o n

O 00

10

11

12
13

14
15
16

17
18
19

20
21
22

23
24

25

26

27

28
29
30
31
32

33
34
35
36

Chemical Characteristics of Tropical Cambisol as
Influenced by Sugarcane ( Sacharum officinarum L.)
Foam and Inorganic Fertilizer

ABSTRACT

Aim: For promoting an alternative source of nutrients to restore the fertility (pH, carbon (C), nitrogen
(N), phosphorus (P), potassium (K), calcium (Ca) and magnesium (Mg)) of agricultural soils affected by
long-term cultivation with inorganic fertilizer, the use of sugarcane foam and inorganic fertilizer on a
Cambisol was assessed.

Design: The study was laid out in a randomized complete blocks design with three replications.

Place and duration : A study was conducted at Zuenoula in the forest/savanna transition agro-
ecosystem of Céte d’lvoire, during 2011 and 2012 cropping seasons.

Methodology: The soil was tilled and the different rates of Foam (0, 6, 12, 18 and 24 t/ha) and that (O,
150, 300, 450 and 600 kg/ha) NPK + Mg+S (18% - 9% - 14% - 2% - 2.5%) were incorporated onto the
soil.

Results: Application of sugarcane foam significantly (p < 0.05) enhanced soil contents of C, N, P and
slightly of Ca™ but not of K" and Mg™" with the most increase for 6 t/ha (C and P) and 18 t/ha (N and
Ca™) than that induced by 300 kg/ha and 600 kg/ha NPK according to nutrients.

Conclusion: The use of 18 t/ha of sugarcane foam applied once for two cropping seasons was the
most suitable for improving the quality of soils deficient in N and P but not for K" and Mg™" deficient
soils, thus this rate was recommended for restoring the fertility of degraded tropical Cambisol.

Keywords : Sugarcane foam, organic matter, inorganic fertilizer, soil-chemical characteristics, tropical
soil

1. INTRODUCTION

Industrial agriculture requires intensification of the production systems consisting essentially of
continued monoculture in most cases. However, monoculture cropping systems are well known for their
soil degrading effects, inducing declining yields during successive cropping seasons, especially in the
humid tropics [1]:. Beside soil nutrients depletion often caused by leaching, there are problems of soil
acidification and low soil organic matter content.

The soils of western Céte d’lvoire (West Africa) characterized by Ferralsols and Cambisols are
experiencing declining soil fertility due to over three decades of intensification for sugarcane production.
Sugarcane yields are declining, thus affecting the economy of sugar manufacture. There is an urgent
need to restore the fertility of these soils. The use of inorganic fertilizers to restore the fertility of the soil
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has not been effective because of high leaching, continued exports of nutrients through crop harvest
and unbalanced mineral contents in the soil [2, 3, 4]. Moreover, the available compound fertilizers
(NPK) in the local markets have no micronutrients despite the soils are highly micronutrients deficient.

There is no site-specific nutrient diagnosis to guide the application of fertilizers based on site-specific
soil fertility management [5], therefore, there has been haphazard application of mineral fertilizers [6]
mostly NPK + (Mg and S) for sugarcane production for a long time. Deficiencies of Fe and Zn and
excess of Mn are common as typical of tropical soils experiencing chemical degradation under
continuous cropping [1] and structural degradation due to soil erosion and compaction [7, 8].

The use of organic amendments can improve soil structure and supply soil nutrients via mineralization
[9, 10, 11, 12, 13, 14]. However, large quantities of up to 12 t/ha™ are required to optimize the use of
organic amendments in agriculture [15]. The limited availability of organic inputs is restricting this
practice [16]. The use of animal manure though readily used for agricultural purpose is also declining,
while 90% of crop residues are exported from the field for domestic use in Africa [17].

About 19,000 to 20,000 tons of sugarcane foam are annually available at Zuenoula in Céte d’lvoire as
derived product of sugarcane manufacture. This bio-waste can be used for amending agricultural
lands, hence, increasing the availability of organic source of nutrients [10]. In fact, a ton of sugarcane
foam contains about 7 kg of nitrogen, 9 kg of phosphorus, 8.5 kg of calcium and 20 kg of silicon [18].
The high silicon concentration can enhance soil P bioavailability [19] and reduce Mn and Al toxicities in
the soil [20].

However, there is limited knowledge on the use of this bio-waste for crop production on tropical
Cambisol, especially in the agro-ecosystems of Céte d’lvoire. This limited knowledge can lead to
injudicious use of sugarcane foam for the amendment of agricultural lands. Thus, we hypothesize that
optimum rate of sugarcane foam lower than 12 t/ha can be adequate for agricultural soil amendment.

The objective was to identify the optimum rate of sugarcane foam required to restore fertility on a
Cambisol affected by long-term cultivation in Zuenoula area under inorganic fertilizer (NPK)
management.

2. MATERIAL AND METHODS
2.1. Site of experimentation

The study was conducted in 2011 and 2012 in the experimental station of the sugar company
SUCRIVOIRE of Zuénoula (7° 38' 53" N, 6° 9' 46" W, 218 m) in Cdte d'lvoire. The station is located in
the humid/savanna transition agroecology having a bimodal rainfall pattern with 1115.3 mm in 2011 and
1295.1 mm in 2012, and with average annual temperatures of 32.9°C and 32.4°C in the respective
years.

2.2. Soil of experimental site

The soil of the experimental site was a deep (> 120 m) plinthic Cambisol with hydromorphic features
(5YR 2.5/1 — 2.5YR 3/4) induced by irrigation water and presenting a brown colored (5YR 3/2) matrix. It
was a silty-clay (36% silt and 33% clay), stony (75%) with 40-70% of exchangeable cation saturation
and 19 cmol/kg of cation exchangeable capacity. The soil was continuously under sugarcane cultivation
in the past five years with annual application of 600 kg/ha of NPK+ Mg + S (18.5% — 9% — 14% — 2% —
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2.5%). Residual biomass (root, residues of stalk and leaves) of sugarcane was annually incorporated
during land preparation for the next cropping.

2.3. Foam of sugarcane

The foam is an industrial waste from sugarcane manufacture after filtration of sucrose juice constituting
a solid residue with more than 20% of moisture content. It has dark-brown color and odorless,
composed of sugarcane fragments ranging from 200 ym to 1 mm in dimension.

2.4. Experiment layout and soil sampling

About 4518 m? of bush fallow was cleaned manually and the soil was sampled in 0 — 20 c¢m at the four
corners and the centre of the plot using an augurauger. The five soil samples collected were mixed and
a composite soil sample of 500 g was taken for initial site characterization before the experiment.

A tractor was used for soil tillage to plough and harrow the soil before setting 9 micro-plots (10 m x 7.5
m) in 3 replications using a randomized complete block design. In 2011 and 2012, five rates (0, 6, 12,
18 and 24 t/ha) of the sugarcane foam and four rates (150, 300, 450 and 600 kg/ha) of inorganic
fertilizer composed of NPK + Mg + S (18.5% — 9% — 14% — 2 — 2.5) were applied every year by
incorporating them to 0 — 10 cm depth. The micro-plots were left under weather and biotic conditions.

Twelve months later, another composite sample was taken from the micro-plot for laboratory analysis.

2.5. Laboratory analysis

Soil samples were sun dried, grounded and sieved (2 mm) before the laboratory analyses were carried
out. Soil pH (water) was measured using a glass electrode at a soil/solution ratio of 1:2.5. Its contents
for organic carbon-C (Walkley-Black) and total nitrogen-N (Kjeldahl) were determined according to the
procedure described by Pauwel [21]. Soil P (Olsen), exchangeable K, Ca, Mg (1 N NH,OAc (pH 7.0))
and cation exchangeable capacity-CEC were also determined according to Peech [22]. Standard
procedures for laboratory quality control measurements, including the use of blanks, replicates and
internal reference samples were followed.

2.6. Statistical analysis

Analyses of variances (ANOVA) of soil characteristics (N, P, K, Ca, Mg, Ca:Mg, Mg:K and CEC) were
performed to compare the mean values for different rates of sugarcane foam and inorganic fertilizer
respectively for each year of the experiment and across years. The differences between the mean
values of these variables due to different rates of inorganic fertilizer versus sugarcane foam were
determined by T-test (Turkey-Kramer) of mixed model analysis. The evolution trend of studied
parameters in the soil from the beginning to 2012 was determined by simple regression using Excel
while the other analyses were done by SAS (version 8) considering a = 0.05.

3. RESULTS
3.1. Chemical characteristics of the soil and sugar  cane foam

Table 1 summarized the chemical composition (N, P, K, Ca and Mg) of the studied sugarcane foam.
There were high concentrations of Ca™ and Mg"" in the order of 2 to 20 times greater than the normal
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range of these nutrients. Phosphorus (P) concentration (0.25 — 4 g/kg) was also high but, that of N (2.8
— 5.6 g/kg) was normal and the concentration of K (< 2.5 g/kg) was low.

Table 1: Sugarcane foam concentration of N, P, K, Mg and Ca as well as soil chemical characteristics
in 0 — 20 cm depth before the experiment.

Soil chemical properties Nutrient concentration in sugar cane foam
pPH 120 6.6 Nitrogen (g/kg) 5.6
PH ke 5.5 Phosphorus (g/kg) 3.6
C-organic (g/kg) 14.9 Potassium (g/kg) 1.3
N-total (g/kg) 1.3 Magnesium(g/kg) 0.8
C:N 115 Calcium g/kg) 28.6
P-Olsen (mg/kg) 19.3

c&* (cmol/kg) 5.3

Mg** (cmol/kg) 2.5

K* (cmol/kg) 0.3

CEC (cmol/kg) 19.5

The soil nutrients content of the experimental site (K*, Ca™ and Mg"™) and the CEC were at high levels
with a value of +1.2 for ApH (Table 1). In spite of moderate soil acidity, unbalanced cation ratios were
observed: 2: 1 for Ca: Mg and 8:1 for Mg: K out of the optimum ranges and coupled with a low (< 3%)
K: CEC. However, higher soil contents of organic-C (> 10 g/kg) and total N (> 1 g/kg) were observed,
with acceptable C/N ratio of 11.5.

3.2. Influence of sugarcane foam and NPK on soil pH , C, N, P and C/N

Tables 2 and 3 showed the mean values of soil (0 — 20 cm) pH, C, N, P and C:N ratio as influenced by
different rates of sugarcane foam and NPK fertilizer in 2011 and 2012 respectively. No significant
change was induced by sugarcane foam for soil pH and C, while the rate of 18 t/ha gave the highest
total N content of 1.8 g/kg in 2011 contrasting with the result observed in 2012 (Table 2). Increasing
rates of sugarcane foam significantly increased soil P content up to the highest rate which gave 55-90
mg/kg in both years. The C:N ratio was significant and highest (13.3) with application of 6 t/ha
sugarcane foam in 2011, but no significant effect was observed for this parameter in 2012 (Table 2).

NPK treatment had no significant effect on all the studied soil parameters in both years (Table 3).
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Significant difference between the overall effects of the rates of sugarcane foam and NPK are
summarized in Table 4 for soil C, N and P contents. There were significant and positive differences in
the contents of soil organic C and total N with application of sugarcane foam at rates above 6 t/ha
compared with 300 and 600 kg/ha of NPK. Differences in soil P content were always significant with
sugarcane foam at rates above 6 t/ha compared with all NPK rates except 150 kg/ha NPK versus 12
t/ha sugarcane foam that had a similar soil P content, suggesting that these rates of sugarcane foam
enhanced soil P than the NPK rates evaluated in this study (Table 4).
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Table 2 : Mean values with standard deviation of soil pHyaer, C, N, P and C : N ratio in 0 — 20 cm depth after trial in 2011 and 2012 as influenced

by the rates of the sugarcane foam

Foam PHuater C (g/kg) N (g/kg) P (mg/kg) CN

rates 2011 2012 2011 2012 2011 2012 2011 2012 2011 2012

f)t = 6.3+0.20a 6.6x0.17a 15.7+1.20a 13.8+2.33a 1.4+0.17b 1.29+0.34a 17.3+2.09d  18.7+7.23c 10.92+1.88b 10.89+1.25a
6 6.4+0.15a 6.5+0.06a 17.6+1.20a 14.4+0.67a 1.3+0.14b 1.36+0.18a 29.3+0.57d  36%2.65b 13.29+0.46a 10.67+0.97a
12 6.5+0.21a 6.5+0.26a 17.2+2.2a  14.9+0.81a 1.5+0.12b 1.38+0.17a 58.742.08b  41+14.00b 11.27+1.13b 10.83%0.79a
18 6.5+0.21a 6.6x0.17a 17.7+0.99a 14.8+0.80a 1.8+0.05a 1.25+0.18a 43.0+20.78c 47+23.00b 10.09+0.41b 11.95+1.31a
24 6.5+0.23a 6.5+0.15a 18.4+0.58a 15.7+1.10a 1.6+0.03b 1.42+0.17a 90.3+4.00a 54.7+6.81a 11.49+0.31b 11.15+1.44a
Initial 6.6 6.7 15.0 13.5 1.3 1.01 19.6 15.3 11.31 13.37

value

P>F .70 .93 .33 .50 .01 .87 .000003 .05 .04 .70

a, b, ¢, and d are indicating the mean values with significant difference P<0.05.
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Table 3. Mean values with standard deviation of soil pHyaer, C, N and P as well as C : N ratio in 0 — 20 cm depth after the experiment in 2011 and

2012 as influenced by rates of NPK

NPK PHuwater C(g/kg) N (g/kg) P (mg/kg) C:N

rates 2011 2012 2011 2012 2011 2012 2011 2012 2011 2012
(kg/ha)

0 6.3+0.20a 6.6+0.17a 15.7+1.20a 13.8+2.33a 1.3+0.16a 1.3+0.34a 17.3+2.08a 18.7+7.23a 10.9+1.88a 10.9%1.25a
150 6.4+0.30a 6.6+0.36a 16.4+1.94a 14.0+1.55a 1.4+0.13a 1.3%£0.06a 18.3+1.15a 46+36.5a 11.2+1.79a 10.4+0.97a
300 6.4+0.12a 6.5+0.35a 15.5+3.10a 13.0+0.87a 1.3+0.03a 1.2+0.09a 15.742.09a 27+15.7a 12.2+2.18a 10.9+0.84a
450 6.5+0.20a 6.4+0.20a 17.840.31a 14.6+1.16a 1.3+0.13a 1.4+0.20a 14.743.51a 30+12.5a 14.1+1.47a 10.4+1.16a
600 6.5+0.13a 6.3+0.17a 16.0+2.33a 14.0+1.91a 1.3+0.09a 1.4+0.11a 13.7+2.51a 46+33.6a 12.0+1.04a 9.9+0.57a
Initial 6.6 6.7 15.0 13.5 1.3 1.01 19.6 15.3 11.3 13.4

value

P>F .75 .60 .67 .85 .13 .58 .18 57 .24 .67

a is indicating the mean values with no difference at P<0.05
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Table 4: Significant changes in soil (0 — 20 cm) contents of C, N and P as observed between the rates
of sugarcane foam versus NPK fertilizer after the experiment in 2012

C-org (gkg™) N-total (gkg™) P-olsen (mgkg™)
Foam (tha™) NPK (kgha™) Dif Pr Dif Pr Dif Pr
12 150 0.85 .32 0.05 .63 17.67 .09
12 300 1.77 .04 0.22 .03 28.50 .008
12 450 -1.12 .89 0.11 .25 27.50 .009
18 300 1.95 .02 0.27 .008 23.67 .02
18 450 0.07 .93 0.16 A1 22.67 .03
24 150 1.87 .03 0.10 .29 40.17 .0003
24 300 2.78 .002 0.28 .006 51.00 <.0001
24 450 0.90 .29 0.17 .09 50.00 <.0001
24 600 2.07 .01 0.14 .16 4250 .0001

Fig.1 highlighted quadratic trends for the studied soil parameters from the initial stage to the end of the
experiment in 2012 under the effect of the sugarcane foam treatment. Most decreasing trends were
observed for soil pH and organic C from 2011 to 2012 (Fig.1a) compared with the trends observed for
soil P and total N contents (Fig.1b).

3.3. Influence of sugarcane foam and NPK on soil ex  changeable cations

Exceptionally, soil exchangeable Ca** content was significantly influenced by application of sugarcane
foam only in 2011 (Table 5). Application of 18t/ha of sugarcane foam treatment enhanced the
exchangeable Ca”* by 32% compared with plots without sugarcane foam application (Table 5). No
significant effect of NPK treatment was observed for soil exchangeable cations in both years (Table 6).
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Table 5: Mean values of soil exchangeable K*, Ca®* and Mg®‘contents, and ratios of Ca: Mg and Mg : K in 0 — 20 cm depth in 2011 and 2012 as

influenced by rates of sugarcane foam

Foam K’ (cmol/kg) Ca”" (cmol/kg) Mg®* (cmol/kg) Ca: Mg Mg: K

[f;gi) 2011 2012 2011 2012 2011 2012 2011 2012 2011 2012

0 0.34+0.15a 0.19#0.13a 5.5+0.47c 4.8+0.76a 1.9+0.45a 2.4+0.73a 3.1+0.88a 2.1+0.30a 5.9+1.07a 14.6+7.36a
6 0.26+0.07a 0.13%+0.06a 6.2+1.27b 4.8+0.42a 2.2+0.55a 2.3+0.63a 3.1+x1.21a 2.2+0.47a 9.4+4.22a 21.4+13.6a
12 0.32+0.10a 0.16%0.08a 5.8+0.11c 5.1+0.83a 2.4+0.66a 2.5+0.57a 2.5+0.67a 2.1+0.13a 8.0+3.56a 16.6+3.54a
18 0.21+0.01a 0.15%0.03a 8.1+0.91a 5.0+0.64a 2.4+0.56a 2.6+1.25a 3.6+£0.85a 2.1+0.69a 11.2+3.00a 17.3t8.27a
24 0.20+0.04a 0.10£0.06a  6.6+0.36b 4.7+0.60a  2.5+0.29a 2.1#0.59a  2.6+0.39a 2.3+0.37a  13.0#3.12a 27.4+17.7a
Initial 0.29 0.37 5.3 5.0 25 2.3 2.1 2.4 8.3 7.0

value

P>F 27 68 .02 94 .70 93 61 93 13 67

a, b and c are indicating the mean values with significant difference at P < 0.05.
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Table 6 : Mean values of soil exchangeable K*, Ca®* and Mg** content and the ratios of Ca: Mg and Mg :

as influenced by the rates of NPK

K in 0 — 20 cm depth in 2011 and 2012

NPK K (cmol/kg) Ca”" (cmol/kg) Mg”" (cmol/kg) Ca: Mg Mg: K

Ezée/fS]a) 201 2012 2011 2012 2011 2012 2011 2012 2011 2012

0 0.34+0.15a 0.20+0.13a 5.6+0.48a 4.8+0.76a 1.9+0.45a 2.4+0.73a 3.1+0.90a 2.1+0.30a 5.9+1.07a 14.6+7.36a
150 0.37+0.14a 0.21+0.15a 5.1+0.24a 4.8+0.72a 2.4+0.60a 2.3+0.52a 2.2+0.60a 2.2+0.18a 6.9+2.11a 18.4+17.1a
300 0.25+0.03a 0.15%0.06a 5.840.62a 4.4+0.52a 2.310.13a 1.9+0.44a 2.5£0.33a 2.4+0.48a 9.3+1.44a 13.6+5.87a
450 0.36£0.09a 0.19+0.11a 6.0£0.73a 4.9+0.32a 2.4+0.65a 2.3+0.61a 2.7+1.01a 2.2+0.82a 6.8+2.5a 14.2+5.05a
600 0.50£0.12a 0.17+0.05a 6.2+1.67a 4.6+x0.42a 2.1+0.68a 2.4+1.22a 3.2+1.25a 2.1+0.70a 4.6+2.61la 13.4+2.49a
Initial 0.29 0.37 5.3 5.06 25 2.3 2.1 2.4 10.3 7.0

value

P>F .20 .97 .61 .92 .75 91 .65 .95 .15 .96

a is indicating the mean values with no significant difference at P < 0.05.
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There were significant and positive differences observed in mean values of soil exchangeable Ca™ with
application of 18 t/ha of sugarcane foam compared with all the rates of NPK studied (Table 7). But;
sSignificant negative differences were however observed for soil exchangeable K* content with
application of 24 t/ha sugarcane foam treatment compared with application of 150 and 450 kg/ha NPK
treatments. No significant differences were observed for soil exchangeable Mg™™ content between both
treatments (Table 7). lndeedthere-was A decreasing trend for soil K content, curve-linear trend for
Ca’™ and a stable level of Mg™ in the soil under the effect of sugarcane foam treatment during the

experiment was apparent (Fig. 2).

Table 7 : Significant changes in soil (0 — 20 cm) contents of Ca**, Mg®*, and K* as observed between
rates of sugarcane foam versus NPK after the experiment in 2012

Ca (cmol/kg) Mg (cmol/kg) K (cmol/kg)
Foam (t/ha) NPK (kg/ha) Dif Pr Dif Pr Dif Pr
6 600 0.28 51 -0.008 .98 -0.14 .01
18 150 1.57 .001 0.16 .64 -0.11 .06
18 300 1.42 .002 0.38 .29 -0.02 .69
18 450 1.11 .010 0.16 .64 -0.09 .09
18 600 1.11 .010 0.22 .53 -0.16 .006
24 150 0.72 .09 -0.02 .96 -0.14 .02
24 450 0.25 .56 -0.02 .95 -0.12 .03
24 600 0.25 .55 0.04 91 -0.19 .001

Dif : difference, Pr : probability
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Fig. 2 : Trends of soil exchangeable Ca, Mg and K during the study period under sugarcane foam effect

4. DISCUSSION
4.1. Quality of sugarcane foam

At least, 54 kg N, 20 kg P,Os and 56 kg K,O are lost annually from one hectare agricultural lands in
Africa [23]. The loss of P,Os can be replenished with application of only 6 t/ha of sugarcane foam (Table
1). However, 10 t/ha of this raw material was required for soil N recapitalization and a greater rate of 44
t/ha was necessary for the replenishment of soil KO content. Compared with the recommended rate of
12 t/ha for organic amendment of the soils in Africa [15], the use of the sugarcane foam could be a
limited organic source of K for agriculture. Although low K" concentration of 2.3 — 4% in the cane juice
has been reported [24], the concentration of K™ (< 5 g/kg) was also low in the sugarcane foam as-a
patticularresult compared with the values observed in other vegetal raw materials [25]. Regarding the
high initial soil content of K* (0.30 cmol/kg) which was considered sufficient for most crop nutrition, we
presume a low efficiency of K* nutrition in sugarcane production in the studied agro-ecosystem. Such
constraint related to low K-use efficiency in sugarcane needs to be addressed in future studies.

In contrast, the high concentrations of Mg™ and Ca'" in the sugarcane foam, can improve colloid
formation in the soil [26]: Monovalent cations (K™ and Na*) have breaking up effect on soil colloid in
contrast with that of Mg™ and Ca"™. Therefore, we assume that the chemical composition of sugarcane
foam can contribute to the improvement of soil structure affecting positively water and mineral uptake by
the crops [27]. This assertion is supported by the work done by Perez-de-los-Reyes et al. [28].
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Furthermore, this potential effect of sugarcane foam on soil colloidal properties could be crucial in
managing humid tropical agro-ecosystems where the strongest weathering conditions of the soils
prevail. Although the use of compost can be recommended in such conditions [29], the comparative
advantage for the use of sugarcane foam was that no pre-treatment was required, making it easier and
cheaper to use by smallholder farmers.

We can infer therefore, from this study that sugarcane foam is an affordable source of nutrients with
high potential of maintaining soil fertility through the supply of nutrients, especially N, P, Ca and Mg.
Thus, the study expounded on the knowledge of recycling of industrial waste such as sugarcane foam,
a bi-products of sugar industry that could be recommended for enhancing environmental protection [30].
In addition, this study will motivate farmers to practice organic amendment particularly in Zuenoula, the
location of the study, where 19,000 — 20, 000 tonnes of sugarcane foam are disposed off annually by
the sugar industry.

4.2. Soil fertility potential of sugarcane foam

The enhanced soil N content from the initial 1.3 to 1.8 g/kg observed with application of 18 t/ha
sugarcane foam treatment compared with the control plots without foam or plots treated with NPK (300
kg/ha) fertilizer indicated the potential benefit of using this organic waste for crop production. The
difference was ranging from 0.05 to 0.2 gN/kg when applying 12 t/ha of sugarcane foam although, only
1/100 of N could be released at the initial stage of foam mineralization as consequence of slowness of
this process according to edaphic and climatic conditions and can occur as long as possible [27, 31,
32]. Further lest-loss of N could have occurred as consequence of leaching process resulting to the high
rain fall recorded during the experimentation (1115.3 mm and 1295.1 mm). These facts can justify the
application of higher rate of 18 t/ha instead of 12 t/ha to increase significantly soil content of N in spite of
the-lest losses, as observed in 2011 during the actual study (Table 2). In fact, optimum increase of soil
content of N by application of sugarcane foam when compared with 300 kg/ha NPK was observed for
18 t/ha (0.27 g N/kg) in the current study (Table 4).

Despite the high concentrations of Ca™ and Mg"™" in the foam, up to 18 t/ha was required to cause
positive difference in soil content of Ca’™ compared with the effect of the rates of NPK studied.
However, the best rate of sugarcane foam to restore soil contents of Ca’™ and Mg™" should be based on
Mg:K (2:3) ratio to give the optimum balance of these nutrients in the soil for crop production [33].

Our study indicated that sugarcane foam could be a good alternative source of N and Ca for agricultural
purpose when applied at 18 t/ha. This rate could contribute to increasing the potential of Sub-Saharan
Africa agro-ecosystems where nitrogen deficiency is widespread [34] coupled with soil acidification
caused by excessive-cations leaching_of cations [35]. Therefore, the use of sugarcane foam could be
recommended for amending acidic soils (pH< 5.5) characterized by P-deficiency [36] with application of
only 6 t/ha of sugarcane foam that was found to release 22 kg P/ha needed to meet the P requirement
of some cereal crops [37].

However, the use of sugarcane foam could increase K and Mg deficiencies in cultivated soil, especially,
in the humid forest agro-ecosystem of Africa [33]. In fact, soil Mg content remained stable under the
effect of the sugarcane foam during the experimentation, while there was a decreasing soil K content
compared with that of the other nutrients which were increased in 2011 before declining in 2012.- This
decreasing soil K content observed under the effect of the sugarcane foam could be a consequence of
excess of microbial population in the soil, consuming some of the available nutrients especially K-in-seil
for their energy sources [38]. This might suggest that sugarcane foam should not be applied twice in
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successive years to rationalize microbial population to sustain-maintain the advantage induced by the
first application of the foam as observed in 2011. If confirmed by further studiesy that the application of
18 t/ha of the foam will be recommended for two cropping seasons, the best strategy could be an
annual application of 9 t/ha of the foam instead of the recommended 12 t/ha for organic matter for
agricultural purpose. Fhenlt is envisaged that as previously recommended for semiarid Mediterranean
region [39].; the foam of sugarcane will be more available as organic source of nutrients for agriculture
land improvement when-thereby reducing farmers’ labor by half in Sub-sahara Africa. as—previously
recommended-for-semiarid-Mediterranean-region[39}—Further study-studies would also be needed to
evaluate the integrated use of sugarcane foam and mineral fertilizer to supply the needed
macronutrients such as K and Mg that were limited in the use of sugarcane foam.

5. CONCLUSION

The study has revealed the potential for use of sugarcane foam to restore the fertility of tropical
Cambisols especially to supply N, P and Ca after long-term cultivation using only inorganic NPK
fertilizer. The application of 18 t/ha was recommended, likely for two successive cropping seasons, but
would need to be augmented with mineral K and Mg which are in limited supply in the sugarcane foam
for crop production in the humid forest agro-ecosystem of West Africa that are prone to Mg and K
deficiencies. .

ACKNOWLEDGEMENTS

We are grateful to the Director General of SUCRIVOIRE, Mr Jean Claude CONQUET and his
colleagues Mr AKPANGNI Anougba Michel, Mr. DANHO Venance for their financial support to this
study.

COMPETING INTERESTS

The authors declare no existing competing interests.

AUTHORS’ CONTRIBUTIONS

Dr Brahima KONE conceived the protocol of this study and supervised this report which was entirely
conducted by Bouadou oi Bouadou Felix. Yao Kouakou, Prof Yao-Kouame Albert and Dr Sylvester O.

Oikeh have contributed to the writing of the manuscript.

REFERENCES



316
317

318
319
320
321

322
323
324
325

326
327

328
329

330
331

332
333
334

335
336
337

338
339

340
341
342
343

344
345
346

10.

11.

Beets WC. Sustainable continuous crop production in a tropical environment. ILEIA Newsletter.
1989; 5 (2): 3-9.

Hossner LR, Dibb DW. Reassessing the role of agrochemical inputs in developing country
agriculture. In: Juo ASR and Freed RD, editors. Agriculture and Environment: Bridging Food
Production and Environmental Production in Developing Countries. Special Publication (60).

Madison, Wisconsin: American Society of Agronomy;1995.

Koné B, Amadji GL, Touré A, Mariko M, Huat J. A case of Cyperus spp. and Imperata cylindrica
Occurrences on Acrisol of the Dahomey Gap in South Benin as Affected by Soil Characteristics:
A Strategy for Soil and Weed Management. Applied and Environmental Soil Science. Cairo:

Hindawi Publishing Corporation; 2013a.

Koné B, Amadji GL, Touré A, Yao-Kouamé A, Angui TP, Huat J. Soil characteristic and Cyperus
spp. occurrence along a toposequence. Afr J Ecol. 2013b; 51 (3): 402 — 408.

Bationo A, Waswa B, Kihara J, Kimetu J. Advances in Integrated Soil Fertility Management in

Sub-Saharan Africa: challenges and opportunity. New York: Springer; 2007.

Koné B, Sorho F, Cherif M. Diagnostic of mineral deficiencies and interaction in upland rice

yield declining on foot slope soil in a humid forest zone. IJAAR. 2013c; 3 (7): 11-20.

Kang BT, Juo ASR. Effect of forest clearing on soil chemical properties and crop performance.
In: Lal R., Sanchez P.A. And Cummings R.W, editors. Land Clearing and Development in the
Tropics. Rotterdam, Neterlands: A.A. Ballema,; 1986.

Van der Walt HVH, Valentin C. Soil crusting the African views. In: Sumner M.E. and Stewart B.
A., editors. Soil Crusting Chemical and Physical Processes. Adv Soil Sci. Boca Raton, London,
Tokyo: Lewis Publisher;1992.

Jones MJ. The maintenance of soil organic matter under continuous cultivation at Samaru,
Nigeria. J Agr Sci.1971; 77: 473-482.

Fauconnier R. Remarques concernant la culture de la canne a sucre et les études sur la
canne a sucre en Céte d’lvoire : Mission de consultation auprés du centre des plantes sucrieres
de Institut Des Savanes (IDESSA) (15 au 30 avril 1985). Rapport de mission. Boake : IDESSA,;
1985. French.

Menet M, Godefert M, Delas J, Vessot B, Juste C. Effet de I'épandage de vinasses de distillerie
vinicole sur le comportement du mais et quelques propriétés du sol. Soil Sci. 1990; 28 (3) :
257-267. French.



347
348

349
350

351
352

353
354
355

356
357

358
359
360

361
362
363

364
365

366

367
368
369
370

371

372
373
374

375
376

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Sidi H, Pansu M. Effets d'apports organiques et de gypse sur la stabilité structurale de deux
sols méditerranéens. Soil Sci. 1990; 28 (3) : 237-256. French.

Ayanlaja SA, Sanwo JO. Management of soil organic matter in farming systems of the lowland
humid tropic of West Africa. Soil Technol. 1991; 4 (3): 265-277.

Prone A, Rodriguez ML, Massiani C. Etude des interactions physiques et chimiques d'un

compost en épandage sur un sol. Soil Sci. 1993; 31 (¥2): I7-30. French.

Ouattara B. Analyse diagnostic du statut organique et de I'état structural des sols des
agrosystemes cotonniers de I'ouest du Burkina Faso (Terroir de Bondoukui). Thése de doctorat

en sciences naturelles. Burkina Fasso : IDR/ UPB ; 2009. French.

Pieri C. Fertilisation des cultures vivrieres et fertilité des sols en agriculture subsaharienne, riz

et riziculture et cultures tropicales. IRAT. 1986; 41 (1): 1-20. French.

Lompo F. Contribution & la valorisation des phosphates naturels du Burkina Faso. Etude des
effets de linteraction phosphate naturel matiére organique. Thése de Docteur Ingénieur.

Abidjan : Université nationale de Coéte d'lvoire ; 1993. French.

Chabalier P, Morvan T, Payet N. Guide des matiéres organiques. Mission de Valorisation
Agricole des Déchets (MVDA). Montpellier: Centre de Coopération Internationale en

Recherche Agronomique pour le Développement (CIRAD) ; 2005. French.

Reifenburg A, Bukwold SJ. The release of silica from soils by the orthophosphate anion. J Soll
Sci. 1954; 5: 106 — 115.

Mengel K, Kirkby EA. Principles of plant nutrition. Dordrecht: Kluwer academy publishers; 2001.

Pauwels JM, Van Ranst E, Verloo M, Mvondo Ze A. Manuel de laboratoire de pédologie :
Méthodes d’Analyses de sols et de plantes, Equipements, Gestion de stocks de verrerie et de
produits chimiques. Yaounde : Ministére de I'Enseignement Supérieur, de I'Informatique et de

la recherche scientifique & centre universitaire de Dschang; 1992. French.
Peech M. Exchangeable cations and exchange capacity. Soil Sci. 1945; 59: 25-38.

Stoorvogel JJ, Smaling EMA. Assessment of soil nutrient depletion in sub-Sahara Africa: 1983-
2000, 4 Volumes. Report 28. Wageningen, the Netherlands:The Winand Staring Centre for
Integrated Land, Soil and Water Research; 1990.

Fauconnier R. Le technicien d’agriculture tropicale: la canne a sucre. Paris : Maisonneuve & la
rose; 1991. French.



377
378
379

380
381
382

383
384

385
386
387
388

389
390
391

392
393

394
395
396

397
398
399

400
401
402

403

404
405
406
407

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Tian G. Bilogical effects of plant residues with constrasting chemical compositions on plant and
soil under humid tropical conditions. PHD thesis. Wageningen, Netherland: Agricultural
University; 1992.

Kaplan I, Bertsch PM, Adriano DC. Mineralogical and physic-chimical differences between
mobile and non mobile colloidal phases in reconstructed pedons. Soil Sci Soc Am J. 1997; 61:
641-649.

Bationo A, Geiger SC. Fertility status of selected millet producing soils of West Africa with
emphasis on phosphorus. Soil sci. 1991; 152 (5): 271-279.

Perez-de-los-Reyes C, Amoros-Ortiz-Villajos JA, Garcia-Navarro FJ, Bravo Martin-Consuegra
S, Sanchez-Jimenez C, Chocano-Eteson D., Jimenez-Ballesta R. Changes in water retention
properties due to the application of sugar foam in red soils. Agrl Water Manage. 2011; 98:
1834-1839.

Amadiji GL, Koné B, Bongnonkpé JP, and Soro N. Municipal Household Waste Used as
Complement Material for Composting Chicken Manure and Crop Residues. IJA. 2013; 8 (14):
102-107.

Baker DE, Chisnin L. Monitoring of soils for environmental quality and animal and human helth.
Adv Agron. 1975; 27: 304 — 374.

N’'dayegamiye A, Goulet M, Laverdiére MR. Effet a long terme d’apports d’engrais minéraux et
de fumier sur les teneurs en C et en N des fractions densimétriques et des agrégats du loam
limoneux Le Bras. Can J Soil Sci. 1997; 77: 351-358. French.

Chabalier PF, Virginie Van De Kerchove, Macary HS. Guide de la fertilisation organique a la
Réunion. Montpellier : Centre de Coopération Internationale en Recherche Agronomique pour
le Développement (CIRAD) ; 2006. French.

Kone B, Fofana M, Sorho F, Diatta S, Ogunbayo A, Sie M. Nutrient constraint of rainfed rice
production in foot slope soil of Guinea Forest in Céte d'lvoire. Arch Agron Soil Sci. 2013d; Sci.,
http://dx.doi.org/ 10.1080/ 03650340. 2013. 836595.

Guei RG, Fagade SO. Promissing technologies for rice production in West and Central.
Bouaké, Rome: West Africa Rice Development Association (WARDA) & Food and Agriculture
Organization (FAO); 2002.

Britton HTS. "Hydron lons". Vol1.2. London : Chapman and Hall ;1955.



408
409
410
411

412
413
414

415
416

417
418
419

420

421

422

423

424

425

426

36.

37.

38.

39.

Koné B, Ettien JB, Amadji GL, Diatta S, Camara M. Effets d’engrais phosphates de différentes
origines sur la production rizicole pluviale des sols acides en zone de forét semi-montagneuse
sous climats tropicaux: Cas des hyperdystrics ferralsols sous jachéres en Céte d’lvoire. EGS.
2010; 17 (1): 7-17. French.

Oikeh SO, Nwilene F, Diatta S, Osiname O, Touré A, Okeleye KA. Responses of upland
NERICA rice to nitrogen and phosphorus in forest agro ecosystems. Agron J. 2008; 100
(3):735-741.

Tiquia SM, Tam NFY. Characterisation and composting of poultry litter in forced —aeration piles.
Process Biochem. 2002; 37 (8) : 869-880.

Garcia Navarro FJ. Amorés Ortiz-Villajos JA. Sanchez Jiménez CJ. Bravo Martin-Consuegra S,
Marquez Cubero E, Jiménez Ballest R. Application of sugar foam to red soils in a semiarid
Mediterranean environment. Environ Earth Sci. 2009; 58 (3): 603-611.



