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Mineralisation Patterns of Selected 
Organic Materials

Catherine N. Gachengo,* Bernard Vanlauwe* and Cheryl A. Palm† 

Abstract

Thirty-two standard organic materials were mixed with a sandy soil (at 40% field capacity) at a rate equivalent
to 5 t ha–1 and incubated aerobically under controlled conditions at 25°C for 28 days. Sampling for mineral N
determination and CO2 evolution was conducted at 3, 7, 14 and 28 days. Released CO2 was related to resource
quality, with those materials high in N, low in lignin and low in polyphenol concentrations releasing higher
percentages of their initial C. In vitro dry matter digestibility (IVDMD) was linearly correlated with carbon
breakdown, with correlation coefficients of 0.91, 0.92, 0.92 and 0.84 for sampling times of 3, 7, 14 and 28 days,
respectively. Initial N concentration was significantly positively correlated with C breakdown at all sampling
times. Nitrogen mineralisation was influenced mainly by initial N concentration of the materials, with
materials having at least 2.3% N releasing N throughout the 28-day period. 

Organic materials constitute a major soil input in
many agricultural systems in the tropics. The effect
of these materials on crop production is mainly
through their contribution to soil available nutrients,
improvement in soil moisture status, especially in
relatively dry areas, contribution to organic matter
build-up in the soil and enhancement in soil micro-
bial populations that improve nutrient release and
availability to plants. Most soils in the tropics are
deficient in major plant nutrients such as nitrogen,
phosphorus and potassium. The contribution of these
materials to soil nutrient availability is subject to
nutrient release during the process of decomposition.
This process is influenced by several factors, among
them quality of the material (Swift et al. 1979).
Among the major quality parameters influencing

nutrient release, are nitrogen (N), lignin and soluble
polyphenol concentrations. Materials rich in N, and
low in soluble polyphenols and lignin, generally
readily release nutrients once incorporated into the
soil, subject to favourable environmental conditions.
Materials low in nitrogen and high in lignin and
polyphenol concentrations are likely to immobilise
nitrogen during decomposition. 

A study was carried out to determine nutrient
release patterns of organic materials collected from
different parts of Kenya. These materials comprised
30 plant materials (different parts), one cattle
manure and one sample of sawdust.

Materials and Methods

Thirty-two organic materials were collected from
different parts of Kenya, oven dried at 30–35°C and
ground to pass though a 1 mm sieve (Gachengo et al.
2004). Fifty grams of oven-dry soil (78% sand, 4%
clay, 8% silt, pH (in water) 5.4, total carbon 0.48%,
total N 0.04%) was used. The soil was brought to
40% of field capacity and kept at room temperature

* Tropical Soil Biology and Fertility Institute of CIAT
(TSBF-CIAT), PO Box 30677-00100, Nairobi, Kenya
<c.gachengo@cgiar.org>; <b.vanlauwe@cgiar.org>.

† The Earth Institute at Columbia University, PO Box 1000 
117 Monell Building, 61 Route 9W, Lamont Campus, 
Palisades, New York 10964-8000 <c.palm@cgiar.org>.

3.2

Nutrients.book  Page 54  Tuesday, February 24, 2004  1:53 PM

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by CiteSeerX

https://core.ac.uk/display/357287108?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


55

for 2 weeks. The organic materials were thoroughly
mixed with the soil at a rate of 5 t ha–1 dry weight
basis in 60 mL bottles. These were placed in 250 mL
incubation jars containing 10 mL of distilled water to
maintain moisture levels during the incubation. 

A vial containing sodium hydroxide (10 mL of 0.5
N) was placed in each incubation jar to trap CO2
released during decomposition of the materials. The
jars were tightly sealed with masking tape to avoid
leakage of CO2 produced by the respiring soil and
kept in a temperature controlled room at 25° C. Each
treatment was replicated three times in a completely
randomised design.

Sampling for CO2 and mineral N determination
(nitrate plus ammonium) was done at 3, 7, 14 and 28
days. Determination of mineral N was also done at
the beginning of the experiment (time 0). N mineral-
isation was calculated as net N mineralisation, where
the sum of nitrate and ammonium N for each treat-
ment was corrected by subtraction of the control.

Carbon dioxide trapped in the sodium hydroxide
solution was determined by titration with 0.5 N
hydrochloric acid. Ammonium and nitrate-nitrogen
in the soil were determined by extraction using 100
mL of 2 N KCl (Dorich and Nelson 1984). 

The amount of carbon released was calculated as:

CEVOL = (BLNKTIT – SAMTIT) ¥ 6 ¥ NHCL 

where CEVOL = evolved C (mg C)
BLNKTIT = volume of standard HCl used to
titrate the NaOH in containers from positive
controls (mL)
SAMTIT = volume of standard HCl used to
titrate the NaOH in containers exposed to the
soil atmosphere (mL)
NHCL = normality of standard HCl.

Results and Discussion

Carbon breakdown

The 32 organic materials analysed have been
grouped into 6 quality classes depending on their N,
lignin and polyphenol contents as described in
Gachengo et al. (2004). During the incubation experi-
ment, the high-quality materials (Class I) released the
highest amounts of their initial C (Figure 1 (a)). By the
end of 28 days, materials high in N, high in lignin and
high in polyphenols (Figure 1(b)) had released the
least amount of their initial C. It appears that there may
be interaction between polyphenols and lignin in their

influence on carbon breakdown. Materials high in
either lignin or polyphenols alone but high in N
(Figure 1(c) and (d)) released more of their initial
carbon than those high in both lignin and polyphenols
(Figure 1(b)). However, polyphenols appear to play a
bigger role in limiting C breakdown than lignin. Mate-
rials low in both N and lignin (Figure 1(e)) released
more of their initial carbon than those low in N and
high in lignin (Figure 1(f)).

Carbon breakdown correlated well (Table 1) with
most chemical constituents of the materials
(Gachengo et al. 2004). Carbon released at 14 days
by various materials linearly correlates well with in
vitro dry matter digestibility (data reported by
Barrios et al. (2004)). Correlation between the two
parameters resulted in four clusters of materials
(Figure 2). Cluster 1 represents materials with initial
N > 2.5%, lignin and soluble polyphenol contents
<15 and < 4%, respectively (quality class I). Cluster
2 comprise materials both low and high in N, lignin
and polyphenols (classes I, II, III), while cluster 3
consists of materials with N <2.5% and low lignin or
polyphenol contents (class III). Custer 4 is primarily
made up of materials of low quality with N < 2.5%
and lignin > 15% (class IV). Sawdust would be
expected to fall within this cluster, but it lies on its
own, probably due to its very high lignin content
(29%) and low initial N (0.14%). 

Significant positive linear correlation was also
found between C released and N concentration.
Lignin concentration showed significant negative
correlation, while polyphenol concentration had no
significant correlation with carbon release. How-
ever, on leaving out polyphenol data for stems,
manure and stover materials (these are usually very
low in polyphenols and nutrients, but high in lignin
(Palm et al. 2001), there was a high negative corre-
lation (r = –0.86) between carbon release and
polyphenol concentration for leaf materials (Figure
3). The same applies to protein-binding capacity. 

Multiple linear regression to determine the contri-
bution of N, lignin and polyphenols resulted in the
equation with an R2 value of 0.6598:

C28 = 49.69 + 1.687N – 1.406PP – 1.144Lignin 

where C28 = percentage of initial carbon evolved by
28 days
N = per cent N in material
Lignin = per cent lignin in material
PP = per cent polyphenol in material. 
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(a) High N, low lignin and polyphenols (Class I)
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(c)  High N, low lignin and high polyphenols (Class II)
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Figure 1. Carbon mineralisation patterns of different quality classes.
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Figure 3.  Effect of soluble polyphenols on carbon release of organic materials.

Figure 2. Relationship between in vitro dry matter digestibility and carbon release.
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Figure 4.  Nitrogen mineralisation patterns from organic materials.

Nutrients.book  Page 59  Tuesday, February 24, 2004  1:53 PM



60

Thus, about 66% of variation in carbon mineral-
ised by 28 days was accounted for by N, lignin and
polyphenols contents of the materials.

Nitrogen mineralisation

Organic materials in Class I released N through
the 28-day period except for one material that immo-
bilised N during the first 7 days of incubation (Figure
4 (a)). This may be explained by its polyphenol
content (3.81%), which was very close to the critical
level (4%) required for net N mineralisation to occur.
Most materials high in both N and polyphenol (but
low in lignin) (Figure 4(c)) immobilised N for some
time or throughout the 28 days, while those high in N
and lignin (but low in polyphenols) (Figure 4(d))
mineralised N throughout the study period. Thus,
polyphenols had a higher influence in limiting N
mineralisation than lignin. Materials in class III
immobilised N throughout the 28 days due to their
low initial N content. However, there was a reduc-
tion in immobilisation after 14 days of incubation.
Materials in class IV immobilised N, increasingly
with time. The trend does not show any indication of
net mineralisation taking place in the near future
(Figure 4(f)). 

The most significant positive correlation for
nitrogen release at 28 days was with the N concen-
tration of the materials (Table 1). Most materials
whose nitrogen concentration was at least 2.3%
released nitrogen (Figure 5). Materials with %N
above 2.3% but soluble polyphenol above 4% immo-

bilised N. Gliricidia sepium stems, though low in N
(1.64%) and high in lignin (20.44%), did not immo-
bilise N probably due to their low polyphenol con-
centration (1.3%). This suggests that N
mineralisation of the materials was controlled
mainly by their N and polyphenols contents. 

Multiple regression analysis showed N mineralisa-
tion was mainly influenced by N concentration in the
materials (Table 1), the following equation having an
R2 value of 0.846:

N28 = –97.81 – 0.00021PP + 28.85N + 0.698Lignin 

where N28 = percentage of initial N mineralised by
28 days.

Conclusion

Mineralisation is a complex process that is governed
by several factors, among them quality of the mate-
rial. During the early stages of decomposition, it
appears that N and polyphenol contents are the main
quality parameters that determine mineralisation of
nitrogen. For net N mineralisation to take place
during the early stages of decomposition, a combina-
tion of low polyphenol and high nitrogen concentra-
tions is required. Carbon breakdown was also
influenced by the presence of lignin, with materials
high in both lignin and polyphenols releasing less C.
However, lignin did not appear to influence N min-
eralisation significantly, at least during the first 28
days of decomposition. 
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