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Abstract 
 
Unsuitable soil properties can adversely affect sugarcane productivity. The role of soil chemical, physical and 

biological properties on low productivity has not been evaluated. Soil nutrient survey was conducted to evaluate 

effects of soil properties of sugarcane zones and cropping systems on productivity in western Kenya. The survey 

involved 200 soil samples from sugarcane farms in Western (n=100) and Nyando (n=100) Sugar Zones, fallow 

sugarcane cropping systems (FS) (n=94) and successive sugarcane cropping systems (SS) (n=106). Undisturbed 

soil samples were also collected from the same selected farms for bulk density (BD) determination. Sugarcane 

yields (n= 144) were obtained from the selected farms for plant crop and two ratoons. A portion of soil samples 

was used for chemical analysis while another for parasitic nematodes identification and quantification. Soil test 

results were subjected to statistical analysis (SAS) and means were separated by student’s t-test at 5 %. The test 

results were further correlated with respective sugarcane yields by multiple regression models. Soils of Western 

Zone were consistently high in parasitic nematode counts and were strongly acidic, moderate in organic C but low 

in all nutrients except P content. Nyando Zone soils were moderately acidic, adequate in P and K but low in N, C 

and Mg. However, N was the most limiting factor to sugarcane production in Nyando Zone and on the FS farms. 

The study recommends the need for appropriate nutrient replenishment for soils in the two zones while N 

management is critical in Nyando Zone and under the FS farms. 
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Introduction  

Typical sugarcane yields ranged from 100 to 140 t ha-1 

(irrigated) under commercial conditions but 

achievable dry land yields were much lower and more 

variable due to rainfall distribution and the length of 

the wet season than the yields under irrigated 

conditions (Meyer and Clowes, 2011).  But in western 

Kenya, the yields ranged between 60 and 90 t ha-1 over 

a decade in all growing zones [Kenya Sugar Board 

(KSB), 2010]. Low sugarcane productivity has 

persisted despite the release of improved sugarcane 

varieties (Korir et al., 2006; Jamoza, 2005), 

continued fertilizer use and opening new land. 

Declining soil nutrients and/or nutrient imbalances 

have been reported as some of the possible factors 

constraining sugarcane productivity in Kenya 

(Marabu, 2013; Wawire et al., 2006). However, other 

reports indicated that sugarcane yields were mostly 

related to levels of organic matter, soil pH, calcium 

(Ca), magnesium (Mg) and sum of bases and silt, 

independent of sampling depth (De Menezes 

Rodrigues et al., 2016). Similar studies indicated 

significant relationships between labile carbon (C) 

with crop yields (Stine and Weil, 2002). But other 

studies identified no significant relationships between 

soil organic fractions with wheat (Triticum aestivum) 

yields (Datta et al., 2010; Moharana et al., 2012), 

attributing this to incomplete oxidation during 

analysis (Moharana et al., (2012).  It has not been 

established if soil C content may be contributing to 

low sugarcane yields.  

 

Soil is a living, dynamic system made up of different 

mineral particles, organic matter and diverse 

community of microorganisms (Meyer and Clowes, 

2011).  It is a medium for plant growth since it 

provides water, nutrients and anchorage to the 

growing plant (Meyer, 2011).  Soil fertility comprises 

a complex range of chemical, physical and biological 

properties that should be optimized as a basis of good 

management practices (Meyer and Clowes, 2011). 

Thus, maintenance of these properties is necessary 

for achieving higher growth, yield and quality of 

sugarcane (Meyer and Wood, 2000; Morgan, 1986). 

Sugarcane requires moderate to high fertility, deep 

and well drained sandy clay loam soils with bulk 

density (BD) of 1.1 – 1.2 g cm-3  (1.3 – 1.4 g cm-3 in 

sandy soils) and an optimal soil water pH of 6.5 

[Kenya Sugar Research Foundation (KESREF), 2010]. 

Its cultivation for many decades has resulted in 

nutrient mining, depletion of soil organic matter, low 

cation exchange capacity (CEC), exchangeable cations 

and increases in soil acidity, resulting in soil 

degradation (Meyer and van Antwerpen, 2010; 

Haynes and Hamilton, 1999; Meyer et al., 1996; 

Meyer and Wood, 1985). However, mechanisms and 

factors causing these changes have not been properly 

explained. 

 

Critical soil nitrogen (N) and C contents for any crop 

production, inclusive of sugarcane, were reported as 

1.1 and 1.5 % respectively (Tekalign et al., 1991).  

Nitrogen (N) is required for both above and below 

ground biomass production (Sharma et al., 2008; 

Accoe et al., 2004). Adequate soil nutrient levels for 

phosphorous (P), potassium (K), Ca and Mg are 20, 

50, 1000 and 40 ppm respectively (Okalebo et al., 

2002). Phosphorous (P) is for root growth and 

development while K is for enzyme activation in plant 

metabolism such as in photosynthesis, protein 

synthesis, starch formation and translocation of 

proteins and sugars (Filho, 1985). However, in old 

sugarcane farms high P levels tend to develop due to 

long history of P application (Chapman et al., 1981).  

Sugarcane is mainly produced in humid zones of 

western Kenya. Under these conditions, Ferralsols 

and Acrisols (Jaetzold et al., 2007) are major soil 

types with low content of plant nutrients due to 

leaching of bases (Jaetzold et al., 2007; Kuile, 1975).  

Since principal degradation process in the humid 

zone is leaching and soil acidification, which leads to 

toxicities and nutrient imbalances (Meyer, 2011), 

inadequate soil N contents is attributed to these 

processes (Kuile, 1975).  Increased soil acidification 

(pH < 7) caused reduced availability of important 

nutrients such as N, P, K, Ca, Mg and sulphur (S) 

while micronutrients such as copper (Cu) and zinc 

(Zn) became more available (Meyer, 2011). Thus, long 

term use of acidifying fertilizers such as di-

ammonium phosphate (DAP) and urea contributes to 
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low sugarcane yields through increased soil acidity in 

the following process of nitrification:  

NH4
+ + 2O2                            NO3

- + H2O + 2H+ (active 

acidity). 

 

Other reports indicated that soil acidity also 

promoted nematode infestation up to soil pHw 4, 

below which infestation was limited (Fischer and 

Fuhrer, 1990). Soil pH range less than 5.0 limited 

crop yields due to excess aluminum (Al) and Ca 

deficiency (Fox et al., 1991). Furthermore, the authors 

reported that excess manganese (Mn) and Ca 

deficiency limited yields in the soil pH range of 5.0 to 

5.7; and that the yields became stable when soil pH 

was in the range of 5.7 to 6.0 as Ca and P contents 

remained constant.  However, the authors reported 

that yields abruptly increased in the soil pH range 6.0 

to 6.3, and this was attributed to elevated Ca 

concentration in soil solution. It has not been 

established if the humid zone soils are degraded with 

increased acidity and low nutrients, thus constraining 

sugarcane productivity. Furthermore, repeated use of 

acidifying fertilizers such as DAP and urea in this 

zone with limited soil tests (Jamoza et al., 2013) may 

have contributed to increased soil acidity but impacts 

on sugarcane yields have not been established.  

 

Sugarcane production has also targeted sub-humid 

climate whose soils are characterized with less 

leaching of bases due to low rainfall.  However, major 

limitation to crop production under this zone is lack 

of adequate soil moisture due to long periods of 

drought (Kuile, 1975). Drought is one of the most 

important environmental stresses limiting sugarcane 

production worldwide (Venkataramana et al., 1986). 

Four distinct growth stages (germination, tillering, 

grand growth, and maturity) have been identified in 

sugarcane (Gascho and Shih, 1983). The tillering and 

grand growth stages (also referred to as sugarcane 

formative growth phase) have been identified as the 

most critical water demand period (Ramesh, 2000), 

mainly because 70 to 80 % of cane yield is produced 

in this phase (Singh and Rao, 1987).  Other reports 

indicated that evapo-transpiration and water use 

efficiency were strongly influenced by soil water 

availability, resulting in high sugarcane productivity 

(Da Silva et al., 2013).  Furthermore, availability of 

soil water and adequate N supply were factors that 

influenced nutrient accumulation and storage in 

plants, resulting in crop growth and development (Da 

Costa et al., 2016).  The availability of water in the soil 

was crucial to the growth and development of crops 

(Lawlor and Cornic, 2002), affected the efficiency of 

fertilization and promoted solubility and the 

subsequent release of nutrients to the plant (Da Costa 

et al., 2016).   

 

Soils of the sub-humid zone are mainly Cambisols, 

Planosols and Vertisols (Jaetzold et al., 2007). Some 

soil types such as the Planosols and Vertisols are 

prone to water logging during wet seasons but they 

are not highly weathered as the humid zone soils. 

However in Kenya, it has not been established 

whether there may be sugarcane yield differences 

between humid and sub-humid zones. Regardless of 

the growing zones, low inherent soil fertility was 

reported as one of the casual factors to low sugarcane 

productivity [Kenya National Assembly (KNA), 2015; 

KESREF, 2011; Nyongesa, 1992; Odada, 1987; 

Wawire et al., 1987]. But the authors never evaluated 

the specific soil components constraining sugarcane 

productivity in the growing zones.  

 

Sugarcane production under successive sugarcane 

cropping systems (SS) was where sugarcane was 

continuously produced for at least 20 years with few 

weeks or months break (Glaz and Ulloa, 1995). The SS 

farms were perceived to be unsustainable due to 

degraded soils (Wood, 1985).  Reports indicated that 

soils of the SS farms had high BD values, low soil pH, 

low labile organic C, low CEC and manganese (Mn), 

low Cu and Zn but high exchangeable Al (Antwerpen 

et al., 2007). High BD values developed on 

compacted soils due to repeated use of heavy 

machinery for land preparation and cane haulage 

(Wood, 1985).  High BD values of the inter rows of 

sugarcane reported under SS farms were due to wheel 

traffic (Hartemink, 1998). The high BD values 

affected sugarcane productivity through increased 

resistance to root penetration, reduced air supply 
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(Otto et al., 2011) and water permeability (Meyer, 

2011) regardless of climatic conditions. As the BD 

increased, total porosity decreased and penetration 

resistance (Pr) increased (Otto et al., (2011). 

Significant effects of BD values in inter rows on 

sugarcane were due to wheel traffic but the effects of 

BD values within the sugarcane rows were not 

significant (Hartemink, 1998). Sugarcane root growth 

was not affected below penetration resistance of 0.75 

Megapacals (Mpa), but decreased significantly 

between 0.75 - 2.0 MPa, and was severely restricted 

at Pr greater than 2.0 MPa. Critical BD value of 1.7 

Mg m-3 (1.7 g cm-3) for sugarcane productivity under 

Alfisol soil type was reported in Brazil (Reichert et al., 

2009).  But only one soil type was studied and it was 

unknown whether these BD values were from 

sugarcane inter rows or within the rows. However, no 

significant differences in BD values between adjoining 

natural grassland and within sugarcane rows was 

reported (Hartemink, 1998). Thus, soil compaction 

within sugarcane rows had greater impact on yields 

than that of the inter rows (Meyer and van 

Antwerpen, 2010).  In Kenya, repeated use of heavy 

machinery for land preparation and cane haulage may 

have caused soil compaction, resulting in possible 

high BD values of top soils, but the impact on 

sugarcane yields has not been evaluated.   

 

Soils of the SS farms also harbored deleterious fungi 

and nematodes which retarded plant establishment 

and early growth leading to decline in sugarcane 

productivity (Pankhurst et al., (2005). Several 

detrimental soil micro-organisms associated with 

sugarcane yield decline such as fungal root pathogen 

(Pachymetra chaunorhiza, lesion nematode 

(Pratylenchus zeae) (Pankhurst et al., 2003) and 

root-knot nematodes (Meloidogyne incognita and M. 

javanica) have been reported (Cadet and Spaull, 

2005). The two parasitic nematode genera, 

Pratylenchus and Meloidogyne species were wide 

spread in sugarcane farming systems (Pankhurst et 

al., 2005), and affected sugarcane growth and 

development by attacking the sett- and shoot roots 

(Cadet and Spaull, 2005). Whereas the Pratylenchus 

species were dominant in clay soils (Mehta, 1992), the 

meloidogyne species dominated the sandy soils (Blair 

et al., 1999 a, b). Individual threshold values of 50 per 

100 g dry soil significantly affected sugarcane yields 

(Stirling and Blair, 2001). Sugarcane yield reduction 

up to 50 % was reported on sandy soils (Spaull, 2011).  

However, in Kenya, 22 genera of plant parasitic 

nematodes existed and their distribution varied with 

soil types in South Nyanza sugar (SonySugar) belt 

(Nzioki, 2007).  But the nematodes were neither 

quantified nor their impacts on sugarcane yields 

evaluated. It has not been established whether the 

production under the SS systems has contributed to 

the perennial problem of low productivity, thus 

specific soil components under these systems have 

not been studied. 

 

Sugarcane production under fallow sugarcane 

cropping system (FS) has periods of rest when no 

fertilizers are applied, though the rest period varies 

from weeks to months.  These were systems where 

sugarcane was introduced to farms in the first 5 years 

or previous sugarcane farms were rotated with 

legume crops for 8 – 12 months (Glaz and Ulloa, 

1995). They were also previous sugarcane farms left 

under natural vegetation (natural fallows) for few 

months to years.  Soils of the FS farms had moderate 

to neutral soil pH, high sugarcane yields; and few or 

absence of parasitic nematodes (Pankhurst et al., 

2004; Glaz and Ulloa, 1995), hence they were 

perceived to be less degraded than the SS farms.  A 

pasture break for 7 years increased biological 

suppression of soil organisms associated with yield 

decline compared to soil that had been under 

continuous sugarcane (Pankhurst et al., 2005).  

 

Yield improvements of 20 - 30 % were achieved when 

sugarcane monoculture was broken with soybean 

(Glycine max), pasture and bare fallow (Garside et 

al., 1999, 2000, 2002).  Furthermore, the yield 

improvements were associated with improvements on 

chemical and physical soil properties (Braunack et al., 

2003) and biological (Stirling et al., 1996, 1999, 2001; 

Pankhusrt et al., 1999, 2000, 2003) soil properties, 

particularly the latter.  Use of legumes in rotation to 

sugarcane not only provide a source of fixed nitrogen 
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but also improve soil health (Garside et al., 1996, 

1997c, 1998; Noble and Garside, 2000). Simulation 

studies suggested that legume N was available to the 

sugarcane crop up to the fourth ratoon, resulting in 

potential reductions in fertilizer application rate that 

could be approximately 100 % in the first ratoon, and 

60 %, 25 % and 10 % in the subsequent ratoons 

(Sarah et al., 2010). Traditionally, long duration 

natural fallows (at least 7 years) were practiced by 

farmers to restore soil fertility (Amadalo et al., 2003).  

But in western Kenya, well defined rotational breaks 

(improved legume fallows) and long duration natural 

fallows under sugarcane cropping systems are scarce 

due to limited land occasioned by population 

pressure. However, it is unknown whether sugarcane 

yield differences may occur between the SS and FS 

farms, and that the specific soil components 

constraining the productivity have not been 

determined.   

  

Materials and methods 

Study area  

Western Kenya comprises 12 sugarcane growing 

Counties namely: Mumias, Busia, Kakamega, 

Bungoma, Kisumu, Siaya, Kisii, Nyamira, Migori, 

Homabey, Kericho and Narok.  The area lies between 

latitude 1o 8’ N and 1o 24’ S and between longitude 34o 

and 35o E. The elevation ranges from 1000 to 1600 m 

above the sea level; and occupies an area of 20,719 

km2 (Amadalo et al., 2003). The study area comprised 

humid zone (Western Sugar Zone) namely: 

Mumias/Busia, Nzoia and West Kenya and sub-

humid zone (Nyando Sugar Zone) namely: Kibos, 

Miwani, Chemelil, Muhoroni and Soin. The former 

zone has mean annual rainfall ranging from 1600 – 

2000 mm while that of the latter zone ranges from 

1000 – 1600 mm. (Jaetzold et al., 2007). The rainfall 

occurs in two seasons namely: March to June (long 

rainy season) and September to November (short 

rainy season) (Amadalo et al., 2003). Ten year mean 

daily temperatures range from 21 to 22 o C (Jaetzold 

et al., 2007). The Authors further reported that main 

soil types of Western Sugar Zone are: Ferralsols, 

Nitosols and Acrisols while major soil types of 

Nyando Sugar Zone are: Cambisols, Vertisols,  

Planosols and Gleysols.  

 

Farm Sample Size  

Soils were sampled once from 200 sugarcane farms in 

western Kenya, of which 94 farms were under the FS 

while 106 were under the SS farms. In the process, 

100 farms fell within humid climatic zone while 

another 100 farms fell within the sub-humid climatic 

zone.  

 

Farm sample size (Ss) required was calculated using 

the following formula: 

 Ss= Z2 x P(1-P)  (Cochran, 1977)    

                                    C2 

 

Where Z= reliability coefficient, fixed at 1.96 for 95% 

confidence level. 

  

P= proportion of the sugarcane farms whose owners 

were likely to pick a choice; a choice was the number 

of sugarcane farms whose owners were likely to agree 

that indeed low sugarcane productivity was a problem 

(90 % was assumed since the problem was 

widespread). At least 50 % is chosen when population 

is big [Statistical Services Centre (SSC), 2000]; but to 

control the number of samples to manageable levels 

90 % was arbitrary chosen for the current study.  

 

C= confidence interval (5 % is chosen as confidence 

interval) 

 

 

Soil sampling and analysis 

From sample size calculation at least 138 farms were 

required but 200 farms were used to safe guard 

against possible rejection of farmers that soils should 

not be sampled from their farms. The farms were 

selected according to the current cropping systems, 

namely the FS and the SS farms. The FS farms were 

those that had sugarcane for the first time in 5 years 

or farms that previously had sugarcane but were left 

under natural vegetation for one or two years. The SS 

farms were those that had been with continuous 

sugarcane for at least 20 years with a few weeks or 
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months break under natural fallow. Soil sampling was 

randomly undertaken between November and 

December, 2008 at a depth of 0 - 25 cm using a scoop 

sampling method according to Byrnes et al., (1994). 

The sampling was undertaken once in two zones 

namely; Western and Nyando Sugar Zones. Three or 

more sampling points were sampled per farm to 

provide a composite soil sample. For each farm from 

which soil sample was taken, mean sugarcane yields 

for three crop cycles (plant crop, first and second 

ratoons) were recorded after farm record verification 

using cane delivery receipts. Sugarcane yields in tones 

cane (tc) per acre were then converted to tones cane 

per hectare (t ha-1). The samples were transported in 

small brown paper bags (size 2) to laboratory for 

analyses at KESREF in Kisumu county. 

 

The BD values were determined according to 

Anderson and Ingram (1993) method. Core rings 

were inserted into already sampled points to collect 

un-disturbed samples at 30 cm depth and were 

transported to an oven and dried at 80 oC for 24 

hours to a constant weight. For soil chemical analysis, 

the samples were air dried and ground to pass 

through 2 mm sieve for the analysis of the following 

parameters: pHw and exchangeable acidity (pHKCI) 

(Mehlich, 1960), total N (Bremner, 1960), available 

nutrients P, K, Ca, Mg, Na and Mn (Mehlich et al., 

1962) and organic C (Walkley and Black, 1934). Soil 

sub-samples from each farm were also used to 

determine the population of parasitic nematodes 

which were extracted [Centre for Agricultural 

Biosciences International (CABI), 2005; Hooper et 

al., 2005], and identified by Mai and Lyon (1975) 

methods then quantified.  

 

Statistical analysis  

Analysis of variance (ANOVA) was adopted using 

statistical analysis systems (SAS) version 9.1 (SAS, 

2007) to investigate differences in soil properties in 

the growing zones and also per the cropping system. 

A student’s t-test was used to separate means at 5 %, 

assuming equality of variance. However, when the 

equal variance assumption was violated, the t-test 

used individual variances to approximate t - values 

and the degrees of freedom according to satterthwaite 

method (Hildebrand et al., 2005).  Furthermore, 

multiple regression model of SAS software was used 

to relate soil properties of the growing zones and 

cropping systems to respective sugarcane yields.  

 

Results 

Whereas soils of Western Sugar Zone were 

consistently high in parasitic nematode counts and 

were strongly acidic, moderate in organic C but low in 

all nutrients except soil P content, Nyando Sugar 

Zone soils were moderately acidic, adequate in P and 

K but low in N, C and Mg (Table 1). However, there 

were no significant differences in BD and sugarcane 

yields in the two growing zones (Table 1).  

 

Table 1. Comparison of soil properties and sugarcane.  

Variable Zone n† Mean Standard error Pr > |t| 

BD, g cm-3 1 96 1.6 0.01 (0.13) 

BD, g cm-3 2 100 1.5 0.02 

Nematode count, per 100g dry soil 1 99 39 3.59 (<0.00)** 

Nematode count, per 100g dry soil 2 99 16 0.87 

pHw 1 100 5.2 0.04 (<0.00)** 

pHw 2 100 6.0 0.06 

pHKCl 1 100 4.4 0.04 (<0.00)** 

pHKCl 2 100 5.0 0.05 

Organic C, % 1 96 1.5 0.06 (0.00)** 

Organic C, % 2 96 1.8 0.06 

N, % 1 100 0.1 0.01 (<.00)** 

N, % 2 100 0.2 0.01 

P,  ppm 1 98 35.5 4.09 (0.01)* 

P,  pmm 2 94 55.1 6.78 

K, ppm 1 99 7.8 1.81 (<0.00)** 

K, ppm 2 99 54.9 3.92 

Ca, ppm 1 99 9.8 2.87 (<0.00)** 
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Ca, ppm 2 98 48.3 2.92 

Mg, ppm 1 100 1.3 0.12 (<0.00)** 

Mg, ppm 2 95 5.8 0.56 

Na, ppm 1 100 0.8 0.05 (<0.00)** 

Na, ppm 2 99 10.1 0.85 

Yields (t ha-1) 1 66 79.5 4.14 (0.73) 

Yields (t ha-1) 2 74 81.4 4.20  

yields (t ha-1) of the two growing zones. 

†Varying sample numbers indicated loss of some samples due to undetectable trace values; ** Significant at 1%; * 

significant at 5%; Zone 1- Western Sugar Zone (n = 100); Zone 2- Nyando Sugar Zone (n=100). 

Whereas soil Mn and N contents significantly (p ≤ 

0.05) affected sugarcane yields in Western and 

Nyando Sugar Zones respectively (Table 2; Table 3), 

the N effects were marginal in the former zone (Table 

2). 

 

Table 2. Impact of soil properties on sugarcane yields (t ha-1) in Western Sugar Zone. 

Variable Parameter 

Estimate beta (β) 

Standard 

Error 

Type II SS F Value Pr > F 

Intercept -110.47 58.99 2426.99 3.51 (0.07) 

BD, g cm-3 20.29 24.10 490.66 0.71 (0.40) 

Nematode count, per 100 g dry soil 0.20 0.17 902.22 1.30 (0.26) 

Soil pH_water 20.67 18.72 843.55 1.22 (0.28) 

Soil pH_KCl -0.47 18.43 0.45 0.00 (0.98) 

Organic C, % 0.90 6.59 12.92 0.02 (0.89) 

N, % 158.18 80.88 2646.49 3.82 (0.06) 

P, ppm 0.22 0.22 695.29 1.00 (0.32) 

K, ppm 0.61 0.47 1139.32 1.65 (0.21) 

Ca, ppm -0.02 0.43 1.25 0.00 (0.97) 

Mg, ppm 3.71 4.31 512.22 0.74 (0.39) 

Na, ppm -12.73 10.30 1056.14 1.53 (0.22) 

Mn, ppm 14.40 6.53 3368.93 4.87 (0.03)* 

*Significant at 5%; confidence interval (CL) = 95%; P≤ 0.0001; R2 = 0.47. 

Soil BD, parasitic nematode counts, N, K and Mn did 

not change with the cropping systems (Table 4). 

However, the FS decreased soil organic C but 

increased soil P, Ca, Mg and sugarcane yields (Table 

4). Under FS farms, only soil N significantly (p ≤ 

0.05) affected sugarcane yields (Table 5) while under 

the SS farms, only soil Ca marginally affected the 

yields (Table 6).  

 

Discussion 

The strongly acidic soils and low nutrients except for 

P in Western Sugar Zone was expected (Table 1).  In 

this zone, the strongly acidic soils were not only 

attributed to humid conditions (Kuile, 1975) but also 

the commonly used acidifying fertilizers such as DAP 

and urea (KESREF, 2011). The effects of soil Mn 

content on sugarcane yields were significant (p≤ 

0.05) while that of N was minimal (Table 2).  

 

The finding was in agreement with Fox et al., (1991) 

who reported that the yields were limited by excess 

Mn and Ca deficiency at soil pH range of 5.0 – 5.7. 

Although parasitic nematodes were higher in this 

zone than in Nyando Sugar Zone, there were no 

significant effects on sugarcane yields because 

threshold values were not yet reached as reported by 

Stirling and Blair (2000).  
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Table 3. Influence of soil properties on sugarcane yields (t ha-1) in Nyando Sugar Zone. 

Variable Parameter 

Estimate (β) 

Standard 

Error 

Type II SS F Value Pr > F 

Intercept -59.79 105.09 190.74 0.32 (0.58) 

BD, g cm-3 19.79 33.89 201.05 0.34 (0.57) 

Nematode count, per 100 g dry soil 0.23 0.31 317.10 0.54 (0.48) 

Soil pH_water 21.43 44.57 136.19 0.23 (0.64) 

Soil pH_KCl -23.19 34.53 265.84 0.45 (0.51) 

Organic C, % 20.59 16.99 865.11 1.47 (0.23) 

N, % 460.16 158.73 4952.82 8.40 (0.01)* 

P, ppm 0.15 0.42 76.46 0.13 (0.73) 

K, ppm 0.17 0.79 27.12 0.05 (0.83) 

Ca, ppm -0.13 0.87 13.47 0.02 (0.88) 

Mg, ppm 0.69 11.45 2.14 0.00 (0.95) 

Na, ppm 19.40 17.76 703.12 1.19 (0.30) 

*Significant at 1%; CL = 95%; P≤ 0.0001; R2 = 0.47. 

Similarly, there were no significant effects of BD on 

sugarcane yields because critical values were not yet 

reached as reported by Reichert et al., (2009). 

However, high P levels were attributed to long history 

of P application as reported by Chapman et al., 

(1981). But lack of significant effects of P on 

sugarcane yields in this zone was attributed to the 

soils being high P fixing given that the soils were 

strongly acidic (Table 1).  

Despite adequate soil P and K in Nyando Sugar Zone 

due to less leaching occasioned by low rainfall (Kuile, 

1975), sugarcane yields were not different from that of 

Western Sugar Zone (Table 1). This is because the 

zone is characterized by Cambisols, Vertisols, 

Planosols and Gleysols which are richer than 

Ferralsols and Acrisols characterizing Western Sugar 

Zone (Jaetzold et al., 2007).   

 

Table 4. Comparison of soil properties and sugarcane yields (t ha-1) of the two cropping systems. 

Variable Cropping systems n† Mean Standard error Pr > |t| 

BD, g cm-3 1 90 1.5 0.02 (0.59) 

BD, g cm-3 2 106 1.5 0.02 

Nematode count, per 100g dry soil 1 94 29 3.41 (0.56) 

Nematode count, per 100g dry soil 2 104 26 2.30 

pHw 1 94 5.7 0.06 (0.03)* 

pHw 2 106 5.5 0.06 

pHKCl 1 94 4.8 0.06 (0.09) 

pHKCl 2 106 4.6 0.05 

Organic C, % 1 94 1.5 0.06 (0.01)* 

Organic C, % 2 98 1.8 0.07 

N, % 1 94 0.1 0.01 (0.71) 

N, % 2 106 0.1 0.01 

P, ppm 1 91 54.4 6.65 (0.03)* 

P, pmm 2 101 36.6 4.47 

K, ppm 1 93 31.1 3.25 (0.93) 

K, ppm 2 105 31.6 4.29 

Ca, ppm 1 93 36.0 3.97 (0.01)* 

Ca, ppm 2 104 22.7 2.90 

Mg, ppm 1 94 4.5 0.57 (0.00)* 

Mg, ppm 2 101 2.5 0.30  

Na, ppm 1 94 5.8 0.85 (0.47) 

Na, ppm 2 105 5.0 0.68 

Mn, ppm 1 49 1.1 0.09 (0.29) 

Mn, ppm 2 55 1.0 0.07 

Yields (t ha-1) 1 62 94.8 4.39 (<0.00)* 

Yields (t ha-1) 2 78 69.1 3.50  

† Varying sample numbers indicated loss of some samples due to undetectable trace values; * significant at 5%; 

cropping system 1- fallow sugarcane cropping systems; cropping system 2- successive sugarcane cropping 

systems. 
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Ferralsols and Acrisols are among the soil groups with 

low content of plant nutrient elements (Jaetzold et 

al.,  2007). Furthermore, the zone has sub-humid 

climate with low rainfall (Jaetzold et al., 2007), and 

this is affecting the productivity.  Inadequate soil 

moisture influences evapo-transpiration and water 

use efficiency which are necessary for high sugarcane 

productivity (Da Silva et al., 2013). In addition, low 

soil moisture also affects tillering and grand growth 

sugarcane stages which contributes 70 – 80 % of the 

yields and affects soil N availability (Da Costa et al., 

2016).  

 

Table 5. Effects of soil properties on sugarcane yields (t ha-1) under fallow sugarcane cropping systems. 

Variable Parameter 

Estimate (β) 

Standard 

Error 

Type II SS F Value Pr > F 

Intercept -59.79 105.09 190.74 0.32 (0.58) 

BD, g cm-3 19.79 33.89 201.05 0.34 (0.57) 

Nematode count, per 100g dry soil 0.23 0.31 317.10 0.54 (0.48) 

Soil pH_water 21.43 44.57 136.19 0.23 (0.64) 

Soil pH_KCl -23.19 34.53 265.84 0.45 (0.51) 

Organic C, % 20.59 16.99 865.11 1.47 (0.25) 

N, % 460.16 158.73 4952.82 8.40 (0.01)* 

P, ppm 0.15 0.42 76.46 0.13 (0.73) 

K, ppm 0.17 0.79 27.12 0.05 (0.83) 

Ca, ppm -0.13 0.87 13.47 0.02 (0.88) 

Mg, ppm 0.69 11.45 2.14 0.00 (0.95) 

Na, ppm 19.40 17.76 703.12 1.19 (0.30) 

Mn, ppm 1.20 9.36 9.64 0.02 (0.90) 

*Significant at 5 %; confidence interval (CL) = 95%; P≤ 0.0001; R2 = 0.71. 

This is confirmed by significant (p≤ 0.05) effects of 

soil N on sugarcane yields in this zone (Table 3). 

Furthermore, significant effects of N on sugarcane 

yields indicated that N was a major limiting factor to 

sugarcane production in this zone. Similar findings on 

the importance of N in sugarcane production were 

also reported by Sharma et al., (2008); Accoe et al., 

(2004). 

 

Table 6. Influence of soil properties on sugarcane yields (t ha-1) under successive sugarcane cropping systems. 

Variable Parameter 

Estimate (β) 

Standard 

Error 

Type II SS F Value Pr > F 

Intercept -122.36 107.82 698.08 1.29 (0.27) 

BD, g cm-3 -51.50 48.01 623.52 1.15 (0.30) 

Nematode count, per 100g dry soil 0.11 0.21 153.54 0.28 (0.60) 

Soil pH_water 43.21 27.61 1327.27 2.45 (0.13) 

Soil pH_KCl 2.23 30.61 2.89 0.01 (0.94) 

Organic C, % 1.22 7.98 12.69 0.02 (0.88) 

N, % 161.47 132.86 800.58 1.48 (0.24) 

P, ppm -0.13 0.35 70.79 0.13 (0.72) 

K, ppm -0.99 1.62 204.66 0.38 (0.55) 

Ca, ppm 1.21 0.62 2100.84 3.88 (0.06) 

Mg, ppm 9.67 5.77 1522.18 2.81 (0.11) 

Na, ppm -30.22 22.85 948.25 1.75 (0.20) 

Mn, ppm 18.31 11.03 1492.92 2.75 (0.11) 

Confidence interval (CL) = 95%; P≤ 0.0001; R2 = 0.50. 
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As in the Western Sugar Zone, the effects of parasitic 

nemtodes and BD on sugarcane yields were non 

significant because threshold values were not yet 

reached as reported by Stirling and  Blair, (2001) and 

Reichert et al., (2009) respectively.  However, high P 

levels were  eattributed to  long history of P 

application as reported by Chapman et al., (1981). But 

lack of significant effects of P on sugarcane yields in 

this zone  was due to inadequate soil moisture.  

Availability of soil water together with adequate N 

supply were factors that influenced nutrient 

accumulation and storage in plants, resulting in crop 

growth and development (Da Costa et al., 2016), and 

soil water  availability was crucial to the growth and 

development of crops (Lawlor and Cornic, 2002). 

Thus, soil water availability affects the efficiency of 

fertilization and promotes solubility and the 

subsequent release of nutrients to the plant (Da Costa 

et al., 2016). 

 

Under the FS farms, the soils were moderately acidic 

and all nutrients were inadequate except P as 

reported by Okalebo et al., (2002). This is because 

under this cropping system, farms do not 

continuously receive urea as is the case with farms 

under SS.  This was because there are periods of 

fallows in which no fertilizers are utilized though the 

period may be short. The higher P, Ca and Mg 

contents in FS farms than in SS farms might possibly 

be due to less intensive absorption of these elements 

by sugarcane plants under FS in contrast to the case 

under SS farms. Significant (p≤ 0.05) high sugarcane 

yields under the FS farms (Table 4) was attributed to 

increased Ca content as reported by Fox et al., (1991).  

However, the yields were still below the potential as 

reported by Meyer and Clowes (2011), indicating that 

benefits due to fallowing were minmal.  Although 

there was a significant decrease in organic C under 

the FS farm (Table 4), the effects on sugarcane yields 

were not significant (Table 5). This finding was in 

agreement with Datta et al., (2010); Moharana et al., 

(2012) who found no effects of organic C on yields, 

attributing this to incomplete oxidation  (Moharana et 

al., 2012).  However, other reports indicated that 

organic C affects yields (Stine and Weil, 2002). 

Therefore, lower yields under the FS than the 

potential may be attributed to moderate organic C 

levels (Table 4).  Although there were no effects of BD 

and parasitic nematode on sugarcane yields, the 

critical values for the soils were not determined. 

 

Under the SS farms with the soil pH tending towards 

strongly acidic conditions, the Ca content was 

inadequate (Table 4). The finding was in agreement 

with Fox et al., (1991) who reported that Ca deficiency 

limited yields in the pH range of 5.0 to 5.7. The 

tendency towards strong acidity was attributed to 

repeated use of acidifying fertilizers such as DAP and 

urea for sugarcane production in these regions 

(KESREF, 2011). This is because the two fertilizers 

are of high nutrient analysis (urea and DAP at 46 % N 

and 46 % P2O5 respectively), implying that they are 

cheaper to transport and apply as opposed to low 

nutrient analysis fertilizers such as calcium 

ammonium nitrate (CAN) at 26 % N and other 

phosphate fertilizers which may be required in large 

quantities. But with long term use, both DAP and 

urea fertilizers acidify soils in the process of 

nitrification as follows:  

 

NH4
+    + 2O2                                        NO3

- + H2O + 2H+ (active 

acidity) 

 

Although there were no effects of BD and parasitic 

nematode on sugarcane yields (Table 5; Table 6), the 

critical values were not determined. 

 

Conclusions and recommendation 

Whereas all the determined nutrients, N, K, Ca, Mg 

with exception of P, were inadequate in Western 

Sugar Zone, both P and K were adequate but N, Ca 

and Mg were inadequate in Nyando Sugar Zone. Soil 

N was the most critical nutrient constraining 

sugarcane yields in Nyando Sugar Zone and under the 

FS farms.  Although sugarcane yields of the FS farms 

were better than those of the SS, the yields were still 

below the potential as reported by Meyer and Clowes, 

(2011), indicating that benefits due to fallowing 

practices were minimal.  However, both nematode 

infestations and soil BD values had not reached 
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threshold levels and, hence, were not a problem on 

these farms.  

 

There is need for integrated (use of both organic 

manures and inorganic fertilizers) nutrient 

replenishment under both sugarcane growing zones 

and the cropping systems for improved sugarcane 

productivity.  

 

Acknowledgement 

The authors are very grateful to Kenya Agricultural & 

Livestock Research Organization (KALRO) - Sugar 

Research Institute (SRI) Management for financial 

support. 

 

References 

Accoe F, Boeckx P, Busschaert J, Hofman G, 

Cleemput O Van. 2004. Gross N transformation 

rates and net N mineralization rates related to the C 

and N contents of the soil organic matter fractions in 

grassland soils of different ages. Soil Biology and 

Biochemistry, 36(12), 2075 – 2087. 

 

Anderson JM, Ingram JSI. 1993. Tropical Soil 

Biology and Fertility: A Hand book of Methods, CAB 

International, Wallingford, UK pp 37; 68-71 P. 

 

Antwerpen T Van,  Antwerpen R Van, Meyer 

JH, Naido P, Berry S, Spaull VW, Govender K, 

Cadet P, Rutherford S, Laing M. 2007. Factors 

associated with a healthy soil in sugarcane production 

in Kwazulu Natal. Proceeding of International Society 

of Sugarcane Technologists, 28, 273 – 279. 

 

Amadalo B, Jama B, Niang  A, Noordin Q, 

Nyasimi M, Place F, Franzel S, Beniest J. 2003. 

Improved fallows for western Kenya: an extension 

guideline. Nairobi: World Agroforestry Centre 

(ICRAF). 

 

Blair BL, Stirling GR, Whittle PJL. 1999 a. 

Distribution of pest nematodes on sugarcane in South 

Queensland and relationship to soil texture, cultivar, 

crop age and region. Australian Journal of 

Experimental Agriculture, 39, 43 - 49 

Blair BL, Stirling GR, Pattermore JA, Whittle 

PJL. 1999 b. Occurrence of pest nematodes in 

Burdekin and central Queensland sugarcanr fields. 

Proceeding of International Society Sugarcane 

Technologists 21, 227 – 233. 

 

Braunack MJ, Garside AL, Bell MJ. 2003. The 

effect of rotational breaks from continuous sugarcane 

on soil physical properties. Proceeding of Australian 

Society Sugarcane Technologists, Volume, 25. 

 

Bremner JM. 1960. Method of total available soil % 

Nitrogen analysis: Journal of Agricultural Science, 

55, 11  

 

Byrness ME, Leydorf DM, Smet DB. 1994. Field 

Sampling methods for Remedial investigation (Pub) 

CRC Press 1994, 81- 88. 

  

Cadet P, Spaull V. 2005. Nematode parasites of 

sugarcane. South African Sugar Association 

Experimental Station. In: Plant Parasitic Nematodes 

in Sub –Tropical and Tropical Agriculture In: Bridge 

J, Luc M and Sikora RA (eds), 645 – 674. 

 

Centre for Agricultural Biosciences 

International (CABI). 2005. Plant Parasitic 

Nematodes in Sub-tropical and Tropical Agriculture, 

2nd Edition (Ed: M Luc, RA Sikora and J Bridge), 645 

– 674 P. 

 

Chapman LS, Haysom MBC, Chardon CW. 

1981. Checking the fertility of Queensland’s Sugar 

land. Proceedings of the Australian Society of 

Sugarcane Technologists 3, 325 -332 P. 

 

Cochran W. 1977.  Sampling Techniques. 3rd 

Edition. John Willey & Sons, U.S.A 

 

Da Costa ARFC, Rolim MM, Silva EMB, Neto 

DES, Pedrosa ERM, Silva EFF. 2016. 

Accumulation of nitrogen, phosphorous and 

potassium in sugarcane cultivated under different 

types of water management and doses of nitrogen, 

Australian Journal of Crop Science, 10(3), 232 – 369 



Int. J. Agron. Agri. R. 

 

Amolo et al.  

                                                                                                                                                        Page 12 

Da Silva V de PR, da Silva BB, Albuquerque 

WG, Borges CJR, de Sousa IF, Neto JD. 2013. 

Crop coefficient, water requirement, yield and water 

use efficiency of sugarcane growth in Brazil. 

Agricultural Water Management, 128, 102 – 109. 

  

Datta SP, Rattan RK, Chandra S. 2010. Labile 

soil organic carbon, soil fertility and crop productivity 

as influenced by manure and mineral fertilizers in the 

tropics. Journal of Plant Nutrition and Soil Science, 

173, 715 – 726. 

 

De Menezes Rodrigues K, Hurtado SMC, 

Dechen SCF, Vieira SR. 2016. Spatial Variability 

in Soil Fertility and Particle Size and Their Effects on 

Sugarcane Yield. Sugar Technology, 18(1), 39–48.  

 

Filho JO. 1985. Potassium nutrition of sugarcane. In 

: Potassium in agriculture. Munson, R.D.(ed). 

American Society of Agronomy, Crop Science Society 

of America, Soil Science Society of America, Madison, 

1045 – 1062 P. 

 

Fischer B, Fuhrer E. 1990. Effect of soil acidity on 

the entomophilic nematodes (Steinernema kraussei 

steiner). Biology and Fertility of Soils, 9, 174-177 

(Pub) Springer-Verlag, 1990. 

 

Fox RL, Hue NV,  Jones RC, Yost RS. 1991. 

Plant- Soil interactions associated with acid 

weathered soils In: Plant- Soil Interactions at low pH 

(ed) R. J. Whight et al. (Eds), Kiuwer Academic 

publishers (Pub), 197–204 P. 

  

Garside AL, Berthelsen JE, Pankhurst CE, 

Blair BL, Magarey RC, D’Amato Bull JI. 2002.  

Effect of breaks from sugarcane monoculture and 

biocides on the growth and yield of a subsequent 

sugarcane crop. Proceeding of Australian Society of 

Sugar Cane Technologists 24, 82 – 91. 

 

Garside AL, Magarey RC, Braunack MV. 2000. 

Soil Health. In: Hogarth, D.M. and Allsopp, P.G. 

(eds.) Manual of Cane growing, Brisbane, 05(8), 141-

151 P. ISBN 0 949678.   

Garside AL, Bell MJ, Cunningham G, 

Berthelsen JE, Halpin NV. 1999. Fumigation and 

rotation effects on the growth and yield of sugarcane. 

Proceeding of Australian Society of Sugarcane 

Technologists, 21, 69 – 78. 

 

Garside AL, Noble AD, Berthelsen JE, 

Richards CL. 1998. Fallow histories effects on 

nitrogen contribution, growth and yield of plant and 

ratoon crops of sugarcane. Proceeding of Australian 

Society Sugarcane Technologists, 20, 104 – 11. 

 

Garside AL, Berthelsen JE, Richards CL. 1997c 

. Effect of fallow history on cane and sugar yield of a 

following plant cane crop. Proceeding of Australian 

Society of Sugarcane Technologists, 19, 80-6. 

 

Garside AL, Nable RO. 1996. Sugarcane growth 

and yield comparisons in paired old and new land 

sites, 248-250 P. In: Wilson, J.R., Hogarth, D.M., 

Campbell, J., and Garside, A.L. (eds), Sugarcane: 

Research towards efficient and sustainable 

production. CSIRO, Div. Tropical Crops and Pastures, 

Brisbane. 

 

Gascho  GJ, Shih SF. 1983. Sugarcane. In: I.D. 

Teare and M.M. Peet, (eds) Crop-water relations. 

John Wiley & Sons (pub), New York, 445 – 479 P. 

 

Glazz B, Ulloa MF. 1995. Fallow and successive 

planting effects on Sugarcane Yields in Florida. 

Journal of American Society of  Sugarcane 

Technologists, 15, 41 – 53. 

  

Hartemink AE. 1998. Soil chemical and physical 

properties as indicators of sustainable land 

management under sugarcane in Papua New Guinea. 

Geoderma, 85(4), 283–306. 

 

Haynes RJ, Hamilton CS. 1999.  Effects of 

sugarcane production on soil quality: a synthesis of 

world literature. Proceedings of the Annual Congress 

- South African Sugarcane Technologists' Association, 

73, 45 – 51. 

 



Int. J. Agron. Agri. R. 

 

Amolo et al.  

                                                                                                                                                        Page 13 

Hildebrand DK, Lyman OR,  Brian GJ. 2005. 

Basic statistical ideas for Managers, 2nd edition, 

Belmont, CA, Thomson Brooks/Cole, 361 .. 

 

Hooper DJ, Hallmann J, Subbotin SA. 2005. In: 

Luc M, Sikora, R.A. and Bridge, J. (eds), Methods for 

extraction, processing and Detection of plant and soil 

nematodes; Plant Parasitic Nematodes in Sub-

tropical and Tropical Agriculture CABI Publication, 

53 – 86. 

   

Jaetzold R, Schmidt H, Hornetz B, Shisanya C. 

2007. Ministry of Agriculture, Farm Management 

Handbook of Kenya. Vol II-Natural Conditions and 

Farm Management Information 2nd Edition , Part A 

West Kenya (Nyanza and Western Provinces), 1, 81 p. 

 

Jamoza JE. 2005. Sugarcane variety improvement in 

Kenya. Proceeding of South Africa Sugar 

Technologists’  Association, 97, 230 – 234. 

 

Kenya National Assembly (KNA). 2015. Report 

of the Departmental Committee on Agriculture, 

Livestock and Co-operatives. Crisis Facing the Sugar 

Industry (3rd session, 2015). 

 

Kenya Sugar Board (KSB) 2010. Statistical Year 

Book Kenya Sugar Research Foundation (KESREF) 

2010. Sugarcane Growers’ Guide. 

 

Kenya Sugar Research Foundation (KESREF) 

2011. Economic Review of Sugar sub-sector. 

 

Korir AK, Kimenchi JW, Olubayo F, Mutua G. 

2006. Cultivar resistance of sugarcane and effects of 

heat application on nematodes in Kenya. 

International Journal Agricultural Policy and 

Research, 6, 93–100. 

 

Kuile CH. 1975. The Humid and Sub-humid Tropics. 

Potential and Practice in Food Production Technology 

Development. International Food Policy Research 

Institute (IFPI), 97- 108 p. 

 

Lawlor DW, Cormic G. 2002.  Photosynthetic  

carbon assimilation and associated metabolism in 

relation to water deficits in higher plants. Plant Cell 

Environment, 25(2), 275 – 294. 

 

Mai WF, Lyon HH. 1975. Pictorial Key to Genera of 

plant-Parasitic Nematodes-4th Edition (Pub) 

Comstock Publishing Associates- a division of Cornell 

University Press, 15 -172 p. 

  

Marabu AW. 2013. The potential of life cycle 

management for sustainable production of sugar at 

Mumias Sugar Company, Kenya.  

http/www.ku.ac.ke/school/environmental/images/st

ories/  

 

Mehlich  A. 1960. Charge Characteristics of Soils. 7th 

Int. Congress Soil Sci, Madison. 

 

Mehlich A, Pinkerton A, Robertson W, 

Kempton R. 1962. Mass analysis for Soil Fertility 

Evaluation, National Agricultural Laboratories 

(NARL). 

  

Mehta UK. 1992. Nematodes pests of sugarcane In: 

Bhatti DS and RK Walia (eds).Nematodes Pests of 

crops, Vedams Books Ltd, New Delhi, India, pp 159 – 

176. 

 

Meyer J, Clowes M. 2011. Sugarcane and its 

Environment, International Finance Corporation 

(IFC): Good Management Practices Manual for Cane 

Sugar Industry (Final); Prepared by PGBI Sugar & Bio 

Energy (Pty) Limited, 14 – 51 p. 

 

Meyer J. 2011. Sugarcane Nutrition and 

Fertilization, International Finance Corporation 

(IFC): Good Management Practices Manual for Cane 

Sugar Industry (Final); Prepared by PGBI Sugar & Bio 

Energy (Pty) Limited, 173–226 p. 

 

Meyer JH, Wood AW. 2000. Soil management 

research for sustainable cane production in the 21st 

century. In: Wilson JR, Hogarth DM, Campbell JA 

and Garside AL (eds) Sugar 2000 Symposium:  

Sugarcane: Research Towards Efficient And 

http://www.ku.ac.ke/school/environmental/images/stories/
http://www.ku.ac.ke/school/environmental/images/stories/


Int. J. Agron. Agri. R. 

 

Amolo et al.  

                                                                                                                                                        Page 14 

Sustainable Production, pp 237 – 240. 

 

Meyer JH, van Antwerpen  R.  2010.  Advances in 

sugarcane soil fertility research in Southern Africa. 

South African Journal of Plant and Soil, 27(1), 19-31. 

 

Meyer JH, van Antwerpen R, Meyer E. 1996.  A 

review of soil degradation and management research 

under intensive sugarcane cropping. Proceedings 

South African Sugar Technologists Association, 70, 

22 – 28. 

 

Meyer JH, Wood RA. 1985. Potassium nutrition of 

sugarcane in the South African sugar industry. 

Potassium Symposium, October, 1985, Pretoria, 

South Africa. 

 

Morgan RPC. 1986. Soil degradation and soil 

erosion in the loamy belt of northern Europe. In: 

Chisci G and Morgan RPC (eds) Soil erosion in the 

European Community - Impact of changing 

agriculture, 165 – 172 p. 

 

Moharana PC, Sharma BM, Biswas DR, 

Dwivedi BS, Singh RV.  2012. Long-Term effect of 

nutrient management on soil fertility and soil organic 

carbon pools under a 6-year old pearl millet – wheat 

cropping system in an Inceptisol of sub-tropical 

India. Field Crops Research, 136, 32 – 41. 

  

Nyongesa DP. 1992. Economy and profitability in 

the sugar industry in Kenya. A paper presented at the 

8th KSSCT OGM, 11 – 20 p. 

 

Noble AD, Garside AL. 2000. Influence of soybean 

residue management on nitrogen mineralization and 

leaching and soil pH in a wet tropical environment. 

Proceeding Australian Society Sugar Cane 

Technologists, 22: 139 – 146. 

 

Nzioki HS. 2007. Survey on genera, distribution and 

abundance of plant parasitic nematodes in South 

Nyanza sugarcane growing zone, KESREF Technical 

Bulletin, (2), 14–24.  

Odada JO. 1987. Incentive for improving sugar 

production: The distribution of the benefits of the 

sugar industry in Kenya. Kenya Sugar Journal (ed) 

Keya NCO, 18 – 31 p. 

 

Okalebo  JR, Gathua KW, Woomer PL. 2002. 

Laboratory Methods of Soil and Plant Analysis: A 

Working Manual (2nd ed) 22 – 93p. 

 

Otto R, Silva AP, Franco HCJ, Oliveira ECA, 

Trivelin PCO. 2011. High soil penetration resistance 

reduces sugarcane root system development. Soil and 

Tillage Research, 117, 201 – 210. 

  

Pankhurst CE, Stirling GR, Magarey RC, Blair 

BC, Holt JA, Bell MJ, Garside AL.  2005. 

Quantification of the effects of rotation breaks on soil 

biological properties and their impact on yield decline 

in sugarcane. Soil Biology and Biochemistry, 37, 1121 

-1130. 

 

Pankhurst CE, Blair BL, Magarey RC, Stirling GR, 

Garside AL. 2004. Effects of biocides and rotational 

breaks on soil organisms associated with the poor 

early growth of sugarcane in continuous monoculture, 

Journal of Plant and Soil, 55 – 269 p. 

 

Pankhurst CE, Magarey RC, Stirling GR, Blair 

BL, Bell MJ, Garside AL. 2003. Management 

practices to improve soil health and reduce the effects 

of detrimental soil biota associated with yield decline 

of sugarcane in Queensland, Australia. Soil and 

Tillage Research, 72(2), 125 – 137. 

 

Pankhurst CE, Hawke BG, Holt JA, Magarey 

RC. 2000. Effect of rotation breaks on the diversity of 

bacteria in the rhizosphere of sugarcane and its 

potential impact on yield decline. Proceeding 

Australian Society Sugarcane Technologists, 22, 77 – 

83. 

 

Pankhurst CE, Magarey RC, Stirling G, Holt J, 

Brown JD. 1999. Rotation induced changes in soil 

biological properties and their effect on yield decline  

in sugarcane. Proceeding of  Australian Society 



Int. J. Agron. Agri. R. 

 

Amolo et al.  

                                                                                                                                                        Page 15 

Sugarcane Technologists 1999 Conference, 79–86 p. 

 

Ramesh  P. 2000. Effect of different levels of 

drought during the formative phase on growth 

parameters and its relationship with dry matter 

accumulation in sugarcane. Journal of Agronomy 

Crop Science, 185, 83 – 89. 

 

Reichert JM, Eduardo L, Suzuki AS, Reinert 

DJ, Horn R, Hakansson I. 2009. Reference bulk 

density and critical degree-of-compactness for no-till 

crop production in subtropical highly weathered soils. 

Soil and Tillage, 102, 242 – 254. 

 

Sarah EP, Tony JW, Heidi LH, Andrew TJ, 

Thorburn  PJ. 2010. A legume rotation crop lessens 

the need for nitrogen fertilizer throughout the 

sugarcane cropping cycle. Field Crops Research, 119 

(2010), 331- 341. 

 

Sharma KL, Kusuma JG, Mandal UK, 

Gajbhiye PN, Sirinivas K, Korwar GR, Bindu 

VH, Ramesh V, Ramachandran K, Yadav SK. 

2008. Evaluation of long-term soil management 

practices using key indicators and soil quality indices 

in a semi-arid tropical Alfisol.  Australian Journal of 

Soil Research, 46, 368 – 377. 

 

Singh S,  Rao PNG. 1987. Varietal differences in 

growth characteristics in sugarcane. Journal of 

Agricultural Science, 108, 245-247. 

 

Spaull V. 2011. Pest Control: International Finance 

Corporation (IFC): Good Management Practices 

Manual for Cane Sugar Industry (Final); Prepared by 

PGBI Sugar & Bio Energy (Pty) Limited,  334-362 

Statistical analysis system (SAS). 2007. SAS Institute 

Inc. 

 

Statistical Services Centre (SSC), 2000. Basic 

ideas of sampling, SSC, University of Reading, United 

Kingdom. 

 

Stine MA, Weil RR. 2002. The relationship  

between soil quality and crop productivity across  

three tillage systems in south central Honduras. 

American Journal of Alternative Agriculture, 17, 1 – 

8. 

 

Stirling GR, Blair BL, Pattemore JA, Garside 

AL, Bell MJ. 2001. Changes in nematode 

populations on sugarcane following fallow, 

fumigation and crop rotation, and implications for the 

role of nematodes in yield decline. Australian Plant 

Pathology, 30, 323 – 335. 

 

Stirling GR, Blair B. 2001. Nematodes are involved 

in the yield decline syndrome of sugarcane in 

Australia. Proceeding of the International Society of 

sugarcane Technologists, 24, 430–433. 

 

Stirling GR, Blair BL, Garside AL., Whittle P. 

1999. Lesion nematode (Pratylenchus zeae) is a 

component of the yield decline complex of sugarcane. 

Proceeding First Australian Soil borne Disease 

Symposium, Gold Coast, Australia, Feb. 9 – 12, 1999, 

15–17. 

 

Stirling GR, Blair B, Whittle P. 1996. Nematode 

pests: their role in yield decline of sugar cane and 

opportunities for improved management practices. 

In: Sugar Cane: Research towards efficient and 

sustainable production, R. Wilson, D. M. Hogarth, J. 

Campbell, A. L. Garside (eds) CSIRO (pub), Division, 

Tropical Crops and Pasture Brisbane., Queensland, 

228-229 p. 

 

Tekalign T, Haque I, Aduayi EA. 1991. Soil, plant, 

water, fertilizer, animal manure and compost analysis 

manual. Plant and Soil Division Working Document 

13, ILCA, Addis Ababa, Ethiopia 

 

Venkataramana  S, Guruja RPN, Naidu KM.  

1986. The effects of water stress during the formative 

phase on stomatal resistance and leaf water potential 

and its relationship with yield in ten sugarcane 

varieties. Field Crops Research, 13, 345–353. 

 

Walkley  A, Black IA. 1934.  An examination of the 

Degtjareff method for determining organic carbon in 



Int. J. Agron. Agri. R. 

 

Amolo et al.  

                                                                                                                                                        Page 16 

soils: Effect of variations in digestion conditions and 

of inorganic soil constituents, Soil Science, 63, 251 – 

263. 

 

Wawire NO, Olumbe J, Eliveha PR. 1987. 

Practices and profitability of ratooning sugarcane in 

Nyanza sugarbelt. Kenya Sugar Journal, 31 – 40 p. 

  

Wawire NO, Kahora F, Wachira P, Kipruto 

KB. 2006.  Tehnology adoption study in Kenya Sugar 

Industry, KESREF, Technical Bulletin, 1(1), 51 -77  

 

Wood  AW. 1985. Soil degradation and management 

under intensive sugarcane cultivation in north 

Queensland. Soil Use and Management, 1(4), 120 – 

124. 

 

 

 

 

 

 

 


