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Effect of municipal solid waste compost on soil
chemical properties and growth performance of
cocoa (Theobroma cacao L.) seedlings at the
nursery in Ghana

ABSTRACT

Aims: Availability of nutrients-rich topsoil for nursing cocoa seedlings is becoming limited
and poor growth of cocoa seedlings in the nurseries has been ascribed to the use of
unsuitable potting media. Experiments were conducted to investigate the suitability of
compost in improving soil chemical properties and boost the growth of cocoa seedlings at
the nursery.

Study design: The experiment was laid out in a Completely Randomized Design (CRD)
with four replications.

Place and Duration of Study: The experiment was carried out at the main nursery of
Cocoa Research Institute of Ghana, New Tafo-Akim, between September, 2014 and June
2015.

Methodology: Polybags were filled with soil obtained from an old cocoa plot (K602) at
Cocoa Research Institute of Ghana. The soil has been classified as Rhodic-Lixic Ferrasol.
Three soil: compost mixtures treatments, that is, 90:10, 80:20 and 70:30 % w/w were tested.
A Standard foliar fertilizer and unamended soil were included as treated and untreated
controls. Seedlings were raised from mixed hybrid cocoa and assessed at bi-monthly
intervals for six months for growth. Pre and post treatments soil analyses were carried out
using standard laboratory procedures.

Results: Initial soil analyses showed that OC (1.18 %), Ca (5.60 cmol kg™), P (14.23 mg kg’
') and pH (5.63) were below the critical values required for good cocoa growth. The 70:30
soil: compost treatment produced significantly (P=.05) tallest plant (41.9 cm) with the
unamended control the shortest (30.7 cm) at the end of the study. Residual pH (6.98), OC
(2.30 %), P (14.23 mg kg™) and Ca (13.02 cmol kg™) were significantly (P=.05) higher under
the same treatment compared to the unamended control; pH (5.36), OC (1.04 %), P (11.65
mg kg™) and Ca (5.60 cmol kg™).

Conclusion: Less fertile soils could be improved with the addition of Municipal Solid Waste
(MSW) compost for raising good quality cocoa seedlings at the nursery in Ghana.

Keywords: [cocoa, compost, topsoil, seedling growth}
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1. INTRODUCTION
The seed and seedling supply system of the Seed Production Division (SPD) and Cocoa

Health and Extension Division (CHED) of COCOBOD is based on raising cocoa seedlings in
nurseries using topsoil usually procured from contractors but the fertility of such topsoil could
be problematic. Topsoil is becoming limited and poor growth of cocoa seedlings in the
nurseries has been ascribed to the use of unsuitable potting media. This problem is
compounded by inadequate quantities of fertile topsoil for potting cocoa [1; 2]. With the
introduction of the cocoa rehabilitation programme in Ghana, different types of soils are used
for filling the polybags. These soils differ in their fertility status, with the less fertile soils
impacting negatively on the growth of cocoa seedlings [3; 4]. There is therefore, the need to
search for suitable materials/soil additives with the view to improving the fertility status of the
soils for raising healthy cocoa seedlings. A potting medium is a composition of organic
materials formulated to achieve desirable chemical and physical needs required by the crop
to attain its potential growth and development. According to [5], good potting media
management is essential to the production of quality fruit tree seedlings, since vigorous
growth is needed to face the seasonal hazards encountered on the field. The work by [6]
indicated that cocoa seedlings need nitrogen, phosphorus, potassium and metabolites such
as proteins, lipids, carbohydrates for their growth. Thus it is important that young nursery
seedlings and transplanted seedlings are in optimal condition as far as their nutrient and
energy status are concerned. Cocoa pod husk-based compost was used to raise cocoa
seedlings at the nursery in Ghana [7]. However, soil amended with inorganic NPK fertilizer
resulted in significantly poor seedling performance. The use of organic materials in potting
media will not only improve the growth performance of cocoa seedlings but also improve the
quality of soil used for raising the seedlings [8]. This will ensure adequate plant nutrients for
the seedlings to boost its survival and establishment rates during field transplanting.
However, the use of Municipal Solid Waste (MSW) compost in improving the fertility status of

nutrient poor topsoil in the context of producing good quality cocoa seedlings at the nursery
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in Ghana has not been studied. The objective of this study was therefore, to determine the
effect of soil: compost mixtures on soil chemical properties and growth performance of cocoa
seedlings in the nursery.

2. MATERIALS AND METHODS

2.1 Study site

The experiment was conducted at the main nursery of the Cocoa Research Institute of
Ghana, New Tafo (latitude 6°13’ N, longitude 0°22' W, altitude 222 m above sea level) in

between September, 2014 and June, 2015.

2.2 Soil sampling and analyses

Topsoil (0-15 cm depth) collected from an old cocoa plot (K602) was used for the
experiment. The soil at the site has been classified as Rhodic-Lixic Ferrasol [9] and belongs
to the Wacri series according to the Ghanaian system of classification [10]. A sample of the
soil was air-dried and sieved through a 2 mm mesh and stored for analysis of its physico-
chemical properties. Soil samples were analyzed before and at the end of the experiment to
find out the changes in soil properties following treatments application. Soil pH was
determined using the glass electrode at soil: water ratio of 1:2.5 [11], organic carbon by the
Walkley and Black wet oxidation method [12] and total N by the Kjeldahl digestion and
distillation method [13]. Available phosphorus was measured by the Troug method [14].
Exchangeable basic cations (K, Ca and Mg) were extracted with IN ammonium acetate

solution and the leachate analyzed by the Atomic Absorption Spectrophotometer [15].

2.3 Nursery studies

The experiment was conducted in the nursery at the Cocoa Research Institute of Ghana,
Tafo. Standard nursery polybags measuring 18 cm x 25 cm were used for raising the cocoa

seedlings [2; 16]. Different proportions of soil and Municipal Solid Waste compost (NPK 2-1-
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0.5+0.85Ca+0.17Mg+0.65Fe+0.02Zn+18%0OM) were mixed and used to fill the polybags.
The following treatments were tested (i) Soil alone (ii) Standard foliar fertilizer (10 ml/11 liters
(iii) Soil: compost (90:10 w/w) (iv) Soil: compost (80:20 w/w) and (v) Soil: compost (70:30
w/w). The polybags with the soil: compost mixtures were subsequently watered and allowed
to settle for two weeks. Mixed hybrid cocoa seeds were sown at a seeding rate of two per
polybag which were thinned to one seedling per polybags one month after sowing. The
Standard foliar fertilizer was sprayed on the seedlings at monthly interval using pneumatic
knapsack sprayer. Each treatment had thirty seedlings and the experiment was laid out in a
Completely Randomized Design (CRD) with four replications. Watering was done as and
when necessary. Seedling girth, height, number of leaves and dry matter production were
measured at bi-monthly intervals for six months. Residual soil analyses were carried at six

months after sowing.

2.4 Data analysis
Data collected were subjected to analysis of variance (ANOVA). Treatment means were
compared using the least significant difference (LSD) method at P=.05. All statistics were

performed using GenStat Statistical Package [17].

3. RESULTS AND DISCUSSION

3.1 Initial soil fertility status

Initial analysis showed that organic carbon, available P and exchangeable Ca contents of
the soil were below the critical levels considered adequate for good cocoa growth [Table 1].
A good cocoa soil is reported to have organic carbon of above > 3%, 20 mg kg™ available P
and 7.5 cmol kg™ exchangeable Ca respectively [18]. Total N, exchangeable K and Mg were
above the critical values of 0.09%, 0.25 cmolkg™ and 1.33 cmolkg™ respectively, considered
adequate to support the growth of cocoa. The soil was moderately acidic with pH value

below the soil critical limit required for cocoa.



97 Table 1: Some chemical properties of the soil used in the experiment (0-15 cm)

Parameter Measured value
pH (soil: water, 1:2.5) 5.63
Organic carbon (%) 1.18
Total N (%) 0.16
Available P (mg kg™) 14.23

Exchangeable cations (cmol kg™)

K 0.38
Ca 5.60
Mg 1.79

98

99 3.2 Effect of the different treatments on soil chemical properties

100 Soil chemical properties as affected by the application of MSW compost and foliar fertilizer at
101  the end of the study are presented in Table 2. Municipal Solid Waste (MSW) compost
102  application increased soil chemical composition compared to the untreated control and
103 Standard foliar fertilizer treatments. Soil nutrient content tended to increase with the level of
104  compost applied except exchangeable K. Residual soil properties decreased under the
105  Standard foliar fertilizer and unamended control treatments below the threshold values
106 required for good cocoa growth.
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Table 2: Effect of soil: compost mixture and foliar fertilizer on soil chemical

composition at 6 months of application

Treatments pH % O0C %N P(mgkg") K Ca Mg
(cmol (cmol (cmol
kg) kg’ kg?)

T1 Control (soil alone) 5.36° 1.04°  0.15° 11.65° 0.20°  5.60° 1.22°

T2 Standard foliar fertilizer 5.38° 1.17° 0.13°  11.29° 0.20°  5.92° 1.23°

T3 Soil: compost (90:10) 6.43" 203" 021" 2364° 0.30°  8.01° 1.49°

T4 Soil: compost (80:20) 6.76° 2.20°  0.25° 32.48" 027 12.11* 229"

T5 Soil: compost (70:30) 6.98° 2.30° 0.27° 40.17°% 0.30° 13.02° 2.55°

Lsd (P=.05) 0.27 0.22 0.03 2.45 0.02 0.28 0.15

Means in a column followed by the same superscript alphabets are not significantly different P>.05

3.3 Growth parameters

3.3.1 Seedling Girth

Girth increments of cocoa seedlings due to the various treatments are presented in Table 3.

There was a significant (P=.05) seedling girth increment between the treatments at 2 months

after sowing. The values recorded ranged between 2.0 and 3.5 mm. Similar trends were

observed at 4 and 6 months after sowing. Seedling girth was generally bigger in the soil:

compost (70:30) treatments compared to the unamended soil and Standard foliar fertilizer

treatments.
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Table 3: Girth increments of cocoa seedlings grown in different soil: compost

mixtures or sprayed with foliar fertilizer at 2, 4 and 6 months after sowing.

Seedling girth increments (mm)

Treatments 2 months 4 months 6 months
T1 Control (soil alone) 2.0° 3.8° 5.1°
T2 Standard foliar fertilizer 2.3 4.0" 5.7
T3 Soil: compost (90:10) 2.4° 4.1° 5.9°
T4 Soil: compost (80:20) 3.3% 4.3° 5.8
T5 Soil: compost (70:30) 3.5% 5.3% 7.3%
Lsd (P=.05) 0.2 0.3 0.6

Means in a column followed by the same superscript are not significantly different (P=.05).

3.3.2 Seedling Height

Table 4 shows height increments of cocoa seedlings under the different treatments. All the
treatments except 90:10 soil: compost were significantly (P=.05) taller than the untreated
control 2 months after sowing. The 70:30 soil: compost treatment produced significantly (P=
.05) taller plants than the other treatments at 4 and 6 months after sowing. Height

increments were linearly related to the quantity of compost applied.

Table 4: Height increments of cocoa seedlings grown in different soil: compost

mixtures or sprayed with foliar fertilizer at 2, 4 and 6 months after sowing.

Seedling height increments (cm)

Treatments 2 months 4 months 6 months
T1 Control (soil alone) 23.1° 24.6° 30.7°
T2 Standard foliar fertilizer 25.6% 28.2° 37.9%

T3 Soil: compost (90:10) 24.8% 26.6" 36.4°
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T4 Soil: compost (80:20) 25.4° 28.7° 38.9°

T5 Soil: compost (70:30) 27.3° 32.8° 41.9°

Lsd (P=.05) 1.9 2.1 2.2

Means in a column followed by the same superscript are not significantly different (P=.05).

3.3.3 Number of leaves

Seedlings grown on soil: compost mixture treatments developed significantly (P=.05) more
leaves relative to unamended soil and the Standard foliar fertilizer treatments at 2 months
after sowing (Table 5). Seedlings grown on 70:30 soil: compost produced significantly

(P=.05) more leaves compared to the other treatments at 4 and 6 months after sowing.

Table 5: Number of leaves of cocoa seedlings grown in different soil: compost

mixtures or sprayed with foliar fertilizer at 2, 4 and 6 months after sowing

Number of leaves

Treatments 2 months 4 months 6 months
T1 Control (soil alone) 4.3 (2.08)° 6.7 (2.58)° 10.0 (3.16)°
T2 Standard foliar fertilizer 5.1 (2.27)% 8.7 (2.94)" 12.0 (3.46)"
T3 Soil: compost (90:10) 6.2 (2.48)% 8.3 (2.88)" 11.7 (3.42)°
T4 Soil: compost (80:20) 6.0 (2.45)* 9.2 (3.03)* 12.8 (3.58)°
T5 Soil: compost (70:30) 6.3 (2.51)% 10.3 (3.21) 16.3 (4.04)
Lsd (P=.05) 15 1.4 1.8

Means in a column followed by the same superscript are not significantly different (P=.05).
Values in bracket are square root transformation of actual values.

3.3.4 Dry matter production

Dry matter yield of the cocoa seedlings was found to increase with time for all the treatments
[Table 6]. The variations in dry matter production between the fertilizer treatments at the
different sampling periods were significant (P=.05). Similar to the growth measurements

(seedling height and girth increments and number of leaves), highest compost level (70:30
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w/w) produced significantly (P=.05) higher dry matter yield than the other treatments.

Table 6: Dry matter yield of cocoa seedlings grown in different soil: compost mixtures

or sprayed with foliar fertilizer at 2, 4 and 6 months after sowing

Dry matter (g plant™)

Treatments 2 months 4 months 6 months
T1 Control (soil alone) 0.87° 1.96° 3.35°
T2 Standard foliar fertilizer 1.03° 2.65° 6.96%
T3 Soil: compost (90:10) 0.96° 2.02° 4.35%
T4 Soil: compost (80:20) 0.98° 2.60° 4.60°
T5 Soil: compost (70:30) 1.43% 4.69% 8.23%
Lsd (P=.05) 0.20 0.49 1.13

Means in a column followed by the same superscript are not significantly different (P>.05)

4. DISCUSSIONS

The observed significant effects of soil: compost mixture on the growth (girth and height) and
total biomass production of cocoa seedlings in this present study could be attributed to the
bioavailability of vital nutrients in the compost. Similar effect of compost on the growth of
cocoa seedlings has been reported by [19]. This result indicates that the seedlings that were
raised in soil: compost mixture are of higher growth performance and would have higher
survival and establishment rates after field transplanting than those raised in sole soil and
seedlings treated with foliar fertilizer. The observations made in this present study confirm

earlier findings on growth of cocoa seedlings [7; 20].

It is observed in this study that number of leaves of cocoa seedlings and total dry plant
biomass increased with increasing compost rate. This emphasizes the importance of the
compost in providing nutrient for the growth of the cocoa seedlings as noted by [20]. Better

cocoa seedlings growth performance with the use of cocoa pod husk-based compost as
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potting medium was reported by [7]. However, on the contrary, the authors observed that
potting media amended with inorganic NPK fertilizer significantly produced narrower leaves.
The high total dry plant biomass production of cocoa seedlings in soil: compost mixture
(70:30 w/w) could be attributed to the chemical composition of the compost and ability to

release nutrients through mineralization for plant uptake.

Application of MSW compost to the less fertile topsoil used in this experiment improved the
soil chemical properties at the end of the study compared to the unamended control and the
foliar fertilizer treatments. The use of organic fertilizers has been associated with desirable
soil characteristics including higher plant available nutrients, water holding capacity, CEC
and lower bulk density, and can foster beneficial microorganisms [(21; 22]. Benefits of
organic soil amendments also include pH stabilization and increased water infiltration rate
due to enhanced soil aggregation. Since they are the ultimate slow-release fertilizers, it's
very difficult to over fertilize (and harm) plants. There’s little to no risk of toxic buildups of

chemicals and salts that can be deadly to the cocoa seedlings.

The residual soil nutrients were high in the soil: compost mixtures compared to the
unamended control and Standard foliar fertilizer treatments. The soil: compost mixture
treatments increased the levels of carbon in the soil, which leads to an increase in fertility
because of an increase in microorganism activity using carbon as energy source [23].
Similarly, high residual total N and available P were recorded by soil: compost mixtures.
According to [24], the application of organic soil amendments increased the N content in soll
because of the greater N and organic C concentration in the amendment. Organic fertilizers
have been suggested to increase the availability of P because as the organic component
decomposes it releases CO,, and higher CO, concentrations would increase the rate of
decomposition of phosphate minerals and thereby increase soil available P [25]. These

minerals synthesize phospho-humic complexes that are available to the plant and allow for
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the exchange of organic radicals by phosphates. The increase in pH, K, Ca and Mg recorded
for the Soil: compost mixtures treatments compared to the unamended control and Standard
foliar fertilizer treatments could be attributed to the increased availability of organic matter
and release of some cations from the decomposed organic amendment as noted by [26].
The low residual soil nutrients value recorded under the unamended control could be
ascribed to nutrient mining by the cocoa seedlings without soil amendment. This observation
is consistent with the fact that organic fertilizers are a natural source of macro and
micronutrients. The above findings corroborate the need for application of organic
amendments to less fertile topsoil in raising healthy cocoa seedlings to ensure balanced

nutrition.

The high residual soil nutrients observed under soil: compost mixtures treatments meant that
application of compost to less fertile topsoil could improve its fertility status and also ensure

that adequate nutrients are available to the cocoa seedlings during field transplanting.

5. CONCLUSION

The results showed that MSW compost increases the level of soil organic carbon, total N,
available P, soil pH and exchangeable cations of nutrients poor topsoil. Subsequently, the
compost increased the growth of the cocoa seedlings compared to the unamended control
and Standard foliar fertilizer. The compost is found to be a suitable source of nutrients for
improving the fertility status of less fertile topsoil for raising good quality cocoa seedlings at

the nursery in Ghana.



240

241

242
243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

COMPETING INTERESTS
Authors have declared that no competing interests exist.

REFERENCES
1. Donkor MA, Henderson CP, Jones AP. Survey to quantify adoption of CRIG

recommendations. FSU Research Paper 3. Tafo. Cocoa Research Institute of
Ghana; 1991.

Ofori-Frimpong K, Afrifa AA, Appiah MR. Improving the growth of cocoa seedlings in
nursery by the use of fertilizers. Journal of Ghana Science Association 2006;
8(2):85-91

Oyewole OS, Ajayi IM, Rotimi RI. Growth of cocoa (Theobroma cacao L.) seedlings
on old cocoa soils amended with organic and inorganic fertilizers. African Journal of
Agricultural Research. 2012; 7(24):3604-3608.

Quaye AK, Konlan S, Arthur A, Pobee P, Dogbatse JA. Media type and compost
mixtures effect on growth and nutrient uptake of cocoa seedling at the nursery in
Ghana. Proceedings, 2017 International Symposium on Cocoa Research (ISCR),
Lima, Peru; 2017.

Khan MM, Khan MA, Mazhar A, Muhammad J, Ali JMA, Abbas H. Evaluation of
potting media for the production of rough lemon nursery stock. Pakistan Journal of
Botany. 2006;38(3) 623-629.

Gockowski J, Weise SF, Sonwa D, Tchata M, Ngobo M. Conservation because it
pays: shaded cocoa agroforests in West Africa. Paper presented at National
Academy of Sciences conference on the science behind cocoa's benefits,
Washington, D.C; 2004.

Ofori-Frimpong K, Afrifa AA, Acquaye S. Relative efficacy of cocoa pod husk-based
compost on growth and nutrient uptake of cocoa seedlings in the nursery. Ghana

Journal of Agricultural Science. 2010; 43: 1



266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

10.

11.

12.

13.

14.

Adejobi KB, Akanbi OS, Ugioro O, Adeosun SA, Mohammed |, Nduka BA. et al.
Comparative effects of NPK fertilizer, cowpea pod husk and some tree crops wastes
on soil, leaf chemical properties and growth performance of cocoa (Theobroma
cacao L.). African Journal of Plant Science. 2013; 8(2): 103-107.

World Reference Base for Soil Resources. IUSS Working Group WRB, International
soil classification system for naming soils and creating legends for soil maps. World
Soil Resources Reports No. 106. FAO, Rome; 2014.

Dwomo O, Dedzoe CD. Oxisol (Ferralsol) Development in Two Agro-Ecological
Zones of Ghana: A Preliminary Evaluation of Some Profiles. Journal of Science and
Technology. 2010;30(2);1-11.

McLean EO. Soil pH and lime requirement. In: Page AL, Miller RH, Keeney DR,
editors. Methods of soil analysis. Part 2. Chemical and microbiological properties.
Second edition. American Society of Agronomy and Soil Science Society of
America, Madison, Wisconsin USA; 1982.

Nelson DW, Sommers LW. Total carbon, organic carbon and organic matter. In:
Page AL, Miller RH, Keeney DR, editors. Methods of soil analysis. Part 2. Second
edition. Chemical and microbiological properties. American Society of Agronomy

and Soil Science Society of America. Madison, Wisconsin USA; 1982.

Bremner JM, Mulvaney CS. Total nitrogen. In: Page AL, Miller RH, Keeney DR,
editors. Methods of soil analysis. Part 2. Chemical and microbiological properties.
American Society of Agronomy and Soil Science Society of America, Madison
Wisconsin USA; 1982.

Truog E. The determination of the readily available phosphorus in soils. Journal of

American Society of Agronomy. 1930;22: 874-882.



290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

15.

16.

17.

18.

19.

20.

21.

22.

Thomas GW. (1982). Exchangeable cations -In Page AL, Miller RH, Keeney DR,
editors. Methods of soil analysis, part 2; Chemical and Microbiological properties.
Madison, WL; Soil Science Society of America, Madison Wisconsin USA; 1982.
Oppong FK, Ofori-Frimpong K, Fiakpornu R. Effect of polybags size and foliar
application of urea on cocoa seedling growth. Ghana Journal of Agricultural Science.
2008;40:207-213.

GenStat. GenStat Release 11.1. Eleventh edition. Lawes Agricultural Trust

(Rothamsted Experimental Station). http://www.vsni.co.uk. 2008

Ahenkorah Y. The influence of environment on growth and production of the cacao

th
tree: soils and nutrition. Proceedings of the 7 International Cocoa Research

Conference, Douala, Cameroon; 1981.

Adejobo KB, Famaye AO, Akanbi OS, Adeosun SA, Nduka AB, Adeniyi DO.
Potentials of cocoa pod husk ash as fertilizer and liming materials on nutrient uptake
and growth performance of cocoa. Research Journal of Agriculture and Environment
Management. 2013:2 (2): 243-251.

Sosu G. Growth of cocoa seedlings as affected by different growth media and
different polybag sizes. A Thesis Submitted to the University of Ghana, Legon in
Partial Fulfilment of the Requirements for the Award of Mphil (Crop Science)
Degree. 2014.

Doran J. Building soil quality. In: Proceedings of the 1995 Conservation Workshop
on Opportunities and Challenges in Sustainable Agriculture. Red Deer, Alta.,
Canada, Alberta Conservation Tillage Society and Alberta Agriculture Conservation,
Development Branch, 1995.

Drinkwater LE, Letourneau DK, Workneh F, van Bruggen AHC, Shennan C.
Fundamental differences between conventional and organic tomato agroecosystems

in California. Applied Ecology. 1995(5): 1098-1112.



316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332
333

23.

24,

25,

26.

Vargas GMC, Suérez F. Effect of application of compost on soil biological
properties. In: Moreno CJ, Moral HR, editors. Composting. Mundi-press Madrid;
2007.

Wu SC, Cao ZH, Li ZG, Cheung MKC, Wong WH. Effects of biofertilizer containing
N fixer, P and K solubilizers and AM fungi on maize growth: a greenhouse trial.
Geoderma. 2005;125:155-166.

Nufez ER. The soil as a natural medium in the nutrition of crops. In: Alcantar, G.G
Trejo-Téllez LI, editors. Crop nutrition, Mundi Press. College of Postgraduates,
México; 2007.

Agbede TM, Adekiya AO. Effect of Cocoa Pod Ash and Poultry Manure on soil
properties and cocoyam productivity of nutrient-depleted Alfisol. International

Journal of Agricultural and Biosystems Engineering. 2016;10(3);172-179.



