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Abstract

A greenhouse experiment was conducted to study the effect of coffee waste (CW) application on

growth and mineral nutrition of Italian ryegrass in a tropical Arenosol. Dry CW was applied at three

rates (5, 10, 20 t/ha) and thoroughly mixed with topsoil (0–25 cm), placed in pots and seeded with

Italian ryegrass (Lolium multiflorum Lam.) according to a completely randomized design with six

replicates. The application of CW greatly stimulated uptake of Ca, Mg, K, N and P, resulting in a

significantly increased dry matter (DM) production over three consecutive cropping cycles. DM

increases of at least 52, 87 and 81% compared with the unamended controls were obtained for the

first, second and third cuts, respectively. Soil analysis after cultivation found that all CW-amended

soils still contained available macronutrients (Ca, Mg, K, N), which could produce residual effects in

subsequent crops. Furthermore, CW application increased soil pH owing to its liming effect. This

brought about an increase in cation exchange capacity with substantial reduction in phytotoxic Al

and a decrease in availability of a number of metals (Cu, Zn, Mn and Fe) and significantly reduced

their uptake by ryegrass. The study reveals a high potential of CW to improve the fertility of sandy

soils in the humid tropics.
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Introduction

Soil degradation is one of the limiting factors to sustainable

agriculture and food security in sub-Saharan Africa (SSA)

(FAO, 2004). There is a growing recognition, among

specialists and policy makers that soil acidity is a major

constraint to crop production in humid tropical

environments (Hassan et al., 2007). This is because of

commonly associated effects of Al and Mn toxicity, nutrient

deficiency and their adverse effects on crop growth

(Oguntoyinbo et al., 1991). Because of the rapidly growing

population in SSA, the fallow period is often shortened to

2 yr, leading to irreversible decline in soil fertility and

deterioration of soil structure. According to Sanchez (2002),

the annual depletion of soil nutrients per ha in SSA is 22 kg

of nitrogen (N), 2.5 kg of phosphorus (P) and 15 kg of

potassium (K). This soil depletion is equivalent to US $4

billion in fertilizers and is regarded by many scientists as the

fundamental biophysical cause for the downward trend in

food production in SSA (Van Straaten, 2007).

For soil fertility to be sustainable, export of nutrients

needs to be offset by importation of soil amendments.

However, under intensive continuous cropping, the

application of chemically processed fertilizers to manage soil

fertility is constrained by their high cost and limited

availability (Sanchez, 2002). To increase soil productivity,

food production and food security, farmers not only have to

increase soil nutrient concentrations but need to improve soil

structure and reduce soil losses (Van Straaten, 2007). The

utilization of manures and other local nutrient inputs is one

of the strategies of effective resource management. Many

studies have shown that applying agro-industrial by-products

and other organic materials to tropical acidic soils increases

soil fertility through the provision of nutrients (N, P and K),

increased cation exchange capacity (CEC) and improved

water-holding capacity (WHC) (Bembridge, 1989; Hue, 1992;

Glaser et al., 2002; Lado et al., 2004).
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To become acceptable to farmers, the use of natural

amendments, such as agrominerals and organic wastes, to

ameliorate tropical acidic soils requires predictability in their

agronomic effectiveness. This needs to be obtained in the

simplest and most cost-effective approach. According to

FAO (2004) and Van Straaten (2007), investigating soil

amendments in classical greenhouse pot experiments using a

test plant is just such a method, having the advantage of

being relatively inexpensive and enabling several factors,

such as soil type and plant species, to be investigated. Italian

ryegrass is a high-quality grass that has become popular as a

companion crop for alfalfa seeding (Sulc & Albrecht, 1993).

It is best adapted to fertile, well-drained soils and can

survive and make good growth in wetter soils. Because of its

quick regrowth, Italian ryegrass has better total productivity

than most other cool-season grasses over its growing period

(Quattrocchi, 2006). According to Bohn et al. (1985) and

Moseley et al. (1988), soil pH for optimum ryegrass

production is between 6.0 and 7.0. Availability of soil P and

K needs to be in the medium range or better (� 10 and

40 kg/ha, respectively). Ryegrass responds very well to N

fertilizer, which is very important for economic production,

and is often used as test plant for evaluating the agronomic

effectiveness of many fertilizers and organic amendments.

Application of dry coffee waste (CW) to tropical sandy

soils has shown that it has the potential to be used as a

liming material and as ‘NPK fertilizer’. In addition, it can

increase water and nutrient retention (Kasongo et al., 2011).

The aim of this research was to determine the effect of dry

coffee waste on growth (nutrient uptake) and the yield of

Italian ryegrass planted in tropical sandy soils. The study

also addressed the change in chemical soil properties after

cultivation of Italian ryegrass.

Materials and methods

Soil materials

The soil materials were collected from the north-eastern part

of the Batéké plateau, about 150 km from Kinshasa along

the Kinshasa-Kikwit road at one site (16°18′02″E, 04°20′01″
S, ca. 580 m a.s.l.) under natural savannah. Fifty topsoil (0–

25 cm) samples, randomly collected across the site over an

area of ca. 25 ha, were thoroughly mixed, and a composite

soil sample was obtained using the quartering method

(Allman & Lawrence, 1972). The environmental setting of

the Batéké plateau was described in a previous paper by

Kasongo et al. (2009). The soil was classified as a Rubic

Ferralic Arenosol (Dystric) in WRB (IUSS Working Group,

2006), characterized by poor chemical fertility, a very limited

WHC and an acid reaction with Al and Mn toxicities.

Physicochemical properties of the soils are summarized in

Table 1. They confirm the limited agricultural value of the

topsoils found at the Batéké plateau.

Coffee waste amendment

Coffee waste (CW), a mixture of coffee pulp and husks, was

collected from the coffee-processing factory in Kinshasa city.

The air-dried material was applied without any pretreatment.

Details on the coffee waste analysis and its chemical

properties are described in Kasongo et al. (2011). This coffee

waste material has a basic reaction in water (pH = 8.0), a

calcium carbonate equivalent (CCE) of ±18%, a dry matter

(DM) content of 91%, a mineral content of 2.49% K, 0.37%

Ca, 0.18% P and an organic matter content of about 45%

C, 1.7% N, 29% lignin and 30% cellulose and is

characterized by a lignin/N ratio of 17, promoting its

mineralization in terrestrial ecosystems (Edmonds, 1987;

Taylor et al., 1989).

Pot experiment

The pot experiment was conducted in a greenhouse using a

completely randomized design with six replicates and five

soil treatments, including two control treatments without

Table 1 Physicochemical properties of the studied topsoil (0–25 cm)

samples

Property Value

Physical properties

Bulk density (g/cm3) 1.25 ± 0.2

Clay (%) 3.2 ± 0.3

Silt (%) 5.4 ± 0.2

Sand (%) 91.4 ± 1.7

Soil acidity

pH (H2O) 5.2 ± 0.1

pH (KCl) 4.2 ± 0.1

Macronutrients

Organic carbon (%) 1.05 ± 0.09

Total nitrogen (%) 0.06 ± 0.01

Available phosphorus (mg/kg) 17.0 ± 3.0

Ca (cmolc/kg) 0.27 ± 0.04

Mg (cmolc/kg) 0.10 ± 0.01

K (cmolc/kg) 0.03 ± 0.01

Na (cmolc/kg) 0.02 ± 0.00

Oligonutrients

Fe (mg/kg) 70.4 ± 1.3

Mn (mg/kg) 75.0 ± 1.5

Zn (mg/kg) 16.2 ± 0.5

Cu (mg/kg) 2.1 ± 0.4

Exchange complex

CEC (cmolc/kg) 3.01 ± 0.50

Base saturation (%) 14.0 ± 2

Al (cmolc/kg) 1.29 ± 0.03

Al saturation (% ECEC) 75 ± 2

Values are represented as mean ± standard deviation (n = 25), CEC,

cation exchange capacity; ECEC, effective cation exchange capacity

(Kasongo et al., 2011).

© 2012 The Authors. Journal compilation © 2012 British Society of Soil Science, Soil Use and Management, 29, 22–29

Effect of coffee waste on Italian ryegrass growth 23



coffee waste and other treatments receiving 1.6, 3.2 or 6.4 g

CW/kg soil, corresponding to 5, 10 and 20 t/ha. For each

replicate, 1 kg of air-dried fine earth (<2 mm) taken from

the 0 to 25 cm layer of the soil profile was mixed with the

appropriate amount of CW and packed into a 16-cm-high

plastic pot, base id 9 cm, top id 13 cm, to a bulk density of

1.25 g/cm3. The soils were brought to field capacity with

distilled water, and the pots were placed in the greenhouse.

After a period of 7 days for equilibration, each pot received

200 mL distilled water and seeds of Italian ryegrass (1 g per

pot) were sown at 0.5–1 cm depth, except in pots of the

absolute control (AC) treatment. After emergence, soil

moisture was adjusted to 70% of the WHC every day until

the last cut.

Pure chemicals (NH4NO3 and KH2PO4) were used as

additional NPK fertilizers. To avoid nutrient deficiency

during the experiment, each pot, except those of the AC

treatment, received 429 mg NH4NO3 (150 mg N/pot) at the

start of the experiment and 1 week before the first cut

followed by 52.3 mg KH2PO4 (11.9 mg P/pot and 15 mg K/

pot) just after the first cut. The experiment lasted for

3 months, and the greenhouse climate was controlled at a

day/night temperature of 25/18 °C for 10/12 h.

The ryegrass was cut at 30, 60 and 90 days after sowing.

The stubble height was 1.0 cm above the soil surface, and

the above-ground biomass was dried at 65 °C and used for

plant analysis. After the third cut, roots were removed from

soil and air-dried soils were used for the pH determination,

organic carbon (OC), total N, available P, CEC and

exchangeable cations as well as micronutrients.

Soil and plant analysis

The above-ground plant samples (previously dried at 65 °C)
were dried in an oven for 2 days at 105 °C for DM

determination. Dried plants (DM) were used for nutrient

determinations following the protocols of Van Ranst et al.

(1999): DM sample mineralization by calcination at 450 °C
followed by digestion in nitric acid 6 N. Total N was

determined by the modified Kjeldahl method (digestion in

mixed solution: sulphuric acid + salicylic acid + sodium

thiosulphate). Major and microelements (Ca, Mg, K, Na,

Fe, Cu, Mn and Zn) were measured in a nitric acid extract

(sample mineralization followed by digestion of the ash in

nitric acid 6 N) using atomic absorption spectroscopy, and P

was determined colorimetrically by the vanado-molybdate

method.

Soil analyses were carried out on air-dried fine earth

samples following standard procedures: pH (water extract

1:2.5), OC (Walkley and Black), total N content (macro-

Kjeldahl), CEC and exchangeable base cations (1 M

NH4OAc at pH 7) and available metal ions (Fe, Cu, Zn,

Mn) (NH4OAc-EDTA pH 4.6 solution) according to the

protocols described by Van Ranst et al. (1999). The AC

treatment allowed any changes in soil properties over the

course of the experiment, which took place in the absence of

plants, fertilizer or CW amendment, to be assessed.

Statistical analysis

After confirming normality and homogeneity of variances,

one-way ANOVA was applied to assess the impact of CW

application rate on the chemical soil fertility. A full factorial

univariate general linear model, using application rate and

sequential cutting number as fixed factors, was used to assess

their interaction and impacts on DM production and

nutrient uptake. In case of significant interactions, post hoc

tests were run using split data sets, respectively, by

application rate and cutting number, to reveal significant

differences among cuts and application rates. Mean

separation was carried out using the Tukey’s significant

difference (HSD) test. Pearson correlation coefficients were

calculated to assess relationships between the selected

characteristics. All tests were carried out using SPSS 19

software.

Results and discussion

Influence of coffee waste on Italian ryegrass biomass

production

Coffee waste application significantly (P < 0.05) increased

the DM production of Italian ryegrass (Table 2) compared

with the control by at least 52, 87 and 81% at the first,

second and third cut, respectively. At the first cut, increasing

the CW application rate (5, 10, 20 t/ha) significantly

increased DM from 0.96 g/pot (control) to 1.46, 2.06 and

2.18 g/pot, respectively. The significant impact of CW

application on ryegrass production was still detected at the

third cut, 3 months after CW application, with DM values

of 0.43 g/pot for the control and 0.76, 1.09 and 1.20 g/pot

for the CW-amended treatments. The relatively large CCE of

dry CW (18%) and its capacity to increase water and

nutrient retention (Kasongo et al., 2011) are important

factors that contributed to the increased DM production of

Italian ryegrass. As the pH-H2O of the control treatment soil

was less than 5.5, it suggests that Al and Mn toxicity were

present and that soil acidity and its associated detrimental

effects dramatically decreased the plant yields. Application

of CW (0.18% P) at the rates of 5, 10 and 20 t/ha has added

9, 18 and 36 kg P/ha and likely increased significantly the

availability of P in the soil. The beneficial effect of organic

nutrient and liming materials in increasing the plant yield

has been demonstrated in tropical regions (Oya &

Khondaker, 1996; Tenaw & Kelsa, 1998; Voundi Nkana,

1998; Lalljee & Facknath, 2001; Boniao et al., 2002;

Cordovil et al., 2006; Hassan et al., 2007; Moreira &

Fageria, 2010).
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Application of CW also affected the trend in biomass

production with consecutive cuts. In the control treatments,

the DM production significantly declined from the first to

the third cut, with the largest reduction (50%) being

reported for the third cut. For all treatments with CW, DM

production first increased with about 6% in the second

growth cycle. Only for the highest coffee waste application

rate this increase proved to be significant. At the third cut, a

significant reduction of ±50% in DM production, as also

observed for the control, was reported.

Figure 1 illustrates the significant and strongly positive

correlation between DM production and N uptake by Italian

ryegrass, reflecting its growth dependence on N supply.

Consequently, DM was also strongly positively correlated

with the total nitrogen (Nt) and organic carbon contents

(OC) of the soil reported at the end of the experiment

(values obtained after the third cut of Italian ryegrass):

DM = �154.8 9 (Nt)2 + 44.2 9 (Nt) � 0.9, R2 = 0.85, and

DM = 0.28 9 e1.59 9 (OC), R2 = 0.81. This clearly indicates

that the soil OC or total N content could be used for

predicting the N-supplying capacity of the CW used. An

exponential relationship between maize grain yield and soil

organic carbon (SOC) in the 0- to 10-cm horizon was found

in 34 farmer-managed trials in Nigeria (Carsky et al., 1998).

The additional NPK fertilizer application at the first and

second cycle of plant growth stimulated plant growth to

some extent and partly offset the reduction in yield observed

in the third cycle of plant growth.

Influence of coffee waste on nutrient uptake

The effects of CW application at various rates on nutrient

uptake during the three cropping cycles of Italian ryegrass

are summarized in Table 2 (N, P), Table 3 (Ca, Mg, K) and

Table 4 (micronutrients).

Coffee waste application significantly increased the

absorption of the macronutrients N, P, K and Ca (Tables 2

and 3) compared with the control in each cropping cycle.

For all three cuts, plants from the CW-treated soil took up

more N, P and K than control plants, confirming that CW is

a source of NPK. The increase in nutrient uptake is likely

due to the acid neutralizing capacity of CW in addition to

its capacity to supply soil nutrients (N, K, P, Ca). An

improved N, K and P uptake by Italian ryegrass planted in

acidic soils amended with industrial organic wastes was

reported by Voundi Nkana (1998) and Cordovil et al. (2005,

2006). Besides the significant positive response of N, P, K

uptake by Italian ryegrass to CW application, a significant

decline in uptake of N and K with cropping cycle was

observed. P uptake slightly increased during the second

cropping cycle of Italian ryegrass, to decline again at the

third cropping cycle. In part, this can be attributed to the

application of supplemental N, P and K fertilizer at the start

of the first and second growth cycles. Comparison of

Tables 2 and 3 with the recommended optimal ranges of N,

P and K (30 000–42 000 mg N/kg DM, 3500–5000 mg P/kg

DM and 25 000–35 000 mg K/kg DM) for Italian ryegrass

growth (Bergmann, 1986) suggested that N, P and K were

limiting factors for optimal ryegrass growth, especially in the

last growing cycle, explaining the significant decrease in DM

observed at the third cut. Uptake of Ca by plants in the

Table 2 DM yield (g/pot) and mean concentration (mg/kg DM) of N and P in Italian ryegrass in three consecutive cropping cycles as affected

by coffee waste application rate

Application rate (t/ha)

DM N P

1* 2 3 1 2 3 1 2 3

0 0.96aC 0.84aB 0.43aA 43866aC 40114aB 30742aA 1941aAB 1977aB 1844aA

5 1.46bB 1.57bB 0.76bA 47506bC 42510bB 32509bA 2011abA 2109bB 2025bA

10 2.06cB 2.13cB 1.09cA 50264cC 44570cB 35585cA 2070bcA 2237cB 2108bA

20 2.18dB 2.30dC 1.20dA 52517dC 45026cB 35872cA 2166cAB 2266cB 2118bA

CV (%) 30.3 34.3 36.4 6.8 4.7 6.6 5.3 6.3 6.3

CV, coefficient of variation; DM, dry matter. Mean concentrations (n = 6) followed by different small case letters in the same column are

statistically different at P < 0.05. Mean concentrations (n = 6) by DM, N or P followed by different capital letters in the same row are

statistically different at P < 0.05. *Cropping cycle.
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Figure 1 Regression between dry matter (DM) and N uptake at the

second Italian ryegrass cut.
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control treatment was not significantly affected by cutting

sequence, although there was a trend towards decreasing

uptake with cutting number. All CW-treated plants, on the

other hand, are characterized by increasing Ca uptake, either

in all three cuttings (application rate 5 t/ha), from the 2nd to

the 3rd cutting (application rate 10 t/ha) or from the 1st to

the 2nd cutting (application rate 20 t/ha). This is probably

due to the combined action of the liming effect of CW

(17.7% CaCO3 equivalent) and its relatively large Ca content

(0.37%) associated with the application rates (5, 10 and 20 t/

ha). Mineralization of CW in these acidic soils resulted in a

release of mineral nutrients (Ca, Mg, K, P) and in an

increase in soil pH, thereby enhancing Italian ryegrass

growth by providing a more suitable environment for plant

growth. Kasongo et al. (2011) showed that increasing

applications of the same CW to the same soil resulted in an

exchangeable Ca2+ content of >1 cmolc/kg, which did not

limit plant growth in similarly amended soils (Landon,

1991).

Magnesium (Mg) uptake is not significantly influenced by

CW application although an increasing trend of Mg

absorption in treated plants can be observed in the first two

cropping cycles (Table 3). The Mg content in all Italian

ryegrass plants was in the range of 2000–2500 mg/kg DM

(Table 2), which is considered optimal for good plant growth

(Bergmann, 1986). Therefore, the Mg content in CW

(0.14%) appears to have been sufficient to meet the

requirements of Italian ryegrass in all cropping cycles.

Coffee waste application significantly decreased the uptake

of metals (Cu, Mn, Zn, Fe) by Italian ryegrass plants

compared with the control (Table 4), possibly as a result of

their precipitation as insoluble forms in the soil because of

the liming effect of the CW application (Table 5). Research

of Lalljee & Facknath (2001) has shown that also Cu, Zn,

Mn and Fe uptake by potato decreased with increased

application of lime as a result of their precipitation to

insoluble forms in soil.

The results show that CW application significantly

increased the macronutrient uptake and reduced the

absorption of Cu, Mn, Fe and Zn by Italian ryegrass. The

liming effect of CW and its nutrient contents are the main

factors that have contributed to improving the nutrient

uptake by plants. The additional NPK fertilizer application

at first and second cycle of plant growth stimulated to some

extent, the plant growth, and attenuated the drop in yield

observed in the last cycle of plant growth.

Soil chemical properties after the third cut

All chemical topsoil properties except for Na, determined

after the third cut, were significantly influenced by CW

application (Table 5 and Figure 2).

In Figure 2a, a comparison was made of the pH

recorded in the absolute control with the pH of the control

and CW-amended soils. After three growing cycles of

ryegrass, the pH of the control plot significantly decreased

(5%) compared with the untreated absolute control. This

decrease in pH is probably the result of the uptake of basic

cations (Ca, Mg, K, Na) by the ryegrass. Crop growth

always results in removal of basic cations (Ca, Mg, K, Na)

from the soil and exudation of hydrogen ions from the

Table 3 Mean concentration (mg/kg DM) of Ca, Mg and K in Italian ryegrass at three consecutive cropping cycles as affected by coffee waste

application

Application rate (t/ha)

Ca Mg K

1* 2 3 1 2 3 1 2 3

0 3805aA 3753aA 3735aA 2051A 2091AB 2184B 25441aC 21751aB 18754aA

5 4354bA 4471bB 4627bC 2049A 2154B 2187B 30205bC 25255bB 22105bA

10 5034cA 5249cA 5657cB 2065A 2154B 2188B 34213cC 27211cB 24072cA

20 5653dA 5946dB 5958dB 2063A 2160B 2177B 36186dC 28193dB 24576cA

CV (%) 15.3 17.4 18.1 2.7** 2.4** 1.5** 13.4 9.6 10.5

CV, coefficient of variation; DM, dry matter. Mean concentrations (n = 6) followed by different small case letters in the same column are

statistically different at P < 0.05. Mean concentrations (n = 6) by plant nutrient followed by different capital letters in the same row are

statistically different at P < 0.05. *Cropping cycle. **Not significant at P > 0.05.

Table 4 Mean concentration (mg/kg DM) of Cu, Zn, Mn and Fe in

Italian ryegrass (means of three cuts) as affected by coffee waste

application

Application rate (t/ha) Cu Zn Mn Fe

0 17.0c 152.8c 250.3c 215.5b

5 12.2b 122.3b 103.0b 220.3b

10 7.5a 81.3a 80.3a 121.3a

20 7.3a 66.0a 73.0a 135.5a

CV (%) 3.8 34.4 59.1 31.4

CV, coefficient of variation; DM, dry matter. Mean concentrations

(n = 6) followed by different letters in the same column are

statistically different at P < 0.05.
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roots. This results in acidification if the cations are not

returned to the soil (Havlin et al., 1999). Increasing CW

application rates (0, 5, 10 and 20 t/ha) significantly

increased the soil pH from 5.17 (absolute control) to 5.39,

5.80 and 5.90 at the end of the experiment. This

corresponds to an increase of 4, 12 and 14%, respectively,

compared with absolute control treatment. The soil pH

� 5.5 obtained in the amended soil is an indicator of

complete neutralization of Al and Mn toxicities because of

the residual liming effect induced by CW during different

cropping cycles. This high pH value is beneficial for a

subsequent cropping cycle of Italian ryegrass.

A similar trend is observed for OC and total N content

(Nt) of the control soil, which decrease by 27 and 17%,

respectively, compared with the absolute control (Figure 2b,

e). Application of CW at a rate of 20 t/ha increased the OC

and Nt by 15 and 100%, respectively, at the end of the

experiment, thus improving the organic matter quality by

decreasing the C/N ratio from 18 (absolute control) to 10

(optimal range for agricultural purposes). All CW-amended

Table 5 Exchangeable cations (cmolc/kg) and available micronutrients (mg/kg) in soil samples after third cutting (at end of the experiment with

Italian ryegrass) as affected by coffee waste application

Application rate (t/ha) Ca Mg Na Al Fe Mn Zn Cu

0 (AC) 0.30ab 0.09b 0.01 1.29b 68.0c 71.9c 17.0d 2.1b

0 (C) 0.20a 0.07a 0.01 1.49c 43.4b 41.1b 8.5c 1.4a

5 0.32b 0.09b 0.01 0.03a 38.2b 40.5b 3.8b 1.4a

10 0.31b 0.09b 0.01 0.01a 20.2a 24.3a 1.7a 1.5a

20 0.39b 0.10b 0.02 0.00a 19.9a 25.3a 1.3a 1.4a

CV (%) 26.4 21.1 5.9* >100 49.6 41.7 97.8 14.7

AC, absolute control; C, control; CV, coefficient of variation. Mean concentrations (n = 6) followed by different letters in the same column are

statistically different at P < 0.05. *Not significant at P > 0.05.
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Figure 2 Chemical soil properties ((a) pH-

H2O, (b) organic carbon (OC), (c) cation

exchange capacity (CEC), (d) exchangeable

potassium, (e) total nitrogen, and (f)

available phosphorus) at the end of the

experiment with Italian ryegrass, amended

with coffee waste at various application rates

(AC, absolute control; C, 0 t/ha; CW1, 5 t/ha;

CW2, 10 t/ha and CW3, 20 t/ha). Error bars

represent the standard deviation.
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soils contained significantly higher OC and Nt contents than

those of the control and absolute control (Figure 2b). This

significant increase in OC and Nt content in CW-amended

soil is related to the residual effect produced by progressive

coffee waste mineralization during the growing cycle of

ryegrass. These beneficial effects can serve as residual effects

to the next cropping cycle.

The CEC of the control treatment significantly decreased

(7%) compared with the absolute control (Figure 2c).

Increasing the CW application rates (5, 10 and 20 t/ha)

increased significantly the CEC by 16, 52 and 59%,

respectively, at the end of the experiment. The combined

action of decreasing/increasing OC and soil pH is responsible

for this decrease/increase in CEC in the control and amended

soils, because OC and soil pH largely influence the CEC of

variable charge soils (Ingerslev, 1997; Noble & Hurney, 2000).

Phosphorus uptake by ryegrass resulted in a strong decrease

in P content in control and amended soils compared with the

absolute control (Figure 2f). The largest decrease (about 50%)

was reported for the control soil, showing that P was the main

limiting factor for Italian ryegrass growth. The additional PK

fertilizer application in the beginning of the second cropping

cycle proved to be insufficient to sustain plant growth. A

similar decrease is observed for K content in the control soil,

whereas all CW-amended soils have a similar K content as

that of the absolute control (Figure 2d). Coffee waste contains

2.49% of K; its progressive mineralization during the

cropping cycle provides K and other mineral nutrients that

could increase nutrient inputs to balance nutrient uptake from

the soil solution by Italian ryegrass. This is the main factor

that contributed to sustain the fertility level of K in amended

soils.

Table 5 shows that the absolute control and all CW-

amended soils have significantly higher Ca and Mg contents

than those of the control soil. The decrease in Ca and Mg

content in the control soil is the result of their uptake by

plants without any restitution to the soil. Available metal

ions (Fe, Mn, Zn and Cu) are negatively influenced by CW

application because of its liming effect. Increasing the

application rate of CW resulted in a significant decrease in

availability of metals. This was responsible for the observed

reduction in the uptake of these elements by plants from soil

treated with CW.

The study shows that at the end of the ryegrass

experiment, all amended soils were exempted from Al

toxicity, having a pH exceeding 5.5 and still contained

sufficient amounts of macronutrients (N, K, Ca, Mg) that

could produce residual effects for the subsequent crops.

Conclusion

This research contributed to a better understanding of the

effects of applying dry CW to acidic soils on the growth and

mineral nutrition of Italian ryegrass and on the changes in

chemical soil fertility. Coffee waste application significantly

increased the DM production throughout the entire cropping

cycle with maximal yield in the second cycle of plant growth.

It also significantly improved the Ca, K, N, P uptake,

whereas it reduced the absorption of metals (Cu, Fe, Mn

and Zn) because of their immobilization in the soil.

Increasing the CW application rate (0, 5, 10 20 t/ha)

significantly increased the DM by at least 52, 87 and 81% at

the first, second and third cut, respectively. This increase in

DM production with increasing CW application rate was

observed for all three cuts. Results obtained also show that

P was an important growth-limiting factor throughout the

growing period and that to some extent N and K also

limited growth of Italian ryegrass, particularly in the last

growth cycle. The additional NPK fertilizer application

apparently limited the decline in yield observed in this last

growth cycle. Soil analysis after cultivation illustrated that

all amended soils still contained significant amounts of

nutrients (Ca, Mg, N and K), which could be used by the

subsequent crops. Furthermore, the increased soil pH,

because of the liming effect of CW, brought about a

significant increase in CEC with substantial reduction of

phytotoxic exchangeable Al. This study indicates that the

marginal and unproductive tropical sandy soils can be

improved by the application of CW for the optimization of

crop production.

The results suggest that the increased yield (DM) of Italian

ryegrass on CW-amended soils is the result of improved

chemical and physical soil properties by CW application.

These benefits of CW application include its capacity to: (i)

increase the soil pH, (ii) supply soil nutrients (N, K, P, Ca,

etc.) and (iii) increase water and nutrient retention (Kasongo

et al., 2011). In addition, SOC and total nitrogen contents

were found to be good predictors of biomass yield of Italian

ryegrass on tropical sandy soils.
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