: Effect on crop yield and quality, nutrient use efficiency, carbon
sequestration, and environmental pollution. Advances in agronomy, 86, 341-
400.

Awan, T. H., Cruz, P. C. S., and Chauhan, B. S. (2015). Ecological significance of
rice (Oryza sativa) planting density and nitrogen rates in managing the
growth and competitive ability of itchgrass (Rottboelliacochinchinensis) in
direct-seeded rice systems. Journal of Pest Science, 88(2), 427-438.

Azeem, B., KuShaari, K., Man, Z. B., Basit, A., and Thanh, T. H. (2014). Review on
materials & methods to produce controlled release coated urea fertilizer.
Journal of Controlled Release, 181, 11-21.

Babowicz, R. J., Hyde, G. M., and Simpson, J. B. (1985). Fertilizer effects under
simulated no-tillage conditions. Transactions of the American Society of
Agricultural Engineers, 28(4), 1003-1006.

Balasubramanian, V., Sie, M., Hijmans, R. J., and Otsuka, K. (2007). Increasing rice
production in sub-Saharan Africa: challenges and opportunities. Advances in

agronomy, 94, 55-133.



93

Barrows, H. L., and Kilmer, V. J. (1963). Plant nutrient losses from soils by water
erosion. In Advances in agronomy (Vol. 15, pp. 303-316). Academic Press.

Bedell, J. P., Chalot, M., Garnier, A., and Botton, B. (1999). Effects of nitrogen
source on growth and activity of nitrogen-assimilating enzymes in Douglas-
fir seedlings. Tree physiology, 19(3), 205-210.

Beegle, D. B., and Lanyon, L. E. (1994). Understanding the nutrient management

process. Journal of soil and water conservation, 49(2), 23.

Berendse, F., and Aerts, R. (1987). Nitrogen-use-efficiency: a biologically
meaningful definition. agronomic used efficiency in two hybrids of corn.
Journal of Agriculture. Science in Iran. 10(4): 43-58

Bertheloot, J., Martre, P., and Andrieu, B. (2008). Dynamics of light and nitrogen
distribution during grain filling within wheat canopy. Plant Physiology,
148(3), 1707-1720.

Bonifas, K. D., Walters, D. T., Cassman, K. G., and Lindquist, J. L. (2005).
Nitrogen supply affects root: shoot ratio in corn and velvetleaf (Abutilon
theophrasti). Weed Science, 53(5), 670-675.

Bouraoui, F., and Grizzetti, B. (2014). Modelling mitigation options to reduce
diffuse nitrogen water pollution from agriculture. Science of the Total
Environment, 468, 1267-1277.

Brentrup, F., and Palliere, C. (2010,). Nitrogen use efficiency as an agro-
environmental indicator. In Proceedings of the OECD Workshop on
Agrienvironmental Indicators, March (pp. 23-26).

Buresh RJ, De Datta SK. 1991. Nitrogen dynamics and management in rice-legume

cropping systems. Advances Agronomy 45:1-59

Burns, R. C., and Hardy, R. W. (2012). Nitrogen fixation in bacteria and higher
plants (\Vol. 21). Springer Science & Business Media.



94

Canfield, D. E., Glazer, A. N., and Falkowski, P. G. (2010). The evolution and
future of Earth’s nitrogen cycle. science, 330(6001), 192-196.

Cao, X., Zhu, C., Zhong, C., Hussain, S., Zhu, L., Wu, L., and Jin, Q. (2018).
Mixed-nitrogen nutrition-mediated enhancement of drought tolerance of rice
seedlings associated with photosynthesis, hormone balance and carbohydrate
partitioning. Plant Growth Regulation, 84(3), 451-465.

Carranca, C. (2012) Nitrogen Use Efficiency by Annual and Perennial Crops. In
Farming for Food and Water Security; Lichtfouse, E., Ed.; Springer
Science+Business Media: Dordrecht, The Netherlands,; pp. 57-82.

Carrijo, D. R., Lundy, M. E., and Linquist, B. A. (2017). Rice yields and water use
under alternate wetting and drying irrigation: A meta-analysis. Field Crops
Research, 203, 173-180.

Carruthers K, Prithiviraj B, Cloutier FD, Martin QRC, and Smith DL. (2000).
Intercropping corn with soybean, lupin and forages: yield component
responses. European Journal of Agronomy 12(20), 103-115.
http://dx.doi.org/101016/S1161-0301 (99)00051-9.

Cassman, K., A. Dobermann, and D. Walters (2002). Agroecosystems, nitrogen use
efficiency and nitrogen management. Ambio 31: 132-140.

CGIAR Rice, gender and social dynamics: setting the stage for women October 2,
2013

Chang, T., and Zhu, X. (2018). Systematic Optimization of Whole Plant Carbon
Nitrogen Interaction (WACNI) to Support Crop Design for Greater Yield.
bioRxiv, 286112,

Chaturvedi, I. (2005). Effect of nitrogen fertilizers on growth, yield and quality of
hybrid rice (oryza sativa L.). Journal of central european agricultural.

volume6.


http://dx.doi.org/101016/S1161-0301

95

Cheema, Z. A., and Ahmad, A. (2000). Effects of urea on the nitrogen fixing
capacity and growth of grain legumes. International Journal of Agriculture
and Biology, 2(4), 388-394.

Chen, B. M., Wang, Z. H,, Li, S. X., Wang, G. X., Song, H. X., and Wang, X. N.
(2004). Effects of nitrate supply on plant growth, nitrate accumulation,
metabolic nitrate concentration and nitrate reductase activity in three leafy
vegetables. Plant Science, 167(3), 635-643

Chen, Z., Wang, H., Liu, X., Liu, Y., Gao, S., and Zhou, J. (2016). The effect of in
fertilizer placement on the fate of urea-15n and yield of winter wheat in
southeast China. Crops Research, 18,31-43

Dalgaard, T., Brock, S., Graversgaard, M., Hansen, B., Hashemi, F., Hasler, B., ...
and Kjeldsen, C. (2017). Sustainable Nitrogen Management in Denmark. In
Innovative solutions for sustainable management of nitrogen (pp. 13-16).

Day, A. D., and Ludeke, K. L. (2012). Plant nutrients in desert environments.

Springer Science & Business Media.

Dinnes, D.L., D.L. Karlen, D.B. Jaynes, T.C. Kaspar, J.L. Hatfield, T.S. Colvin, and
C.A. Cambardella. (2002). Nitrogen management strategies to reduce nitrate
leaching in tile-drained Midwestern soils. Agronomy. Journal. 94:153-171

Dobermann, A. (2000). Rice: Nutrient disorders & nutrient management (Vol. 1).

International Rice Research Institute

Dobermann, A., and Fairhurst, T. H. (2002). Rice straw management. Better Crops
International, 16(1), 7-11.

Dogan, S., Ozen, F., and Arslan, O. (2007). Nitrogen composition during vegetative
and generative growth stages of two Origanum taxa from Turkey. Fresenius
Environmental Bulletin, 16(9B), 1232.

Elbert, W., Weber, B., Burrows, S., Steinkamp, J., Budel, B., Andreae, M. O., and
Pdschl, U. (2012). Contribution of cryptogamic covers to the global cycles of

carbon and nitrogen. Nature Geoscience, 5(7), 459-462



96

Ellen, J and Spiertz, J. H. J. (1980). Effects of rate and timing of nitrogen dressings
on grain yield formation of winter wheat (T. aestivum L.). Fertilizer
research, 1(3), 177-190.

Eriksen, A. B., Kjeldby, M., and Nilsen, S. (1985). The effect of intermittent
flooding on the growth and vyield of wetland rice and nitrogen-loss
mechanism with surface applied and deep placed urea. Plant and Soil, 84(3),
387-401.

Facon, T. (2000). Water management in rice in Asia: Some issues for the future.
Bridging The Rice Yield Gap in the Asia-Pacific Region. FAO RAP,
Bangkok, 178-200.

Fageria NK, and Baligar VC. (2005). Enhancing nitrogen use efficiency in crop
plants. Advances in Agronomy 88, 97-185. http://dx.doi.org/101016/S0065-
2113 (05)88004-6.

Fageria, N. K. (2014). Nitrogen harvest index and its association with crop yields.
Journal of plant nutrition, 37(6), 795-810.

Fageria, N. K. (2016). The use of nutrients in crop plants. CRC press.

Fageria, N. K., and Baligar, V. C. (2005). Enhancing nitrogen use efficiency in crop
plants. Advances in agronomy, 88, 97-185.

Fageria, N. K., Dos Santos, A. B and Moraes, M. F. (2010). Influence of urea and
ammonium sulfate on soil acidity indices in lowland rice production.

Communications in soil science and plant analysis, 41(13), 1565-1575.

Fageria, N. K., Moreira, A., and Coelho, A. M. (2011). Yield and yield components
of upland rice as influenced by nitrogen sources. Journal of Plant nutrition,
34(3), 361-370.

Fageria, N.K and V.C. Baligar. (2001). Lowland rice response to nitrogen
fertilization Communications in Soil Science and Plant Analysis 32: 1405—
1429.


http://dx.doi.org/101016/S0065-2113
http://dx.doi.org/101016/S0065-2113

97

Fageria, N.K., Baligar, V.C., and Jones, C.A., (1997). Growth and Mineral Nutrition
of Field Crops; 2nd Ed; Marcel Dekker: New York.

Fanning, J. C. (2000). The chemical reduction of nitrate in aqueous solution.
Coordination Chemistry Reviews, 199(1), 159-179.

FAO (2006), “World Agriculture: towards 2030/2050”. Interim Report. FAO, Rome,
Italy

FAO (2013). Analysis of incentives and disincentives for rice in Kenya -Retrieved
from
http://www.fao.org/fileadmin/templates/mafap/documents/technical_notes/K
ENYA/KENYA Technical_Note RICE_EN_Jan2013.pdf

Fao.org. (2017). International Year of Rice 2004: Rice and us. [online] Available at:
http://www.fao.org/rice2004/en/rice-us.htm [Accessed 20 Nov. 2017].

FAOSTAT. (2018). Retrieved from http://www.fao.org/faostat/en/

Farrell, M., Prendergast-Miller, M., Jones, D. L., Hill, P. W and Condron, L. M.
(2014). Soil microbial organic nitrogen uptake is regulated by carbon

availability. Soil Biology and Biochemistry, 77, 261-267.

Fathi, G., (1998). New reviewing on nutrient use efficiency (with emphasis on the
element of nitrogen). Key Articles Fourth Congress of Agronomy and Plant
Breeding, pp: 285-26

Fergusson, A. G. (1999). Grain yield and quality of malting barley (Hordeum
vulgare L.) as influenced by nitrogen (Doctoral dissertation, Lincoln
University).

Follett, R. F. (Ed.). (2012). Nitrogen management and ground water protection
(Vol. 21). Elsevier.

Fowler, D., Coyle, M., Skiba, U., Sutton, M. A., Cape, J. N., Reis, S and Virtuosic,
P. (2013). The global nitrogen cycle in the twenty-first century.

Philosophical Transactions of the Royal Society B: Biological Sciences



98

368(1621), 20130164

Foyer, C. H., and Noctor, G. (Eds.). (2006). Photosynthetic nitrogen assimilation
and associated carbon and respiratory metabolism (Vol. 12). Springer

Science & Business Media.

Fu, J. R. (2001). Effects of controlled release fertilizer on rice yield and N recovery.
Plant Nutrition and Fertilizer Science, 7(2), 145-152.

Gallais, A., Coque, M., Quilléré, 1., Prioul, J. L., and Hirel, B. (2006). Modelling
postsilking nitrogen fluxes in maize (Zea mays) using 15N-labelling field
experiments. New Phytologist, 172(4), 696-707.

Galloway, J. N., Dentener, F. J., Capone, D. G., Boyer, E. W., Howarth, R. W.,
Seitzinger, S. P., and Karl, D. M. (2004). Nitrogen cycles: past, present, and
future. Biogeochemistry, 70(2), 153-226.

Galloway, J. N., Townsend, A. R., Erisman, J. W., Bekunda, M., Cai, Z., Freney, J.
R., and Sutton, M. A. (2008). Transformation of the nitrogen cycle: recent
trends, questions, and potential solutions. Science, 320(5878), 889-892.

Garma, M. B., and Bloom, A. J. (2014). Root Strategies for Nitrate Assimilation.
Root Engineering: Basic and Applied Concepts, 40, 251.

Garnett, T., Plett, D., Heuer, S., and Okamoto, M. (2015). Genetic approaches to
enhancing nitrogen-use efficiency (NUE) in cereals: challenges and future
directions. Functional plant biology, 42(10), 921-941.

Geddes, B. A., Ryu, M. H., Mus, F., Costas, A. G., Peters, J. W., Voigt, C. A., and
Poole, P. (2015). Use of plant colonizing bacteria as chassis for transfer of N
2-fixation to cereals. Current opinion in biotechnology, 32, 216-222.

Giller, K. E., Witter, E., Corbeels, M., and Tittonell, P. (2009). Conservation
agriculture and smallholder farming in Africa: the heretics’ view. Field crops

research, 114(1), 23-34.



99

Gioseffi, E., de Neergaard, A., and Schjgrring, J. K. (2012). Interactions between
uptake of amino acids and inorganic nitrogen in wheat plants.
Biogeosciences, 9(4), 1509.

Grabowski, R. (1990). Agriculture, mechanisation and land tenure. The Journal of
Development Studies, 27(1), 43-53.

Graham, C. J., and Varco, J. J. (2017). The Effects of Stabilized Urea and Split-
Applied Nitrogen on Sunflower Yield and Oil Content. American Journal of
Plant Sciences, 8(08), 1842.

Gray, L. C. (2002). Environmental policy, land rights, and conflict: rethinking
community natural resource management programs in Burkina Faso.

Environment and Planning D: Society and Space, 20(2), 167-182.

Guo, G., Wen, Q., and Zhu, J. (2015). The impact of aging agricultural labor
population on farmland output: from the perspective of farmer preferences.
Mathematical Problems in Engineering, 2015.

Halitligil, M.B., A. Akin, N. Bilgin, Y. Deniz, K. Ogretir, B. Altmel and Y. Isik,
(2000). Effect of nitrogen fertilization on yield and nitrogen and water use
efficiencies of winter wheat (durum and bread) varieties grown under
conditions found in Central Anatolia. Biol. Fertlizer and. Soils, 31: 175-182

Halvorson, A.D., B.J. Wienhold and A.L. Black, (2002). Tillage, nitrogen, and
cropping system effects on soil carbon sequestration. Soil Science. Society.
America. Journal., 66: 906-912

Hamidi, A. and A. Dabagh Mohammadinasab,1995(a). Effects of plant density on

nitrogen

Hanke, G. U. Y. and Mulo, P. (2013). Plant type ferredoxins and
ferredoxin-dependent metabolism. Plant, cell & environment, 36(6), 1071-
1084.



100

Hasegawa, T., and Horie, T. (1997). Modelling the effect of nitrogen on rice growth
and development. In Applications of systems approaches at the field level
(pp. 243-257). Springer, Dordrecht.

Heeb, A., Lundegardh, B., Ericsson, T., and Savage, G. P. (2005). Nitrogen form
affects yield and taste of tomatoes. Journal of the Science of Food and
Agriculture, 85(8), 1405-1414.

Hoffman, B. M., Lukoyanov, D., Yang, Z. Y., Dean, D. R., and Seinfeld, L. C.
(2014). Mechanism of nitrogen fixation by nitrogenase: the next stage.
Chemical reviews, 114(8), 4041-4062.

Hokmalipour, S., and Darb, M. H. (2011). Investigation of nitrogen fertilizer levels

on dry matter remobilization of some varieties of corn (Zea mays L).

Hozhbryan, M. (2013). Effects of different levels of urea on the growth and yield of
tomato. Journal of North African Studies 2, 1031-1035.

Huggins, D. R. and W. L. Pan (2003). Key indicators for assessing nitrogen use
efficiency in cereal-based agro ecosystems. Journal of Crop Production.
8(1-2): 157-186

Ibitoye, S. J., Orebiyi, J. S., and Shaibu, U. M. (2012). Economic effect of inorganic
pesticide use on Fadama Il Rice Farming in Ibaji local government Area,
Kogi State, Nigeria. International Journal of Agric. and Rural Development,
15(2), 1063 — 1070.

International Fund for Agricultural Development. (2018). Retrieved from
https://www.ifad.org/

Igbal, A., Ali, A., Fahad, S., and Parmar, B. (2016). Nitrogen source and rate
management improve maize productivity of smallholders under semiarid

climates. Frontiers in plant science, 7, 1773.

Islam, M. T., Bhowmic, R. K., Ali, M. S., and Islam, M. R. (2012). Effects of
nitrogen on yield attributes of high yield variety aus rice. Journal of the

National Science Foundation of Sri Lanka, 25(2).



101

Jan, M. T., and Khan, S. (2000). Response of wheat yield components to type of N
fertilizer, their levels and application time. Pakistan Journal of Biological.
Sciences, 3(8), 1227-1230.

Jew, E. K. K. (2016). Rapid land use change, biodiversity and ecosystem services in
miombo woodland: Assessing the challenges for land management in south-
west Tanzania (Doctoral dissertation, University of Leeds

Jin, L., Cui, H., Li, B., Zhang, J., Dong, S., and Liu, P. (2012). Effects of integrated
agronomic management practices on vyield and nitrogen efficiency of

summer maize in North China. Field Crops Research, 134, 30-35.

Jones Jr, J. B. (1991). Kjeldahl method for nitrogen determination. Kjeldahl method

for nitrogen determination.

Jones, K. (2016). The Chemistry of Nitrogen: Pergamon Texts in Inorganic

Chemistry. Elsevier.

Kamanga, B. C., Shamudzarira, Z., and Waddington, S. R. (2001, February). On-
farm comparison of fertilizer application practices to assess nitrogen-use
efficiency with maize in Zimuto communal area, Zimbabwe. In Risk
Management Project, CIMMTY Natural Resources Group, Harare
Zimbabwe. Seventh Eastern and Southern Africa Regional Conference (pp.
519-529).

Kamekawa, K. I., Nagai, T., Sekiya, S. I., and Yoneyama, T. (1990). Nitrogen
uptake by paddy rice (Oryza sativa L.) from 15N labelled coated urea and
ammonium sulfate. Soil Science and Plant Nutrition, 36(2), 333-336.

Kayombo, S., and Jorgensen, S. (2006). Lake Victoria. Experience and Lessons
Learned Brief. International Lake Environment Committee, Lake Basin
Management Initiative. [www. ilec. or.
jp/lbmi2/reports/27_Lake Victoria_27February2006. pdf].

Kielland, K. (1994). Amino acid absorption by arctic plants: implications for plant
nutrition and nitrogen cycling. Ecology, 75(8), 2373-2383.



102

Kim, H. Y., Lieffering, M., Miura, S., Kobayashi, K., and Okada, M. (2001).
Growth and nitrogen uptake of CO2- enriched rice under field conditions.
New Phytologist, 150(2), 223-229.

Krishnakumar, S., Nagarajan, R., Natarajan, S. K., Jawahar, D., and Pandian, B. J.
(2005). NPK fertilizers for hybrid rice (Oryza sativa L.) productivity in
alfisols of southern districts of Tamil Nadu. Asian Journal of Plant Sciences,
4(6), 574-576.

Ladha, J. K., Pathak, H., Krupnik, T. J., Six, J., and van Kessel, C. (2016).
Efficiency of fertilizer nitrogen in cereal production: retrospects and
prospects. Advances in agronomy, 87, 85-156.

Lal R (2005) Soil carbon sequestration in natural and managed tropical forest
ecosystems. Journal of Sustainable Fertility 21:1-
30.d0i:10.1300/J091v21n01_01

Launio, C. C., Asis, C. A., Manalili, R. G., and Javier, E. F. (2016). Cost-
effectiveness analysis of farmers' rice straw management practices
considering CH 4 and N 2 O emissions. Journal of environmental
management, 183, 245-252.

Lea, P. J. (2014). Ammonia assimilation and amino acid biosynthesis. Techniques in
Bioproductivity and Photosynthesis, 173-187.

Leip, A., Weiss, F., Lesschen, J. P.,, and Westhoek, H. (2014). The nitrogen
footprint of food products in the European Union. The Journal of
Agricultural Science, 152(S1), 20-33.

Lian, X., Wang, S., Zhang, J., Feng, Q., Zhang, L., Fan, D., ... and Zhang, Q. (2006).
Expression profiles of 10,422 genes at early stage of low nitrogen stress in
rice assayed using a cDNA microarray. Plant molecular biology, 60(5), 617-
631.



103

Lincoln T and Z. Edvardo. (2006). Assimilation of mineral nutrition. In: Plant
physiology (4th ed.), Sinaur Associates, Inc. Publishers. P.O. Box. 407,
Sunderland. p. 705.

Linquist BA, Brouder SM, and Hill JE. (2006). Winter straw and water management
effects on soil nitrogen dynamics in California rice systems. Agronomy
Journal 98:1050-9

Liu, X., Wang, H., Zhou, J., Hu, F., Zhu, D., Chen, Z., and Liu, Y. (2016). Effect of
N Fertilization Pattern on Rice Yield, N Use Efficiency and Fertilizer—N Fate
in the Yangtze River Basin, China. PloS one, 11(11), e0166002.

Liu, Y., Wang, Y., Sheng, H., Dong, F., Zou, R., Zhao, L.,and He, B. (2014).
Quantitative evaluation of lake eutrophication responses under alternative
water diversion scenarios: a water quality modeling based statistical analysis

approach. Science of the total Environment, 468, 219-227.

Luo, J., Tillman, R. W., and Ball, P. R. (2000). Nitrogen loss through denitrification
in a soil under pasture in New Zealand. Soil Biology and Biochemistry,
32(4), 497-5009.

Mackie-Dawson, L. A., Millard, P., and Proe, M. F. (1995). The effect of nitrogen
supply on root growth and development in sycamore and Sitka spruce trees.
Forestry: An International Journal of Forest Research, 68(2), 107-114,

Magdoff, F., and Tokar, B. (2010). Agriculture and food in crisis: Conflict,
resistance, and renewal. NYU Press.

Marschner, H. (2011). Marschner’s mineral nutrition of higher plants. Vol. 89.
Marschner H. (1995). Mineral nutrition of higher plants. Academic Press. (London).

Masclaux-Daubresse, C., Daniel-Vedele, F., Dechorgnat, J., Chardon, F., Gaufichon,
L., and Suzuki, A. (2010). Nitrogen uptake, assimilation and remobilization
in plants: challenges for sustainable and productive agriculture. Annals of
botany, 105(7), 1141-1157.



104

Mason, J. (2007). Nitrogen NMR. eMagRes.

Matsumura, Y., Minowa, T., and Yamamoto, H. (2005). Amount, availability, and
potential use of rice straw (agricultural residue) biomass as an energy

resource in Japan. Biomass and Bioenergy, 29(5), 347-354.

Mohamed Hafez, E. E. D. M., and Kobata, T. (2012). The effect of different
nitrogen sources from urea and ammonium sulfate on the spikelet number in
Egyptian spring wheat cultivars on well watered pot soils. Plant Production
Science, 15(4), 332-338.

Moro, B. M., Nuhu, I. R., Ato, E., and Naathanial, B. (2015). Effect of nitrogen rates
on the growth and yield of three rice (Oryza sativa L.) varieties in rain-fed
lowland in the forest agro-ecological zone of Ghana. International Lournal
of Agricultural Science, 5(7), 878-885.

Muchow, R. C., & Davis, R. (1988). Effect of nitrogen supply on the comparative
productivity of maize and sorghum in a semi-arid tropical environment II.
Radiation interception and biomass accumulation. Field Crops Research,
18(1), 17-30.

Nahar, K., and Pan, W. L. (2015). Urea Fertilization: Effects on growth, nutrient
uptake and root development of the biodiesel plant, Castor Bean (Ricinus
communis L.). American Journal of Experimental Agriculture, 5(4), 320.

Nakandalage, N., Nicolas, M., Norton, R. M., Hirotsu, N., Milham, P. J., and
Seneweera, S. (2016). Improving rice zinc biofortification success rates
through genetic and crop management approaches in a changing

environment. Frontiers in plant science, 7, 764.

Nancharaiah, Y. V., Mohan, S. V., and Lens, P. N. L. (2016). Recent advances in
nutrient removal and recovery in biological and bioelectrochemical systems.

Bioresource technology, 215, 173-185.



105

Nguyen, M. L., Luo, J., and Quin, B. F. (2018). Isotopes to Investigate Soil Nitrogen
Transformations and Cycling in Agricultural Systems Field Crops Research,
19(1), 17-30.

Nilssen, J. P. (1984). Tropical lakes—functional ecology and future development:.
The need for a process-orientated approach. Hydrobiologia, 113(1), 231-242.

Noor, M. A. (2017). Nitrogen management and regulation for optimum NUE in
maize—A mini review. Cogent Food & Agriculture, 3(1), 1348214,

O’Mara FP (2011) The significance of livestock as a contributor to global
greenhouse gas emissions today and in the near future. Animal Feed Science
and Technology 166-167:7—15. doi:10.1016/j.anifeedsci.2011.04.074

OECD. (2008). Environmental Performance of Agriculture in OECD Countries
since 1990. ISBN 978-92-64-04092-2.

Ojiewo, C., Kubo, Y, Murakami, K. and Masuda, M. (2010). Comparative analysis
of differential gene expression in wild type and 12C5+ ion beam induced
abnormal flower mutant of Solanum villosum by tomato cDNA macroarray.

International Journal for Plant Developmental Biology 4, pg. 1-7

Osman, M. E. M., and El Naeim, A. (2006). Effect of time and split application of
nitrogen on bulb yield of onion at Kassala. Soil Science and Plant Nutrition,
41(4), 709-719.

Ozkan, A. (2007). Effects of different nitrogen levels on grain yields, agricultural
properties and some quality parameters of two popcorn (Zea mays everta

Sturt.) cultivars under Cukurova conditions.

Pan, Y., Tian, S., Liu, D., Fang, Y., Zhu, X., Zhang, Q., ... and Wang, Y. (2016).
Fossil fuel combustion-related emissions dominate atmospheric ammonia
sources during severe haze episodes: Evidence from 15N-stable isotope in
size-resolved aerosol ammonium. Environmental science & technology,
50(15), 8049-8056.


https://doi.org/10.1016/j.anifeedsci.2011.04.074

106

Parsons, L. L., Murray, R. E., and Smith, M. S. (1991). Soil denitrification
dynamics: spatial and temporal variations of enzyme activity, populations,

and nitrogen gas loss. Soil Science Society of America journal (USA).

Pelletier, N., and Leip, A. (2014). Quantifying anthropogenic mobilization, flows (in
product systems) and emissions of fixed nitrogen in process-based
environmental life cycle assessment: rationale, methods and application to a
life cycle inventory. The International Journal of Life Cycle Assessment,
19(1), 166-173.

Peng, S., Garcia, F. V., Laza, R. C., Sanico, A. L., Visperas, R. M., & Cassman, K.
G. (1996). Increased N-use efficiency using a chlorophyll meter on high-
yielding irrigated rice. Field Crops Research, 47(2-3), 243-252.

Phongpan, S., Vacharotayan, S., and Kumazawa, K. (1988). Efficiency of urea and
ammonium sulfate for wetland rice grown on an acid sulfate soil as affected

by rate and time of application. Fertilizer research, 15(3), 237-246.

Pinheiro, C., Chaves, M. M., and Ricardo, C. P. (2001). Alterations in carbon and
nitrogen metabolism induced by water deficit in the stems and leaves of
Lupinus albus L. Journal of Experimental Botany, 52(358), 1063-1070.

Qsaki, M., Shirai, J., Shinano, T., and Tadano, T. (1995). Effects of ammonium and
nitrate assimilation on the growth and tuber swelling of potato plants. Soil
Science and Plant Nutrition, 41(4), 709-7109.

Quayle, W. C. (2016). Alternative management of rice straw.

Quemada, M., and Gabriel, J. L. (2016). Approaches for increasing nitrogen and

water use efficiency simultaneously. Global Food Security, 9, 29-35.

Rahimizadeh, M., A. Kashani, A.Z. Feizabadi, A.R. kooocheki and M.N. Mahallati,
(2010). Nitrogen use efficiency of wheat as affected by preceding crop,
application rate of nitrogen and crop residues. Australia. Journal of Crop
Science. 4: 363-368



107

Raun, W. R. and G. V. Johnson (1999). Improving nitrogen use efficiency for cereal
production. Agronomy. Journal. 91: 357-363

Ray, D. K., Mueller, N. D., West, P. C., and Foley, J. A. (2013). Yield trends are
insufficient to double global crop production by 2050. PloS one, 8(6),
e66428.

Richards, J. E., Sheppard, S. C., and Bates, T. E. (1983). Nitrogen fertilization of
land continuously cropped to corn (Zea mays L.). Canadian journal of soil
science, 63(3), 547-556.

Rose, T. J., Quin, P., Morris, S. G., Kearney, L. J., Kimber, S., Rose, M. T., and Van
Zwieten, L. (2018). No evidence for higher agronomic N use efficiency or
lower nitrous oxide emissions from enhanced efficiency fertilisers in aerobic

subtropical rice. Field Crops Research, 225, 47-54.

Rosmiza, M. Z., Davies, W. P., Mazdi, M., and Jabil, M. J. (2017). Farmers’
knowledge on potential uses of rice straw: an assessment in MADA and
Sekinchan, Malaysia. Geografia-Malaysian Journal of Society and Space,
10(5).

Rowe, H., Withers, P. J., Baas, P., Chan, N. I., Doody, D., Holiman, J., ... and
Sharpley, A. N. (2016). Integrating legacy soil phosphorus into sustainable
nutrient management strategies for future food, bioenergy and water security.

Nutrient cycling in agroecosystems, 104(3), 393-412.

Ruan, J., Gerendas, J., Hardter, R., and Sattelmacher, B. (2007). Effect of root zone
pH and form and concentration of nitrogen on accumulation of
quality-related components in green tea. Journal of the Science of Food and
Agriculture, 87(8), 1505-1516.

Russell, A. E., D. A. Laird, and A. P. Mallarino (2006). Nitrogen fertilization and
cropping system impacts on soil quality in Midwestern Mollisols. Soil
Science Society American Journal. 70:2 49-255.



108

Russo S., Raso G., Ferraris G. (1991). Effects of late application of nitrogen on rice
varieties (Oryza sativa, L.) with different growth. I. Biomorphological and

productive variations. Journal of Agronomy, 4: 45-504.

Sabbagh, E., Daneshian, J., Zadeh, S. S., Abadi, S. K. S. S., and Fanaei, H. R.
(2015, January). Influence of Super Absorbent, Drought Stress and Nitrogen
Fertilizer on some Characteristic of Trachyspermum ammi. In Biological
Forum (Vol. 7, No. 1, p. 1023). Research Trend.

Saberioon, M. M., Amin, M. S. M., and Gholizadeh, A. (2012). Estimation Of
Nitrogen Of Rice In Different Growth Stages Using Tetracam Agriculture
Digital Camera. In 1th International Conference on Precision Agriculture
(11th ICPA).

Sabir, S., Bakht, J., and Shafi, M. (2002). Effect of foliar vs. broadcast application of
different doses of nitrogen on wheat. Asian Journal of Plant Sciences.

Samonte, . Wilson, J. C. Medley, S. R. M. Pinson, A. M. Mc- Clung, and Lales J.S.
(2006). Nitrogen utilization efficiency: relationships with grain yield, grain

protein, and yield-related traits in rice. Agronomy Journal 98: 168-176.

Sandoval Contreras, H. A., Ribeiro Barzan, R., Sandoval Contreras, M., and
Rodrigues Brito, O. (2017). Growth, yield and agronomic efficiency of rice
(Oryza sativa L.) cv. IAPAR 117 affected by nitrogen rates and sources. Acta
Agronomica, 66(4).

Santi, C., Bogusz, D., and Franche, C. (2013). Biological nitrogen fixation in non-
legume plants. Annals of botany, 111(5), 743-767.

Sarker, J. R., Singh, B. P., He, X., Fang, Y., Li, G. D., Collins, D., and Cowie, A. L.
(2017). Tillage and nitrogen fertilization enhanced belowground carbon
allocation and plant nitrogen uptake in a semi-arid canola crop-soil system.
Scientific Reports, 7(1), 10726.

Schippers, R.R., (2002). African indigenous vegetables, an overview of the

cultivated species. Chatham, UK. Natural Resources Institute /ACP-EU



109

Technical Centre for Agricultural and rural Cooperation.

Schlegel, A. J.,, Dhuyvetter, K. C., and Havlin, J. L. (1996). Economic and
environmental impacts of long term nitrogen and phosphorus fertilization.
Journal of Production. Agriculture. 9:114-118.

Schlesinger, W., Reckhow, K., and Bernhardt, E. (2006). Global change: The
nitrogen cycle and rivers. Water Resources Research, 42(3), n/a-n/a.
http://dx.doi.org/10.1029/2005wr004300

Seck, P. A., Diagne, A., Mohanty, S., and Wopereis, M. C. (2012). Crops that feed
the world 7: Rice. Food Security, 4(1), 7-24.

Setyanto, P., Rosenani, A., Boer, R., Fauziah, C. and Khanif, M. (2016). The effect
of rice cultivars on methane emission from irrigated rice field. Indonesian

Journal of Agricultural Science, 5(1), p.20.

Shah, M. S., Kewat, M. L., and Kushwaha, H. S. (2017). Synchronizing nitrogen
and potassium supply with crop demand to boost seed cotton yield, nutrient
uptake and fertility balance of Bt cotton hybrid (NSPL-999). Crop Research
(0970-4884), 52(6).

Shaiful, I. M., Hasanuzzaman, M., Rokonuzzaman, M., and Nahar, K. (2009). Effect
of split application of nitrogen fertilizer on morphophysiological parameters
of rice genotypes.

Shibata, H., Galloway, J. N., Leach, A. M., Cattaneo, L. R., Noll, L. C., Erisman, J.
W., ... and Dalgaard, T. (2017). Nitrogen footprints: Regional realities and
options to reduce nitrogen loss to the environment. Ambio, 46(2), 129-142.

Shimono, H., Fujimura, S., Nishimura, T., and Hasegawa, T. (2012). Nitrogen
uptake by rice (Oryza sativa L.) exposed to low water temperatures at
different growth stages. Journal of agronomy and crop science, 198(2), 145-
151.

Shubhashree, K. S., Raveendra, H. R., Ravishankar, C. R., and Madhusudan, K.
(2017). Response of finger millet to urea-DAP briquette application under



110

irrigated conditions of Mandya. Environment and Ecology, 35(3), 1669-
1672.

Smith, P., Martino, D., Cai, Z., Gwary, D., Janzen, H., Kumar, P., ... and Scholes, B.
(2008). Greenhouse gas mitigation in agriculture. Philosophical transactions
of the royal Society B: Biological Sciences, 363(1492), 789-813.

Supaporn, P., Kobayashi, T., and Supawadee, C. (2013). Factors affecting farmers’
decisions on utilization of rice straw compost in Northeastern Thailand.
Journal of Agriculture and Rural Development in the Tropics and Subtropics
(JARTS), 114(1), 21-27.

Tana, T., Dalga, D., and Sharma, J. J. (2015). Effect of weed management methods
and nitrogen fertilizer rates on grain yield and nitrogen use efficiency of
bread wheat (Triticum aestivum L.) in southern Ethiopia. East African
Journal of Sciences, 9(1), 15-30.

Tchiaze, A. I, D TAFFOUO, V., Fankem, H., Kenne, M., Baziramakenga, R.,
Ekodeck, G. E., and Antoun, H. (2016). Influence of Nitrogen Sources and
Plant Growth-Promoting Rhizobacteria Inoculation on Growth, Crude Fiber
and Nutrient Uptake in Squash. Notulae Botanicae Horti Agrobotanici Cluj-
Napoca, 44(1), 53.

Thomas, G.A., R.C. Dalal, E.J. Weston, C.J. Holmes, A.J. King, D.N. Orange and
K.J. Lehane, (2007). Zero tillage and nitrogen fertilizer application in wheat
and barley on a vertosol in a marginal cropping area of south—west

Queensland. Australian Journal. Experimental. Agriculture, 47: 965-975

Thuy, N., H. Shan, Y. B. Singh, K. Wang, Z. Cai, Y. Singh, and R. J. Buresh (2008).
Nitrogen supply in rice-based cropping systems as affected by crop residue

management. Soil Science Society of America Journal 72: 514-523.

Tilman, D., Cassman, K. G., Matson, P. A., Naylor, R., and Polasky, S. (2002).
Agricultural sustainability and intensive production practices. Nature,
418(6898), 671.



111

Tischner, R. (2000). Nitrate uptake and reduction in higher and lower plants. Plant
Cell Environment. 23:1005— 1024.

Tollenaar M., D.E. McCullough and L.M. Dwyer. 1994. Physiological basis of the
genetic improvement of field crops. (Ed. G. A. Slafe) Marcel and Dekker
Inc. New York. pp. 183-236.

Uscola, M., Villar-Salvador, P., Oliet, J., and Warren, C. R. (2014). Foliar
absorption and root translocation of nitrogen from different chemical forms
in seedlings of two Mediterranean trees. Environmental and experimental
botany, 104, 34-43.

Varvel, G. E., & Peterson, T. A. (1990). Nitrogen fertilizer recovery by corn in

monoculture and rotation systems. Agronomy Journal, 82(5), 935-938.

Vos, J. (1999). Split nitrogen application in potato: effects on accumulation of
nitrogen and dry matter in the crop and on the soil nitrogen budget. The
Journal of Agricultural Science, 133(3), 263-274.

Wang HY, Zhou JM. (2014). Calculation of real fertilizer use efficiency and

discussion on fertilization strategies. Acta Pedologica Sinica. 51(2):10-9.

Wani, S. A., Qayoom, S., Bhat, M. A,, Lone, B. A., and Nazir, A. (2016). Influence
of sowing dates and nitrogen levels on growth, yield and quality of scented
rice cv. Pusa Sugandh-3 in Kashmir valley. Journal of Applied and Natural
Science, 8(3), 1704-1709

Warren, C. R. (2014). Organic N molecules in the soil solution: what is known, what
is unknown and the path forwards. Plant and Soil, 375(1-2), 1-109.

Wijnhoud, J. D., Konboon, Y., and Lefroy, R. D. (2003). Nutrient budgets:
sustainability assessment of rainfed lowland rice-based systems in northeast
Thailand. Agriculture, Ecosystems & Environment, 100(2), 119-127.

Wortmann, C. S., Shapiro, C. A., and Schmer, M. R. (2016). Residue harvest effects
on irrigated, no-till corn yield and nitrogen response. Agronomy Journal,
108(1), 384-390.



112

Wu, L., Chen, X., Cui, Z., Wang, G., and Zhang, W. (2015). Improving nitrogen
management via a regional management plan for Chinese rice production.
Environmental Research Letters, 10(9), 095011.

Yang, W. H., Weber, K. A, and Silver, W. L. (2012). Nitrogen loss from soil
through anaerobic ammonium oxidation coupled to iron reduction. Nature
Geoscience, 5(8), 538-541.

Ye, Y., Liang, X., Chen, Y., Li, L., Ji, Y., and Zhu, C. (2014). Carbon, nitrogen and
phosphorus accumulation and partitioning, and C: N: P stoichiometry in late-
season rice under different water and nitrogen managements. PloS one, 9(7),
e101776.

Yesuf, E., and Balcha, A. (2014). Effect of nitrogen application on grain yield and
nitrogen efficiency of rice (Oryza sativa L.). Asian Journal of Crop Science,
6(3), 273-280.

Yin, H., Zhao, W., Li, T., Cheng, X., and Liu, Q. (2017). Balancing straw returning
and chemical fertilizers in China; Role of straw nutrient

resources. Renewable and Sustainable Energy Reviews.

Ying, H. K., and Joiner, J. N. (1960). The effect of sources and levels of nitrogen on
the growth and flowering of potted chrysanthemums. In Proceedings of the
Florida State Horticultural Society (Vol. 73, pp. 401-4).

Ying, J., Peng, S., Yang, G., Zhou, N., Visperas, R. M., & Cassman, K. G. (1998).
Comparison of high-yield rice in tropical and subtropical environments: II.
Nitrogen accumulation and utilization efficiency. Field Crops Research,
57(1), 85-93.

Yoneyama, T., Tanno, F., Tatsumi, J., and Mae, T. (2016). Whole-plant dynamic
system of nitrogen use for vegetative growth and grain filling in rice plants
(Oryza sativa L.) as revealed through the production of 350 Grains from a
germinated seed over 150 days: a review and synthesis. Frontiers in plant
science, 7, 1151.



113

Yosef Tabar, S. (2012). Effect of Nitrogen and Phosphorus Fertilizer on Growth and
Yield Rice (Oryza Sativa L). International journal of agronomy and Plant
Production, 3(12), 579-584.

Yuan, Z. Y., Li, L. H,, Han, X. G., Chen, S. P.,, Wang, Z. W., Chen, Q. S., and Bali,
W. M. (2006). Nitrogen response efficiency increased monotonically with
decreasing soil resource availability: a case study from a semiarid grassland
in northern China. Oecologia, 148(4), 564-572.

Zhao, X., Wang, S., and Xing, G. (2015). Maintaining rice yield and reducing N
pollution by substituting winter legume for wheat in a heavily-fertilized rice-
based cropping system of southeast China. Agriculture, Ecosystems &
Environment, 202, 79-89.

Zhou, W., Lv, T., Yang, Z., Wang, T., Fu, Y., Chen, Y., ... and Ren, W. (2017).
Morphophysiological mechanism of rice yield increase in response to
optimized nitrogen management. Scientific reports, 7(1), 17226.

Zhu, D. W., Zhang, H. C., Guo, B. W., Ke, X., Dai, Q. G., Wei, H. Y., ... and Huo,
Z. Y. (2017). Effects of nitrogen level on yield and quality of japonica soft
super rice. Journal of integrative agriculture, 16(5), 1018-1027.

Zuliang, S., L. Dandan, J. Qi, C. Jian, J. Dong, C. Weixing, and D. Tingbo (2012).
Effects of nitrogen applications on soil nitrogen balance and nitrogen
utilization of winter wheat in a rice-wheat rotation. Field Crops Research.
127: 241- 247.



114

Appendices

Appendix 1: Study Questionnaire for rice farmers

Objectives of the questionnaire
1. To evaluate nitrogen use, application and management methods adopted by rice
farmers in both Kisumu and Siaya.

Interview data (to be filled — in by the interviewer)

Name of interviewer

Duration of the interview (min)

Interview date

Interviewee gender Male Female
. —

— —

Personal details (farmer)

Farmers name (optional):

Age: 20-30 (1) 30-40 (2) 40-50 (3) 50-60 (4) 60-100 (5)
County:
GPS coordinates:

Education level: primary-1, secondary-2, college- 3, and none-4

B 1. Which different rice varieties do you grow in this region?

B 1.1 why do you prefer the variety?
@) Affordable

(b) Commonly used in the region
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(c) Particular seed characteristics

(d) High yielding

B2. How many years of experience do you have in rice production?

B3. How have been the returns from production? (A)High (b) moderate (c) low

B4: what is the size of your field is under rice production?

@ 0-5 acres

(b) 6- 10 acres

(c) Above 10

B5. How many bags of rice do you produce per season?

B6. How often do you irrigate your field? A once a week, (b) twice a week, (c)

thrice a week (d) every day



B7.Do you use nitrogen fertilizers for production of rice Yes-1, No- A5.1? If NO,

why?

B7.1. If Yes. Which time of planting do you apply the fertilizers in the rice fields

B 7.2. Do you top-dress your rice (a) Yes (b) No

B 7.3 If YES, which form do you use?

B 7. 4. If yes at what stage (a) vegetative (b) Flowering — this similar question
should be clearly asked in part 1 above.

B 7.5 If No, why

B 7.6 what is the sources of the N fertilizers you use in your farm?
B8. What is the rate of fertilization do you use in the field?

@) 40 kg/ha

(b)  50kg/ha

(©) 60 kg/ ha

(d) Not sure

B9. How many seasons of rice do you have in a year? (1) or (2)

B9.1 If two do you use fertilizers during both season

why

B 10. Which method of fertilizer application do you use (1) full dose (2) split.
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B 10.1.Give a reason for each method of use (a)

(b)

B11. What is the source of N used in production? (a) Commercial purchase (b)

given by the board

B12. What is your annual budget for fertilizers N?

B13. Do you have any other source of agricultural income apart from rice?

B: 13.1 If yes, which are they (a) livestock, (b) employed, (c) business

B: 14. What are the key challenges that you encounter in production of rice (a)
accessibility of seeds and fertilizers, (b) shortage of irrigation water, (c) marketing
(d)

B: 15. Are you aware of nutrient pollution?

B 16: Are you aware of nitrogen losses mechanism such as leaching, or emissions
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Appendix 2: Mean Root dry weight as affected by sources and levels of N and
methods of application in Mwea and Ahero study site

N kg/ha VS RS RS

Control 1.54a 2.98a 15.17a
Ursp25 1.55a 3.25a 17.88a
Ursp50 1.62a 4.91a 17.16a
Urf25 1.97a 4.21a 21.28a
Urf50 2.43a 4.71a 21.46a
Assp25 0.97 4.92a 27.72a
Assp50 1.22a 3.63a 17.50a
Asf25 1.49a 3.63a 26.43a
Asf50 1.22a 4.11a 24.59a

LSD 0.93 2.16 12.60
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Appendix 3: Mean grain yield as affected by N sources, levels and method of
application in Mwea study site

N rates kgha’  Yield kgha™

Control 657a
Ursp25 828a
Ursp50 877a
Urf25 729
Urf50 742a
Assp25 757a
Assp50 800a
Asf25 757a
Asf50 770a
LSD 204

Appendix 4: Control N partitioning percentage in Mwea and Ahero at
vegetative stage
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Appendix 5: Control N partitioning percentage in Mwea and Ahero at
reproductive stage
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Appendix 6: Control N partitioning percentage in Mwea and Ahero at
harvesting stage
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