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ABSTRACT 

Sugarcane bagasse which is waste byproduct of sugarcane industry can be used as 

soil amendments to improve crop yield, soil hydro physical-chemical characteristics 

and provide reasonable economic means to recycle these wastes in an 

environmentally friendly manner. Application of sugarcane bagasse to the soil of 

Dodoma located in central Tanzania used to grow Chinese cabbage (Brassica rapa 

pekinensis) improve this crop productivity of an average number leaves to 6,7.8 and 

8.7 when  in pots having 3.5 kilograms soil at 2 %, 5 %, and 10 %, respectively, 

compared to 3.6 of the control (0 %). The soil of Dodoma under the investigation 

have low organic matter (438.6 - 1126.6 mg/kg), and deficient in K (0.5 cmol/kg), 

Ca (2.8 cmol/kg), Mg (1.3 mg /kg), Na (1.03 cmol/kg) and CEC (5 cmol/kg). 

Consequently, water holding capacity of soil, available K, Ca and Mg content in 

soil, increased 13.87, 22.79, 33.13% and 43.61% with the levels of 2, 5, 10 and 20 

% application of SCB respectively. On the other hand, humic acid of extracted from 

studied soil was very low (0.0053 g/kg) but minutely increased to 0.2779 g/kg with 

the level of oxidation of SCB. The growth components of Chines cabbage crop in 

pots, also increased due to level of SBC application. It is recommended that 

application of SCB 10 % will result in enhanced yield of Chines cabbage.  

Keywords: sugarcane bagasse, soil water holding capacity, soil nutrients, humic 

acid Chines cabbage (Brassica rapa pekinensis) 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background of the study  

The success or failure of agricultural projects and arable farming is often based on 

the physical properties of the soil which are more complicated to change than 

chemical properties (Chude et al., 2011). Sandy soils are practically important 

economic resource for agricultural production in many parts of the world. Although 

sandy soils differ in their origin, formation and properties, they may be considered 

as one group having common problems (Bruand et al., 2005; Shepherd et al., 2002; 

Wanas & Omran, 2006). The problems facing Dodoma soil is that it is sandy with 

low water holding capacity and low nutrient retention. In addition the climate of 

Dodoma region is semi-arid with an average rainfall of 567 mm per year with 

almost five months no rain (Figure.1). The maximum temperature is 26 °C, which 

occur in February while the minimum temperature is 21 °C, which occur in July 

(DRCO, 2017). 

 
Figure 1: Monthly rainfall of Dodoma region (DRCO, 2017) 
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The major source of water used in Dodoma districts are rain water, wells (49.0% of 

households with irrigation), river (28.9%) and canals (12.3%) [NSCA, 2003]. Only 

1.0 percent of the households used water from lakes and the proportion of 

households that used dams, pipe water and bore holes as a source of water for 

irrigation were very few 4.4%, 3.9% and 1.4% respectively (NSCA, 2003). The 

Makutupora valley is the main source of water used in Dodoma municipal and has 

11 boreholes that have the capacity of producing of 23,491.92 m
3
/day. This water is 

distributed by centralized water delivepry system managed by Dodoma Urban Water 

Supply Sewerage Authority (DUWASA) (Elisante & Muzuka, 2017, Ngana et al., 

2010). However, most residents of Dodoma lack access to water provided by 

DUWASA and therefore use borehole water for both domestic and agricultural use. 

One of the stake holders of water use in Dodoma are small holder farmers who grow 

vegetables such as tomatoes, cabbages and sell fresh product on local markets.  

The smallholder farmers who live far from centralized water delivery network 

administered by DUWASA use borehole water for both domestic and irrigation 

purposes depleting underground water and further increasing the strain of water use 

in Dodoma. The plan of Tanzanian government to shift the capital to Dodoma 

municipality will increase the population and demand for fresh water use in the 

region. One solution that can reduce water used for irrigation is by amending the 

sandy soil of Dodoma which containing a low average Organic Carbon (OC) of 

about 0.68 % (Budotel, 2001). Amending the soil by using hydrophilic polymer, 

may be achieved to reduce water loss through leaching thus, improving absorption 

and retention of water as well as supporting micro-organism that improve soil 

fertility (Ali, 2011). 
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 Hydrophilic polymers are polymers which have capacity to absorb large volumes of 

aqueous fluids within short period and desorb absorbed water under stress condition. 

It is found in a three-dimensional network, in which the dispersed phase is water, 

present in substantial quantity (Akhter et al., 2004). When these hydrophilic 

polymers are used correctly, 95 % of their stored water is available for plant 

absorption (Johnson & Veltkamo, 1985). They are capable of cyclical absorption 

and desorption for long periods. Therefore, hydrophilic polymers act as a slow 

release source of water and dissolved nutrients in the soil (Ramesh et al., 2015). In 

addition, the drought stress effect can be reduced by the application of hydrophilic 

polymer to improve plant yield and agriculture production (Khadem et al., 2010). In 

connection with these reviews, this study was focused on the water holding capacity, 

water absorbency and nutrients retention on Dodoma soil by using sugarcane 

bagasse, which can act as hydrophilic polymer. 

Sugarcane bagasse (Figure 2) is the fibrous residue of sugarcane that is obtained 

after the extraction of sugarcane juice by the milling process (Danso et al., 2015). 

The ready availability of bagasse as a byproduct of sugar production has made it an 

attractive fuel for the sugar industry and covers the energy necessities 

(electricity/steam) of the industry (Nada & Hassan, 2005). Thus, it has been used as 

fuel in the boilers of the sugar factories since the beginning of the 20
th

 century 

(Negrisoli et al., 2011). 
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Figure 2: Sugarcane bagasse fibre (Danso et al., 2015) 

In Tanzania SCB produced from Kilombero, Kilimanjaro and Kagera sugar 

industries are not used as source of electricity/steam or boilers of sugar factories but 

disposed as waste and burned leading to the following detrimental environmental 

impacts: 

 Air pollution in the field area as well as downwind the fields due to the 

emission of combustion products including carbon monoxide (CO) and 

Volatile Organic Carbons (VOC) which contribute to Photochemical Ozone 

Creation Potential (POCP) and acidification as well as eutrophication effects  

(Chauhan et al., 2011).  

 Negative health impact on the neighboring communities because of air 

pollution, loss of the organic content of the nutrients that are burnt and 

production of fly ash, which damages the soil microbial diversity (Chandel 

et al., 2012). 

Because of its high Organic Carbon (OC 43.35 %), it was found that soil amended 

with SCB was able to retain four times the amount of water than non amended soil 

(Ricard, 2015). In addition there is slightly increase of nutrients retention as the 

concentration of SBC increases in the soil (Table. 9). Also the advantage of using 
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bagasse waste is  low-cost soil amendment and have high resistance to microbial 

decomposition in soil (Kameyama  et al., 2017). 

1.2 Statement of the problem 

Dodoma Soils are characterized by a variety of textures, ranging from coarse sands 

to heavy clays with low nutrient status, low water retention and low Total Organic 

Carbon   ranging from 0.64 to 1.96 % (Sanga, 2013). Inadequate water retention 

results from climatic constraints, notably low rainfall of high variability in a short 

rainy season with average mean annual rainfall of 567 mm as shown in Figure: 1. 

Water supply for plant growth is limited during this short rainy season where crops 

fail to reach maturity. As a result, crops yields are generally low (DRCO, 2017;  

NSS, 1983). Unfortunately, to the best of literature search, no research has been 

done to improve soil water retention, address nutrients (cations) absorption, as well 

as nutrients on Dodoma soils. Therefore, this study was conducted to use SCB to 

increase water and nutrients retention in Dodoma soil, despite the short rainy season. 

1.3 Objectives of the study 

1.3.1 Main objective 

The aim of this study was to amend soil of Dodoma municipal using SCB in order to 

improve both water and nutrients holding capacity. 

1.3.2 Specific objectives  

i) To determine soil water holding capacity with and without the application of 

SCB 

ii) To determine soil Organic Carbon (OC) of Dodoma city soil 

iii) To determine cations exchange capacity          
,      

and        for soils of 

Dodoma city before and after the amendment of soils 
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(iv)  To study humic acid content before and after decomposition of SCB amended 

soil. 

(v) To determine the suitability of SCB amended soil for agriculture use by 

growing most common plant, Brassica rapa as sample vegetable. 

1.4 Research hypothesis 

(i) SCB amended soil has higher water holding capacity than non-amended soil. 

(ii) SCB amended soil contain higher Organic Carbon than non amended soil 

(iii) SCB amended soil has higher cations exchange capacity than non-amended soil 

(iv)  SCB amended soil have higher humic acid than non amended soil. 

(v) SCB amended soil is better for growing   „Brassica  rapa’ than non amended 

soil.  

1.5 Significance of the study 

(i) The soil of Dodoma has poor water holding capacity, which leads to excessive 

use of water for irrigation. The use of sugarcane bagasse will improve water 

retention and nutrients retention, thus reducing the amount water needed for 

irrigation activity. 

(ii) Re - purposing the SCB for soil amendment instead of burning minimizes the 

contribution of carbon dioxide emission and global warming. 

(iii) Using SCB slowly releases humic substance after degradation that act as 

organic fertilizer and improve microbial activity in Dodoma soil. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Production, physical and chemical compositions of sugarcane 

2.1.1 Production 

The sugarcane (Saccharum spontaneum, Saccharum robustum, Saccharum 

officinarum and Saccharum sinense) industry has continued to expand in the last 

five years, particularly in Asia, South America, North & Central America and Africa 

(Licht, 2015). According to FAO (2012) the total area harvested worldwide 

increased from 17.1 million ha in 1990 to 23.8 million ha in 2010.The production of 

sugarcane increased from 1,052 to 1,685 million tonnes in the same 20 year period. 

The major sugar producing regions are shown in table 1.  

Table 1: World sugar production by regions Oct/Sep (1,000 tonnes, raw value) 

[Licht, 2015] 

 
2014/15 2013/14 2012/13 2011/12 2010/11 Total 

EU 18,604 17,005 17,448 19,070 15,894 88,021 

Europe 29,501 27,477 28,607 30,828 24,735 141,148 

Africa 11,979 11,497 11,248 10,346 10,336 55,406 

N.&C .America 22,394 22,147 23,549 20,475 18,848 107,413 

South America 43,963 47,434 48,669 43,024 46,217 229,307 

Asia 66,150 68,212 67,129 66,293 61,388 329,172 

Oceania 4,574 4,638 5,241 3,820 3,949 22,222 

Total 197,165 198,410 201,891 193,856 181,367   

 

Brazil is the leading producer of sugarcane followed by India. In Tanzania, 

sugarcane production is concentrated mainly in three regions of Morogoro, Kagera 

and Kilimanjaro (Hassan, 2018). 
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Figure 3: Kilombero Outgrowers' cane farm in Morogoro region (SUGECO, 

2013) 

The sugar processing subsector is fully operated by the private sector through four 

factories, namely Kilombero with (Ruembe and Msolwa milling plants), 

Tanganyika Planting Company, Mtibwa and Kagera Sugar Company. All these 

factories were state owned until 1998 to 2001 when they were privatized to local 

and foreign investors (Policy brief, 2014).  

 

Figure 4: Private contractors' trucks deliver outgrowers' sugarcane for 

crushing at Kilombero Sugarcane Company Limited  (Policy brief, 

2014).   
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The millers‟ estates and out growers schemes are major key producers and suppliers 

of sugarcane to the processing plants at Mtibwa, Kilombero and Kagera while 

Tanganyika Planting Company is fully integrated i.e. source 100% of their sugar 

cane from their own estate farms. Out of 56,940 hectares under sugar cane 

plantations, 40 % belongs to out growers schemes, for instance at Kilombero and 

Mtibwa out growers contributes 37% and 45% of total sugarcane supply to millers‟ 

annual requirement respectively (SUGECO, 2013). 

2.1.2 Physical and chemical compositions of sugarcane 

Sugarcane is consists of four fractions, whose relative magnitude depends on the 

agro industrial process: fiber (8- 14 %), insoluble solids (12 - 23 %), soluble solids 

(11 - 18 %) and water (65 – 75 %). The fiber is composed of the whole organic solid 

fraction, found in the cane stalk (sugarcane bagasse). The insoluble solids, or the 

fraction that cannot be dissolved in water, are constituted mainly by inorganic 

substances rocks, soil and extraneous materials and is greatly influenced by the 

conditions of agricultural cane processing and harvesting type. Soluble solids, 

fraction that can be dissolved in water, are composed basically of sucrose as well as 

other small chemical components such as waxes (Higa, 1999, Triana at el., 1990). 

2.1.2.1 Sugarcane industry by -products. 

During the sugar production process in the mill, a number of by-products and 

residues are lso generated. These are:  SCB which is the fibrous material left over 

after chopping and milling of the cane for juice extraction, filter mud/cake resulting 

from cane juice clarification and filtration, furnace ash, in case the SCB is burnt in 

the boiler for steam and electricity generation and molasses, which is produced from 

the final stages of juice evaporation and sugar crystallization process (Dalia & Salah, 
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2014). According to Kishimba (2000) sugarcane industry by products produced in 

Tanzania per annual were 35 % bagasse, 4 % molasses while filter mud/cake and 

furnace ash were not shown. 

2.1.2.2 Production and chemical composition of sugarcane bagasse 

SCB is a major lignocellulosic, inexpensive by product of the sugarcane industry 

(Salgaonkar & Braganca 2017). According to some works in the literature, SCB is 

quantitatively composed of 38.8- 45.5 % cellulose, 22.7-27.0 %, hemicellulose and 

19.1-32.4 % lignin (Table :2).The ashes ranges from 1.0 - 2.8 % and extractives 

from 4.6 - 9.1 % (Onoszko & Hallersbo 2015, Pandel at el.,2000). It contain 

minerals elements (Table 3) 
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Table 2: Various studies showing chemical composition of sugarcane bagasse  

Components 
  

References 
    

 
Pitarelo Silva Canilha Rocha Singh Matin Teixeira 

 % (2007)
1
 at el.,(2010)

2
 at el., (2011)

3
 at el.,(2011)

4
 at el.,(2012)

2
 at el.,(2007)

2
 at el (2007)

5
 

Cellulose 41.1 38.8 45 45.5 43 43.1 39.6 

Hemicellulose 27.7 26 25.8 27 24 31.1 29.7 

Lignin 31.4 32.4
*
 19.1 21.1 20 11.4 24.7 

Ash 2.4 2.8 1 2.2 _ 5.5 4.1 

extractive 6.8 _ 9.1 4.6 _ _ 14.3 

Others _ _ _ _ _ 8.5 _ 

_free base,* lignin and others, 

Extracting solvents: dichromethane
1
, ethanol: toluene (1:2), ethanol, hot water

2
, water and ethanol

3
, ethanol

4
, not described

5
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Table 3: Mineral composition of sugarcane bagasse (Kaushal et al., 1980) 

Minerals Range value(mg/kg) 

Calcium 0.15-0.274 

Phosphorus 0.008-0.09 

Sulphur 725-1375 

Sodium 29-56 

Potassium 78-108 

Magnesium 375-535 

Zinc 22-31 

Iron 220-345 

Cupper 8-52 

Manganase 18-30 

These composition of bagasse varies with variety and maturity of the cane, 

harvesting practices (green or burnt cane, degree of removal of cane leaves and 

tops), and the milling process, particularly the amount and temperature of water used 

for imbibitions and extracting solvents (Van der Poel et al., 1998). 

 Cellulose is a homopoly saccharide comprised of a linear chain of β (1, 4) linked D-

glucose units; the basic building block of this linear polymer is cellobiose, a 

glucose-glucose dimer (Figure 5 A). Lignin (Figure 5C) is a highly cross-linked 

phenylpropylene polymer and the largest non-carbohydrate. Unlike cellulose, lignin 

cannot be depolymerised to its original monomer. The fibrous nature of SCB makes 

its microbial degradation slower and more difficult and hence helps to retain water 

and nutrient in soil for longer periods (Ayeni et al., 2015). 
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Figure 5: The structures of the composition of sugarcane bagasse, A) cellulose, 

B) hemicelluloses, C) lignin 

2.1.2.3 Decomposition of sugarcane bagasse as organic matter 

Decomposition of organic material is a biological process performed by bacterial 

and fungal populations in the soil (Saranraj & Stella, 2014). Climate is a controlling 

factor since soil temperature and soil moisture are controlling biological processes 

(Geng at el., 2017). Declining temperatures are often followed by a reduction in 

decomposition rate (Goyal et al., 2005). Extremely high or low water contents also 

have a reducing effect on the decomposition rate (Saranraj & Stella, 2014). There is 

a correlation between decomposition rate and evapotranspiration, an increase in 

evapotranspiration implicates an increase in decomposition (Eriksson et al., 2005). 

The activity and growth of the microorganisms primary depends on the chemical 
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composition of the organic matter Shnecker et al., 2014). In the initial degradation 

of organic matter the soluble carbohydrates like sugars and nitrogen rich compounds 

are degraded during the first days. There after proteins and more structural 

carbohydrates like hemicellulose and later cellulose degrades while the degradation 

of lignin is slower. The nitrogen content of the organic matter affects the 

decomposition rate in the beginning of the process (Gaur, 1982). The soil pH affects 

the activity of bacterial and fungal populations, at low pH the decomposition rate 

slows down (Gataas, 1956).The overall reaction of decomposition of organic matter 

(Salaam et al., 2016) 

                            Microbial 

Organic matter                                       +      O +   Nutrients + Humus + Energy         

                             Activity 

Humus 

Humus is complex and stable organic matter (40–60 %) which results from 

decomposition of dead materials (Nadi, 2012). The properties of humus depend on 

the habitat factors (soil type, plant cover, climatic conditions) and anthropogenic 

factors (Debska et al. 2007). Soils and sediments contain a large variety of organic 

materials that can be grouped into humic and non-humic substances (Schnitzer & 

Khan 1978). Non-humic substances include those whose physical and chemical 

characteristics are still recognizable, such as carbohydrates, proteins, peptides, 

amino acids, fats, waxes, low-molecular weight organic acids etc. Most of these 

compounds are attacked relatively readily by microorganisms and have usually only 

a short life span in soils and sediments. Humic substances arise from the chemical 

and biological degradation of plant and animal residues and from synthetic activities 

of microorganisms (Schnitzer & Khan 1978).  
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Humic substances fractions 

Humic substances compose up to 80% of soil organic matter (Brady & Weil, 2008). 

Carbon, oxygen, hydrogen, nitrogen, and sulfur are the most common elements in 

humic substances. Humic substances contain a wide variety of molecular 

components. Some typical components are: polysaccharides, fatty acids, 

polypeptides, lignins, esters, phenols, ethers, carbonyls, quinines, lipids, peroxides, 

various combination of benzene, acetal, ketal, and lactol, and furan ringed 

compounds; and aliphatic (carbon chains) compounds. The oxidative degradation of 

some humic substances produces aliphatic, phenolic, and benzene carboxylic acids 

in addition to n alkanes and n fatty acids, while the major phenolic acids released 

contain approximately 3 hydroxyl (OH) groups and between 1 and 5 carboxyl 

(COOH) groups (Pettit, 2004). The classical method of fractionation of humic 

substances is based on differences in solubility in aqueous solutions at widely 

differing pH levels, in alcohol and in the presence of different electrolyte 

concentrations (Schnitzer & Khan 1978). The fractions have been operationally 

defined as shown in Figure 6 

 

 

 

 

 

 

 

Figure 6: Humic substance classifications (Brand & Weil, 2008). 

Fulvic acids 

The fraction soluble in water under all pH conditions (Baglieri et al. 2007). Fulvic 

acids are light yellow to yellow brown in color (Stervenson, 1982). Fulvic acids are 

Humic substances 

Fulvic acid 

Humic acid 

Humin 
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a mixture of weak aliphatic and aromatic organic acids (Beznosikov & Lodygin 

2009). Their composition and shape is quite variable. The size of fulvic acids (FA) 

are smaller than humic acids (HA), with molecular weights which range from 

approximately 1,000 to 10,000. Fulvic acids (FA) have oxygen content twice that of 

humic acids (HA). They have many carboxyls (COOH) and hydroxyl (OH) groups, 

thus fulvic acids (FA) are much more chemically reactive. The exchange capacity of 

fulvic acids (FAs) is more than double that of humic acids (Pettit, 2004). This high 

exchange capacity is due to the total number of carboxyl groups present. The 

number of carboxyl groups present in fulvic acids ranges from 520 to 1120 cmol /kg.  

Fulvic acids collected from many different sources and analyzed show no evidence 

of methoxy groups (    ) groups, they are low in phenols, and are less aromatic 

compared to humic acids from the same sources.  

Humic acid 

The humic acid substances fractions are not soluble in water under acidic conditions  

(pH < 2) but is soluble at higher pH (Baglieri et al., 2009). Humic acid comprise a 

mixture of weak aliphatic and aromatic organic acids. Humic acids are termed 14 

polydisperse because of their variable chemical features. Humic acid is the major 

extractable component of soil humic substances. It is dark brown to black in color 

(Lavrik et al., 2004, Zavarzina et al., 2008). 

Humin 

Humins are black in color fraction of humic substances which are insoluble in alkali 

(high pH), acid (low pH) and in water (Baglieri et al., 2007).  Humin present within 

the soil is the most resistant to decomposition (slow to breakdown) of all the humic 

substances (Baglieri et al., 2007, Schnitzer & Khan 1978). Humin complexes are 
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considered macro organic (very large) substances because their molecular weights 

(MW) range from approximately 100,000 to 10,000,000 (Yates & von Wandruszka 

1999). 

2.2 Soil amendment in general 

A soil amendment is any material added to a soil to improve its physical properties, 

such as water retention, permeability, water infiltration, drainage, aeration and 

structure. The purpose is to provide a healthier environment for plant roots (Davis & 

Whitings, 2013). On the whole, there are two types of soil amendments, organic and 

inorganic. Organic  matter refers to anything that comes from something that is or 

was alive such as peat, grass clippings, straw, manure, wood chips, compost, 

bonemeal, bat guano, and earthworm castings. Organic amendments act as an energy 

source for bacteria, fungi and earthworms that live in the soil. Inorganic 

amendments can be obtained through mined or manufactured, example are lime, 

vermiculite, and perlite. Both organic amendment soil and inorganic amended soil 

were used for soil amendment but depends on soil texture, how long the amendment 

will last in the soil, soil salinity and plant sensitivities to salts, and salt content and 

pH of the amendment (Davis & Whiting, 2013). 

Some of organic amendments are used direct but others processed before use. For 

example, earthworm castings (vermicompost) were used as a substrate amendment 

for chrysanthemum (Dendranthema xgrandijlora) 'Miramar'production. 

Vermicompost was produced from sheep, cattle, and horse manures mixed at 

different ratios with 70 peat moss, 30 perlite (v/v) substrates. After amendment the 

bulk density, percentage of pore space, and water holding capacity increased as 

vermicompost content increased while the percentage of air space decreased. Plants 
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grown in mixtures of 50 % vermicompost from sheep had a greater growth index at 

harvest, foliar area, number of flowers per pot, and dry weight and fewer days for 

flower development than plants grown in other substrates (Hidalgo & Harkess, 

2002). According Ansari & Jaikishun (2010) reported that the vermicompost 

produced from bagasse and rice straw showed the highest percentage of production 

Pheseolus vulgaris. Also after comparison with treatments using cow dung and 

chemical fertilizer, vermicompost was showed higher competitive biofertilizer  and  

better growth pattern of Pheseolus vulgaris than chemical fertilizer and it retain 

nutrients for longer period. Babeal et al.,(2016) reported an increase in phosphorus 

content and  total Kjeldahl nitrogen from vermicomposte (mixture of bagasse as 

bulking agent with cow dung, sewage sludge and kitchen waste) compared with the 

bagasse treatment alone while the organic carbon was decreased during 

vermicomposting. Hossain et al., (2016) reported on the use of plant origin wastes as 

soil conditioner and organic fertilizer, in soil amendment vinasse can be used as 

fertigation and creates nutrients reservoir in winter season. It also increase pH, CEC 

value in soil and availability of P and K for agricultural crops while direct 

application of olive mill waste water increases porosity, aggregate stability and 

reduces soil erosion and run-off of sloppy lands. It increase C/N ratio and helps to 

slow release of N into the soils. Due to its finding, plant origin wastes were found to 

be used as soil conditioner and fertilizer in agriculture. Also additions of organic 

wastes such as filter cake have the best potential for improving soil organic carbon 

retention, cation exchange capacity, sum of bases and base saturation ratio but it 

showed slightly increase in sugarcane yields (Shahzadi at el., 2017; Yao et al., 

2018).  
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 According to Dotaniya et al., (2016) application of sugarcane industries by-products 

reduces the recommended dose of fertilizers, and improves organic matter of soil 

during the crop production. It can also be used in combination with inorganic 

chemical fertilizers and can be packed and marketed along with commercial 

fertilizer for a particular cropping system.  

Hugar et al., (2012) reported the effect of organic carbon amendment on soil 

moisture; soil organic carbon is required to hold water and nutrients which decrease 

the risks of erosion and degradation. Soil organic carbon also acts as a bio-

membrane that filters pollutants and alleviates eutrophication in streams and coastal 

ecosystems, improves soil texture, soil aggregation and provides energy to 

microorganisms that play an important role in the nutrient cycling of the soil system. 

Soil moisture and water retention capacity of soil may be affected by changes in soil 

organic carbon that occur because of both climate change and land management 

practices. An increase of soil carbon in cropland soils may increase crop yield as 

well as enhance food security.  

Organic amendment soil with sufficient calcium ions can be used for amending 

saline-sodic soil. On the study of the effects of a municipal solid waste compost and 

cow manure on chemical properties of a saline-sodic soil during 150 days 

incubation, the results were showed that, application of manure and compost 

decreased soil EC by as much as 75.03 % and 65.16 % and SAR by 44.22 % and 

38.85 %, respectively after 120 days. Soluble actions concentration increased after 

one month incubation and decreased there after by leaching operation, until the end 

of the experimental period. K
+
 was the only action whose concentration did not 

decrease considerably in soil solution (Tazel et al., 2013). Biochar is the 
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carbonaceous material produced by the pyrolysis of organic material (plant/animal) 

which can be used for long term storage of C and as soil conditioner. The effect of 

biochar on chemical properties was reported by Sharma & Rajwar, (2016) on the 

study effect of biochar on nutritional status of soil. It was found that biochar 

significantly increased the SOC, SOM, total N, available P, and available K, 

exchangeable cations Ca
2+,

 Mg
2+

 and Na
+
. Micronutrients Fe and Mn increases while 

Zn decreases and Cu concentration were not significantly affected. The study 

indicates that biochar can be used as reclamation for acidic soil, increases nutrient 

retention, decreases need of chemical fertilizers and can be regarded as best 

environment friendly soil conditioner. 

2.2.1 Soil amendment in Dodoma region 

The use of soil amendment on annual crops in the region is relatively low compared 

to other regions with a planted area application of 50,021 hectares (6 % of the total 

planted area in the region). Of the planted area with fertilizer application, organic 

amendment soil (organic fertirizer) was applied to 48,843 hectares which represents 

98 % percent of the area using fertilizer, whilst the area under inorganic fertilizer 

was 1,179 hectare (2 %).  Kondoa district had the highest proportion of planted area 

using fertilizer (19,043 ha, 38 % of agriculture land using fertilizer in Dodoma. It 

was followed by Bahi (9,425 ha, 19 %), Dodoma Urban (8,897 ha, 18 %) and 

Chamwino (5,291, 11 %). Mpwapwa and Kongwa had the smallest area applied with 

fertilizer in the region each accounting for 7 % of the total planted area with 

fertilizer in the region (NSCA, 2007/08). Fresh SCB was used for amending soil of 

Dodoma municipal the purpose of holding water and nutrients. 
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2.3 Effect of sugarcane bagasse amendment on hydrophysical and chemical 

properties of soil 

2.3.1 Effect of bagasse on soil water holding capacity   

Water holding capacity is the amount of water that a soil can store that is available 

for use by plants, it is the water retained in soils between the states of field capacity 

and wilting (El-halim & Kumlung, 2014). Humus, produced after decomposition of 

SCB, functions as to improves the soil‟s water holding capacity by increase larger 

surface area of soil hence the easier  for the soil to hold onto water as results a 

higher water holding capacity. The most important function of humic substances 

within the soil is their ability to hold water (Pettit, 2004). Humic substances help in 

the spatial arrangement of individual particles, their aggregates, and of pores that 

facilitates water infiltration and helps hold water within the root zone. Because of 

their large surface area and internal electrical charges, humic substances function as 

water sponges. These sponges like substances have the ability to hold seven times 

their volume in water, a greater water holding capacity than soil clay (Carter, 2002). 

According to El halim (2016), the increase of WHC was attributed by the nature of 

SCB as organic matter. SCB was help to change the soil matrix (i.e, facilitate the 

coherent interaction of soil/bagasse or bagasse/bagasse particles) as result increase 

the soil aggregation together with its angular pores which are responsible for holding 

more water by adhesive and cohesive forces. In laboratory experiments (Table 4) on 

sandy soil in Turkey 3 and 4 % bagasse soil treatment exhibits significantly 

increased the soil WHC, saturated water contents (SWC), and increased plant 

available water content (AWC). The 3 and 4 % bagasse amended soil treatments 

lead to an increase in the WHC by 18 and 19 %, respectively, compared to the non-

amended soil treatment (El-halim, 2016). This study by El- halim, (2016) where the 
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soil activity is might be different from Dodoma soil especially in term of 

temperature, microbial activity land use and land management. 

Table 4: Saturation water content (SWC), field water-holding capacity (WHC) 

and plant-available water content (AWC) for different percentages of 

bagasse added to the soil treatment (El halim & Kumlung, 2014) 

Bagasse 

% 

SWC 

(%) 

WHC 

(%) 

AWC 

(%) 

0.0 40.94 3.85 1.81 

0.5 45.27 4.41 1.37 

1.0 47.69 5.89 0.59 

2.0 48.56 7.41 2.19 

3.0 62.32 21.96 9.81 

4.0 63.44 23.11 10.76 

 

Soil Water absorption increased with the increase in fiber content. The high water 

absorption of soil  is attributed to the amount of water absorbed by the cellulose of 

the  fiber  (Danso et al., 2015). The fiber of  SCB  has -OH groups that forms 

extended hydrogen bonding network (Figure 5) with water molecules which helps in 

absorbing and retaining water molecules (stronger the bonding the more viscous the 

liquid and higher surface tension), it has many excellent properties, such as high 

water content, good biodegradation and wide source of its low cost (Ali, 2011). Thus 

increase in the available water content of soil on addition of SCB could be important 

for plant growth (Kameyama et al.,  2010).  

2.4 Sugar industry by-products as source of organic matter 

During sugar production process considerable amounts of by-products such as filter 

cake, bagasse and sugarcane residue are produced. Part of these by-products can be 

utilized for the production of molasses, biogas and alcohol; however, there still 
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remains a considerable amount of waste to be disposed. Therefore, there is 

considerable economic interest in the technology and development processes for 

effective utilization of these wastes (Zhang et al., 2000). One hundred tons of 

sugarcane is estimated to produce 14.3 tons raw sugars, 27.2 tones bagasse, 5.2 

tones filter cake, 2.6 tones molasses and 50.7 tones waste water (Allen, 1997). The 

re-use of mill by-products has been mutually beneficial to the farming community 

and the milling sectors as well as supporting the industry‟s endeavors to be viewed 

as clean, green and responsible (Barry et al., 2001). SCB as by product of sugar 

production has always made it an attractive for soil amendment (Bhushan et al., 

2016). One of the promising approaches to use SCB waste is as a low-cost soils 

amendment. An amendment with SCB was able to improve the physical 

characteristics of the soils, including the ventilation, humidity, and nutrient support 

for the growth of microorganisms (Sarkar et al., 2005). 

 SCB has been found to be the best substrate for the growth of cellulolytic and 

ligninolytic microorganisms (Poonam & Prabhu, 1986). Application of SCB 

improved the physical condition of soil by reducing bulk density and enhanced 

macro-spore for a better root growth, and ulti- mate enhanced the cane yield (Patil & 

Shingate, 1981). Moreover, application of sugar industries by-products reduces the 

recommended dose of fertilizers and improves organic matter of soil during the crop 

production. It can also be used in combination with inorganic chemical fertilizers 

and can be packed and marketed along with commercial fertilizer for a particular 

cropping system (Dotaniya et al., 2016). The higher bacterial and fungal populations 

were observed in SCB polluted soil compare to the control soil. Higher microbial 

population in sugarcane effluent discharged soil could be probably due to presence 

of high organic matter and low pH in soil due to release of acidic effluents rich in 
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organic matter it contain (Magaranju et al., 2007). According to Dotaniya, 2013 

reported that the addition of organic residue enhanced the soil organic carbon in soil 

and accelerated the microbial activities in soil. Soil microbial diversity as well as 

microbial population enhanced due to easily available carbon as a food material 

(Singh et al., 2009) 

2.5 Effect of sugarcane bagasse on cation exchange capacity and exchangeable 

cations (Na, K, Ca and Mg) 

2.5.1 Cation exchange capacity (CEC) 

The cation exchange capacity is a measure of the soil‟s ability to retain cations. 

Cation exchange capacity is used as a measure of fertility, nutrient retention 

capacity, and the capacity to protect groundwater from cation contamination. CEC 

varies according to the type of soil. Humus, the end product of decomposed organic 

matter, has the highest CEC value because organic matter colloids have large 

quantities of negative charges (Reeuwijk, 2002). It also measures the quantities of 

sites on soil surfaces that can retain positively charged ions by electrostatic forces. 

The positively charged ions include Ca
2+

, Mg
2+

, K
+
, NH4

+
, Na

+
 and Mn

2+
. According 

to Landon (1991), the higher the CEC the more the fertile and the more productive 

the soil is.  Soil tends to show the greatest increase in CEC by soil organic matter 

(SOM) application. A SOM application rate of 15 Tons/acre increased CEC by 

about 10 %. High rates of SOM application  increased soil CEC, while low rates  did 

not change or had minimal effect on CEC (Amuri et al., 2017). Soils have a CEC 

primarily because SOM in the soil tends to be negatively charged, dissociation of 

organic acid from SOM cause negative charge that balanced by cations in the soil 

(Figure 7 ) (Quiring et al., 2007)  
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Figure 7: Humus nutrients rentetion (Seilsepour & Rashidi, 2008) 

SCB provides SOM called humus. This is the ultimate product of the decay of plant. 

Humus is largely derived from the most resistant plant material (lignin of bagasse). 

This contains much aromatic compounds with attached hydroxy (-OH) and 

carboxylic (-COOH) groups (Figure 8), which can also ionize to form -O
-
 and -

COO
- 
groups, and these charges have to be balanced by a cations in the vicinity, so 

humus also contributes to the ion exchange capacity of the soil. Without the ability 

of soils to bind cations, the essential plant nutrients would be rapidly washed out of 

the soil, and plant life would probably not have developed (Curtis & Cyril, 2010). 

Humus has a role in retention of nutrients as which is product of bagasse after 

decomposition. As for soil aggregation, it helps prevent leaching of nutrients from 

soils through its SOM (Sylvia et al., 2005). According Edmeades 2003, the 

influence of long term (>10 years) fertilizer and organic manure amendment on soil 

properties, found that the soil with greater aggregate stability had higher enrichment 

of nutrients in top (Mg, Ca, K) and sub soils (N). As plant residues with higher 

concentration of lignin promote formation and stabilization of aggregates, lignin can 

protect nutrients from leaching. 
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Lignin from SCB has –OH, COOH, -OCH3 functional groups (Fig 5C), these groups 

along with hydrophobic sites (e.g resinol, C-H groups) make lignin a good 

adsorption/desorption surface for cations and organic molecules (Gul et al., 2015). 

Lignin also stimulates nutrient retention in soil by providing a carbon source to 

microorganisms. Actively  growing microorganisms absorb and retain nutrients from 

the soil solution; if nutrients in ionic forms (e.g, NH4
+
) are transformed into organic 

compounds (e.g, amino acids and proteins) within microbial cells, those nutrients 

will remain associated with cellular compartments in organic forms upon the death 

of the microorganisms (Edmeades, 2003). 

 

Figure 8: A typical humic substance contains aromatic compound with phenolic 

and carboxylic substituents linked together. 

2.5.2 Effect of sugarcane industry by product on exchangeable cationˈs. 

The application of sugarcane industry by product directly affects soil chemical 

properties (Stevenson & Cole, 1999). According to Yao et al., (2018) reported the 

improve of   Ca, K, Mg and Na ions  as the rate the application of sugarcane industry 

by product increases (filter cake) and it was contributes of great importance due to 

limited funds to buy chemical fertilizers as well as its environmental benefits. They 

argued that organic matter releases these ions in soil solution through ion exchange 

mechanism (Tyron, 1948). According to Bhushan et al., (2016) reported that there is  
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improvement in abundant supply of micronutrients like Zn, Cu, Fe and Mn, along 

with Ca, Mg, P and K  in the soil samples having different doses of bagasse ash.  

Joseph et al., (2010) found that when the volatile matter is removed from the   

organic matter (biochar) then the rest biomass of biochar contains a sufficient 

amount of Ca, Mg and inorganic ions in it that become the part of ash contents. 

Novotny et al., (2009) also reported that terra preta soils, which are previously 

amended by organic matter, have higher Ca and Mg contents as compared to the non 

organic matter amended soils. Shenbagavalli & Mahimairaja (2012) reported the 

presence of Ca and Mg ions in the biochar at sufficient levels that can make biochar 

a liming agent. According to Amonette & Joseph (2009) biochar contains significant 

proportion of Ca, Mg and Na that become the part of soil solution through ion 

exchange mechanism. Osama et al., (2014) reported that increasing the rates of 

addition of each SCB treatment resulted in small increment in exchangeable 

potassium. According  Sharma &  Rajwar (2016 ) the effect of biochar on chemical 

properties were determined and it was found that biochar significantly increased the 

SOC, SOM, total N, available P, available K, exchangeable cations      ,     
 and  

Na
+
 Micronutrients Fe and Mn increases while Zn decreases and Cu concentration 

was not significantly affected. 

2.6 Effect of sugarcane industry by product on exchangeable sodium 

percentage (ESP) sodium adsorption ratio (SAR) 

Salinity became a problem when enough salts accumulate in the root zone to 

negatively affect plant growth. Excess salts in the root zone hinder plant roots from 

withdrawing water from the surrounding soil. This lowers the amount of water 

available to the plant (osmotic), regardless of the amount of water in the root zone. 

Excess salt in root zone can cause specific ion effect which may results to direct 
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toxicity or alternatively the inhibition or competitive absorption of ions that may 

affect plants nutritional balances.  

Both osmotic and specific ionic stress from salinity can cause stunted growth and 

reduce plant yield (Mohsen et al., 2009, Zare et al., 2014). Sodium also induces soil 

structural deterioration (slaking, aggregate destruction, and clay and organic colloid 

dispersion), leading to subsequent water infiltration and percolation problems, low 

oxygen diffusion in the soil profile, and poor rooting (Robert &Ronny, 2012). There 

are many principles of reclamation of sodic soil such as soil physical reclamation by 

minimum tillage, deep ploughing, incorporation of material into soil, input of 

organic matter and using soluble calcium salt (Osotsapha et al., 1998). 

The exchangeable sodium content from soil can be decreased by its displacement 

from the exchange complex using calcium before the leaching process. The most 

commonly used chemical amendments are gypsum (     .   O), calcium chloride 

(     .   O), and sulfuric acid (     ). Gypsum and calcium chloride provide a 

direct source of Ca
2+

 to replace Na
+
, while sulfuric acid increases calcite dissolution 

(Gupta & Abrol, 1990, Qadir et al., 2001). Gharaibeh et al., (2010) showed that 

phosphoric acid can be used to reclaim saline-sodic soils. Plaster is the corrective 

most used to recover sodic and saline-sodic soils (Oad et al., 2002; Gharaibeh et al., 

2009). The substituted sodium is leached from the radicular zone by way of excess 

irrigation, a process that demands an adequate flow of water through the soil (Qadir 

& Oster, 2004; Qadir et al., 2006).  

Therefore, such soil needs application of       source amendments or facilitating of 

dissolution of         in the soil. Filter cake and sugarcane bagasse have a role in 

reclaiming sodic and saline-sodic soils and is used as a soil fertilizer for 
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improvement of soil nutrients availability and solubility (Qadir et al., 2006; 

Rangaraj et al., 2007). 

2.7 Impact of humic substance on plant 

Humic acids are considered to be the most abundant naturally occurring organic 

molecules on earth and are often described as being the “most important component 

of a healthy fertile soil” (Calvo et al., 2014; Pettit, 2004). Fulvic acids have a cation 

exchange capacity that is more than twice as great as that of humic acids. Fulvic 

acids are very small, which allows them to enter plant roots, stems and leaves with 

more ease than humic acids or humins. Fulvic acids are often included in foliar plant 

applications, as they are the most effective carbon containing chelating compounds 

known. The humin portion of humic substances is not soluble regardless of solution 

pH. Humin has the greatest molecular weight of any humic substance and is 

extremely resistant to degradation.  

The presence of humin in the soil improves the soil‟s water holding capacity, 

structure, and fertility, among other functions (Pettit, 2004). Various laboratory 

studies indicate that the presence of humic substances may cause impacts on plants 

for example increase the uptake of nutrients, but the extent of impact on nutrient 

uptake may be related to the molecular size of the humic substance applied. The 

application of humic substances with the smallest molecular size resulted in the 

greatest effect on plant nutrients, because it allows them to reach the plant plasma 

membrane, where they effectively influence the assimilation of nutrients (Calvo et 

al., 2014; Quilty & Cattle 2011). In a greenhouse study conducted on strawberry 

plants grown in calcareous soil, the application of humic acid in solid and liquid 

forms did not significantly affect the nutrient content of the plants (Pilanali, 2003). 
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Foliar application of 0.1 % and 0.2 % humic acid solutions to maize grown in 

calcareous soils resulted in a statistically significant impact on the uptake of copper, 

zinc, and manganese (Celik et al., 2010).  

During a field study in which phosphorus and humic acid were applied to lettuce, the 

nitrogen content of the leaves increased (Cimrin & Yilmaz, 2005). Increased uptake 

of nitrate was observed in beans, wheat and cucumbers after the application of 

humic acid (Calvo et al., 2014). In a study conducted in 2006, humic acids extracted 

from vermicompost were added to planting medium at rates ranging from 250 to 

1000 mg/kg.  As a general pattern, plant growth increased in response to treatments 

of the plants with 50-500 mg/kg humic acids, but decreased significantly when the 

concentrations of humic acids in the container medium exceeded 500-1000 mg/kg 

(Arancon et al., 2006). In a field study conducted on cucumbers, increased plant 

growth and fruit yield was observed when humic acid was applied (Calvo et al., 

2014). According to Cooper 1998, when 4-5 mg/L humic acid was added to the 

solution in which corn was grown, the root length and number doubled, as compared 

to corn grown in a solution without humic acid (Cooper et al., 1998). A study 

conducted in 2011 attributed increased root elongation in germinating maize seed to 

interaction between plant hormones and a humic substance treatment (Quilty & 

Cattle 2011).  

In a study conducted in 1998, humic acids were extracted from two commercial 

products that were prepared from peat and leonardite sources, labeled CP-A and CP-

B, respectively. Tomato plants treated with CP-A (from peat) had statistically 

significant increases in root growth, as compared to the control. Tomato plants 

treated with CP-B (from leonardite) had statistically significant increases in root and 
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shoot growth, as compared to the control (Adani et al., 1998). Other studies have 

observed increases in shoot growth of cucumber, wheat, maize, and pepper (Calvo et 

al., 2014). In a study conducted in 2006, humic acids extracted from vermicompost 

were added to planting medium at rates ranging from 250 to 1000 mg/kg. A 

statistically significant increase in the dry weight of roots of marigolds and peppers 

grown in the planting medium resulted (Arancon et al., 2006). In other studies, 

humic acids extracted from vermicompost increased root growth in banana, 

strawberry and cowpea plants (Quilty & Cattle., 2011). In a study conducted in 

2006, humic acids extracted from vermicompost were added to planting medium at 

rates ranging from 250 to 1000 mg/kg. A statistically significant increase in the fruit 

weights of tomatoes grown in the planting medium was observed. A statistically 

significant increase in the number of fruits of strawberries and peppers grown in the 

planting medium was also observed.  

The number of flowers and fruits observed in peppers grown in the humic acid 

supplemented planting medium did not differ significantly from peppers grown in a 

planting medium supplemented with a plant growth regulator, which led the 

researchers to believe that humic acid had a similar effect on pepper plants similar to 

the effects of a plant growth regulator (Arancon et al., 2006). In a greenhouse study 

during which peppers were treated with soil and foliar humic acid applications, fruit 

firmness, fruit length, and fruit diameter were not significantly affected (Karakurt et 

al., 2009). In a greenhouse study in which humic acid was applied in addition to the 

recommended fertilizer regime, the number of fruits per okra plant significantly 

increased. When the recommended fertilizer regime was decreased by 50 % and 

humic acid was applied, there was not a significant increase in number of fruits per 

okra plant (Calvo et al., 2014). 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Apparatus and equipments 

Flame Atomic Absorption spectrometer (model UNICAM 919 GERMANY) was 

used for measurement of exchangeable bases, Kjltec Auto Distillation 2200 was 

used for measurement of cations exchange capacity (CEC) FTIR spetrometric was 

used for to determine the functional groups of HA, pH meter (model HACH, 

GERMANY) for the measurement of pH of soil samples, mechanical shaker, 

centrifugal machine was used in extraction and separation of HA.  

3.2 Chemicals and reagents 

Acetic acid, potassium hydroxide, ammonia solution, barium chloride, ethanol, 

Sulphuric Acid 98 %, potassium chromate, ammonium ferrous sulphate, 

diphenylamine 1 %, o – phosphoric acid 85 % 

3.3 Sampling and experimental sites 

Twelve samples of soils were collected from different locations found in Dodoma 

municipal namely Hombolo, Kikombo Makuru, Mapinduzi, Miyuji, Mkonze, 

Msalato, Ng'ong'ona, Nkurungu Ntyuka and Zuzu. All these sites are growing 

vegetables and hosting a large population of people this was the reason of selecting 

the sites. SCB were collected from local juice extract Industry found in Ng'ong'ona 

village nearly by the University of Dodoma. The collected samples were transported 

to the Chemistry laboratory of University of Dodoma and St. John University of 

Tanzania, soil and Geology laboratory at Sokoine University of agriculture for 

preparation and analysis 
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3.4 Description of study site  

Dodoma municipal is one part of Dodoma region which is located at 6°10′23″S 

35°44′31″E lies in the Eastern-central part of Tanzania. The site of each collected 

sample shown in figure 9 and table 5 

Figure 9: Map of Dodoma municipal showing soil sampling sites. 
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Table 5: Description of sites samples collected from twelve sites in Dodoma 

municipal, Tanzania. 

Site of sample collection Easting Northing 

Hombolo E035.98ˊ S05.95ˊ 

Kikombo E035.99ˊ S06.23ˊ 

Makulu E035.77ˊ S06.18ˊ 

Mapinduzi E035.92ˊ S06.24ˊ 

Miyuji E035.75ˊ S06.10ˊ 

Mkonze E035.71ˊ S06.22ˊ 

Msalato E035.75ˊ S06.06ˊ 

Ng'ong'ona E035.84ˊ S06.24ˊ 

Nkuhungu E035.71ˊ S06.15ˊ 

Ntyuka E035.77ˊ S06.22ˊ 

Zuzu E035.69ˊ S06.14ˊ 

 

3.5 Mode of collection and preparation of soil and sugarcane bagasse sample 

3.5.1 Soil sample collection and preparation  

The first and most critical step in soil testing is collecting a soil sample. Twelve 

samples of soils were collected  from different locations  found in Dodoma 

municipal which have high population of people namely Hombolo, Kikombo 

Makuru, Mapinduzi, Miyuji, Mkonze, Msalato, Ng'ong'ona, Nkurungu Ntyuka and 

Zuzu. The composite sampling method was used for sampling, where about 1kg of 

sub-samples (15 to 25 sub samples) were collected with the help of an auger from 

the 10 cm depth, put in plastic bags and packed in the bucket (Walworth, 2006). The 

soil plastic bags from the bucket were label for easy identification of the sample. 

Before soil testing in laboratory, the labeling was checked against the accompanying 

information list. Information regarding samples was recorded in a register, and each 

sample was given a laboratory name, the given sample name was help to distinguish 

it where more than one source of samples was involved. Soil samples were air dried 
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on dry wood which act as drying surface. Care was taken to maintain the identity of 

each sample at all stages of preparation. Finally, the portion of the solid soil sample 

was used for analysis of water retention, and other portion of the solid soil sample 

was crushed and screened through a 2-mm sieve repetitively until fine particles 

were obtained ready for analysis of organic carbon, exchangeable bases, cations 

exchange capacity and humic acid. 

3.5.2 Sampling and preparation of sugarcane bagasse 

20 kg of sugarcane bagasse was collected from local sugarcane juice vendors 

(Ng'ong'ona sugarcane juice extract) manually by using hands processed before use 

(Figure 10 A). The sample was air dried for four days and then in the oven at 70 °C 

for two consecutive days. Finally grounded by using blander and sieved (2 mm 

mesh) to make fine powder (Figure 10 B) [Bhushan et al., 2016]. 

 

                             (A)                                                                 (B) 

Figure 10: (A) SCB collected from local sugarcane juice vendors. (B) 

sugarcane bagasse powder 

SCB powder was kept in desiccators while in plastic bags ready for soil studies 

(Cifuentes et al., 2013, Tanwar et al., 2013). Different test sample were prepared by 

mixing SCB and soil in different ratios like   B1-2 %, B2-5 %, B3-10 %, B4-20 %, 

B5-100 % and C – 0 % was kept as control. For analysis of water holding capacity, 
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exchangeable bases, cations exchange capacity while C – 0 %, B1-2 %, B2-5 %,  B3-

10 % were used for growing Chines cabbage. 

3.6 Analytical methods 

3.6.1 Water holding capacity 

Water holding capacity was determined by using gravimetric method where the 

weight gain due to water absorption (WMS) and weight loss (WLS) of amended and 

non-amended soil after placed in an oven were determined. The WMS was 

determined by measuring the weight of non-amended and amended soil before and 

after placed in water. The water weight was the difference between the weight of 

wet soil sample and dry soil sample. The weight gain of soil due to water absorption 

(WMS) was calculated by using equation below (Ramesh et al., 2015)   

                  %WMS  (
                     

          
)                   

The weight loss of amended and non amended soil (WLS) after placing the sample 

in the oven at    C was obtained gravimetric method (El halim & Kumlung, 2016, 

Sánchez-orozco  et al., 2017):  

 %WLS   
                                

          
       

3.6.2 Organic carbon 

2.0100g of dry and sieved (2 mm sieve) soil was taken into 250 mL conical flask, 10 

mL of 1N          (0.16667M) was added and swirled in the flask gently to 

disperse the soil in the solution for oxidation of organic carbon. 20 mL concentrated 

                direct into the suspension to assist oxidation of organic carbon. 

Immediately flask was swirled until the soil and the reagent are mixed and left for 30 
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minutes for completion for oxidation of organic carbon. Then 200 mL of distilled 

water was added followed by 10 ml of 85 % phosphoric acid, 1.0 mL 

diphenylamine indicator was added. The mixture was titrated against with 0.5 M 

ammonium ferrous sulphate which was used to determine the remained of organic 

carbon after oxidation. Near to the end point ammonium ferrous sulphate was added 

drop wise, the colour changes to deep violent blue and finally sharply brilliant green 

color was observed (Figure 11). The titre value was recorded. 

  

                                    (A)                                                      (B) 

Figure 11: Colors of mixture solutions, (11A) before titration (11B) after 

titration. 

 For the blank (without soil sample), after titration of the blank burette reading was 

recorded, 10.0 mL of  0.16667 M           was added and titrated with ammonium 

ferrous sulphate. This second titration was used to standardizing the ammonium 

ferrous sulphate (Allison, 1965; Nelson & Sommers, 1982).  

Calculation 

From the equation: 

2Cr2O7 
2- 

+ 3C + 16  → 4     +    O +     ↑ 

1 mL of 1 N dichromate solution is equivalent to 3 mg of carbon. 



38 

Where the quality and normality of the acid/dichromate mixture used are as stated in 

the method, the percentage carbon is determined from the following formula: 

                % OC =   
                        

   
  

                   =        
         

   
   

Where: 

%OC = percentage organic carbon 

N = Normality of            solution 

T = Volume of FeSO4 used in sample titration (mL) 

S = Volume of FeSO4 used in blank titration (mL) 

ODW = Oven-dry sample weight (g) 

 Soil organic Matter (SOM) was calculated as 1.72 x % OC ( Walkley & Black 

.,1934) 

3.6.3 Exchangeable bases  

Determination of total sodium, potassium magnesium and calcium were done using 

Flame Atomic Absorption Spectrometer (FAAS) as per the procedure described by 

Bansal & Kapoor (2000).  5.0100 g air dried sample was transferred to 500 mL 

beaker, and about 100 mL of 40 % alcohol was added shaken well and kept for 15 

minutes. Filtrate was filtrated from the suspension through whatman number.50 

filter paper using Buchner funnel and vacuum pump. The sample was washed 4 

times with 50 mL portion of 40 % alcohol. The final washing was performed with 

50 ml of 95 % (absolute) alcohol to dry the sample. The filter paper was removed 

and scraped the sample in a 250 mL beaker.  
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The sample was leached 4 times more with portion of ammonium acetate and make 

up the final volume of the filtrate to 100 ml in a volumetric flask. The 

concentrations of potassium, sodium, magnesium and calcium were determined by 

using FAAS (Figure 12) after adjusting the flame photometer by the standard 

solution. 

  

Figure 12: Flame Atomic absorption spectrometer 

3.6.4 Calibration of the instruments 

Calibration of instruments used for the measuring of exchangeable bases (Na, K, 

Mg and Ca) was done by preparing five standard solutions. The FAAS was 

calibrated were known concentration of analyte were measured. A blank solution 

having 0.0 mg/L of the analyte was used to correct background signal for the 

matrix.  The calibration curves (Figure 13) were prepared and equations from them 

were used to get the concentration of each element (mg/L) which was used to obtain 

the exchangeable bases of each element in solution 
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Table 6: The data for calibration of FAAS for different element 

 
K 

 
Na Ca 

  
Mg 

Std 

conc 

(mg/L) 

Absorbance 
Std conc. 

(mg/L) 
Absorbance 

Std conc. 

(mg/L) 
Absorbance 

Std 

conc. 

(mg/L) 

Absorbance 

0 0 0 0 0 0 0 0 

2 1.9 2 2.5 2.5 0.036 0.5 0.202 

5 5.4 5 5.8 10 0.177 1 0.384 

10 10.3 10 10.9 15 0.268 1.5 0.585 

15 15.2 15 15.8 20 0.36 2 0.742 

20 20.2 20 20.5 
    

 

 

Figure 13: Calibration curves (a) Potassium (b) Sodium(c) Calcium (d) 
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Extractable sodium, potassium, magnesium and calcium were obtained by using a 

known volume of 1 N ammonium acetate and the exchangeable contents of these 

elements were obtained as difference between the extractable and soluble quantities.  

Exchangeable bases (cmol/kg)   =     
   

 
  

                   

    
    

    

  
 

Where 

DF = Dilution factors 

Eq = Equivalent weight obtained from  
             

        
 

mg/L = Concentration of elements  

W (g) = Weight of oven dried soil sample 

Exchangeable sodium percentage (ESP) was calculated, using results from 

exchangeable sodium and CEC while SAR was calculated from the result of Mg and 

Ca ions (Mario & Rhoades 1977). 

ESP   
       

   
 ×100  

Where: 

ESP   exchangeable sodium percentage 

CEC   cations exchange capacity 

Exch    exchangeable sodium  

 SAR   =     
  

√
     

 

   

SAR    =    Sodium Adsorption Ratio  

3.7 Cations exchange capacity  

The CEC of the soil was determined using the ammonium acetate saturation method 

as described by Chapman (1965) & Ross (1995). 5g of the soil was saturated with 
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neutral normal NH4OAC, shaken for 30 minutes and filtered by using Buckner 

funnel with number filter paper. The filtrate was used to determine exchangeable 

(K, Ca, Mg and Na) using flame atomic adsorption spectrophotometer (Shimadzu, 

AA-840-01). Excess NH4OAC was removed by washing twice with 95 % ethanol. 

The residue of soil at pH 7 with NH4
+
-saturated soil was equilibrated with 4 % KCl, 

shaken for 30 minutes and filtered. The filtrate was used for the determination of 

NH4
+ 

by micro kjeldahl distillation in the presence of 40 % NaOH and the     

liberated was collected in 4 % boric acid (with mixed indicator) and titrated with 

standard 0.1N       (Figure 14). The titre was use for the determination of the 

CEC of the soil.  

 

Figure 14: Determination of NH4
+ 

by micro kjeldahl distillation 

Calculation   

CEC =
           

 
 

 

Where:   

CEC = cations exchange capacity  

Tv = Titre volume 

Bl = Blank volume 

N = Normality of sulphuric acid 

Vex = Volume extraction. 
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3.8 Decomposition of SCB and extraction of humic acid from SCB amended 

soil 

10 g of SCB amended (50:50) was mixed with 5ml of water allowed undergoing 

decomposition at 37 °C. Four samples were allowed to decompose at different 

periods (0, 10, 20 and 30 days). Humic acids were extracted using the classic 

alkali/acid fractionation procedure (Atiyeh et al., 2002). The SCB amended 

compost soil was digested in 0.1 N KOH (1:10 W/v) for 24 hours at room 

temperature (23 ± 2 °C). 

 

Figure 15: Extraction process of humic acid 

  The undigested bulk residue from SCB compost was then separated from the 

solute fraction by centrifugation at 5000 rpm for 30 min followed by vacuum 

filtration through a glass filter paper. The filtered supernatant was acidified to pH 2 

with 6.0 N       and kept in a cold room in the dark for 24 hrs in order to obtain 

flocculation of humic acids. After acidification, the humic precipitate (humate) was 

collected by centrifuging at 5000 rpm for 30 min, washed three times with distilled 

water to remove residual      , freeze-dried and brown powder was obtained for 

each treatment. 
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3.9 Growth response of chines cabbage (Brassica rapa pekinesis) on the 

different concentration of sugarcane bagasse 

3.9.1 Experimental set up and treatments  

This experiment employed quasi-experimental method using four treatments. Each 

treatment has potted plants composed of 3 sample plants per pot (3.5 kg) in 

triplicate making a total of 12 pots (Figure 16). Soils from the experimental site 

were mixed thoroughly to form homogeneous mixture in different concentrations 

(0, 2, 5 and 10 %) of SCB. For proper decomposition SCB was applied one month 

prior to seed planting in the field since the rate of decomposition is affected by 

temperature, moisture, and population and diversity of soil micro-organisms 

(Liwayway, 2013). 

 

Figure 16: SCB mixed with soil at different concentrations 

Table 7: List of treatment combinations 

Treatment Treatment Description 

Code combinations 

  C(control) B0S100 100 %Soil without bagasse 

B1 B2S98 98 % soil with 2 % bagasse 

B2 B5S95 95 % soil with 5 % bagasse 

B3 B10S90 90 % soil with 10 % bagasse 
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3.9.2 Field management  

Chines cabbage seeds were germinated following the recommended practice in the 

soil with different treatments (Table 7). One pot has four sample plants. Plants were 

watered 100 mL for the first 3 days to check the response of pot treatments. 

Additional 50 ml. of water was administered, depending on the response of the 

plants respective to pot treatment (Table 7), but equal amount of water (150 mL) 

was administered in every plant, using graduated cylinder. To control pests and 

diseases, the use of contact insecticide available in the market was done. It was 

sprayed following the prescribed dosage of the manufacturer 

Table 8: Irrigation scheduling practice to the respective treatment 

Treatment code Time (hours) before next irrigation 

C 12 

B1 48 

B2 48 

B3 96 

C (0 % SCB & 100 % soil), B1 (2 % SCB & 98 soil), B2 (5 % SCB & 95 %soil), B3 

(10 % SCB 90 % soil) 

3.9.3 Data collection and analysis 

Agronomy and physiological, of Chines cabbage growth data were collected and 

analyzed as indicated below: 
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3.9.4 Agronomic and physiological parameters  

 

Figure 17: Chines cabbage plants in respective treatments 

3.9.4.1 Agronomic parameter 

Days to emergence: This parameter of the Chines cabbage was determined by 

counting the number of days from sowing to the time when 50 % of the plants 

started to emerge the tip of panicles through visual observation. 

Plant height 

Plant height was measured at maturity from the ground level to the top of the 

Chines cabbage from each treatment selected three plants and the average was taken 

as plant height (cm).  

Number of leaves per plant 

Number of leaves was counted from three representatives plants from each pot and 

averaged as per plant. 
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3.9.4.2 Physiological parameters: 

Plant samples were collected at 5 weeks after sowing. The Chines cabbage plants 

were separated into leaves and roots for Relative water content, plant dry mass, root 

to shoot ratio.  

Relative water content (RWC):  

Fully expanded youngest leaves were selected from different treated plants (Figure 

18); five leaves were sampled and weighed immediately to determine the fresh 

weight (FW). Then immersed in distilled water in Petr-dishes for 24 h in darkness 

and then turgid weight (TW) was determined. The leaves were dried in an oven at 

70 °C for 24 h and the dry weights (DW) were obtained (Silveira et al., 2003). 

Relative Water Content (RWC) =   
     

     
×100 

                   

                                 (A)                                                          (B) 

Figure 18: Youngest leaves were selected from different treated plants (A) 

Fresh leaves (B) Dry leaves 

Plant dry mass 

Three Chines cabbage plants from each treatment were separated into shoot and 

roots. Then washed in tap water to remove the soil particles and blotted to dry on 

paper towels. The shoots were weighed by using an electronic weighing balance to 

determine the fresh weight (FW). Then shoot were dried in an oven at 70 °C for 24 

hours and the dry weight (DW) were obtained. The plant Biomass calculated as 

given equation. 
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                        PDM   =     
     

  
×100 

Root to shoot Ratio 

The above ground part and below ground part of Chines cabbage from each 

treatment were sampled. The roots were washed in tap water to remove the soil 

particles and blotted to dry on paper towels. The fresh weight was determined 

immediately after harvesting using an electronic weighing balance and shoot and 

root were dried in an oven at 70˚C for 24h to obtain dry weight. Then root to shoot 

ratio was calculated by using formula below (Askari et al., 2017) 

                         R/S ratio = 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

4.1 Water holding capacity for various percentage of sugarcane bagasse 

(Table 9) contains the detailed laboratory analysis of soil mixed with different doses 

of SCB. The analysis reveals that like other organic wastes, SCB affects the hydro 

physical properties of soil positively. The WHC of the soil increased from 26.85 % 

for control (C 0 %) to 84.08 % B5 (100% SCB) representing 3.16 x more water 

absorption. The results shows highly significance effect, where as concentration of 

SCB increases WHC also increases (figure 19) also the results proved beneficial for 

these SCB amended soils with respect to water holding capacity. These results are 

consistent with what is found in the literature. Organic carbon in these soils acted as 

a fine medium of sorption to hold water as well improved the soil aggregation 

(Hugar et al., 2012). According to Yadav (2015) long term application of organic 

materials increase the water holding capacity. SCB increases water retention due to 

the decrease of dry bulk density and improve positively soil porosity that make 

moisture availability in the root zone (Bhushan  at el., 2016). Hudson (1994) and 

Kern (1995) found an increase in water content with increasing SOC content. 

Garambois et al., (2002) showed that per gram of additional carbon at -10 kPa 

suction, a 50 % increase in water content was achieved. These treatments improved 

the positively effect of SCB on hydro physical properties of the soil (Deshmukh et 

al., 2000). 
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Table 9: Showing effect of sugarcane bagasse on amended of soil in water 

holding capacity 

Treatment MDS WMS %WHC 

C 5.18 7.09 26.85 

B1 5.2 8.79 40.72 

B2 5.22 10.43 49.64 

B3 5.23 13.07 59.98 

B4 5.18 17.55 70.46 

B5 5.20 32.99 84.08 

Where: C 0 %, B1 2 %, B2 5 %, B3 10 %, B4 20 % and B5 100 %, treatment of 

SCB, MDS = Mass of dry soil, WMS = mass of moisture soil after gain 

water, WHC = water holding capacity. 

 

Figure 19: Water holding capacity and loss for various percentage of 

sugarcane bagasse for three days after placed in oven at    C  

Table 9 contains the detailed laboratory analysis of soil receiving different doses of 

SCB during the laboratory experiment. The SCB amended soil treatments were less 

effective on soil water loss than non-amended soil treatment. It is interesting to note 

that mixing SCB residue with soil beneficially modified its water loss behavior. The 

higher water loss was found in the untreated soil C 0 % (control) where as other 
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treatments were significantly (B1, B2, B3, B4 and B5 respectively) according SCB 

percentage treatments (figure 20). There were less statistical differences between the 

B2 and B3 SCB amended soil treatments. The results was similar with that reported 

by Hueso et al., (2011), organic amendment increased the soil WHC, which 

reflected that the rate of moisture loss during the dry period was lower in amended 

than in un amended soil. Also Kameyama et al., 2010 reported an increase of soil 

water contents due to application of more bagasse and suggeste the irrigation of 

water can likely be reduced by application of more bagasse-charcoal to these soils. 

El-Halim & Kumlung (2014) reported significant increase in the formation of larger 

aggregates observed in the soil treatments with 3 and 4 % bagasse, this was 

indicated an increase in the inter-particle bond strength, which could be due to 

enhanced inter-particular aggregate cohesion due to inward diffusion of binding 

organic substances within the aggregates hence reduce water loss.  Also other 

researcher were reported that, addition of materials rich in organic carbon leads to an 

improvement of the aggregation status of the soil which had a positive effect on 

hydrophysical properties of  soil, i.e. decreasing soil bulk density as well as 

macroporosity (drainage pores) at the expense of ones. The moisture content was 

increased due to the increase of water holding pores as well  as decrease  the mean 

diameter of soil pores and turns its water transmitting properties namely hydraulic 

conductivity‟ (Ali, 2011; El-Hady & Abo-Sedera, 2006; Wanas & Omran, 2006, 

Bandyopadhyay et al., 2010). 
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Table 10: Mass gain and loss on SCB amended soil after immersed in water 

and placed in oven at    C 

Treatment WDS WMS 24 WLS 24 WLS48 WLS 72 

C 5.18 7.09 6.56 5.29 5.18 

B1 5.2 8.79 7.32 5.81 5.29 

B2 5.22 10.43 8.44 6.73 5.76 

B3 5.23 13.07 9.35 7.65 5.95 

B4 5.18 17.55 13.1 9.09 6.85 

B5 5.2 39.76 32.99 15.78 14.68 

MDS = Mass of dry soil, WMS = mass of moisture soil after gain water, WLS = 

mass loss after loss of water per day.  

 

MDS = Mass of dry soil, WMS = mass of moisture soil after water absorption and 

WLS = Mass of soil after placed in oven at    C 

Figure 20: Effect of SCB on amended soil water gain and loss per hour 
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4.2 Initial soil organic carbon and organic matter properties of Dodoma 

Table 11: Carbon and organic matter in soils (walkley-black, 1934) 

Soil site % OC % OM 

Hombolo 0.51 0.88 

Kikombo 0.89 1.53 

Makuru 0.63 1.09 

Mapinduzi 0.71 1.22 

Mbalawata 0.66 1.14 

Miyuji 1.31 2.26 

Mkonze 1.31 2.26 

Msalato 0.65 1.12 

Ng'ong'ona 0.48 0.81 

Nkuhungu 0.28 0.48 

Ntyuka 0.79 1.36 

Zuzu 1.23 2.12 

Where: OC = organic carbon, OM = organic matter 

4.2.1 Organic carbon 

The organic carbon data for the soils in the areas studied ranged from 0.28 to 1.31 % 

as presented in Table 11. According to Baize, (1993) organic carbon contents was 

categorized as < 0.60% as very low, 0.60 – 1.25 % as low and 1.26 – 2.50 % as 

medium. Based on these categories, soils in this study ranged from very low to 

medium organic carbon content. These levels are similar to those from other studies 

done by Budotel (1995) in selected grape producing areas of Dodoma region (0.68% 

OC).  Letayo (2001) reported 0.65 % OC in the study of millet and groundnut soils 

of some areas from Dodoma region. Also Sanga (2013) reported the range of 

organic carbon from low to medium (0.64 to 1.96 OC %) in the study of evaluation 

of soil fertility status and optimization of its management in sesame (Sesamum 

indicum ) growing areas of Dodoma district.  Thus many soils of Dodoma seem to 
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be low in organic carbon (Sanga, 2013, NNS, 1983). The low soil organic carbon in 

Dodoma is due to management practices used in crop production that do not 

promote increase in soil organic matter. Although various organic amendments were 

used but the quantity applied is either insufficient to build up and maintain soil 

organic matter for sustainable crop production or the rate of SOM turnover is high 

(Amuri et al., 2017). Organic matter soil contents in Dodoma are very low due to 

poor structural properties, vegetative cover is very poor, soil aggregates tend to be 

unstable and the soils are susceptible to top soil erosion and surface sealing (NNS, 

1983). 

According to Tekalign, (1991) the soil had very low organic carbon content (0.31%), 

indicating moderate potential of the soil to supply nitrogen to plants through 

mineralization of organic carbon. The organic carbon of SCB was 45.57% (Table 

11) this value is slightly similar to 43.56% reported by Ricard, (2015) on the study 

of effect of adding bulking materials over the composting process of municipal solid 

biowastes. 

Table 12: Effect of soil on SCB amendment  

Treatment OC % OM % 

C (control) 0.53 0.91 

B1 1.09 1.87 

B2 2.3 3.95 

B3 5.1 8.77 

B4 9.11 15.66 

B5 45.57 78.38 

Where: OC = organic soil, OM = organic matter, 
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Figure 21: Effect of SCB amendment on soil organic carbon 

The result was shown that there is significance of an increase of organic carbon for 

amended soil as the concentration SCB treatment increase (Table12, Figure 21). 

This result in agreement with Ricard., 2015, Singh et al. 2009 and Shehzadi et al. 

2017 reported that addition of organic wastes increases OC. Also according 

Dotaniya et al., 2013 reported that addition of organic residue enhanced the soil 

organic carbon in soil and accelerated the microbial activities in soil. 

4.2.2 Soil organic matter 

 

Figure 22: Effect of SCB amendment on soil organic matter 
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Soil organic matter (SOM) content in the study area ranged from 0.48 to 2.26 g/kg 

in top soil Table 11 and was rated as very low according to Sanga, (2013) since 

SOM content was calculated from soil organic carbon   these parameters had the 

same trend (Walker & Black 1934). It is generally accepted that a threshold for 

SOM in most soils is 34 g/kg below (treatment C to B4 in table 11) which decline in 

soil quality is expected to occur (Loveland & Webb, 2003). Soil organic matter was 

below the proposed threshold values in all the sites under study, suggesting a decline 

in soil quality (Figure 22). This level is within to those from other studies done by 

Makoi, (2014) in the study of selected soil chemical properties and fertility 

assessment in some traditional irrigation schemes of the Mpwapwa district in 

Dodoma region that was 2.3 to 11.7 g/kg SOM. Dodoma is semi arid with high Soil 

erosion which may lead to a decline in soil productivity since the finest and most 

fertile soil particles are those, which are generally removed (NNS, 1983). It is 

therefore apparent that there is a need to replenish the SOM using resources such as 

sugarcane residues (SCB) for maximum crop yields. Understanding the SOM status 

before any development interventions are undertaken is of vital importance it is 

known extensively to play a key role in the improvement of soil physical and 

chemical properties. These properties include structural stability, porosity, mineral 

elements availability (i.e. N, P and S) cation exchange capacity, soil moisture and 

nutrient holding capacity (Sanchez et al., 2003, Flaxel & Murphy 2006, Ferreres et 

al., 2006, Kockba et al., 2004, Monreal at el., 1997, Roscoe at el., 2001). SOM has 

also been reported to have great impact on improving irrigation efficiency for 

sustainable land productivity to enhance productivity and environmental quality, to 

reduce the severity and costs of natural phenomena such as drought, flood, disease 
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and to reduce atmospheric     levels that contribute to climate change (Doran, 

1995, Stamatiatis et al., 1999, Drinkwater et al., 1995 and Shapherd et al., 2006). 

4.3 Effect of SCB on soil chemical properties (exchangeable cations and cations 

exchange) 

Table 13: Selected chemical properties of SCB used for amendments 

Treatment K Na  Ca  Mg CEC 

  cmol/kg cmol/kg cmol/kg cmol/kg cmol/kg 

C 0.5 1.03 2.8 1.3 5 

B1 0.52 0.55 2.98 1.51 5.75 

B2 0.64 0.47 3.24 1.85 6.21 

B3 0.65 0.31 3.44 1.86 6.83 

B4 0.67 0.21 3.83 2.71 7.94 

B5 1.25 0.08 8.61 5.47 24.84 

Where: C= 0 %( control), B1    =2 %, B2   = 5%, B3   = 10 %, B4 = 20 % and B5 = 

100% treatment with sugarcane bagasse, CEC= cations exchange capacity 

4.3.1 Exchangeable bases 

Analysis showed that exchangeable calcium, magnesium and potassium 

concentration in soil slight varies due to application of organic matter. Slightly high 

calcium (8.61cmol/kg) was detected from B5100 % SCB treated, while the lowest 

exchangeable calcium (2.8 cmol/kg) was obtained from C 0% which is control 

(Table 13). This result in agreement with Sarwar et al., (2010) who obtained that 

exchangeable Ca increased with application of organic matter (sugarcane by 

product). As shown in Table 13 relatively high potassium (1.25 cmol/kg) was 

obtained from B5 (100 %) SCB, while low exchangeable potassium (0.5 cmol/kg) 

was obtained from C 0 % (control). Ghulam et al., (2010) exhibited that      and 

     concentrations increased with increasing rates of sugar industry by products 
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application. Generally, exchangeable bases were not linearly affected with applied 

level of sugarcane by-products.  

Unlike the other exchangeable cations sodium concentration in the soil was affected 

by SCB treatment, (Table 13). The highest exchangeable sodium 1.03 cmol/kg was 

recorded from untreated  C 0 %, (control),while the lowest exchangeable sodium 

was obtained from the application of 0.08 cmol/kg treated ( B5100 %) with  SCB. 

Generally, exchangeable sodium was decreased with increasing application of SCB. 

This result is in agreement with finding of Qadir et al., (2007) who reported that 

exchangeable sodium decreased with increase of organic matter treatment.  These 

was might be  due replacement of exchangeable sodium by       that  released from 

dissolution of the native calcium carbonate that works on the same principle of 

native calcite dissolution to supply soluble calcium by facilitating changes in root 

zone partial pressure of     by plants and thus helps to remediate soils. However, 

the result was contradicts with finding of Ghulam et al., (2010) and Sarwar et al., 

(2010) who reported exchangeable    increase with application of organic matter. 

4.3.2 Cation exchange capacity (CEC) 

The lowest CEC was 5.0 cmol /kg for C 0 % (control) increases as the concentration 

of SCB treatments increases to 24.84 cmol/kg (B4 100%) (Table13). This result is in 

agreement with findings of Landon, (1991) and Ricardo, (2015) who reported that 

the raise of CEC is due the increase in concentration that lead more soil organic 

matter in soil and improve the soil quality. Rhoades, (1982) reported that the higher 

soil organic matters have higher CEC due to charges resulting from isormorphous 

substitution while Rodella et al., (1990) reported the causes of higher CEC in SCB 

treated soil due to its large number of negatively charged functional group. 
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4.3.3 Sodium adsorption ratio and exchangeable sodium percentage  

Table 14: Effects of SCB treatment level on soil ESP and SAR 

   

Bagasse treatment level 

 

 

C B1 B2 B3 B4 B5 

SAR 0.72 0.36 0.29 0.19 0.12 0.03 

ESP (%) 20.1 9.55 7.56 4.53 2.64 0.32 

  

The highest SAR (0.72) was obtained from the C  (control),where trend is decreasing 

as SCB treatment increasing, to the lowest sodium adsorption ratio (0.03) was 

obtained from application of  SCB  (B5100 %) . According to Muhammad and 

Khattak, (2011) application of sugarcane industry by products(filter cake) the rate of 

7.0 Mg/ ha decreased SAR to 7.73 and 7.71 where as plots treated with 4.0 Mg /ha 

maintained SAR of 10.96 that was significantly lower than control but higher than 

other treatments. Shaaban et al., (2013) also reported declining in SAR after 

application of organic matter. 

The highest ESP (20.1 %) was recorded from the C (control). However, the lowest 

ESP (0.32 %) was recorded from application of (B5 100 %) SCB treatment 

(Table14).The Decrease of ESP in the soil might be from dissolution of CaCO3 

released     
 replace exchangeable sodium in exchange site, because decomposition 

of organic matter produce organic acid that lower soil pH to dissociate native 

CaCO3. The same result was reported by Wang et al., (2014) who found that a 

mixture of organic wastes decreased ESP by 71 %, and increased total porosity and 

organic carbon by 25 % and 96 % respectively as compared to the control. These 

results indicated that effectiveness of combination of different amendments for 

reclaiming salt affected soils. Negim, (2015) also reported with increasing of organic 
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matter (filter cake) and gypsum singly or in combinations there was considerable 

decrease in ESP. 

4.4 Humic acid extracted from SCB amended soil 

Table 15: Humic acid extracted from SCB amended soil 

Treatment code Days after decay of SCB amended soil HA (g) 

C (control) 

 

0.0033 

B50%S50% 0 0.0053 

 

10 0.0303 

 

15 0.1888 

 

30 0.2779 

B50%S50%   (50 % SCB mixed with 50 % soil) 

The relevant amounts of humic acid extracted from SCB after decomposition in 

different period were shown in table 15. Higher amount (0.2779 g) of HA was 

extracted after 30 days, and small amount (0.0053 g) was extracted from 0 day of 

SCB decomposition. The amount of HA extracted from SCB is significant (Figure 

23) to the time taken for decomposition of SCB. The degree of decomposition of 

SCB is proportional to the content of humic acid (Stevenson, 1982). 

  
 

Figure 23: Amount of humic acid extracted from SCB amended soil  
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4.4.1 FTIR spectra of humic acids 

Figures 24 show the FTIR spectra of the humic acids samples studied. In general, all 

spectra are almost similar in the position of the main bands, but some differences 

can be observed in their relative intensity. All the spectra showed bands that could 

be assigned to the main groups, as: 3371.74 – 3335.45      the intense and broad 

absorption band due to OH bonds stretching in hydroxyl groups which mainly 

belong to carboxyl acids linked to hydrogen which can modify the stretching 

frequency. 2930.99-2854.66       the intense absorption band for HA extracted 

from zero and ten days after decomposition of SCB was due to is due to symmetric 

stretching bands of aliphatic     and      The obtained absorption band is very 

similar to that from soil HA which reported by Stevenson (1994), it is possible to 

differentiate the source and the humification condition of the organic matter by 

using FTIR spectrum. The HS with relatively low humification degree has a 

spectrum with     and      and CH absorption bands (generally located around 

2900-2850    ) 1706.76      C=O of COOH and/or ketone, 1636.52- 1598.11 

     COO-, C=O   carbonyl and quinone 1598.11- 1450      C=C of aromatic 

ring and 1116.6    , (COO-), 1049.24     indicate C-O of ether and ester. All the 

spectra showed a strong absorption band at 3371.74 – 3335.45      indicating 

extensive overlapping of the OH groups with various degree of H-bonding. The 

intense absorption band at 2930.99      for HA extracted from zero and 

2854.66     for ten days after decomposition of SCB was due to symmetric 

stretching bands of aliphatic     and       this indicate that HA has low degree of 

humanization. A strong band at 1636.52- 1598.11     COO-, C=O   carbonyl and 

quinone, 1636     in HAs of thirty days of decomposition indicate higher number 

of COOH groups. The strong and broad band near at 1116.61       suggest C-O 
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stretching of aromatic ethers in HAs (Schnitzer, 2000).The results  was slightly 

similar with Reddy at el.,(2018) reported on FTIR spectrum of HA of paddy soils 

showed bands at 3246      (H-bonded OH), 2420      (aliphatic C-H stretching), 

1721      (C=O of COOH, C=O stretching of keto C=O), 1634       (COO-, 

C=O of carbonyl and quinone), 1449      (aliphatic C-H), 1112      (COO-) and 

1102      (C-O stretch or OH deformation of COOH). 

 

Figure 24: IR spectra of humic acid extracted from decomposition of SCB 

after different period 



63 

Present study revealed that SCB undergoes decomposition and produce HA this was 

confirmed by FTIR characterization resulted in better understanding of HA 

composition and functional groups.  

4.5 Effect of sugarcane bagasse amendment soil on WHC, agronomic and 

physiological parameters of   chines cabbage (Brassica rapa pekinensis) 

4.5.1 Effect of SCB amendment soil to WHC for experimental growing plant 

Table 16: Effect of SCB amendment soil to irrigation for experimental growing 

plant 

Treatment code Decrease irrigated water(Litres) 

C 16.2 

B1 8.1 

B2 8.1 

B3 4.05 

 

During growing of the plant, irrigation process was administered to each treatment 

plants for about 36 days after sowing of the plants.  Results indicated that there was 

a steady increase in WHC for 50 % with every increase in SCB content for amended 

soils (Table 16). Based on the study, 16.2 L of water was administered to treatment 

C (control) due to low WHC and 4.05 L  for B3 (10 % SCB). The decrease in 

irrigation water was due to increase in SCB concentrations which result to higher 

WHC in soil (Figure 25).  

According to Bhadha et al., (2017), the increase of WHC in sandy and lime rock soil 

was due to increase of every 1% in OM. Based on his study, every 1% increase of 

OM equal to a 2.3% and 1.3% increase in soil WHC for sand and lime rock, 

respectively. This was equal to an average of 10 gallons of water stored per acre-foot 

on sandy soils and 9.1 gallons of water stored per acre-foot of lime rock if OM 

content were to be increased by 1%.Therefore effect a soil OM on WHC must be 
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considered as key factor in agricultural productivity this is due to its significant 

impact on water conservation and usage (Hudson, 1994).   

 

Figure 25: Effect of SCB amended soil on WHC in experimental growing plant 

4.5.2 Effects of SCB on agronomic parameters of chines cabbage 

Table 17: Effect of SCB on plant height, root length number of leaves and leaf 

area of chines cabbage 
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code 

DSE/pla

nt 

Plant height 

(cm) 

Root length 

(cm) 

Number of 

leaves 

C 5 5.3 2.2 3.6 

B1 4 7.9 3.5 6 

B2 3 10.1 4.1 7.8 

B3 3 15.8 6.2 8.7 

DSE (Days to seed emergency 

4.5.2.1 Days to seed emergency 

Days to emergence generally took 3 to 5 days. The maximum average days to seed 

emergence (3 days) was observed from the B3, while the minimum days to 50 % 

seed emergence (5 days) was obtained from control (Table 17). Faster germination 

from B3treated pot might be due to SCB amendment germination. The absorption of 
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humic substances produced by SCB into seeds has a positive influence on seed 

germination and seedling development. Availability of humic (HA) or fulvic acids 

(FA) to seeds will increase the seed germination, resulting in higher seed 

germination rates (Pettit, 2004).The results contradict with the findings of 

Eyheraguibel at el., (2008) where the germination was started 3 days after sowing 

and the first daily count of germinated seed showed more radicle emergence for the 

non-treated seed. However the mean germination rate after 6 days of incubation was 

not significantly different from the control plants. Stehouwer & Macnea (2003) 

recorded an increase of germination and seedling establishment after the first 

leaching event as a response of the salt decrease following compost amendment. 

4.5.2.2 Plant height and root length 

The tallest root length (6.2 cm) was obtained from at B3 (90 % soil and 10 % SCB) 

and the shortest root length (2.2 cm) was obtained from the control (Table 17). 

The significant difference might be from soil properties that limit root growth due to 

the in sufficient oxygen diffusion to the root tip and supply of too little water for 

root growth (as the matric potential is too negative; and compaction of the soil is too 

hard for roots to penetrate rapidly) ameliorated. Shaaban et al., (2013) revealed that 

after application of organic matter soil sodium adsorption ratio declines 56 %, and 

root length of plant increases 140 %. Sodium induces soil structural deterioration 

(slaking, aggregate destruction, and clay and organic colloid dispersion), leading to 

subsequent water infiltration and percolation problems, low oxygen diffusion in the 

soil profile, and poor rooting (Robert & Ronny, 2012). For treatment B3 the 

amended organic matter improves the physical properties of the soil and causes 
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increase of root development which helps the uptake of more water and nutrients 

(Brady & Weil 2005).  

4.5.2.3 Number of leaves in plant 

 

Figure 26: Effect of SCB amended soil on number of leaves of plant  

Highest average number of leaves (8.7) per plant was recorded at treatment B3 (10 

% SCB), the lowest average number of leaves was (3.6) at control (Table 17). The 

number of leaves of Brassica rapa pekinensis growing in different concentration of 

SCB reveals an overall increasing pattern from control to B3 (10 % SCB). This 

might be due to SCB have the properties to increase soil fertility. SCB when applied 

to land increases soil fertility by providing nitrogen and phosphorous for crops or 

ground cover growth (Barnes, 1974). Kalraet al.,(2006) also reported that the 1000-

grain weight in bagasse ash treatments increased significantly over the control due 

to the improvement in soil fertility, especially due to the availability of P and 

micronutrients like Zn and Cu. During their experiments, Kumar et al., (1999) 

found that the grain yield of wheat increased due to the favorable effects of fly ash 

on the soil structure, moisture retention and essential nutrients available in the soil. 
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4.5.3 Effect of SCB on Physiological Parameters 

Table 18: Effect of SCB amended soil on plant biomass, relative water 

contents, root and shoot dry matter and root to shoot ratio of chines 

cabbage plant 

Treatment 

code RWC PDM FRW FSW RDW SDW 

Root to 

Shoot Ratio 

      g/plant   g/plant   

 C 57.29 87.8 0.957 1.361 0.096 0.402 0.24 

B1 72.24 88.95 1.871 2.24 0.108 1.017 0.11 

B2 72.25 89.01 2.056 3.987 0.197 1.97 0.1 

B3 73.21 90.94 5.461 8.512 0.203 2.632 0.08 

RWC (Relative water contents), PDM (Plant dry mass), FRW (Flesh Root Weight), 

Flesh (mass shoot) RDW (Root Dry Weight), SDW (Shoot Dry Weight) 

4.5.3.1 Relative water contents 

 

Figure 27: Effect of SBC amendment on plant RWC 

Relative water content (RWC) is the most appropriate measure of plant water status 

in terms of the physiological consequence of cellular water deficit. Water potential 

as an estimate of the energy status of plant water is useful in dealing with water 

transport in the soil-plant-atmosphere continuum. However, it does not account for 
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osmotic adjustment. For the same leaf water potential two different cultivars can 

have different leaf RWC, indicating a corresponding difference in leaf hydration, 

leaf water deficit and physiological water status. Hence RWC is an appropriate 

estimate of plant water status in terms of cellular hydration under the possible effect 

of both leaf water potential and osmotic adjustment (Barr & Weatherley 1962). 

From data table 14 Relative water content increased significantly when SCB 

increased from C (0% SCB) to B3 (10%SCB). Maximum RWC (73.21%) was 

recorded at B3 (10% SCB and 90% soil) and minimum (57.29 %) at C (0%SCB and 

100% soil) that is control (Figure: 27).  

The results suggest that SCB could be used in augmenting Chines Cabbage leaves 

water content through improving fertility of poorly deficient soil by high 

exchangeable sodium percentage.  

4.5.3.2 Plant biomass measurements 

      Plant dry mass 

 

Figure 28: Effect of SCB amendment on plant dry mass 
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Figure 29: Effect of SCB amended soil on shoot, root fresh weights, shoot, root 

dry weight and root to shoot ratio.  

Results presented in (Table 17) shows that pot with SCB increases shoot and root 

fresh weights (g per plant) significantly at B1, B2 and B3 respectively as compared 

to untreated plants (figure 29). 

 Furthermore, dry shoot and root biomass were significantly enhanced by SCB as 

compared to the control. Meanwhile, root/shoot ratio tended to enhance due to SCB 

comparing with the control (Figure 29). The observed enhancement of plant growth 

using SCB application had been reported earlier to be due to increase elements 

uptake such as N, P, K, Fe, Zn, and Mn nutrients (Selim & Mosa 2012). Moreover, 

enhancement of photosynthesis, plant root respiration has resulted in greater plant 

growth with HA produced by SCB (Gad El Hal et al., 2012) This performance in 

the plant growth most probably was due to enhance in moisture retention and the 

improvement of nutrients supply in the root zone (Sange et al., 2006,Yusuff et al., 

2009).
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATION  

5.1 Conclusion 

Sugarcane bagasse is generally considered a waste product, however, the present 

findings show it contains sufficient amounts of K, Ca, Mg, CEC and humic 

substance like HA after decomposition. Different levels of sugarcane bagasse 

positively influence the hydophysico-chemical properties of soil, and most of the 

yield parameters of Chine cabbage (Brassica rapa pekinensis) crop improved in 

response to its favorable effects on the soil characteristics. Utilization of sugarcane 

bagasse as organic fertilizer can also save the water cost and chemical fertilizer 

along with minimizing environmental pollution. By comparing the levels of 

sugarcane  bagasse  application, 10 % was found to be the standard dose regarding 

important yield parameters, such as, the root and shoot length of plant
 
 root and 

shoot dry weight of plant
 
,and number of leaves, relative water content of Chines 

cabbage (Brassica rapa pekinensis) crop in soil. 

5.2 Recommendation 

Further research should be conducted in order to increase knowledge on interactions 

between SCB and soil, since neutral or positive as well as negative impacts 

following SCB application are possible. In the context of SCB as a possible tool 

towards increasing food security in semi desert regions, like the investigated areas in 

Dodoma, 10 % SCB amendment soil with application of inorganic fertilizer should 

be assessed.  Also further studies and experiments at field scale are necessary in 

order to rule out negative effects on other plants growth, before broader application 

can take place 
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