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ABSTRACT 
Recent studies on carbon sequestration and climate change require accurate estimates of soil organic carbon (SOC) following its 
importance in carbon storage studies. This study evaluates the use of loss-on-ignition (LOI) as a rapid, less costly and accurate method for 
estimating SOC considering the errors associated with estimation of the latter. LOI-SOC-pH regression equations were obtained using 
data from analyses of topsoils (0-15 cm deep) in mature rubber plantations in the humid forests of south west Cameroon. Indeed, 
significant linear equations characterized SOC-LOI and SOC-pH (KCl) relations. The rather weak LOI-SOC relations (r2 � 0.38) would 
indicate that this parameter may serve as an accurate estimate for SOC upon its modification following a mastery of factors responsible 
for its variability. 
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INTRODUCTION 
 
Soil organic carbon (SOC) seriously affects soil quality and 
agriculture sustainability as it not only constitutes a source 
and sink of plant nutrients that enhance crop production 
(Post and Kwon 2000), but also plays an important role in 
the terrestrial C cycle (Freixo et al. 2002) and in mitigating 
greenhouse gas emissions (Post and Kwon 2000). Under 
favorable environmental conditions, tropical soils are often 
characterized by high rates of decomposition of their soil 
organic matter. The fertility status of these weathered soils, 
especially those under low input agricultural systems, 
strongly depends on the quantity and quality of their soil 
organic matter - SOM (Agboola and Corey 1973). Nutrient 
depletion and loss of soil organic matter are therefore issues 
of concern to ecologists and soil resource managers (Zang 
et al. 2007). 

SOC is often used in assessing land use-induced chan-
ges when evaluating agro-ecosystem transformation and 
sustainable land productivity (Yao et al. 2010), and as an 
indicator of soil quality and a broader indicator of eco-
system response to environmental changes. The metho-
dology for C assessment is critical for accurate quantifica-
tion of SOC concentrations and content (Périé and Ouimet 
2007). Several methods are available for the analysis of soil 
organic carbon, each having advantages and disadvantages 
in terms of accuracy, cost, and convenience. Loss-on-
ignition (LOI), which involves weight loss evaluation fol-
lowing specimen combustion at high temperatures, has been 
proposed as an alternative for estimating SOC (Ball 1964). 
Recently, research efforts have focused on measuring soil C 
in situ using a variety of spectroscopic methods (Gehl and 
Rice 2007), which are, nonetheless, considered rather ex-
pensive. 

Soil pH affects all of a soil’s properties (Brady and Weil 
2002) and as such, the availability of soil nutrients and 
eventual crop growth and production (Bacchewar and Gaj-
bhiye 2011). SOC equally increases with increasing total 
nitrogen (Wang et al. 2008) and soil cation exchange 

capacity (Rashidi and Seilsepour 2008) while the SOM 
decreases with increasing soil pH (Dai et al. 2009). Indeed, 
soil pH is a relatively easy parameter to measure and, where 
feasible, could be used for the estimation of soil organic 
carbon. Even soil available P has been estimated from soil 
organic carbon: R² � 0.92 (Seilsepour et al. 2008). In a bid 
to obtain a technique for the rapid determination of soil 
organic carbon concentrations, this study sought to derive 
relations between SOC values from different analytical 
techniques, as well as between SOC and soil pH. 

 
MATERIALS AND METHODS 
 
Study area 
 
Forty four (44) composite topsoil samples were collected from 11 
rubber estates belonging to the Cameroon Development Corpora-
tion of Cameroon – Fig. 1 (4° 14� - 5° 20� N lat. and 8° 30� - 10° 
12� E long.). The choice of the number of samples was conditioned 
by the field size, clones to which they were planted and the age of 
the plantation. 
 
Soil sampling and analysis 
 
Sample collection involved removal of surface organic debris and 
augering to a depth of 0-15 cm. Each sample consisted of at least 
10 sub-samples from the entire sampled area. On arrival at the 
laboratory, samples were air-dried and passed through 2-mm 
sieves in preparedness for eventual analyses. 

Soil pH was measured using a pH meter (Ingold Electrode 
405.88 S7, Paris), in water (pH-H2O) and in potassium chloride 
(pH-KCl). For each analysis, 10 g of soil were poured in separate 
25-mL solutions (distilled water and 1M KCl), stirred with a glass 
rod, left overnight, and the pH read using calibrated electrodes. 

Two techniques were used to determine soil organic matter 
and organic carbon contents. The first involved use of the Walkey 
and Black (WB) procedure (Walkey and Black 1934) while the 
second involved determination of organic carbon using the LOI 
method. The LOI method involves oven-drying at 105°C for 2 h, 
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cooling in a desiccator to room temperature, weighing, charring at 
550°C in a muffle furnace (model Carbolite 1100) for 4 h, further 
cooling in a desiccator and weighing. The SOM was calculated as 
the difference in mass of each specimen after oven-drying and 
after ashing, and the organic carbon content obtained by dividing 
organic matter content by a factor of 1.72. 

All analyses were conducted in duplicate. 
 

Statistical analysis 
 
Regression analyses were used to describe relationships between 
all measured variables using the JMP Statistical Discovery Soft-
ware ver. 5.0 (SAS Institute Inc., 2002). The Student t-test at 1% 
and 5% levels were applied for simple correlations. 
 
RESULTS AND DISCUSSION 
 
Mean pH and organic carbon values for all the plots studied 
are presented in Table 1. Soils of the studied area were 
acidic with pH (H20) of 4.3 to 6.5 and pH (KCl) values of 
4.1 to 6.7. The percentage organic carbon values obtained 
using the LOI and WB methods ranged from 3.1 to 15.3 and 
from 0.1 to 5.9, respectively. 

Simple correlations between variables were performed 
and the Student’s t-test was separately applied at 5% and 
1% probabilities. The mean results are presented in Table 2 
while equations representing relationships are presented in 
Table 3. 

The WB organic carbon showed significant correlations 
with pH (KCl) and organic carbon obtained using the LOI 
technique. However, no significant relationships were ob-
served between SOC obtained using the WB method and 
pH (H2O). 

Bivariate fits of WB SOC by the other variables gave 
more significant linear fits with pH (KCl) and LOI organic 
carbon. Such fits were not significant with pH (H2O) and 
LOI organic carbon (Table 3). In most of the relations, the 
R² values were generally low, less than 0.38 (Fig. 2). 

Linear equations described relations between SOC and 
LOI better than other models. Though of lower magnitudes, 
these results compare favourably with those obtained else-
where by Christensen and Malmros (1982). Reasons for 

these differences are unclear but any efforts to reduce errors 
involved in the LOI and SOC determinations would cer-
tainly improve on these relations. 

Indeed, R2 values have been reported not often optimal 
for estimating and assessing relations that are not truly 
linear (Neter et al. 1996; Harris et al. 2001) although most 
research efforts, like in this study, are meant to develop sim-
ple, readily useable equations (Konen et al. 2002). Yerokun 
et al. (2007) working on WB-OC and LOI relationships of 
Zambian soils obtained significant linear correlations, the 
constants of which were different from that obtained in this 
study, though. The weak LOI-SOC relationships obtained 
here could be attributed to the inconsistencies in the metho-
dology in measuring both SOC and LOI, such as the fairly 
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Fig. 1 Location of rubber estates where soil samples were collected. 1 = Mbonge, 2 = Sonne, 3 = Likomba, 4 = Missellele, 5 = Penda Mboko, 6 = 
Matouke, 7 = Meanja, 8 = Kompina, 9 = Mukonje, 10 = Tombel, and 11 = Malende. 

Table 1 Average pH and organic carbon for the 44 samples collected. 
Variable Average value 
pH H2O 5.27 
pH KCl 4.75 
% OC (Walkey-Black method) 1.43 
% OC (LOI method) 6.25 
 

Table 2 Table of correlation between parameters. 
Correlation Correlation coefficient (r) Significance 
WBOC x pH H2O 0.1886 ns 
WBOC x pH KCL 0.4216 ** 
WBOC x LOI 0.4022 ** 
pH H2O x pH KCL 0.6204 ** 
pH H2O x LOI 0.0721 ns 
pH KCL x LOI 0.1413 ns 

** Significant at a level of 1% of probability (P < 0.01); ns Non-significant (P � 
0.05) 
 

Table 3 Equations relating variables and significance probability (Prop>|t|
Equation Prop > |t| 
WBOC = 0.075542 + 0.2570838 pH H2O 0.2203 ns 
WBOC = -1.599717 + 0.6385372 pH KCl 0.0044 ** 
WBOC = 0.7414283 + 0.1101725 LOI 0.0068 ** 
pH H2O = 1.9992696 + 0.6892823 pH KCl 0.0001 ** 

ns = not significant; ** = Significant at 1% alpha level 
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narrow range of SOC values obtained (though inherent to 
the soils studied). Where these ranges have been quite large, 
the R² values characterizing the linear relations have been 
acceptably high (Christensen and Malmros 1982), indi-
cating therefore the need for the derivation of WB-OC and 
LOI models that are specific to each soil type and geogra-
phic region. 

SOM is directly related to SOC. Positive linear relations 
acceptably described relations between SOC and pH (KCl) 
by as much as 18% of the variation in SOC although nega-
tive correlations have been obtained elsewhere, in China 
(Dai et al. 2009). 
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Fig. 2 Equations relating to variables measured in soil. (A) SOC vs. pH in water; (B) SOC vs. pH in KCl; (C) SOC vs. LOI; (D) pH in water vs pH in 
KCl. In all cases, SOC measured by the Walkey-Black method. 
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