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ABSTRACT

Low crop yields in Sub Saharan Africa (SSA) are as a result of declining soil fertility. Most
farmers rely on nutrient recycling in their farms which is not sustainable as it leaves the soils
depleted of nutrients. Consequently, this study was conducted to assess the limiting nutrients
in soils of major farming regions in Kenya and to assess the effect of applied nutrients on the
growth and development of maize. Thirteen counties in Kenya were selected whereby a total
of 23 soil samples at a soil depth of 0 to 30 cm were collected for soil analysis of total nitrogen,
total organic carbon, phosphorus, potassium, calcium, magnesium, manganese, copper, iron,
zinc, sodium, electrical conductivity, cation exchange capacity (CEC), base saturation and soil
pH had mean values were of 0.12%, 1.12, 19.09, 220.43, 1397.39, 163.98, 120, 52, 3.95, 52.78,
1.86, 92.80 mg kg*, 0.11mS/c, 11.98 Cmol (+)/kg, 83.13% and, 5.96, respectively. A nutrient
omission trial was set up in the greenhouse at the Kenya Agricultural and Livestock Research
Organization (KALRO) Kabete using a completely randomized design. This study had a total
of 12 treatments as follows; complete (all macro and micro nutrients added), complete plus
lime added, five treatments in which one macro nutrient was removed from the solution of
nutrients, another treatment in which micro-nutrient mixture was eliminated from the solution
of nutrients, a similar treatment with each of the micro nutrients except zinc, the other with all
micronutrients except boron, one treatment with all the micro nutrients except molybdenum
and one control (distilled water only). In majority of the soils, significantly (P<0.05) higher
shoot dry weights were observed in the complete treatment than in the treatments with fewer
nutrient elements. The results showed that poor maize growth was mainly due to deficiencies
of nitrogen, phosphorus and zinc. Potassium was mainly deficient in western Kenya. Addition
of these nutrients improved the yield in majority of the soils. The inherent low soil fertility
was correlated with low dry matter yields implying that farmers in areas with declining soil
fertility will continue to obtain low crop yields unless organic or inorganic fertilizers are

X



included in management. Rapid assessment of soil fertility is necessary for tailored soil fertility
interventions in most regions of Kenya, to achieve household food security. Meaningful maize
yields can only be obtained with soil fertility interventions incorporating all the limiting
nutrients in a specific region. Further research is needed to correlate and calibrate the plant
availability of macronutrients and micronutrients in laboratory, greenhouse, and field trials for

site specific smart fertilizer recommendations in Kenya.
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CHAPTER ONE: INTRODUCTION

1.1 Background information

The agriculture sector plays a vital role in Kenya’s rural economy, contributing 26% of the
Gross Domestic Product (GDP) directly, and 27% of GDP indirectly through linkages with
other sectors. Over 40% of the total population and more than 70% of Kenya’s rural population
derive their employment from agriculture, with the sector accounting for 65% of Kenya’s
export earnings. It provides a source of livelihood (employment, income, and food security
needs) for more than 80% of the Kenyan population while contributing to improved nutrition

by producing safe, diverse, and nutrient-dense foods (KNBS,2021).

Maize in Kenya is considered the main staple food which is in about 40% of cultivated area
and responsible for a 2.4% of Kenya’s GDP whereby 12.65% is from agricultural GDP. Its
production and productivity are below the world average but maize remains the most food
source in Kenya’s economy (Naseem et al., 2018). Most of this maize is grown in small holder
farms accounting to approximately 75% of all maize produced in Kenya. According to Kamoni
et al. (2013), factors such as poor soil fertility, pests and diseases and farm-inputs unavailability

limit the optimal production of maize.

A challenge of poor soil fertility in SSA responsible for depressing yield among small scale
farmers had been reported by Muthaura et al. (2017) Maize productivity grown in different soil
types were shown to be enhanced by use of fertilizers.(Ngome et al. 2013). SSA has a lowest
fertilizer application of about 8 kg/ha which was equivalent to 10% global average as per 2002
(K. etal., 2012). High prices of fertilizers have made it difficult for most small holder farmers

to use them for crop production (Bumb et al., 2011).



Soils in SSA have shown to be spatially heterogeneous (Zingore et al.,2007; Vanlauwe et al.,
2006; Wopereis et al., 2006) and therefore soil fertility recommendations should be site specific
and should target niches of highest crop responsiveness in heterogeneous farms (Zingore et al.,

2007).

Site specific fertilizer recommendations requires soil tests and nutrient omission and
optimization trials that can pinpoint the most limiting soil nutrients and establish fertilizer
recommendations specific to the sites (Stockdale et al., 2013). However, in most farms,

knowledge of limiting soil nutrients is lacking (Kamoni et al., 2013).

1.2 Problem statement
In Kenya, approximately 85% of the cereal production is maize. There was over 550,000 metric

tons (MT) of maize production drop between 2020 and 2021 which was contributed by factors
such as high cost of fertilizers (resulting in lower application rates) and drought (WFP, 2022).
The majority of soils in SSA have poor fertility following continuous crop nutrient-mining
without replenishment and amendments of fertilizers. (Jones, 2013). In Kenya there has been
a declining nutrient stock whereby outputs exceed inputs resulting in acidification of soil,

Gicheru and Kimigo (2012).

Between 2021 and 2022, the level of poor soil fertility was approximately 70% in most
smallholder farms in Kenya which could be mitigated through fertilizers application (WFP
2022). The high prices of fertilizers have made it difficult for most smallholder farmers to
purchase imported fertilizers (Bumb et al., 2011). However, farmers should not apply fertilizers
without testing their soils. There is need to assess the capacity at which nutrients are supplied
by the soil by carrying out a soil test, as a vital initial step in the development of useful systems
of managing crop production, minimizing runoff and leaching of excess fertilizers and precise

fertilizer application (Khan Hashim, 2018).



1.3 Justification
The ever-increasing population growth and food demands requires sustainable crop production

practices. Some farmers are overusing incorrect subsidized fertilizers leading to soil acidity. A
challenge of soil acidification, which limits the availability of some nutrients, has previously
been reported by Kanyanjua et al. (2002) to be dominant within Western, Eastern, Rift Valley,
and Central regions of Kenya. Farmers therefore need to test their soils so as to establish the
nutrient needs of the soil and, subsequently, apply the right fertilizer regimes that would

increase maize production.

1.4 The Objectives of the Study
1. To evaluate the nutrient status of soils in coastal, eastern, rift valley and Western parts of

Kenya
2. To determine the nutrient limitations for maize production in soils from coastal, eastern,

rift valley and western parts of Kenya and give potential fertilizer recommendations.

1.5 Hypotheses

i) Soils from coastal, eastern, rift valley and western parts of Kenya have varying nutrient

levels.

ii) Soils from coastal, eastern, rift valley and western parts of Kenya have low nutrient levels.



CHAPTER TWO: LITERATURE REVIEW

2.1 Importance of agriculture and maize production in Kenya
Agriculture in Kenya contributes immensely to the provision of employment and the economy

growth. For instance, agriculture sector contributed approximately 21.9% of gross domestic
product (GDP) whereby 56% were from labor force employed in agriculture as indicated by
the 19" Kenya Economic Update report between 2013 to 2017. The countries exports are
majorly dependent on agriculture, accounting to 65% of merchandise exports in 2017. In
parallel to the Kenya Big Four Development Agenda, the agriculture sector aims at a 100%
food and nutritional security for all Kenyans by 2022 (World Bank, 2019). Additionally,
agriculture had reduced rural poverty by 31.4% by acting as the largest source of income

(World Bank, 2019).

Production of maize which is considered the main staple food is under 40% of the cultivated
area and contributes to 2.4% and 12.65% of Kenya’s GDP and agricultural GDP, respectively
(FAO, 2016). Highest maize production of over 75% is from small scale farmers, however, it
is only 20% of the production that is availed in the market (Chemonics, 2010).
Kenya had a highest per capita maize consumption of 103 kg/person/yr (average for 2012-
2014) compared to 73 kg/person/yr, 52 kg/person/yr and 31kg/person/yr for Tanzania, Ethiopia
and Uganda, respectively (FAO,2016). Maize productivity and production growth rates in
Kenya are below the global average but remains the most important source of food and

economy growth (FAO, 2016).

Nationally, maize production has faced a decline over time from about 34 million bags to 25
million bags in the year 2008. At the same time the involvement of the government in terms of
expenditure on agriculture has demoralized many farmers (Oluoch-Kosura, 2011). As a result,
economic stagnation and increase in poverty levels have been the notion which is brought about

by inefficiency in production and marketing of maize (USAID, 2011).



2.2 Soil fertility status in Sub Saharan Africa
Fertile soils have been reported to contribute to an increase in the productivity of our farming

systems that result in food and nutrition security., income generation and alleviation (Heger et
al., 2018). According to Jones (2013), continues years of crop nutrient-mining without
fertilization and amendments result into poor soil fertility in SSA. Soils in SSA are depleted of
nutrients making it difficult to feed the current population, with 236.5 million people
undernourished. (FAQ, 2017). In SSA, a total of 25% of its productive lands had been heavily
degraded due to continuous loss of soil nutrients and organic carbon (Jones et al., 2013). Over
the last half century, there was a decrease in yields due to poor soil fertility among SSA
cultivated lands (Sanchez 2015; Pradhan et al., 2015). Decline of soil fertility is one of the most
serious problems, which has been debatable in the development of sedentary agricultural
system for almost a millennium (Hartemink, 2003). According to Herrmann et al. (2014), over
22 kg, 2,5kg and 15kg of nitrogen (N), phosphorus (P) and potassium (K) are annually removed
from cultivated land by crops leading to poor soil fertility since there are no soil nutrition

remedies.

In numerous research projects and policy documents, issues related to soil fertility have been
alarming in Kenya. Soil fertility is among the bio-physical constraints facing food security in
SSA (Sanchez et al., 1997). Varying proportions of soils in SSA have high erodibility and low
retention of moisture, low nutrient contents and poor organic matter. This has resulted into a
decline in the crop yields, poor physical properties of the soil such as reduced aggregation of
the soil, higher bulk density and low infiltration of water into the soil, and reduced vegetation

cover and biodiversity (Swift et al., 2004; Onduru et al., 2006).

Nitrogen and phosphorus annual net losses in the East African Highlands were estimated to be

42 kg ha' and 3 kg ha?, respectively, between 1982 and 1984 (Stroorvogel et al., 1993).



Phosphorus losses are very high, ranging between 8 kg ha* and 13 kg ha* (Smaling, 1993).
All these nutrient losses are due to denitrification, water erosion, leaching and crop harvest.

The outputs of the ‘Green Revolution’ that advocated for improved plant genetics through
biotechnology and advancements in agricultural technologies are limited owing to poor soil
fertility among smallholder farmers. With poor soil fertility, efforts in investments on cropping

systems in SSA translates to 30% of potential yields (Mueller et al., 2012).

2.3 Importance of macro and micronutrients in plants
Fertilizer use is important in achieving increased yield. (Stewart, 2022). Crop yield increased

to at least 50% due to fertilizer application in the 20th century. In instances where there is no
nitrogen fertilizer application, Yousaf et al. (2017) showed a decrease of 40% and 40-57% in
corn and wheat yields. Plant nutrients are important for better yield, increase in size and
complexity, they can either be general compounds or chemical elements. They also help in
metabolism and external activities (He and Yang, 2007). Macronutrients are needed in huge
amounts by plants for survival because of the various metabolic processes they take place in.
The macronutrients essential to plants are nitrogen, potassium, phosphorous, magnesium,
calcium, and Sulphur. These nutrients assist in increasing the quality, growth and yield of

various crops (Morgan and Connolly, 2013).

Micronutrients protect plants from several abiotic and biotic species including the stresses of
UV radiation, heavy metals, heat, diseases and insect pest attacks as well as drought (Shanker
and Venkateswarlu, 2011; Rowley et al., 2012; Morgan and Connolly, 2013). Micronutrients
are used in small quantities by plants. They are essential in plant growth, as their application
increases quality and yielding of agricultural products. Copper, zinc, manganese, iron and
boron are among the essential micronutrients for plant growth (Singh, 2004; Rengel, 2007; Gao

et al, 2008).



2.3.1 Nitrogen
Nitrogen (N) in plants is an essential nutrient for maize and a key determinant of grain yield

particularly through its role in proteins and chlorophyll biosynthesis and mediates several
major metabolic pathways of plant biochemistry (Basso and Ceretta, 2000; Sangoi et al., 2008)
It participates in several major metabolic pathways of plant biochemistry (Andrade et al.,
2003). An increase in nitrogen application resulted into an increase in growth and development
of most cereals, however, with the same application result to a decrease in grain yield in most
legumes (Gaudin et al., 2014) Nitrogen has shown to improve maize yields when applied at
appropriate phenological stages. Continuous intensive farming without either soil fertilization

or soil amendments and leaching led to poor soil fertility (Bayer et al., 2006)

2.3.2 Phosphorus
Phosphorus (P) is important in several plant metabolic processes such as growth and

development, photosynthesis and nucleus formation and cell division. P deficiency tends to
inhibit or prevent shoot growth. (Annaheim et al., 2015). Application of water-soluble mineral
P has a higher efficiency than P supplied through organic fertilizers. There is limited
mechanization in fertilizer application, however, fertilizers to enhance phosphorous are largely
applied using band placement. For instance, in wheat, integration of field-to-field variability
with site-specific nutrient management strategies were shown to have a potential in increasing
fertilizer use efficiency (Jat et al., 2014). Energy from photosynthesis and metabolism is stored

in phosphate compounds for later use for growth and development of maize (Ayub et al., 2002)

2.3.3 Potassium
Potassium (K) is considered as most ambient macronutrient required for proper maize growth,

development, and sustainable yield (Bukhsh et al., 2012). Fan et al. (2014) reported an increase
in SOC concentrations and maintaining high crop yields following incorporation of manure

with NPK inorganic fertilizers.



2.3.4 Calcium
Calcium is important in the mediation of enzyme activation, osmotic regulation, and activation

of K during transpiration in plants (Hepler, 2005). Calcium in combination with magnesium in

lime can control soil acidification and sustainable use of agro-chemicals (Branca et al., 2013).

2.3.5 Magnesium
Magnesium is important in enhancing photosynthesis, whereby its optimal amounts with other

minerals such as phosphorous, nitrogen and potassium are responsible in increase in plant
growth and development (Randhawa and Arora, 2000). Using N for an extended period of time
decreases magnesium (Mg?*), and potassium (K*) levels, exchangeable calcium (Ca2+), and

cation exchange capacity (CEC) (Jagadamma et al., 2008).

2.3.6 Iron, manganese, copper, zinc, boron and molybdenum
Manganese and copper are important components in the chlorophyll formation, however, their

deficiency results into yellowing of plant tissue. Zinc, boron, and molybdenum are each
involved in protein formation, while Iron is essential for many important enzymes such as
cytochrome which is part of electron transport chain, synthesis of chlorophyll, maintenance of

chloroplast structure, and enzyme activity (Yadegari, 2014; Eskandari., 2011; Mamatha, 2007).

2.4 Importance of soil testing and fertilizer use
A sound nutrient management program should be planned through a soil test to determine the

fertility and pH levels. A soil test is important for optimizing production of crops, to protect
the surrounding from being contaminated by runoff and leaching. SSA is characterized by low
use of fertilizers (IFDC, 2006). In SSA fertilizers are ever increasing in prices; therefore, most
farmers cannot afford them (Sanchez et al., 1997). The high-cost fertilizers result to its low use
by most small-scale farmers (Bumb et al., 2011) and this has contributed to the heterogeneity

in farms as most farmers do not apply the fertilizers as recommended; most of them under

apply.



Nourishment of crops, being an important practice in obtaining high yields and good-quality
products in large-scale agricultural strategies (FAO, 2011), makes fertilizers a guaranteed
requirement for obtaining good yields. Excessive addition of fertilizers leads to pollution of
water and soil, and places human and wildlife health in danger. Contemporary nutrient
management recommendations require soils to be tested to obtain a maximum fertilizer rate
which puts into consideration the spatial and temporal variability of crops. There is evidence
of increased crop yields due to fertilizer applications. For instance, Dowswell and Borlaug,

(1994) reported a 50% increase in crop yield due to chemical fertilizer applications.

2.5 Site specific nutrient management to include nutrient omission trials.
Site specific nutrient management optimizes the soil nutrient supplies over time and space to

match the requirements of crops through four key principles. The principles, called the “4 Rs”,
are all about using the right product, at the right time, at the right rate and at the right place.
They date back to at least 1988 and are attributed to the International Plant Nutrition Institute
(Bruulselma et al., 2012). The application and management of nutrients are dynamically

adjusted to crop needs of the location and season.

Site specific nutrient management can maintain yields and increase by optimizing the balance
between supply and demand of nutrients and providing more balanced plant nutrition (Wang
et al. 2007). Ortiz-Monasterio and Raun (2007) further showed improvement in nutrient use
efficiency from the application of fertilizers. Site-specific nutrient management encourages
precision and efficiency in fertilizer application as per the crop requirements and showed
potential mitigation occurrences following appropriate application of fertilizers. (Pasuquin et

al., 2014).



2.6 Effect of application of macronutrients and micronutrients on maize growth and
yield
The optimal maize yields is 6 ton/ha but it has remained at 2 ton/ha due to inadequate

absorption of modern production technologies like inadequate use of fertilizers and poor farmer
know-how (Onono et al., 2013). As a mitigation, use of either organic or inorganic fertilizer
together with different cropping systems were proven to be effective in increasing crop yields
(Herrmann et al., 2014). According to Hauggaard-Nielsen et al. (2013), an increase in levels of
N fertilization results in an increase in maize yields. However, availability of N that
significantly influence vyields, is negatively affected by poor soil texture, drainage and in
organic carbon which are responsible for leaching, mineralization and denitrification (Zhu et
al., 2015). Maize grown in soil deficient in N and P nutrients were first shown to have poor
growth in its canopy and resulted to a reduced grain yield (Muthaura et al., 2017). Ngome et
al. (2013) showed the association between soil types and their management and the resultant
crop yields, is dependent on use of modern technologies which will in turn address maize

production constraints in Kenya.
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CHAPTER THREE: MATERIALS AND METHODS

3.1 Site description
The soils were collected from 23 sites in 13 counties. These were the Kenya Cereal

Enhancement Programme sites in Kenya namely: Embu (Agricultural Technology
Development Centre (ATDC) Siakago), Bungoma (ATDC, Mabanga), Kibwezi (two sites at
the University of Nairobi farm), South Eastern University of Kenya, Kitui (two sites), Nandi
(Baraton University), Mwingi (Kyuso university), Taita Taveta (farmers field in Wundanyi,
Mwatate and Chala), VVoi (farmers field), 11 sites distributed in KALRO stations in Katumani,
Kambi ya mawe, Msabaha, Tharaka-Nithi, Kitui, Kiboko, Mtwapa, Matuga, Kitale, Kakamega

and Njoro (Table 3.1; Figure 3.1).

Composite sampling was used, where soils were collected from different points within a
sampling area and homogenised into a single sample of 100 kg each site, for the purposes of
soil analysis and pot experiments in the greenhouse to establish the limiting nutrients for maize
production. There were 36 pots for each site and each pot constituted 2.5 kg of soil, bringing it
to a minimum of 90 kg of soil per site. A sample of the soil was taken to the laboratory for
chemical analysis. Pearson correlation was used to assess the relationship between various soil

properties.
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Table 3.1: Site characteristics of where soils were sampled.

Sample Site Latitude Longitude Altitude (masl) Soil Type Rainfall (mm) Min-Temp Max-Temp
KALRO, Matuga -4.170172 39.600170 27.000000 Gleyic, Luvisols ~ 800-1200 20-23 28-31
KALRO, Mtwapa -3.937203 39.742103 25.000000 Gleyic, Luvisols  800-1200 20-23 28-31
Mwatate -3.470481 38.400981 860.200000 Rhodic, Ferralsols 450-900 20-23 28-31
Voi -3.394739 38.574961 547.400000 Eutric, Fluvisols 300-900 20-23 28-31
Wundanyi (Werugha) -3.376908 38.335617 1647.200000 Humic, Cambisols 1000-1600 11-13 23-25
Chala Site -3.282583 37.740456 894.600000 Calcic, Cambisols  450-900 15-17 27-29
KALRO, Msabaha -3.268474 40.050703 22.000000 Gleyic, Luvisols 800-1200 20-23 28-31
KALRO/ICRISAT centre Kambi ya Mawe Makueni  -2.490723 38.040761 865.000000 Luvisols 400-600 17-23 29-35
University of Nairobi Kibwezi -2.310001 38.028503 810.000000 Luvisols 400-600 17-23 29-35
University of Nairobi Kibwezi -2.310001 38.028503 810.000000 Luvisols 400-600 17-23 29-35
KALRO, Kiboko -2.213550 37.714575 929.000000 Vertisols 400-600 15-17 27-29
KALRO, Katumani -1.573069 37.249642 1568.500000 Ferric, Acrisols 600-800 11-13 23-25
KALRO Sub-center Kitui Ithokwee -1.380681 37.969818 1131.000000 Ferric, Acrisols 800-1200 15-17 27-29
South Eastern University Kitui -1.314874 37.757380 1171.000000 Ferric, Acrisols 400-600 15-17 27-29
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South Eastern University Kitui
Embu, Siakago ATDC

Kyuso Polytechnic Mwingi
Karlo, Njoro

KALRO, Tharaka Nithi

Nandi Baraton University
KALRO, Kakamega
Bungoma Mabanga ATDC

KALRO, Kitale

-1.314874
-0.573760
-0.546940
-0.317669
-0.153822
0.260180
0.282089
0.600424

0.981603

37.757380
37.637890
38.214120
35.938856
37.971538
35.083820
34.771296
34.622588

35.016856

1171.000000
1193.000000
889.000000

2155.000000
588.000000

1971.000000
1525.000000
1513.000000

1903.000000

Ferric, Acrisols
Ferric, Acrisols
Chromic, Luvisols
Mollic, Andosols
Lixisols

Humic, Nitisols
Orthic, Acrisols
Acrisols

Rhodic, Ferralsols

400-600
800-1200
400-600
800-1200
600-800
1200-1600
1600-2000
1200-1600

800-1200

13-15
15-17
17-23
11-13
17-23
11-13
15-17
15-17

11-13

25-27
27-29
29-35
23-25
29-35
23-25
27-29
27-29

23-25

Min-Temp: Minimum Temperature; Max-Temp: Maximum Temperature
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Figure 3. 1: A map showing the sites where soils were sampled

3.2 Soil analyses
In analyzing for the macro- and micronutrients, the soil samples collected were oven dried

(40°C), milled and passed through a 2mm sieve as per the methodology described by Hinga et
al. (1980). Herein, the analysis in the soil samples target to establish the amounts of nitrogen,

magnesium, phosphorus, total organic carbon, calcium, sulphur, manganese, copper, zinc,

14



potassium, sodium, iron, electrical conductivity (EC), cation exchange capacity (CEC), base

saturation and pH.

3.2.1 Total carbon
The colorimetric method (Anderson, et al., 1993) was adopted to determine total organic

carbon. In brief,1 gram of soil was weighed, and 2 ml of deionized water was added. The soil
was wet by the addition of 10 ml of 5% potassium dichromate solution and was followed by
addition of 5 ml concentrated HoSO4. The samples were placed on the digestion block and
digested for 30 minutes at 150°C. After addition of 50 ml of 0.4% barium chloride solution,

the mixture was subjected to a 600 nm on a spectrophotometer to determine its absorbance.

3.2.2 Total nitrogen
It was determined by the Kjeldahl method using Tecator equipment (Hinga, et al., 1980). One

gram of soil was weighed and put in digestion tubes. One gram of catalyst mixture was then
added and 10 ml of concentrated H2SO4 was added. The mixture was boiled, and 30 ml of
distilled water was then added. Finally, distillation and titration were done until color change

was observed from green to pink.

3.2.3 Calcium, Potassium and Sodium
Calcium, Potassium and Sodium content were obtained by the Mehlich method (Mehlich,

1984). Two milliliters of working standard series were pipetted. Soil extracts and blanks were
put into 25 ml vials. One milliliter of 2% lanthanum chloride was added, 14 ml distilled water
was then added, and the mixture shaken by hand. The working standard series, soil extracts

and blank solutions were aspirated into the flame photometer and transmissions were recorded.

3.2.4 Phosphorus
Phosphorus was determined by two methods depending on the pH of the soil. Mehlich and

Olsen methods were used in the cases where the soil pH levels were below and above 7

respectively.
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Phosphorus determined by the Mehlich method; 5 ml of the working standard series where soil
extracts and blanks were put in test tubes. One milliliter of ammonium vanadate-molybdate
mixture was then added, mixed and the optical density was read on the spectrophotometer after

one hour at 430 nm.

Phosphorus determined by the Olsen method (Olsen et., al 1962); 2.5 g of soil was weighed
out and put in a 250 ml polythene bottle. Fifty milliliters of extracting solution of pH 8.5 was
added, using a dispenser and it was shaken mechanically in a horizontal position on a
reciprocating shaker (200 revolutions per minute) for a half an hour. The suspension was
filtered through fine filter paper. A blank was included and a standard sample in each series. A

duplicate sample was included after every ten samples in a batch.

Ten milliliters of the standard series sample extracts and blanks were added into 50ml
volumetric flasks. Eight milliliters of the mixed reagent were added, mixed well and filled to
50ml mark with distilled water then mixed again. It was then left on the bench for fifteen
minutes for color to develop, the color was then left stable for 24 hours. The concentration (in

ppm) was measured on the spectrophotometer at 880 nm.

3.2.5 Magnesium
Magnesium was determined by the Mehlich method. One milliliter of working standard series,

soil extracts and blanks were put into a test tube. Five milliliters of a solution of magnesium
compensation were added, then 2 ml of titan yellow and 2 ml of sodium hydroxide were added
and mixed simultaneously. The spectrophotometer optical density was read after one hour at
540 nm. The color was left to stabilize for at least six hours. If a precipitate formed the soil
extract was diluted by taking 0-.5 ml of the soil extract and adding 0.5 ml of extracting solution
and the proceedings were carried out as above. The corrected concentration was multiplied by

dilution factor of 2.
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3.2.6 Manganese
Manganese was determined by the Mehlich method. One milliliter of working standard series,

soil extracts and blanks were put into a test tube and mixed with four milliliters of phosphoric
acid —potassium periodate and 2 ml sodium hydroxide. The optical density on the

spectrophotometer was read after one hour at 520 nm (Mebhlich, et al., 1962)

3.2.7 Electrical conductivity
Electrical conductivity was determined by switching the power of the conductivity meter

(Thermo Scientific Model Eutech COND 6+) and letting it warm up for 10 minutes, then
selecting ‘K’ using the keypad, then the display reading was adjusted to 1413 uS/cm. The value

was recorded in mmhos/cm.

3.2.8 Soil pH
Soil pH was measured in a 1:1 soil water suspension where 20 g of soil was sampled into a 50

ml beaker, and an internal reference sample was included in each series. Twenty milliliters of
distilled water added with a dispenser. It was stirred and left to stand for an hour, then time was
counted from the moment the distilled water was added. The pH meter was calibrated with a
glass-calomel combination electrode according to the instructions before use. The samples
were stirred with a string rode before placing the electrode was placed in the sample. The
electrode was immersed in the suspension and the pH-meter was read when it was stable. The

results were then recorded.

3.2.9 Cation Exchange Capacity
Cation exchange capacity (CEC) was determined with 1N ammonium acetate (exchangeable

cations determined were calcium, magnesium, potassium and sodium). Three grams of air-
dried soil was mixed with 10 grams of acid washed quartz sand. The mixture was then
transferred to a percolation tube which had been fitted with cotton wool and a 1 cm thick quartz

sand. The soil was then leached with four portions of 25 ml of ammonium acetate 1N, pH 7.0.
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The leachate was collected in a 100 ml volumetric flask. When the leaching was complete the
contents of the flask were made up to 100 ml with ammonium acetate pH 7.0. The leachates
were preserved for the determination of exchangeable calcium, magnesium, potassium, and
sodium. The samples were leached with 100 ml ethyl alcohol (96%). The leachate was
redistilled to recover the alcohol and the outlets of the percolation tubes rinsed well with
distilled water. The sample was then divided into four portions of 25 ml, and 1N sodium

chloride added to determine CEC.

3.3 Treatments and experimental design
Assessment of the limiting nutrients was done at the KALRO Kabete greenhouse (Figure 3.2).

The treatments comprised 23 soils and 12 nutrient regimes as indicated in (Table 3.2). Different
chemicals and rates were used for the omission trials (Table 3.3). The treatments were laid out
in a completely randomized design with a factorial arrangement and replicated three times. The

experimental factors were the soils from the 23 sites and the 12 nutrient regimes.

The study adopted the double pot technique (Figure 3.3) which provides quick identification
of nutrients that are in short supply in the soil, as reported by Janssen (1974, 1990). The method
gave room for assessment of the fertility of the soil in a relatively shorter period, using
considerable amounts of soil and minimal space (Lisle et al.,2000). The upper pot is filled with
soil where the seeds are sown. The second pot is attached to the upper one and it contains a

nutrient solution.

The absence of the prototype nutrient from the solution was indicative of nutrient deficiency
in the soil. If the soil could not provide the omitted nutrient in sufficient quantity, then
deficiency symptoms were observed on the plant. An omission pot experiment displays a
visible order in which crops respond to nutrient availability, unlike analyzed results which do

not provide the major limiting nutrient. Maize was used as a test plant since it responds well to
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nutrient deficiencies, it has rapid growth, as well as a uniform development from the early

stages (Bell, 2002).

Figure 3.2: Set up of the experiment at KALRO Kabete greenhouse.
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Table 3.2: Treatments used in the experiment.

Treatments
Macro-
Li nutrien
me ts Micro- nutrients
N P K Mg Ca S

Complete - + + + + + + +
Complete plus lime + + + + + + + +
N omitted - - + + + + + +
P omitted - + - + + + + +
K omitted - + + - + + + +
Ca omitted - + + + + - + +
Mg omitted - + + + - + + +
Micronutrients
omitted - + + + + + + -
+Micronutrients- +Micronutrients
zinc - - - - - - - Zinc
+Micronutrients- +Micronutrients-
Boron - - - - - - - Boron
+Micronutrients — +Micronutrients-
molybdenum - - - - - - - Molybdenum
Control - - - - - - i

The composition of the nutrient solutions was based on Hoagland solution (Hoagland and

Arnon 1938).
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Table 3.3: Nutrients, chemical forms and rates used for omission pot trials.

Element Chemical forms RMM  At. Weight Volume Conc.(ppm) Hoagland Nutrient

No (grams) (ml) WRT solution  rates (kg-
element ppm’s element
ha-1*)
N NHsNO3 80 28 2.86 1000 1000 210 95.71
P KH2PO4 136.08 31 4.39 1000 1000 31 10.93
K KNOs 101.1 39 259 1000 1000 235 82.89
Ca Ca (NO3): 236.15 40 5.90 1000 1000 200 70.54
Fe Fe2(SO4). X H,O 399.88 56 7.14 1000 1000 1 0.35
Mg MgQO4S7H20 246.47 24  10.27 1000 1000 48 0.14
B H3BOs3 61.83 11  5.62 1000 1000 0.5 0.18
Mo MoNa:04.2H,0 24195 96 252 1000 1000 0.3 0.11
Mn MnCl2.4H.0 197.91 55 3.60 1000 1000 0.5 0.18
Zn 04SZn.7H.0 28756 65 4.42 1000 1000 0.2 0.1
Lime CaO (43-55%) and Magnesium 0.20

(20%)

Calculated from the area of a 19-cm diameter pot for maize using the formula 7r?. The figure
obtained was then converted to hectares to establish the rate of fertilizer to use per pot.
RMM- Relative Molecular Mass; WRT- With respect to; At No- Atomic number
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Figure 3.3: Illustration of the setup of the double pot experiment

The upper pot measured 17.5 cm x 19 cm and the lower pot was 15 cm x 16.5 cm.
Approximately 2.5 kg of soil was added to the upper pot while the lower pot was filled with
100 ml of each nutrient solution bringing it up to 2000 ml -1200 ml depending on the treatment.
Maize variety H614D was used in the experiment. Sowing was done using five seeds per plot
which was further thinned to four plants per pot after emergence. Prior to planting, holes were

made in the pots that contained the soil and the soils were watered to field capacity.

The soil was saturated with excess water for 24 hours and the surface of the pots covered with
a thin plastic film to avoid evaporation. When the gravitational water flow seized, a sample of
the wet soils from each pot were weighed to obtain the fresh weight, then oven dried at 150°C
for moisture content determination. The pots were watered daily during the experiment using
distilled water while at the same time maintaining the soils at field capacity. Additionally,

renewal of the nutrient solutions was done once after every two weeks.

3.4 Data collection
At 90 days after planting, the plant height of the four plants was determined by measuring the

highest point of the arch of the uppermost leaf by use of a tape measure in centimeters and then

averaged. The longest leaf in each of the four maize plants was measured for leaf length. The
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leaf was measured from the tip of the entire leaf down to the base of the leaf stem in centimeters
and averaged. The same leaf in each of the four plants was used to measure leaf width across
the widest part of the leaf in centimeters and then averaged. The maize samples were oven-
dried at 72°C, for 48 hours until constant weight was obtained, and the dry weight determined

in grams for the four plants.

3.5 Data analysis
Analysis of variance was performed using GenStat 15" edition and separation of treatment

means conducted using the least significant difference test at P<0.05 (GenStat, 2012). Nutrient
deficiency symptoms were also monitored through visual assessment. Pearson correlation was

used to assess the relationship between various soil properties.
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CHAPTER FOUR: RESULTS
4.1 Nutrient status of soils in Eastern, Rift valley and Western parts of Kenya.

4.1.1 Soil pH
Soil pH ranged from 4.67 at Mwingi Kyuso Polytechnic to 8.59 at KALRO Kitale (Table 4.1).

The mean pH of the soils was 5.96, which is classified as acidic (Table 4.1). Soils from

Kibwezi, Msabaha, Mwatate and KALRO Kitale were strongly alkaline.

4.1.2 Total soil organic carbon
Total organic carbon varied from 0.21 to 2.80 mg/kg with a mean of 1.12 mg/kg (Table 4.1).

Most soils had deficient levels of organic carbon except for KALRO Kakamega which had

2.80 %. Organic carbon was positively correlated (r=0.991**) to total nitrogen (Table 4.2).

4.1.3 Total nitrogen
Total nitrogen varied from 0.04 % (KALRO Mtwapa) to 0.26 % (KALRO Kakamega) with a

mean of 0.12 % (Table 4.1). Nitrogen was deficient in all soils except KALRO Kakamega and
Baraton University Nandi considering the critical limit is 0.2 to 0.5 %. Total nitrogen was

positively correlated to total organic carbon (r=0.991**) (Table 4.2).

4.1.4 Phosphorus
Phosphorus varied from 2 mg/kg (KALRO Msabaha) to 30 mg/kg (KALRO Mtwapa) with a

mean of 19.09 mg/kg (Table 4.3).

4.1.5 Potassium
Potassium varied from 117 mg/kg to 585 mg/kg with a mean of 220.43 mg/kg (Table 4.1).

Critical potassium values range from 93.60 mg/kg to 585 mg/kg.

4.1.6 Sulphur
Sulphur levels ranged from 3.67 mg/kg to 68 mg/kg with a mean of 18.73 mg/kg (Table 4.3).
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4.1.7 Micronutrients
Calcium, magnesium, sodium, iron, manganese, and copper were at adequate levels. Their

values are shown in (Table 4.3). However, zinc was deficient with levels that ranged from 0.20

to 10.80 mg/kg, with a mean value of 1.86 mg/kg. The critical level is 5. mg/kg.

4.1.8 Cation exchange capacity
CEC varied from 6 cmol (+)/kg to 23.76 cmol (+)/kg with a mean of 11.98 cmol (+)/kg,

which suggests that the study soils had low and moderate CEC. The low and moderate values
range from 6 cmol (+)/kg -25 cmol (+)/kg. The exchangeable bases that include calcium,
magnesium, potassium and sodium showed significant and positive correlation with each
other and also with the sum of cations, base saturation, and Exchangeable Sodium Percentage

(ESP) and electrical conductivity (Table 4.2).
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Table 4.1: Chemical analysis of soil

p K Ca

Site soil pH N C%  (ppm) (ppm) (ppm)

Ithokwee Kitui KALRO Substation) 5.50 0.09 0.76 15.00 273.00 840.00
South Eastern University Kitui 1 521 0.08 055 25.00 140.40 600.00
South Eastern University Kitui 2 6.69 0.14 144 25.00 117.00 2760.00
Mwatate Taita Taveta 5.40 0.09 080 15.00 179.40 800.00
Kibwezi (University of Nairobi 1) 8.35 0.11 092 25.00 585.00 2000.00
Kibwezi (University of Nairobi 2) 7.54 0.13 112 2400 460.20 1960.00
Kambi ya Mawe Wote (KALRO/ICRISAT) 5.51 0.08 055 20.00 226.20 1180.00
Mwingi Kyuso Polytechnic 5.61 0.06 0.45 20.00 156.00 740.00
KALRO Katumani 5.81 010 080 5.00 179.40 860.00
KALRO Tharaka Nithi 5.89 0.06 040 20.00 132.60 840.00
Embu Siakago ATDC 5.62 0.09 069 500 140.40 800.00
KALRO Kiboko 5.58 0.08 0.57 20.00 390.00 1600.00
KALRO Msabaha 4.67 0.14 154 25.00 117.00 600.00
Chala Taita Taveta 8.59 012 1.06 2.00 117.00 5540.00
Wundanyi Taita Taveta 5.20 0.18 191 25.00 117.00 600.00
Voi Taveta 8.10 0.13 120 18.00 265.20  3400.00
KALRO Mtwapa 6.41 0.04 021 30.00 117.00 780.00
KALRO Matuga 5.67 0.09 066 25.00 117.00 600.00
KALRO Kitale 491 015 1.61 20.00 202.80 800.00
KALRO Kakamega 5.08 026 280 25.00 117.00 1100.00
Bungoma Mabanga ATDC 5.05 0.13 1.19 5.00 117.00 720.00
Baraton University Nandi 4.78 021 230 20.00 218.40 840.00
KALRO Njoro 5.82 0.19 218 25.00 585.00 2180.00
Average 5.96 0.12 112 19.09 22043 1397.39

2.66- 93.6-
Adequate level 6-72 0.2-05 5.32 30-80 585 400-3000
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Table 4.1 contd’: Chemical analysis of soil

Mg Mn Cu Fe Zn
Site (ppm)  (ppm) (ppm)  (ppm) (ppm) Na(ppm) S(ppm) CEC
Ithokwee Kitui KALRO Substation) 164.56 195.25 266 3750 1.90 1311 3433 736
South Eastern University Kitui 1 162.14  96.25 332 1930 0.30 57.50 9.00 6.56
South Eastern University Kitui 2 125.84 222.75 536 2230 0.20 32.20 4.67 23.76
Mwatate Taita Taveta 129.47 137.50 545 22.70 0.50 50.60 13.67 10.76
Kibwezi (University of Nairobi 1) 124.63 123.75 580 3840 0.68 273.70 12.00 11.76
Kibwezi (University of Nairobi 2) 121.00 123.75 3.80 23.00 1.36 172.50 8.00 15.20
;(Izrbxnlk_)ll?gll\(/l:aRVIVSeXyF?te 140.36 148.50 147 25.10 0.34 112.70 16.00 12,80
Mwingi Kyuso Polytechnic 146.41  55.00 470 29.70 0.70 32.20 49.67 11.60
KALRO Katumani 156.09 60.50 6.08 32.00 1.15 36.80 5.67 10.00
KALRO Tharaka Nithi 127.05 30.25 1.00 29.50 0.78 62.10 51.43 10.40
Embu Siakago ATDC 135.52  60.50 545 3190 0.67 75.90 3.67 12.80
KALRO Kiboko 121.00 55.00 1.27 20.90 1.45 218.50 11.67 6.36
KALRO Msabaha 176.66  93.50 223 17.50 0.47 32.20 7.33 6.00
Chala Taita Taveta 216.59 30.25 440 13.60 1.00 23.00 433 16.00
Wundanyi Taita Taveta 158.51 44.00 540 77.90 1.58 41.40 17.67 9.60
Voi Taveta 490.05 187.00 539 147.00 3.89 135.70 7.00 16.60
KALRO Mtwapa 146.41 82.50 1.40 181.00 1.84 55.20 9.00 7.20
KALRO Matuga 180.29 255.75 147 18.10 1.27 32.20 14.67 7.60
KALRO Kitale 204.49 148.50 430 6190 1.27 36.80 26.00 16.80
KALRO Kakamega 121.00 52.25 5.65 63.90 5.89 55.20 19.00 18.00
Bungoma Mabanga ATDC 121.00 115.50 6.64 7830 1.09 23.00 16.00 8.00
Baraton University Nandi 169.40 184.25 545 53.40 3.73 103.50 68.00 20.00
KALRO Njoro 133.10 269.50 2.18 169.00 10.8 340.40 22.00 10.40
Average 163.98 120.52 3.95 5278 1.86 92.80 18.73 11.98
121- 30.25-
Adequate level 363 550 <1.0 <10 <5.0 0-460 3.67-68
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Table 4.2: Correlation amongst the different soil parameters under study

Soiph ~ Ch M6 P K S M Cu F In Ca M MNa CEC SUM BASE ESP EctCond SAND% SLT%

ms cm
Ch 01%
N 009 gy”
P 017 028 -02%
K 0032 009 0019 0092
S Q168 0273 0286 g5 004
M 0008 0018 0040 0216 013 0%
G 016 5" s D46 0012 034 0116
Fe 000 012 009 0242 004 0003 022 D040
In Q02 5" s 0206 021 0004 03%5 0042 e
Ca Q20 0012 000 0108 gy’ A48 0118 0262 013 01
Mg 0215 0005 0020 0254 0283 032 0176 023 0161 0008 gy
Na 028 0039 0068 012 g7 0197 0I6L 002 0038 0309 gg" g
CEC 08 g5 ggg 0L 0163 0133 0123 037 0249 09 0212 gy 0299
SUM 0285 0055 0051 0134 sp” 204 0138 0255 010 010 og" m" gyt 020
BASE 0280 040 018 0285 g5t 0190 0005 316 0079 0313 0376 0239 g D072 0398
ESP Q160 0% 0084 0219 e 0260 0288 0061 0133 038 g" sy o A2 g g
Elect Cond Q34 0155 018 025 gyt 034 004 008 AL 008 gt gg s 03T ge 0L gy
SAND % 087 g5y gy 00 0247 3L 0128 205 0309 A7 1% 61 64 5yt A g 002 QA0
SLT% 039 ge osg 005 009 0% Q18 0194 020 g 0138 0004 0020 0318 111 0287 12 0% g
CLAY% QI87 0259 0274 0080 036 0263 Q063 OISL gy 0024 0243 0381 0218 gy 0276 0379 0069 0313 " O

** (P<0.01), *** (P<0.001), - (correlation coefficient)
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Table 4.3: Chemical properties of soil and their optimal levels

Properties Range observed Mean values Optimum range

pH 5.96

CEC 11.98

Total organic carbon (mg kg™) 0.21-2.80 1.12 2.66 — 5.32

Total nitrogen (%) 0.04- 0.12 0.2-0.5
0.26

P (mg kg?) 2.00 - 19.09 30.00-80
30.00

K (mg kg™ 117.00- 220.43 93.60-585
585.00

Ca (mg kg™) 600.00- 5540.00 1397.39 400-3000

Mg (mg kg™l) 121.00- 163.98 121-363
490.00

S (mg kg 3.67 to 68 18.73 20

Micronutrients mg kg™

Na 23.00-340.00 92.80 0-460

Fe 13.60-181 52.78 >10

Mn 44.00-255.75 120.52 30.25-550

Cu 1t0 6.64 3.95 >0.2

Zn 0.2t010.8 1.86 <75




4.2 Effects of nutrient omission on shoot dry weight, number of leaves, plant height and
leaf width

All the treatments were compared to the complete treatment in terms of shoot dry weights
number of leaves, plant height and leaf width to determine their extent of limitation. The
optimal nutrient condition of the complete treatment should enable it to perform better than
other treatments. If there was any significant difference between a treatment missing a nutrient

element and complete treatment, then the element was limiting.

Lower dry shoot weights were observed in all the treatments as compared to the complete
treatment in both trials (Table 4.4). Plant height and leaf width for trial one did not show any
significant differences in trial one while in trial two there were significant differences among
the treatments, with the omission of potassium and control treatments being the lowest in plant
height. In leaf width the omission of calcium and control treatments were the lowest (Table

4.4).

There were significant differences amongst the treatments in the number of leaves. Omission
of molybdenum and control treatments were different (p<0.05) from the complete treatment in
the first trial. All the other treatments had relatively lower number of leaves than the complete
treatment while in the second trial all the treatments were significantly limiting compared to

the complete treatment (Table 4.4).

There were no significant differences in plant height in the first trial while in the second trial
the complete treatment was significantly different (p<0.05) from the other treatments. (Table
4.4). The complete treatment was significantly different from other treatments in both trials in
most of the study sites (Table 4.5). There was low dry shoot weight in omission of Nitrogen

and Phosphorous as compared to the complete in most study sited. All the other treatments did
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not show significant differences from each other. The control was the most limiting from the

study (Table 4.5).

Table 4.4: Means for shoot dry weight, number of leaves, plant height and leaf width for
first trial and second trial.

Plant Plant Leaf

Shoot dry Shoot dry No of No height height width Leaf width

weight (g) weight (g) leaves leaves (cm) (cm) (cm) (cm)
Treatment Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial2  Trial 1l Trial 2
Complete 5.38a 15.07a 5.97a 10.34a 38.78a 63.74a 0.91a 1.53a
complete plus lime 4.89abc 4.64c 5.78ab 6.32bcd 36.47a 35.87bc  0.90a 0.91bc
N Omitted 4.99ab 5.58b 5.78ab 6.60bc 34.60a 36.18bc  0.89a 0.92bc
P Omitted 4.78abcd 4.27c 5.92ab 5.81d 35.65a 33.62bc  0.92a 0.89bc
K Omitted 4.99ab 4.47c 5.75ab 6.00cd 33.35a 31.54c¢ 0.86a 0.85hc
Ca Omitted 4.73bcd 4.67c 5.76ab 6.41bcd 34.14a 33.58bc  0.85a 0.84c
Mg Omitted 4.98ab 4.93c 5.72ab 6.19bcd 36.51a 35.45bc  0.89a 0.92b
Micronutrients 4.37bcd 4.65c 5.62ab 6.86b 36.42a 37.00b 0.90a 0.92bc
Omitted
Plus Micronutrients 4.30cd 4.66¢C 5.77ab 6.44bcd 34.79a 35.06bc 0.92a 0.91bc
minus Zinc
Plus Micronutrients 4.36bcd 5.09bc 5.64ab 6.44bcd 35.26a 34.99bc  0.90a 0.90bc
minus Boron
Plus Micronutrients 4.18d 4.61c 5.59b 6.51bcd 35.74a 35.60bc  0.88a 0.91bc
minus molybdenum
Control 2.77e 2.60d 4.23c 3.73e 29.14ab  19.85d 0.72b 0.67d
L.s. doos 0.64 0.84 0.37 0.70 7.92 4.70 0.09 0.08

Figures in a column with the same letter(s) are not significantly different at P<0.05.
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Table 4.5: Combined means of shoot dry weights per site

Kambi
. South South Ithokwee
yamawe - Mwingi Eastern Eastern KALRO KALRO Kitui
KALRO  kyuso . : i .. Tharaka- .
. University University ... . Kiboko KALRO sub
ICRISAT polytechnic .. . . Nithi .
Kitui 1 Kitui 2 station

Treatment Centre
Complete 3.81abc 7.53a 7.67a 8.33a 9.33a 8.67a 7.97a
Complete plus
lime 4.11ab 1.40b 5.93ab 3.13b 5.20b 3.63b 3.57b
N Omitted 4.51bcd 1.37b 5.00ab 2.83b 4.47b 4.33b 4.13b
P Omitted 4.33a 1.63b 5.10ab 1.73b 3.30b 3.57b 2.87b
K Omitted 3.77abc 1.63b 4.37ab 2.30b 3.83b 3.63b 3.03b
Ca Omitted 4.19cd 2.23b 4.80ab 2.50b 4.57b 3.60b 3.63b
Mg Omitted 4.07abcd  2.33b 4.30ab 3.03b 3.77b 3.90b 3.20b
Micronutrients
Omitted 3.91ab 2.07b 5.80ab 2.53b 3.57b 4.27b 4.00b
Plus
Micronutrients
minus Zinc 4.33abc 2.61b 6.97a 2.57b 3.80b 3.63b 2.33b
Plus
Micronutrients
minus Boron 4.27ab 2.27b 4.37ab 2.43b 3.63b 5.27b 4.07b
Plus,
Micronutrients
minus
molybdenum  4.2abc 1.43b 4.63ab 2.67b 4.50b 4.47b 3.30b
Control 2.53d 2.20b 2.60b 2.10b 2.53b 2.30b 3.03b
.s.do.os 1.76 1.27 2.22 1.06 1.80 1.70 1.74

Figures in a column with the same letter(s) are not significantly different at P<0.05.
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Table 4.5 cont’d: Combined means of shoot dry weights per site

Kibwezi Kibwezi
(University (Universit Bungoma Chala

KALRO of Nairobi vy of Mabanga KALRO KALRO Taita
Treatment Katumani 1) Nairobi 2) ATDC Kakamega Kitale taveta
Complete 8.87a 15.00a 14.40a 9.00a 10.67a 10.33a 9.17a
Complete plus lime 3.50b 8.27bcd 8.70ab 2.87b 4.07bc 4.87b 5.17bc
N Omitted 3.77b 9.60bc 8.3ab3 3.37b 6.43abc 6.27ab 5.63abc
P Omitted 2.53b 7.50bcd 6.57b 2.87b 5.90abc 4.87b 5.70abc
K Omitted 2.93b 9.80bc 9.47ab 2.83b 3.77bc 4.87b 7.20ab
Ca Omitted 1.87b 11.53ab 7.77ab 4.70b 4.53bc 5.53b 6.37abc
Mg Omitted 3.27b 8.60bcd 6.23b 3.30b 4.07bc 5.53b 5.87abc
Micronutrients
Omitted 3.30b 8.73bcd 5.73b 3.60b 4.9bc 5.20b 5.43bc
Plus
Micronutrients
minus Zinc 5.37ab 6.10cd 5.93b 3.27b 8.2ab 5.13b 5.60abc
Plus
Micronutrients
minus Boron 2.53b 10.47abc 6.67b 3.80b 6.23abc 6.13ab 7.00abc
Plus
Micronutrients
minus molybdenum 3.07b 9.30bc 5.17b 3.07b 5.13bc 5.47b 5.13bc
Control 1.9b 3.80d 2.67b 2.63b 1.80c 4.1b 3.40c
l.s.do.os 2.893 2.884 3.928 1.797 3.033 2.447 2.124

Figures in a column with the same letter(s) are not significantly different at P<0.05.
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Table 4.5 cont’d: Combined means of shoot dry weights per site.

Wunda
Mwatate nyi Embu Baraton

KALRO Taita- Voi Taita KALRO KALRO KALRO Siakago University
Treatment Mtwapa Taveta Taveta Taveta Msabaha Matuga Njoro ATDC Nandi
Complete  9.67a 8.40a 13.13a 8.33a 9.37a 4.67a 11.67a 8.90a 13.67a
Complete
plus lime  4.40bc 3.73b 5.57ab  4.10bcd 4.67bc 1.63b 8.60a 3.47b 5.60de
N Omitted 4.73bc 2.73b 10.70ab 4.27bcd 3.43bc 2.00b 8.53a 4.40b 7.60bcd
P Omitted 4.43bc 2.10b 6.10ab  5.03bc  3.53bc 1.47b 7.17a 3.43b 6.63cde
K Omitted 3.13cd 3.40b 55.13ab 4.60bcd 3.97bc 1.87b 6.87a 2.43b 7.80bcd
Ca
Omitted 3.40cd 2.40b 5.13ab  4.03bcd 3.90bc 1.30b 8.37a 3.97b 7.37bcd
Mg
Omitted 5.87b 2.37b 9.17ab  4.33bcd 5.40b 1.17b 7.57a 4.57b 6.87cde
Micronutr
ients
Omitted 3.97bc 1.93b 7.50ab  4.33bcd 4.93b 2.43ab 7.60a 3.57b 6.97bcde
Plus
Micronutr
ients
minus
Zinc 2.63cd 2.17b 7.63ab 6.83ab  3.4bc 1.47b 7.27a 4.33b 7.33bcd
Plus
Micronutr
ients
minus
Boron 4.07bc 2.83b 10.50ab 4.00bcd 3.10bc 1.33b 8.83a 3.50b 10.17b
Plus
Micronutr
ients
minus
molybden
um 3.13cd 2.83b 7.87ab  3.57cd 3.467bc  0.96b 9.17a 4.40b 9.43bc
Control 1.30d 1.47b 2.93b 4.60bcd 1.03c 1.23b 6.63a 1.97b 4.03e
l.s.do.os 1.37 1.59 5.79 1.86 2.14 1.49 3.66 2.13 1.84

Figures in a column with the same letter(s) are not significantly different at P<0.05.

The coefficient of variation affirms that soils are different and would respond differently

when subjected to the same fertilizer application (Table 4.6). Significantly lower dry shoot

weights (p < 0.05) than the complete treatment, were observed in all treatments. Equally, leaf
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width, length and plant heights were significantly different(p<0.01) in all the treatments as

shown in figure 4.1, 4.2, 4.3 and 4.4.

Table 4. 6: Summary of maize dry weights for trial 1 and trial 2 obtained under
different nutrient omission treatments in 23 sites in Kenya.

Treatment Mean  Minimum Maximum l.s.d. S.e. CV (%)
mean
Complete 9.33 281 16.80 2.81 0.34 30.1
Complete plus lime 4.62 1.00 9.60 2.19 0.26 47.4
N Omitted 5.15 0.90 15.80 2.67 0.32 51.8
P Omitted 4.28 1.10 10.60 2.20 0.27 51.5
K Omitted 4.44 1.30 11.90 2.58 0.31 58.1
Ca Omitted 4.68 0.50 12.40 2.56 0.31 o54.7
Mg Omitted 4.90 0.20 17.90 2.81 0.34 57.3
Micronutrients Omitted  4.62 0.30 11.70 2.05 0.25 44.4
Plus Micronutrients 4.74 0.50 12.50 2.88 0.35 60.8
minus Zinc
Plus Micronutrients 511 0.50 13.50 3.06 0.37 60.0
minus Boron
Plus Micronutrients 4.63 0.80 11.80 2.48 0.30 53.6
minus molybdenum
Control 2.61 0.20 7.80 1.36 0.16 52.2
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Figure 4.1: Standard error bars showing maize leaf width obtained under different
fertilizer treatments.
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Figure 4.2: Standard error bars showing maize plant height obtained under different
fertilizer treatments.
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Figure 4. 3: Standard error bars showing number of maize leaves obtained under
different fertilizer treatments.
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Figure 4. 4: Standard error bars showing shoot dry weight of maize obtained under
different fertilizer treatment.
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4.3 Visual observations
There was interveinal chlorosis, early leaf drop, bronzing, yellow or white spots developed on

leaves with brown waxy raised streaks as the effects of the deficiency developed. (Figure 4.5),
which was an indication of boron deficiency, it was common in maize growing in soils from
Kiboko. (Kumar, Ajeet, 2020). Zinc deficiency was observed especially in maize that was
grown in soils from Taita-Taveta. The maize leaves had a yellow colouration in the midrib.
These symptoms were generally showed in older leaves. Internode growth was reduced thus
the plant had dwarf appearance. (Figure 4.6) (Kumar, Ajeet, 2020). At harvesting, most maize
had pale yellow leaves, which was an indication of possible nitrogen deficiency across all the
soils. The most common visual deficiencies observed were purpling and general stunting of the
plants (Figure 4.7) This was common with maize grown in soils from Katumani, Matuga,
Mtwapa, Msabaha and Mwingi. Stunted growth was observed in maize from Voi, Matuga,
Mtwapa, Msabaha and Mwingi (Figures 4.7 & 4.8). (Kumar, Ajeet, 2020). There were
differences in growth of maize depending on the treatment applied. Complete treatment had
better biomass formation than all the other treatments in (Figure 4.9). These visual observations
correlated with the nutrients deficiencies in analyzed soils. The visual symptoms served as a

quick overview of soil fertility conditions of soils from those regions.

Figure 4. 5: Leaf bronzing
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Figure 4. 6: Leaf chlorosis

Figure4. 7: Leaf purpling
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Figure4. 8: Stunted growth

KALRO
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Figure 4. 9: Differences in growth of maize
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CHAPTER FIVE: DISCUSSION

5.1 Nutrient status of soils in Kenya
Generally, most of the soils were acidic with a pH less than 7. Globally soil acidity is

considered to significantly limit productivity of most crops (Brady and Weil 2008). The current
results show that some of the study soils were acrisols which are known to be highly acidic
soils, NAAIAP (2014). Kanyanjua et al., (2002) classifies soils with pH value less than 7.0 as
acid, and in Kenya, the acid soils occupy over 7.5 million hectares of land. Kenya acid soils
contain high aluminium (normally>20% saturation), low phosphorus (<5 mg P/kg soil) and
low nitrogen (0.2% total nitrogen) and this reduce maize yields by 16, 28 and 30%, respectively
(Kisinyo. 2011). Soil acidity greatly affects crop productivity and is the most yield limiting

factor (Sumner and Noble, 2003; Fageria and Nascente, 2014).

Phosphorus was deficient in most study soils. Besides crop harvest and soil erosion depleting
phosphorus, high prevalence of phosphorous fixation is the most challenging soil fertility issue
(Nziguheba, 2007). NAAIAP (2014) reported that over 65% of the samples taken in the whole
country had values lower than the critical limit, which is 10 to 20 mg/ kg. Phosphorus showed
negative correlations with organic carbon and nitrogen which may indicate a potential for soil

Phosphorus deficiency.

Most soils had deficient levels of organic carbon of >1.1%. The deficiency in most soils can
be attributed to extensive tillage in smallholder farms similar to the report by Pandey et al.
(2014). Continuous depletion of soil organic carbon without replenish using either organic or
inorganic fertilizers and adhering to soil conservation measures contributed poor crop yields

(Branca et al., 2013).

From the study findings, majority of 98% of soil samples had <0.2% of nitrogen, which is
below the critical limit, thereby confirming the rating by NAAIAP (2014) that N is the most

limiting nutrients in Kenya, where 86% of the farms sampled country wide were below the
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critical limit. Nitrogen was deficient in most soils. The most critical indices of soil fertility
according to Liu et al. (2011) are both total nitrogen and soil organic carbon. Additionally, the
total nitrogen and soil organic carbon were further shown by Shibu et al. (2012) to sustainably
enhance crop production. The C/N ratio in these soils was 9.3 which is way below the normal
rating which is between15-25. This shows declining soil fertility in most soils, and this can be

associated with low maize yields in small holder farms.

Most of the soils had adequate Potassium. Potassium is widely reported as sufficient in Kenya
(NAAIAP, 2014). This is supported by the findings by Gikonyo et al. (2018) and Kimani et al.
(2018) which indicated that crop response to potassium application was quite small, and no
significant effects were observed, being attributed to sufficient level of potassium in the soil.
Over 50% of the study soils had sufficient Sulphur. These results were similar to those obtained

by Esilaba and Ssali (1987).

In this study, the levels of calcium, copper, magnesium, manganese, sodium and iron were
established to be adequate. These findings agree to those by Bassirani et al. (2011); Jiang et al.
(2009); Verma et al. (2007); Singh et al. (2006) and Lindsay and Norvell (1978). Zinc was
deficient in the study soils. According to NAAIAP (2014), 30% of the farms sampled country
wide had zinc value lower than the critical limit. A study by Manzeke et al. (2012) showed that
poor growth and development in most cereals grown in Africa was due to low zinc. Murphy et
al. (1992) indicated that zinc deficiency among children under 2.5 years in Kenya had a 90%
prevalence. The zinc deficiency symptoms among children include mental impairment, general
body weakness and reduce body immune system against other diseases. Nearly 50% of cereal
growing areas in the world have soils with low plant available zinc resulting in zinc
concentrations in cereal grains of as little as 5-12 mg/kg against a requirement of 40-60 mg/kg

(Manzeke et al., 2012).
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The CEC of the study soils was low and moderate. The low and moderate values range from 6
cmol (+)/kg -25 cmol (+)/kg as reported by Metson (1961). Soils with a low CEC are more
likely to develop deficiencies in potassium, magnesium, and other cations, while high CEC

soils can overcome these limitations (Saikat and Geon-Ha Kim, 2021).

In general, the most limiting soil fertility attributes of interest were nitrogen, carbon,
phosphorus, and zinc. Nitrogen and carbon positively correlated with each other (P< 0.01). In
most soils, more than 90% nitrogen is bonded with carbon in organic forms. This indicates that
carbon mineralization should be closely coupled with nitrogen mineralization, hence showing
the positive correlation between carbon and nitrogen (Li Qianru et al., 2014). Phosphorous on
the other hand was negatively correlated with carbon and nitrogen possibly due to Phosphorous

fixation, unavailable Phosphorous or deficiencies (Nziguheba, 2007).

Zinc negatively correlated with soil pH while zinc was positively correlated with carbon, this
means that reduction or increase in soil pH causes reduction or increase in the levels of these
nutrient bases, hence the explanation of the reduced levels of the nutrients with increased soil
acidification, caused by the increased rate of chemical degradation as reported by Muya et al.
(2014). Therefore, to ensure efficient utilization and uptake of these nutrients, soil pH must be

corrected to the optimally favorable limit (Johnston, 2011).

5.2 Effects of nutrient treatments on shoot dry weight and number of leaves
Most of the study soils were deficient in micronutrients as their omission led to significantly

lower maize dry shoot weights. The micronutrient-deficient soils do not support optimum crop
yields because plant growth becomes retarded by the deficiency, leading to low yields (Chude
et al., 2004). They are essential for growth and development of crop plants (Dwivedi et al.,

2013).
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The findings revealed that zinc was deficient as its omission showed reduced maize growth.
The finding confirmed the soil analysis results where the soils had inadequate Zinc (Table 6),
and the findings reported by NAAIAP (2014) which showed the same. Low zinc threatens crop
production and food nutrition in most cereal- based cropping systems in Africa (Manzeke et
al., 2012). Zinc omission could have led to a decline in plant photosynthesis, hence

compromising biomass accumulation (Mousavi et al., 2007; Efe and Yarpuz, 2011).

Maize dry shoot weights in the lime treatment were better than other treatments. Liming is a
standard agricultural practice used to overcome acidic limitations in soil and achieve maximum
yields of all crops cultivated in acidic soils worldwide (Kalkhoran et al., 2021). Application of
agricultural lime containing calcium and/ or magnesium compounds to acidic soils increases
Ca?" and/or Mg?* ions and reduces AI**, H*, Mn*" and Fe3* ions in the soil solution. This leads
to an increase in soil pH and available P due to reduction in P sorption (Kisinyo, 2011). In
addition to neutralization of soil acidity, lime enhances root development, water and nutrient

uptakes, necessary for healthy plant growth (Van Straaten, 2007).

There were significant differences amongst the treatments in the number of leaves. Omission
of molybdenum and control treatments were different (p<0.05) from the complete treatment in
the first trial. All the other treatments had relatively lower number of leaves than the complete
treatment while in the second trial all the treatments were significantly limiting compared to
the complete treatment. Many cereal and legume crops growing at deficient molybdenum levels
usually experience a decrease in overall plant growth accompanied by necrotic leaf margins
(Agarwala et al., 1978; Chatterjee and Nautiyal, 2001). Omission of molybdenum in maize
shortens internodes, decreases leaf areas and causes the development of chlorotic leaves

(Agarwala et al., 1978).
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The control treatment in both seasons was the most limiting treatment, thus suggesting that
most of the study soils were depleted of nutrients and any addition of nutrients to the soil
improved the plant growth. In general, for plants to reach their potential yield farmers must
apply synthetic or organic amendments to boost nutrient sufficiency and enhance soil fertility

since most soils rarely have sufficient nutrients (Ahmad et al., 2009)

There was low maize shoot weight in treatments where nitrogen was omitted. This finding
agrees with the research by NAAIAP (2014) which rated nitrogen as one of the most limiting
nutrients in Kenya, where 86% of the farms sampled country wide were below the critical limit
(Table 4.5). Also, phosphorus was limiting in over 65% of the soil sampled. The low dry shoot
weights in phosphorous omitted treatments could be due to phosphorus fixation in soils (Asio
et al., 1996), reducing phosphorous available for plant uptake at an early initial growth stage.
Kihara et al. (2016) found out that soils in Kenya, Tanzania, Nigeria, and Mali had low
phosphorus levels ranging from 3.6 mg/kg to 9.9 mg/kg, which falls way below the critical
level of 15 mg/kg. When a soil is deficient in nutrients such as phosphorus and nitrogen,

fixation is reduced (Sanginga, 2003).

The results from nutrient omission trials (Table 4.6) showed a significant maize shoot weight
difference of more than 4.5 ton/ha when one of the essential nutrients was omitted.
Furthermore, the results show that complete treatment plus either lime, micronutrients with
omission of either Zn, Bo and Mo introduces either imbalance or complexing that inhibits full
release of all the essential nutrients to roots for uptake, hence low yield. Low soil Zn threatens
crop production and food nutrition in most cereal- based cropping systems in Africa (Manzeke

etal., 2012).

Lack of application of a complete set of essential plant nutrients reduces maize shoot weights

by three-fold, whereas application of other nutrients can double the yield to some degree.

45



However, if the soils lack N, P, K, Zn and Mo, yields will still be low as compared with
complete treatment. Hence, farmers who attempted to grow crops without or marginal fertilizer
application could not produce enough even to feed their own family for a year (Selassie, 2015).
The results also show a strong correlation between inherent soil fertility and dry shoot weights
of the maize; low fertility soils will produce low shoot weights unless complete nutrients are
added to the soil. The expression of this correlation was observed in the leaf length, widths,
and number of maize leaves at tasseling stage. In areas of low soil moisture conditions like the
Eastern and Coast regions, the expression of low fertility could be stunted growth while in
Western region it could be yellowing of leaves or purple colour among other deficiency

symptoms in maize crop as shown by the visual observations.

The results of soils, plant and visual observations have shown that N, P, K, Mg, Zn and Bo are
limiting nutrients in maize producing areas in Kenya. The results have shown a clear correlation
between inherent soil fertility and dry matter yield, implying that in a low fertilizer input
system, farmers will continue to experience low maize yields. A recent study on fertilizer use
optimization in SSA by Wortmann and Sones (ed.) 2017, showed that resource poor farmers
hardly add organic and inorganic fertilizers, and this has had a limiting effect on maize yield.
Soil fertility management technologies have come up in Africa as a result of depleted soils.
(Esilaba et al., 2005). However, blanket soil fertilizer recommendation limits the use of site-
specific fertility variation shown by these results. Fertilizer reccommendations have often been
based on trials without detailed characterization and clustering of production systems (Muya
et al., 2015).These results affirm that in all soils, minimum fertilization by either organic or

inorganic fertilizers is necessary for obtaining food security at household level in Kenya.

46



CHAPTER SIX: CONCLUSION AND RECOMMENDATIONS

6.1 Conclusion
Soil analysis results have shown that soils from different sites differ in fertility. In all the soils,

most of the macronutrients were deficient and varied with locality. The omission of nitrogen,
phosphorous and zinc were responsible for the poor growth in maize. From the study it was
evident that addition of any nutrient improved the yields, as the control treatments were seen
to be most limiting. This stresses the importance of fertilizer-use to achieve increased yield.
The dry matter and number of leaves responded well to nutrient treatments other than other

parameters, they can therefore be used in such omission pot trials as growth indices.

The soil test results, and the greenhouse experiment corresponded, as the most limiting
nutrients were nitrogen, phosphorous and zinc. The approach taken by this study increased the
knowledge of the nutrient status of some Kenyan soils, with a view of knowing the limiting
nutrients in the selected soils. This is an important aspect of soil management as it enables a
researcher give proper fertilizer recommendation, while targeting soil fertility management

strategies in Kenya.

6.2 Recommendations
1. Since one maize variety was used to assess the fertilizer responses, further on-site field

tests with area specific recommended varieties would be advisable.

2. The study involved pot experiments whose recommendations have limited applications,
hence the need to conduct similar studies in fields.

3. Since only selected few farms were sampled in this study, more farms in the study areas
should be tested for soil fertility.

4. The results obtained confirm the Janssen double-pot technique as a rapid method of
accessing soil fertility status at a low-cost option, thus the need to calibrate it with site
specific testing. As seen in this study, soil analysis results and green house trials
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corresponded with each other, therefore research should focus on laboratory,
greenhouse, and field trials to correlate and calibrate the plant availability of

macronutrients and micronutrients for site specific smart fertilizer recommendations.
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