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Abstract

In the Sudano-Sahelian zone of Cameroon, Jatropha curcas L. and Jatropha gossipifolia L. are among
the species integrated in farmer production systems. Despite their importance in rural areas, little
attention is paid to their litters. The overall objective of this work is to contribute to the valorization of
Jatropha in the region. Leaf litter collected was put in litterbags and incubated in situ in three stations
following the climatic gradient from Ngaoundéré to Maroua via Ngong under and outside tree canopy.
The experimental design was a split-split-plot. Data was subjected to analysis of the variance. The
results obtained reveal that the litters of the two species differ in their physico - chemical
characteristics. The remaining dry mass varies significantly (0.0002 < 0.001) according to stations:
0.89% (Ngaoundere), 2.85% (Ngong) and 8.80% (Maroua), 16 weeks after incubation. It is also
significant (0.0003 < 0.001) between micro stations: under (6.58 = 0.96) and outside canopy (1.79 £
0.72). The rate of litter decomposition decreases from the humid to the dry station. Litter
decomposition is faster outside than under canopy. Litters of the two species are both labile.

Keywords: Climate, litter, decomposition, jatropha curcas, jatropha gossypifolia, guinea, sudano-
sahelian

Introduction

Natural resources in the Sudano-sahelian zone of Cameroon are degraded [ 2. The
population growth with its corollary soil overexploitation is the main factors which reduce
cultivable land as well as soil fertility 1. To circumvent this disastrous situation, sustainable
approach needs to be promoted in the management of natural resources and soil fertility.
Agroforestry appears as an alternative which both protects soil and increases plant
production 51,

In this zone of Cameroon, species from the genera Jotropha (J. curcas, J. gossypifolia) is
used in the farmer production system as life fences [, In fact Jatropha species present many
advantages to farmers. In addition to their use as biodiesel, different parts of these species are
used in pharmacopeia. They play important role in soil aeration as well as erosion control
through life fence and provide shade to crops. Litters and residues from biofuel production
could be used as organic fertilizer in farms, then permitting to reduce the quantity of
chemical fertilizers which are not often affordable to farmers due to their expensive cost [").
Recent works demonstrated that soil productivity in the tropics decreased with the continual
use of chemical fertilizers (€,

Many scientific works have investigated different aspects of jatropha species among which
are: genetic diversity Pl molecular characterization [1°; vegetative development and
productivity [3; productivity of J. curcas and its impact on soil chemical properties 2 and
Ethnobotany and botanical characterization of the genera Jatropha €1, Despite the multitude
of studies above-mentioned, little scientific attention was given to litter decomposition of the
genera.

The present work attempts to contribute to the valorization of jatropha species in northern
Cameroon. Specifically, it consists to:

= Determine the initial physico-chemical characteristics of leaf litter of the two species;

= Follow the remain dry mass dynamic during litter decomposition;

= Determine the influence of the climatic gradient on litter decomposition.

~3)~
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Materials and decomposition

Study site

The work was undertaken in the northern part of Cameroon
mainly in Guinea savannah highlands and Sudano-sahelian
areas. Litters of Jatropha curcas and J. gossypifolia were
incubated along a climatic gradient in the following stations:
humid (Ngaoundere), intermediate precipitations (Gong)
and dry (Maroua). The climate prevailing in these parts of
the country is:

Guinean characterized by a dry season (November-
March) and a rainy season (April-October) for the
guinea savannah highlands. The annual rainfall is 1500
mm whereas the temperature is 23 °C;

Tropical sudano-sahelian with two sub-climates: a
sudanian climate with a dry season (December—March)

and rainy season (April-November); temperature of
29.07; relative humidity of 73.38% and an annual
rainfall of 984.08mm. Concerning the sahelian climate,
there is a dry season (December-March) and a rainy
season (April-November). The annual rainfall is 861.17
mm whereas the temperature is 30.08 °C (Table 1).

The vegetation of the zone varies from woody savannahs to
steppes. The main plant species encountered are Vitellaria
paradoxa, Balanites aegyptiaca, Anogeissus leiocarpus,
Combretum spp., Acacia spp., Terminalia spp. etc 13 14,
The main activities of the populations are farming and
fishing.

Table 1: Meteorological parameters of the Soudano-Sahelian zone of Cameroon (2010-2014)

J F M A M J J 6] D 6] N D Total

Pmm 0 0,65 30,27 141,45 | 196,72 | 212,07 | 228,62 | 246,22 | 236,07 | 126,32 43 0 1422,72
Ngaoundere | T°C | 25,32 | 27,55 | 30, 30,1 30,6 29,67 29,35 26,8 26,35 26,27 26,8 27,95 | 2512 27,65
HR% | 48,1 46,1 53,5 61,3 78 80,6 82,05 83,4 81,65 76,45 | 65,35 | 531 67,46

Pmm 0 0 0,5 2532 | 126,38 | 143,54 | 177,36 | 180,82 | 228,98 | 91,62 9,56 0 984,08
Gong T°C | 27,56 | 30,51 32,27 33,93 31,13 28,6 26,38 27,2 27,31 28,8 28,75 | 26,5 29,07
HR% | 48,18 | 49,78 35,68 64,2 77,14 91,24 97,1 96,28 96,92 95,18 71,7 | 57,26 73,38

Pmm 0 0 0 10,42 37,9 103,47 | 240,37 | 257,75 | 157,05 54,2 0 0 861,17
Maroua T°C | 30,71 | 34,76 35,83 37,59 32,62 26,55 24,73 21,89 23,97 27,76 35 29,51 30,08
HR% | 31,27 | 23,49 16,78 23,68 55,15 74,82 77,69 84,33 76,25 65,05 | 37,35 | 21,32 48,93

Source: Meteorological stations (Ngaoundere, Garoua, Maroua) (2014).

Litters incubation in the field

In the laboratory, litters were weighted and 7 0.01g of each
species were put in polyethylene litterbags of 2 x 2 mm?
stitch. A total of 128 samples were incubated in situ in each
of the following stations: Humid (Ngaoundere),
Intermediate (Gong) and Dry (Maroua).

Litterbags were fixed in the soil in order to avoid their
transportation by animals. In each station, litterbags were
splited into two parts and inserted in two micro stations: out
and under canopy of trees. For the three stations and two
micro stations, a total of 384 litterbags (8 withdrawals x 4
litterbags x 3 stations x 2 micro stations x 2 species) were
incubated in the three stations. To understand the evolution
of the decomposition along the climatic gradient, four
litterbags were retrieved at different times in each station
after: 2, 4, 6, 10, 16, 24, 36 and 52 weeks during the
incubation period. The experimental design was a Split-
split-plot with four replicates. Stations represent the main
plot whereas species coincide with the sub — plot and micro
stations the sub-sub-plot.

Assessment of remaining dry mass according to the
initial litter dry mass

In the laboratory, the content of each bag was withdrawn
carefully (sorted out of wastes), cleaned and weighed
immediately to get the fresh weight. Then it was dried at 59°
C for 48 hours in order to determine the dry weight. After
withdrawal of steams, its litter was passed through
desiccator for 10 mn to consolidate the weight. The
remaining litter was subjected to subsequent analyses. Four
additional samples of litters were weighted fresh, then
passed into oven and their initial dry mass was determined.
Their remaining dry mass compared to their initial mass in
percentage was calculated following the following formula:
Remaining dry mass (RDM (%)) = (DMt/DMo) x 100
where DMt and DMo are dry mass at t time and to initial
time respectively.

~33~

Estimation of initial physico-chemical characteristics of
leaf litters

Three physical initial parameters of leaf litters were
determined. The litter thickness was assessed whereas the
surface area as well as surfacic mass was estimated using
the equation model of [*51 and the ratio litter mass per
surface.

Surface (cm?) = 0.68 x (length x maximal width) —
0.114.

Index of sclerophylly = Mass surfacic / Litter surface.

The chemical analysis of the litter was undertaken in the
laboratory of the National High School of Agro-Industry
(ENSAI). The main measurements concerned phosphorus,
potassium, calcium, magnesium and sodium for mineral
contents then polyphenols, lignin and cellulose for the
organic matter. Determination of the amount of dry matter
and the ashes content as well as carbon, nitrogen was done
by AFNOR [ The organic matter content was by
calcination of organic matter at 550 °C. Ashes are residues
from calcination of organic matter at the temperature
abovementioned until constant weight. Minerals are
measured out of the above residues. Calcium and
magnesium were obtained through EDTA titrimetric method
1181 while phosphorous, cellulose and lignin were determined
according standard methods [ 18 21 and modified method
[20 Total phenolic compounds were assessed by method
using Folin-Ciocalteu reactive 24,

Data collected were subjected to analysis of variance.
Comparison of the significant mean was done through
Duncan Multiple Range Test (DMRT) whereas their
separation uses LSD at 5%. The statistical programme used
was Statgraphics plus.
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Results and discussion

The initial Physico-chemical characteristics of litters are
important parameters which allow for the understanding of
litter decomposition behavior.

Physical characteristics of the litter
The surface area of the litter varies from108.64+2.87 cm? in
Jatropha gossypifolia to 246.40+46.67 cm? in J. curcas

(Table 2). The thickness and the sclerophylly index follows
analogous trend. J. curcas has the largest thickness
(0.36+0.05mm) as well as sclerophylly index (5.1+1x10"
3g/cm?). There are significant differences among the two
species in terms of thickness area (0.0001<0.001) and leaf
surface area (0<0.05) contrary to the schlerophylly index
(0.258>0.05).

Table 2: Initial physical characteristics of litters

Espéces Thickness (mm) Surface (cm2) Sclerophylly Index.10-3(g/cm?)
Jatropha culcas 0.36+0.05 a 246.40+46.67 a 51+la
Jatropha gossypifolia 0,214+0.04) b 108.64+2.87 b 45+09b
P.value 0.0001 0 0.258
Litter initial chemical characteristics phosphorus  (0.0005< 0.001). The rate of litter

Mineral and organic compounds of the two litters were
determined.

Mineral compounds of litters

The nitrogen initial composition of J. curcas (2.14%) is high
compared to that of J. gossypifolia (1.95%). Nevertheless,
there is no significant difference between the two species
(0.4436>0.05). The content of the two species in terms of
carbon varies significantly from 39.65% (J. curcas) to
35.48% (J. gosssypifolia) (0.0411<0.05). The ratio C/N for
the two species: 18.52 in J. curcas and 18.19 in J.
gossypifolia is less than 20 (Table 3). These results indicate
that the behavior of the two species in liberating nitrogen
during litter decomposition is similar. Similar results were
reported by others 22 231, However, litters of J.gosssypifolia
are rich in phosphorous (64.96mg/100g MS >50.27
mg/100g MS), calcium (1.26%=> 1.10%) and in magnesium
(305.32mg/100gMS > 268.42 mg/100g MS) than those of J.
curcas. Despite these variations, significant difference does
not exist between the two species as far as contents of
calcium and magnesium are concerned except for

decomposition is according to their content in calcium 24,
Litters which are rich in calcium, decompose quickly. This
justifies the fast litter decomposition noted in Jatropha
gossypifolia.

Organic compounds

J. curcas (68.37%) contains a great percentage of organic
matters than J.gosssypifolia (61.17%). J. curcas has equally
a high significant concentration in polyphenols (1.29 >
0.83%) (0.0256<0.05) and in cellulose (6.51% =4.84%)
(0.0024<0.01) compared to J.gosssypifolia (Tableau 3).
However the content in terms of lignin in the two species is
identical: 7.47% in J.gosssypifolia and 5.94% in J. curcas
(0.1685<0.05). However the proportion of lignin found in
the two species is between the intervals (5-10%) of that
reported in fresh litters 4. Vascular tissues of plants were
more resistant to decomposition than fibers due to their
content in lignin %1, During decomposition, concentration in
lignin increases and slows down decomposition %61, There is
a reverse proportional relation between litter lignin content
and its decomposition rate 271,

Table 3: Initial litter chemical content

Polyphenols Cellulose Lignin oM P Mg
(%) (%) ) | N | COO) | o [AShes ()] onoogms) | C2 (%) | mgrioogms)
3. curcas 1.29 6.51 5.94 2.14 39.65 68.37 0.31 50.27 1.10 268.42
(0.08)a (0.38)a (0.30)a | (0.27)a (0.92)a | (1.59)a| (0.01)a (0.46)a (0.04)a (21.46)a
J. 0.83 4.84 7.47 1.95 35.48 61.17 0.39 64.96 1.26 305.32
gossypifolia (0.06)b (0,28)b (0.97)a (0.07)a (0.82)b | (1.41)b | (0.01)b (0.04)b (0.06)a (11.12)a
F 37.61 423.77 4.48 0.90 22.84 22.84 23.06 1974.95 9.80 4.66
P.value 0.0256* 0.0024** 0.1685 0.4436ns 0.0411* |0.0411*| 0.0407* 0.0005*** 0.0887ns 0.1636ns

Figures in brackets represent standard errors. Means follow by the same letter are not significant * = P<0.05; * * = P<0.01; *** = P<0.001,;

ns = non-significant (P>0.05); OM = Organic matter

The species of the genera Jatropha liberate efficiently with
precocity and assimilate nitrogen according to the ratio C/N
which is less than 20 2223 The ratio C/N is currently used
as indicator of litter quality. High values of this ratio (>25)
indicate that litters have weak capacity of degradation and
resist more against organisms and biochemical attacks. Low
values of the ratio (20 < C/N > 6) suggest that litters are rich
in nitrogen and available to decomposers. The duration of
complete decomposition of litter was 16 weeks irrespective
of the station. In the beginning of the incubation, litters
decompose quickly and its rate reduces till the end. These
results corroborate those of various authors who worked in
the similar problematic [ 2% 28 The reduction of the
decomposition rate at the end of the experience explains the
increase of lignin content in litters as time goes on.

~34~

Analogous decomposition behavior was reported by others
[26, 27]

Litters’ remaining dry mass dynamic

Two weeks after litters’ incubation, the remaining mass
varied from 81.61 + 4.02 in Jatropha gossypifolia to 85.75 +
2.85% for J. curcas. Four weeks after incubation, the
remaining dry mass of litters varies from 3.95 + 0.07 in J.
gossypifolia to 4.42 + 0.92g for J. curcas. At the sixteenth
weeks after incubation, the trend is similar between the two
species: 3.95+ 0.068 (J. gossypilifolia) and 4.42 + 0.92 (J.
curcas). Despite the variation noted after two (0.31 > 0.05),
four (0.3077 > 0.05) and sixteen (0.73>0.05) weeks, there
was no significant difference among the species suggesting
that loss of the dry mass was equal among the two species
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(Table 4). This result is against the findings of other authors
who reported that litter qualities impact decomposition
process [* 30 The decomposition behavior is in
concordance with the ratio C/N which is similar in J. curcas
(18.52) and J. gossypifolia (18.19). These species released
assimilate nitrogen efficiently and with precocity. The
explanation of their behavior is given by their C/N ratio

which is similar and also less than 20, confirming the results
of others 22 21, The C/N is currently used as quality
indicator of litters. Litters are tough and have low capacity
of degradation when the C/N is more than 25. The ratio
value less than 6 indicates that litters are rich in nitrogen and
well accessible to decomposers.

Table 4: Percentage of remaining dry mass in two species

Incubation duration (weeks)
Species 2 4 16
Jatropha curcas 85.75 + 2.85 4.42 +£0.92 4.42 +£0.92
Jatropha gossypifolia 81.61 +4.02 3.95 + 0.068 3.95 + 0.068
P. value 0.3077™ 0,3077"™ 0.7255"

Concerning the effect of station, the remaining dry mass
after two weeks varied from70.40 + 3.46 in Ngaoundere to
92.87 + 1.75% in Maroua while after four weeks, it varied
from 0.89+0.03 in Ngaoundere to 8.80 + 2.32% at Maroua.
There was no significant difference between stations after
two weeks (0.8828 > 0.05) contrary to the behavior
observed after four and sixteen weeks (0.0001<0.001). This
result showed that litter decomposition in the two species
was fast in Ngaoundere than in Maroua. The dynamism of
mass loss respects the climatic gradient which varies from
the humid station (Ngaoundere) to a dry one (Maroua). The
Duncan Multiple Range Test confirms the trend of litter
decomposition in these stations. Litter decomposition is fast
in the humid station (Ngaoundere) and low in the dry station
(Maroua). Litter decomposition was moderate in
intermediate station of Gong (Table 5). Differences among
stations are due to climatic conditions: Ngaoundere is a
humid one with 1422.72 mm of precipitations while Gong
and Maroua are from intermediate (984.08 mm) and dry
(861.17 mm). In medium limited by water, precipitation
effects are superior to that of average temperature and soil
texture (34,

Table 5: Percentage of remaining dry mass in different stations

significantly observed after four and sixteen weeks
(0.0000<0.001). Litter decomposition is faster in the micro
station out canopy than under canopy. This result suggests
that micro stations are different during the incubation period
irrespective  of duration. Numerous authors have
demonstrated the evidence of the climate influence on litter
decomposition [32. 3328, 34,35, 361 Temperature may be among
the factors which better explain litter decomposition in these
conditions. In fact, decomposer microorganisms are active
in dry and humid conditions and less active in very cold and
humid conditions [ 33. 35361 Temperature and humidity are
among the main factors influencing litter decomposition at
regional level 7, At local level (microsite, population), it is
also argued that the same factors are implicated [38. At this
level, litter quality and microorganisms of the soil are major
decisive factors of decomposition due to the fact that the
climate is homogenous. In the same thought of mind, it is
reported that microorganisms became very active when the
ratio C/N is high B4,

Table 6: Percentage of remaining dry mass in different positions

. . Incubation duration (weeks)
Micro station 5 n 16
Under canopy | 88.63+2.83a | 6.58 +0.96a | 6.58 +0.96a
Out canopy 78.72+358b | 1.79+0.72b | 1.79+0.72b
P. value 0.0182 0.0000 0.0000

In column, means follow by the same letter are not significant

For the station*species interaction after four weeks of litters

Incubation duration (weeks)
Stations 2 4 16
Ngaoundéré | 70.40+3.46° | 0.89+0.03* | 0.89 £0.03%
Gong 87.76 £3.18* | 2.85+1.14® | 2.85+1.14®
Maroua 92.87+1.75* | 8.80+2.32° | 8.80+2.32°
P.value 0.8828 0.0001 0.0001

In column, means follow by the same letter are not
significant

The dynamic of remaining dry mass evolves significantly
(0.0182<0.05) from 78.72 + 3.58% in the micro station out
canopy to 88.63 + 2.83% under canopy of trees after two
weeks of incubation (Table 6). Litter decomposition is faster
out of tree canopy than under canopy. The same trend was

incubation, the remaining dry mass percentage varies from
0.19 £ 0.03% in J. gossypifolia at the Ngaoundere station to
10.33 + 1.79% in J. gossypifolia at the Maroua station
(Table7). J. gossypifolia litter decomposed faster in
Ngaoundere and in Gong station than in Maroua. However
there was no significant difference among stations
(0.16>0.05). This result suggests that the remaining dry
mass between species in different stations is equal after four
and sixteen weeks despite the variation noted.

Table 7: Percentage of remaining dry mass in species by station interaction

. . Ngaoundere Gong Maroua
Species/station > 7 6 > 2 6 > 7 16
93.77 £ 2,75
Jatropha curcas | 73.75+4.90|{1.59 +0.76|1,59 £ 0,76 |89.72 + 4.55 |4.38 £ 1.61 | 4,38 £ 1,61 91.96 + 348 7.28+£2.06 | 7,28 + 2,06

Jatrpha gossypifolia | 67.05 + 3.61|0.19 £ 0.03|0,19 £ 0,03|85.80 +1.761.33+0.71|1,33+ 0,71 |91.96 + 3.48|10.33 £ 1.79|10,33 £ 1,79

P.value 0.88 0.16 0.16

0.88

0.16 0.16 0.88 0.16 0.16

~35~
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After four weeks of litter incubation for the species by
position interaction, the remaining dry mass percentage
oscillate from 0.83 + 0.26 in J. gossypifolia incubated out
canopy to 7.07 £ 2.38% in the same species under canopy of

trees (Table 8). Despite this variability, there is no
significant difference (0.2780>0.05). Decomposition of
litters of these species in the two micro stations is identical
after four weeks.

Table 8: Percentage of remaining dry mass in species by position interaction

. . . Out canopy Under canopy
Species/micro station 5 n 16 5 4 16
Jatropha curcas 84.67 £ 3.59 2.74 +0.92 2.74 +0.92 86.82 £ 4.00 6.09 +1.31 6.09 +1.31
Jatrpha gossypifolia 72.77+451 | 0.83+0.26 | 0.83+0.26 | 90.44+275 | 7.07+238 | 7.07+2.38
P.value 0.0606 0.2780 0.278 0.0606 0.2780 0.278

For station by micro station interaction, the percentage of
the remaining dry mass after four weeks of incubation in the
field varied significantly from 0.51 + 0.06% out canopy at
Ngaoundere station to 15.02 + 2.69% under canopy at
Maroua (0.001<0.01) (Table 9). This result follows the same
trend as above-mentioned. Litter decomposition is faster in

the humid station than in the dryness one. In general, it
appears that the percentage of the remaining dry mass of
litters incubated out canopy is low compared to that
obtained under canopy. Sixteen weeks after incubation of
litters, the percentage of remain dry mass show significant
difference (0.0010<0.01).

Table 9: Percentage of the remaining dry mass of litter during litter decomposition

. . . Out canopy Under canopy
Station/Micro station > n 16 > 1 16
Ngaoundere 67.11+4.91a | 0.51+0.06a | 0.51+0.06a | 73.68 +3.29a | 1.28+0.33a | 1.28+0.33a
Gong 9254 +2.23a | 2.26 +0.68b | 2.26 +0.68b | 93.19+1.96a | 3.45+1.61b | 3.45+1.61b
Maroua 260+1.03a | 2.60+1.03b | 2.60+1.03b | 99.02 +3.75a | 15.02 + 2.69c | 15.02 + 2.69¢
P.value 0.083 0.0010 0.0010 0.083 0.0010 0.0010

In column, means follow by the same letter are not significant

Concerning the interaction species*micro station*station,
litters were totally decomposed after 4 months (16 weeks)
without exception (Fig 1). Litter mass loss was fast at the
beginning of incubation then diminished with time. These
results corroborate those of many authors who work on the
similar problematic [?8 20 26 30, 401 The fast loss of mass

whereas reduction of decomposition rate coincides with the
increase of lignin in litters during the process 2% 271, The two
types of litters are labile. Despite the variability noted, there
was no significant difference after two (0.3384 > 0.05), four
(0.0518 > 0.05) and sixteen (0.0518 > 0.05) weeks of
incubation. However, these litters are not resistant to

corresponds to the departure of hydro soluble substances decomposers.
120 120
- ~o—JCUCN
100 - —4#— JCOCN 100 INsh<R
- JCUCG
20 == COCG #
e JCUCM
g ICOCM £
< 60 i |GOC M s 60 i JGUCN
2 e
i =i GUCG
40 jGoca 40
JGOCM ~@—JGUCM
20 20
0 Car. a2y ax g | 0 %53
0 2 4 6 10 16 24 36 52 0 2 4 61016243652
TIME (weeks) TIME (weeks)

a: out canopy (OC);

b: under canopy (UC)

Fig 1: Dynamic of remaining dry mass during litter decomposition in J. curcas (JC) and J. gossypifolia (JG) in Ngaoundere (N), Gong (G)
and Maroua (M) stations.

Conclusion

The litter thickness plays an important role during litter
decomposition. Litters of J. curcas are rich in carbon,
cellulose and polyphenols than J. gossypifolia whereas that

of this last species are rich in Phosphorous. The initial
content of the two litter quality was similar in terms of Ca,
Mg, N and lignin whereas they differ in C, P, cellulose,
polyphenols, organic matter and ashes. The climatic

~36~
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gradient effects litter decomposition in the two jatropha
species. The ratio C/N in the two species is less than 20
indicating that decomposition of the two species is very fast
irrespective of climatic station. Generally, decomposition is
very fast in humid station than in intermediate and dry one.
The remaining dry mass is low in Ngaoundere (0.89%), high
in Maroua (8.80%) and intermediate in Gong (2.85%). The
rate of litter decomposition was fast in the humid climate
and low in the dry one comforting on the effect of climatic
gradient in the process. Litters decompose rapidly out of
canopy than under canopy. Litters of the two species are
both labile. In addition to the contribution of these two
species in the improvement of the heath of the local
population, they could play an important role in soil fertility.
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