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Abstract 

Soil organic matter influences numerous soil properties and processes, including bulk density, 

structure, temperature, water relations, nutrient availability and biological activity. This paper 

presents information on soil organic matter levels, composition and dynamics in sugarcane 

topsoils in the South African sugar industry. Major factors accounting for variations in soil 

organic matter levels are climate, management practices and soil texture. Soils in the hot, dry 

areas of the industry were found to have the lowest organic matter levels, with there being a 

strong positive relationship (R2=0.81) between rainfall and organic matter content. The close 

relationships between total carbon (C) and total nitrogen (N) and sulphur (S) concentrations in 

soils are indicative of the importance of organic matter as a reservoir for these nutrients, with 

humic topsoils containing up to 6 t/ha of N in their organic matter. The mean C:N ratio for all 

samples included in the current study was 15.0, which is at the upper end of the reported range 

for arable soils. Furthermore, in sugarcane soils, C:N ratios widen with increasing soil organic 

matter contents, raising the possibility that the proportions of total N that become plant-

available may decrease with increasing organic matter levels. In terms of the effects of 

management practices such as burning and green cane harvesting on organic carbon levels, 

total C measurements were found to be largely insensitive to management, while short-term 

(3-day) carbon dioxide release consistently reflected differences in management. These 

findings should contribute to a better understanding of the role and management of organic 

matter in sugarcane production, and provide a more informed basis for the interpretation of 

organic matter data. 
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Introduction 

Organic matter in the soil refers to the carbon-based components that originate from plant and 

animal residues, and comprises a heterogeneous mixture of products resulting from microbial 

and chemical transformations of organic debris (Fageria, 2012). Soil organic matter influences 

numerous soil properties and processes, including bulk density, structure, temperature, water 

relations, nutrient availability and biological activity. The central role of soil organic matter in 

the enhancement of soil health and agricultural productivity has long been recognised. 

Numerous studies have shown that the production potential of soils is directly related to their 
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organic matter content (Lal, 1998; Johnston, 2011; Fageria, 2012). Magdoff and van Es (2000) 

note that it was the renewed interest in soil health around the turn of the 20th century that led 

to an appreciation that ‘worn out’ soils, on which productivity had drastically declined, resulted 

mainly from the depletion of soil organic matter. 

Declining or plateaued yields in sugarcane production systems in many parts of the world have 

served to focus increased interest on the quality of soils (Bramley et al., 1996; Garside and 

Bell, 2007; Shannon and Wood, 2007). Noteworthy findings emanating from research related 

to this problem are that soil organic matter levels decline steadily under sugarcane production, 

and that ‘equilibrium’ organic matter levels under sugarcane are markedly lower than under 

other production systems such as annual or perennial pastures (Haynes et al., 2003; Miles et 

al., 2008). These observations underline the need for the identification and adoption of 

management practices that conserve and ultimately augment organic matter levels in sugarcane 

soils. In this respect, green cane harvesting (‘trashing’) is strongly promoted in sugarcane 

agriculture; however, there is a dearth of information on the impact of this practice on soil 

properties, and in particular on organic matter accumulation and quality. Recent research 

indicates that ‘active’ (labile) fractions of the organic matter provide better assessments of 

management effects and their impact on soil health than do measurements of total organic C 

(Franzluebbers et al., 2000; Ladoni et al., 2015). 

 

This paper presents information on soil organic matter levels, composition and dynamics in 

South African sugarcane soils. 

 

Materials and Methods 

 

Topsoil samples (0-20 cm) for the investigation (n=564) were drawn from sugarcane fields 

located in all regions of the South African sugar industry. Of these, 134 comprised bulk (25 L) 

samples collected from fields representing major soil types in the various regions of the 

industry. The remaining samples were taken from grower sample submissions to the Fertiliser 

Advisory Service at the South African Sugarcane Research Institute, with these samples being 

selected to represent a range in soil chemical and textural properties. 

 

Investigations also included soil samples taken to varying depths from adjoining (long-term) 

burned and green cane harvested fields on farms in Zululand and on the North Coast. In 

addition, treatments in long-term residue management trials were also sampled. Details of these 

trials are as follows: 

 

BT1 trial 

This trial, located on a Milkwood soil form (42% clay), commenced in 1939. Treatments are 

(i) green cane harvested with retention of a residue blanket (100% cover), (ii) burning prior to 

harvest with tops left scattered on plots (approximately 67% cover) and (iii) burning prior to 

harvest with all tops raked off plots. The treatments considered in this paper are fertilised 

annually with 140 kg N/ha, 20 kg P/ha and 140 kg K/ha. The experiment is replicated four 

times in a randomised split-plot design. 

 

Varieties x residue management trials 

Three trials, located at Pongola (Hutton soil; 31% clay), Empangeni (Shortlands soil; 43% clay) 

and at Glenside (Midlands North region; Cartref soil; 20% clay) were sampled. These trials 

were established in 2008, with treatments being either burning (bare soil surface) or green cane 

harvesting (full residue cover) applied to a range of sugarcane varieties deemed suitable to the 

areas in which they are located. In sampling these trials, the varietal treatments were ignored, 
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with composite samples (20 to 30 subsamples) being drawn from either trashed or burned 

treatments (across all varieties). 

 

Total N, C and S were determined by automated (Dumas) dry combustion using a Leco 

Analyzer (Leco Corporation, St Joseph, Michigan). Where organic matter data are reported, 

they are based on the conversion: total C*1.72. Short-term mineralisable C (SMC) was 

determined by the method of Franzluebbers et al. (2000). Specifically, 50 g samples of dried 

soil (40ºC; crushed to pass through a 1 mm screen) were moistened to 50% water-filled pore 

space and incubated at 25ºC±1ºC in 500 mL sealed jars containing a vial with 10 mL of 1.0 M 

NaOH to absorb carbon dioxide (CO2). The quantity of CO2 released after three days was 

determined by titration with 1.0 M HCl. 

 

Results and Discussion 

 

Organic matter levels in regions of the sugar industry 

Mean levels of organic matter in topsoils from the various regions of the South African sugar 

industry are presented in Table 1. Organic matter was lowest in the irrigated regions 

(Mpumalanga, Pongola and Umfolozi), and highest in the Eshowe/Melmoth region, with the 

level in the latter region being approximately double that in the irrigated areas. Within regions, 

organic matter levels varied widely, with the Midlands South, for example, having a range of 

from 0.56% to 16.72%. The higher levels of organic matter are generally the result of 

management practices involving regular additions of organic amendments such as manures 

and/or mill by-products (Miles et al., 2008). 

 
Table 1. Mean organic matter levels in the topsoils of the major regions 

of the South African sugar industry. 

 

Region 
Organic matter % 

Mean Minimum Maximum Std Dev n 

Midlands North 3.14 0.38 10.37 2.15   86 

Midlands South 2.91 0.56 16.72 2.98   64 

South Coast 3.36 0.19   9.41 2.02   53 

North Coast 3.34 0.08 11.63 2.68 139 

Zululand 3.46 0.95   6.55 1.53   41 

Eshowe/Melmoth 4.91 0.93   8.46 1.69   62 

Umfolozi 2.49 1.22   3.70 0.73   31 

Pongola 2.19 1.05   5.18 1.08   25 

Mpumalanga 2.63 0.65   5.26 1.12   27 

 

 

Effects of soil texture and climate on soil organic matter levels 

There is much evidence in the literature of well-defined relationships between organic matter 

levels and texture in a wide range of soils (Dick and Gregorich, 2004; Dominy et al., 2002; 

Körschens, 2006; Miles et al., 2008). It has been observed that under similar climatic 

Miles N et al Proc S Afr Sug Technol Ass (2016) 89: 161-169

163



conditions, soil organic matter levels under clayey soils may be two to four times those under 

sandy soils (Bot and Benites, 2005). The increased retention of organic matter with increasing 

clay content is attributed largely to the high surface area of clays and soil aggregates affording 

protection against organic matter oxidation. Relationships between organic matter and clay 

percentages of topsoils from the industry as a whole and from the South Coast (Figure 1) 

provide evidence of the strong relationship between these components. In the case of the South 

Coast data (Figure 1b), the two (high) outliers reflect the potential for soil organic matter levels 

to be augmented through the application of best management practices over long time periods 

(Miles et al., 2008). 

 

 
 

Figure 1. Relationships between soil organic matter and clay contents: 

samples from all regions (a) and from the South Coast (b). 

 

Climate has a significant impact on the amount of organic matter retained in soils (Dick and 

Gregorich, 2004; Bot and Benites, 2005; Swanepoel et al., 2016). Decomposition rate increases 

with increasing temperature, and therefore areas with higher mean annual temperatures 

generally have lower organic matter levels in soils. Relationships between mean organic matter 

content and mean annual temperature and rainfall for the regions of the sugar industry are 

shown in Figure 2. A weak (negative) relationship is suggested between organic matter content 

and the long-term mean annual temperature (Figure 2a), while a strong positive relationship 

exists with rainfall (Figure 2b).  

 

 
 

Figure 2. Relationships between mean organic matter content and long-term 

mean annual temperature (a), and mean annual rainfall (b), for the nine major 

regions (listed in Table 1) of the South African sugar industry. 
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Nitrogen and sulphur in the soil organic matter 

Soil organic matter is an important repository for plant nutrients. The actual chemical 

composition of the organic matter may vary depending on its origin and soil conditions; 

however, typically it contains about 50% C, 40% oxygen (O), 5% hydrogen (H), 4% nitrogen 

(N) and 1% sulphur (S) (Dick and Gregorich, 2004). 

 

Mean total N data (t/ha; conversions based on disturbed sample volume weights) for the regions 

of the sugar industry are presented in Table 2. These data closely mirror those for total organic 

matter (Table 1), with N reserves ranging from 1.85 t/ha (Pongola) to 2.81 t/ha 

(Eshowe/Melmoth). 

 

Total C was closely related to total N for all topsoils included in the study (Figure 3a), thereby 

underlining the central role of organic matter in the N economy of soils (Fageria, 2012). The 

C:N ratio in the organic matter of arable topsoils is reported to usually fall in the range 8:1 to 

15:1 (Brady and Weil, 2008). The mean C:N ratio for all samples included in the current study 

was 15.0, which is at the upper end of this reported range for arable soils. Of further interest is 

that the C:N ratio widened as organic matter levels increased in sugarcane topsoils (Figure 3b). 

In studies on sandy arable soils in Europe, it was found that N mineralisation decreased 

significantly with increasing C:N ratios (Springob and Kirchmann, 2003). The possibility 

exists, therefore, that in soils of the local sugar industry, N availability from the organic matter 

decreases with increasing organic matter content. This aspect warrants further investigation. 

 

For all topsoils, mean total S content was 0.019%. Total S was reasonably well related to total 

C (R2 = 0.65). The ratio of C:N:S found here (101:6.8:1) is fairly typical of agricultural soils 

(Brady and Weil, 2008). 

 
Table 2. Mean levels of total nitrogen in the topsoils of the major regions 

of the South African sugar industry. 
 

Region 
Total nitrogen (t/ha) 

Mean Minimum Maximum Std Dev n 

Midlands North 2.11 0.44 4.62 0.92   86 

Midlands South 2.12 0.56 7.05 1.27   64 

South Coast 2.48 0.46 6.39 1.13   53 

North Coast 2.21 0.33 6.09 1.15 139 

Zululand 2.24 1.08 3.71 0.76   41 

Eshowe/Melmoth 2.81 0.90 4.39 0.77   62 

Umfolozi 2.05 1.08 3.76 0.59   31 

Pongola 1.85 0.92 3.10 0.54   25 

Mpumalanga 1.99 0.80 3.35 0.62   27 
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Figure 3: Relationships between total carbon and nitrogen in topsoils of the industry (a), 

and the carbon:nitrogen (C:N) ratio in the organic matter and the total organic matter 

content of topsoils (b). Plotted data in (b) are means for the nine major regions of the 

South African sugar industry, as listed in Table 1. 

 

Effects of management on carbon stocks 

Measurable changes in total soil organic matter levels in response to varying agricultural 

management practices take a long time – usually decades – to occur (Dominy et al., 2002; Dick 

and Gregorich, 2004; Ladoni et al., 2015). However, it is now well known that ‘active’ or labile 

fractions of the organic matter respond rapidly to changes in management practices and are, 

therefore, more sensitive indicators of management effects than are measurements of total 

carbon (Franzluebbers et al., 2000; Ladoni et al., 2005). These considerations are well 

illustrated by the data presented in Figure 4. Following many years of either burning or green 

cane harvesting, little difference was apparent with respect to topsoil total C levels (Figures 4a 

and 4b). However, 3-day carbon dioxide release was consistently higher under green-cane 

harvesting, and this effect was particularly marked in the top 5 cm of soils (Figures 4c and 4d). 

The variation in carbon dioxide release with soil depth is even more marked in data from the 

long-term BT1 trial, where samples were taken to 2 cm and 10 cm (Figure 5). Here, carbon 

dioxide release from the surface 2 cm soil layer was two- to three-fold that of the top 10 cm 

layer. 

 

In this context, the findings of Mills (2003) on natural range soils are of significance. His 

studies showed that the higher organic matter in the top 1 to 2 cm of soil exerted marked 

positive effects on aggregate stability, water infiltration, aeration and nutrient cycling in 

profiles as a whole. These findings suggest that where samples are taken deeper than 10 cm 

under systems such as trashing, there may be masking of the major benefits of organic matter 

in terms of soil functioning. 

 

Data presented here highlight the limitations of topsoil total C (or organic matter) 

measurements as indicators of improvements in soil quality following the imposition of more 

sustainable management practices such as green-cane harvesting. Experience shows that all too 

often extensionists and growers are disillusioned by the failure of total organic matter 

measurements to reflect expected improvements in soil quality. In contrast, an expanding body 

of research shows that soil moisture content (SMC) is a reliable soil quality indicator because 

(i) it reflects soil microbial biomass, (ii) it shows a rapid response to management, and (iii) it 

reflects potential N mineralisation from the organic matter (Franzluebbers et al., 2000; Haney 

et al., 2001; Haney et al., 2008). 
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Figure 4. Total carbon (a and b) and 3-day carbon dioxide release (c and d) in 0-20 cm and 

0-5 cm topsoil samples from various sites with long term burned and green cane harvesting 

management. (The Empangeni, Glenside and Pongola sites were residue-management field 

trials, while the Zululand and N Coast sites were commercial production fields). 
 

 

 
 

Figure 5. Variation in 3-day carbon dioxide release for two topsoil sampling depths 

in the long-term BT1 trial at Mount Edgecombe (B-Tops = burned, with tops 

removed; B+tops = burned, with tops spread; GreenCH = green cane harvesting). 
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The organic matter contents of topsoils in the South African sugar industry vary widely, with 

soil texture and long-term annual rainfall being major determinants of this component. The 

cool, high-rainfall Eshowe/Melmoth plateaux has the highest soil organic matter levels, while 

in the hot and relatively dry irrigated areas, levels are relatively low. These considerations point 

to the futility of attempts to specify a single, universally-applicable ‘ideal’ or ‘optimum’ topsoil 

organic matter level for soils of the sugar industry. 

 

Data presented here highlight the importance of organic matter in serving as a ‘reservoir’ for 

plant nutrients such as N and S. However, significant variations in the C:N ratio of organic 

matter in sugarcane topsoils may have implications in terms of N mineralisation, and this aspect 

warrants further research. 

 

Total C (organic matter) measurements are shown to be insensitive in terms of reflecting 

improvements to soil health as a result of the adoption of green-cane harvesting practices. 

Measurements of short-term mineralisable C, on the other hand, appear to be highly responsive 

to this improved management practice, and in particular where soil sampling is restricted to the 

top 2-5 cm soil layer. 
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