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Abstract 

The effect of rock phosphate on mature coconut was evaluated from 2004 to 2010 within the 
context of low nut yield due to phosphorus deficiency in the acidic soils of South-Western Ghana. A 
low reactive Togo rock phosphate containing 25.5% P20j was applied. Three application schedules 
based on 666 kg/ha rock phosphate and a control were evaluated in a Randomized Complete Block 
Design with fiv e replications. The applicati.on schedules were: (a) B ulk application at 4.5 kg/tree (b) 
Two-equal-split application at 2.25 kg/tree in years land 3 (c) Three-equal-split application at 1.5 kg! 
tree in years 1, 2 and 3. Muriate of potash fertilizer was applied at 2 kg/tree as basal treatment. Plot silt 
was 0.2 ha comprising 30 trees. Nut load and leaf nutrient status of coconut palms were determille~ 
Rock phosphate led to a significant (11<0.01) increasein leaf phosphorus and nut yield. It sustained a 
superior nut load for a 4-year period begitming from year 2 of application to year 5 with average nul 
gain of 19.0 per tree compared to 4.6 per tree in the control palms. There was no significant (P>O.05) 
difference in nut yield and nutrient status between bulk and split methods of rock phosphate 
application. A value-to-cost ratio of 1.5 was obtained thus indicating the profitability of rock phosphate 
application in the acidic soils of South-Western Ghana. Coir geotextiles find application ill 

revegetation of slopes by stabilizing the soil through erosion control. It has been found that the 
longevity of coir geotextiles although highest among all the natural fibres, it is required to last for al 

least 5 years so as to sustain the vegetation on the slopes for a long term solution. Normally it is found 
that coir geotextiles lose their 50% strength in 6 months in contact with soil, therefore it is required to 
strengthen the coir geotextiles. 
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lntroduction 

The heartbeat of Ghana's coconut industry 
is found in the humid areas of South-Western 
Ghana where soils have been identified to be 
strongly acidic, heavily leached and deficient in 
available phosphorus (Iss aka et al., 2008). 
Phosphorus deficiency is an impor1ant nutritional 
problem since the element is one of the major 
macronutrients required for optimal plant growth 
and development (Ahuja et al., 2007). In mature 
coconut, phosphorus deficiency is known to limit 
nut load response to applied nitrogen and 
potassium fertilizers (Andoh-Mensah et al., 
2003). 

The use of conventional sllperphosphates to 
address the problem of phosphorus deficiency in 
humid tropical areas raises the issue of cost 
effectiveness and sustainability (Ayaga et al., 
2006). This is because superphosphates are 
highly soluble and thus become more vulnerable 
to phosphorus fixation by Aluminium and Iron 
oxides (Stevenson, 1986; Hinsinger and Gi Ikes, 
1997; Moody and Bolland, 1999) which 
dominate the ion exchange complex of humid 
tropical soils (Sanchez and Uehara, 1980) thus 
necessitating large applications of high-cost 
superphosphates to attain satisfactory crop yield 
(Ayaga et al., 2006). 

Unlike superphosphates, rock phosphate is 
mined naturally and marketed cheaply. It has 
liming properties which enhance phosphorus 
uptake in acidic soils (Nishanth and Biswas, 
2008) and a slower dissolution rate which leads 
to a steady release of phosphorus to crops beyond 
the year of application (Sanchez et al., 1996). 
The use of rock phosphate was identified as an 
important component in an integrated nutrition 
management system under the Soil Fer1ility 
Initiative (SFI) of Ghana's Agricultural Services 
Sub-Sector Investment Programme (AgSSIP) 
funded by the World Bank. 

Based on SFI annual recommendation rate 
of 127-254 kg!ha Togo rock phosphate for 
coconut density of 100-200 trees/ha, this work 
sought to evaluate the effect of rock phosphate on 
nutrient status and nut load of mature coconut in 
South-Western Ghana. 
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Materials and Methods 

Study Period and Location 

The study was carried out in the coconut 
belt of South-Western Ghana over a six-year 
period (2004-2010) at five locations namely; 
Adusuazo, Amokwawsuazo, Samenye, Nvelenu 
and Anwea. Annual rainfall of the locations 
varied from /200-1500 mm and distributed bi­
modally with the major peak in June-July and 
minor peak in September-October. 

Experimental Design 

Five mature coconut farms were selected 
for the study. The farms were of West African 
Tall variety aged 20-40 years and planted at 
8.8m between rows and 7.7m within rows (148 
trees/ha). Togo rock phosphate containing 
25.5% P20S and classified as low in reactivity 
was applied. Three application schedules based 
on 666 kg/ha rock phosphate and a control were 
evaluated in a randomized complete block 
design with five replications at five locations. 
The application schedules were: (1) Bulk 
application at 4.5 kg/tree (2) Two-equal-split 
application at 2.25 kg/tree in years 1 and 3 (3) 
Three-equal-split application at 1.5 kg! tree in 
years 1, 2 and 3. Plot size was 0.2 ha comprising 
of 30 trees. Muriate of potash fertilizer was 
applied at 2 kg/tree as basal treatment in year 2. 
All applications were done in ring form around 
the palms. 

Data Collection and Derivation 

Nuts in bunches of leaf ranks 14, 19 and 
24 were counted yearly. The number of nuts in 
the three bunches were averaged and the mean 
multiplied by 12 to estimate nut load/ tree/ year 
(Santos et al. , 1996). Soil sampling was done at 
the onset of the study for chemical analysis . 
Leaf rank 14 was sampled yearly for leaf 
nutrient analysis. 

Statistical Analysis 

GenStat Discovery Edition 3 statistical 
software was used for data analysis . Data were 
subjected to Two-Way Anova (in Randomized 
Blocks) and comparisons of interest (Cl, C2 
and C3) were tested using ANOY A contrast. 
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C 1 = Rock phosphate application (RP AP) versus 
control (RPcTL); C2= Bulk application (RPBu) 
versus split application (RPsp) of rock phosphate 
and C3= Two-equal-split (RPsd versus three­
equal-split (RPsP3 ) application of rock phosphate. 
Comparisons with F-probability :::: O.OS were 
declared significant. 

Value-to-Cost Ratio (VCR) Analysis 

Value cost ratio analysis was used to 
determine the profitability of rock phosphate 
application. VCR was calculated as the ratio 
between the value of effective nut gain due to 
rock phosphate application and cost of rock 
phosphate application. 

Results 

Chemical Properties of Soil 

The soi Is at the onset of the study (Table 1) 
were strongly acidic on the average with high 
levels of exchangeable acidity (AI+H > 0.3 
cmo l/kg) and very low content of avai lable P « 
1 Omg/kg). Organic matter and total N contents 
ranged from low to moderate levels. 
Exchangeable cations were extremely low in the 
case of Ca, moderate with respect to K and high 
as regard Mg; exception being Samenye and 
Adusuazo which had low to moderate 
exchangeable Mg. 

Leaf Nutrient Status 

Apart from leaf P (Table 2), analysis of 
variance and treatment contrasts of leaf nutrients 
(N, K, Ca and Mg) were not significant (P>O.OS). 

Contrast analysis of leaf P indicates highly 
significant (P<O.O 1) difference between coconut 
appl ied with rock phosphate (leaf P: 0.118%) and 
the control palms (leafP: 0.113%). There was no 
significant (P>O.OS) difference in leaf P between 
coconut that received bulk application of rock 
phosphate (leaf P: 0.119%) and those given split 
application (leafP: 0.118%). 

Nut Yield 

Contrast analysis of nut gain (Table 3) 
indicates a highly significant (P<O.Ol) difference 
between coconut applied with rock phosphate and 
the control palms. There was no significant 

(P>O.OS) difference in nut gain between 
that received bulk application of rock 
and those given split application. Nut 
increased significantly (P<O.OI) with time 
the study period but interaction between 
phosphate treatment and time 
significant (P>O.OS). 

Rock phosphate sustained superior 
yield for a 4-year period beginning from year 
of rock phosphate application to year 5 
average nut gain of 19.0 per tree compared 
4.6 per tree in the control palms (Table 4). 

Value-to-Cost Ratio (VCR) Analysis 

A value-to-cost ratio of 1.S was 
(Table S). 

Discussion 

The significant (P<O.O 1) increase in 
phosphorus of coconut palms applied with 
rock phosphate conformed to expectation. 
is because soi 1 factors necessary to 
phosphorus availability from direct aUL}II"" ' ''' 

of rock phosphate were present in the 
coconut belt of South Western Ghana. 
factors include low soil pH, low ""-",lICIII15'""' 

Ca and low P availability (Khasawneh and 
1978; Smyth and Sanchez, 1982; Kanabo 
Gilkes, 1988; Chien and Hammond, I 
Sanyal and De Datta, 1991) as observed at 
onset of the study (Table I). Applied Togo 
phosphate certainly improved the capital 
of phosphorus in the soil system followed 
steady release of the nutrient to coconut 
beyond the year of application (Sanchez el 
1996). 

The superior nut gain in rock 
applied palms could be attributed 
significant (P<O.O 1) increase in leaf 
in accordance with a parallel observation 
which phosphorus deficiency blocked 
nut yield in coconut (Andoh-Mensah et ' 

2003). The sustenance of superior nut load 
4-year period in rock phosphate-applied 
probably suggests that continuous appli 
Togo rock phosphate in bulk at 4-year i 
could possibly maintain a superior nut yield 
a longer period in mature coconut barring 
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Location pH O,M Total N E x.Cu }I;x, Mg Ex. K Ex. (A1+II) Avail. P 
1:1(1120 ) 0/0 0/0 emolll(g cmollkg cmol/)<g cmolll~ mg/l<g 

Samenyc 5.2 1.5 0 .11 1.74 0.27 0.36 0.35 1.32 
Amokwaw 4.5 3.2 0.17 1.74 1.47 0.26 0.55 2.30 
Nvelenu 5.2 1.0 0.07 1.87 1.20 0.21 OAO 2.66 
Anwia 4.5 3.2 0.16 1.40 2.14 0.34 0.58 3.62 
Adusuazo 4.6 lA 0.09 1.27 0.60 0.27 0.53 2.47 

Mean 4.82 2.04 0.12 1.60 1.14 0.28 

- .­ -

0.48 

- - -

2.47 

- - -

O.M-=Organic matter; Ex.=Exchangeable; Avail.=Avai1able 

Table 2. Variance and contrast analysis of leaf N, J\ K, Mg and Ca concentrations (% dry weight) 
as affected by rock phosphate In:atmcnt of rnattll'e coeonllt 

Source of variation Dr Sum of Mean Val'. F. I 
I Square Square Ratio PI'ob. 

. 

I 

' 

Rock phosphate treatment 

Lear N 
Centrast 

CI: RI\p (1.904%) vs. RPCTd1.923%) 
C2: RP nu (1.923%) vs. RPsp (1.894% ) 
Cl RIl sP2 (\.888%) vs. RPm (1.901 %) 

LeaCr 
COlltrllst 


Cl: RPAP (0.118%) vs. RP CTL (0.113%) 

C2: RPnu (0.119%) vs. RPsp (0.118% ) 

C3: RPsP2 (0.118%) vs. RPm (0. 118%) 

LeaC K 

COlltrast 


Cl: RP,\p (0.986%) vs. RJlcTL (0.980%) 

C2: RPBU (1.000 %) vs. RPsp (0.979% ) 

C3: RPSP2 (1.001 %) vs. RPm (0.952%) 

Lear Mg 

COl/trast 

CI: RPAP (0.303%) vs. RPCTdO.306%) 
C2: RPDU (0.301 %) vs. RPsp (0.305% ) 
C3: RPm (0.321%) vs. RPSP3 (0.288%) 

LeafCa 
COlltrllst 
Cl :RPAI, (0.230%) vs. RPcTdO.240%) 
C2: RP DU (0.247%) vs. RPsl' (0.236% ) 
C3: RP SP2 (0.247%) vs. RPSI'3 (0.225%) 

c-. 

0.02283 

1 0.0069 
0.01381 

1 0 .0021 

3 0.0005 

1 0.0005 
1 0.000004 
1 
3 

1 
1 
1 
3 

1 
1 
1 
3 

1 
1 
1 

0.0000 
0.0441 

0.0006 
0.0070 
0.0364 
0.0132 

0.00008 
0.00015 
0.01299 

0.0128 

0.0019 
0.0050 
0.0059 

2.300.0076 

0.0069 2.09 
0.0138 4.18 
0.0021 0.64 

4.650.0002 

0.0005 13.82 
0.000004 0.12 

0.0000 0 .00 

0.0441 1.74 

0.0006 0.08 
0.0070 0.83 
0.0364 4.31 
0.0044 OAI 

0.00008 0.01 
0.00015 0.01 
0.01299 1.22 

0.0042 1.06 

0.0019 0.47 
1.250.0050 

0.0059 1.46 

. 

0.086lJ; 

0.153 11 
; 

0.054 lJS 
0.427 ns 

0.005 ., 

<0.00(' 
0.736 ns 

1.000'1> 
0.l69 ns 

0.783 ns 

0.367 ns 

0.052 liS 

0.745 ns 

0.933 ns 

0.905 IlS 

0.275 ns 

0.372'1> 

0.494 ns 

0.267 ns 

0.231 ns 

*=Significant at P g).05 **=Significant at P ~0.01 nS=Not Significant at P= 0.05 vs=Versus 
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Table 3. Variance and coutrast aoalysi of nut gail as affected by rock phosphate treahncnt of 
mature coconut 

Source of variation Dr SUlllof Menn Var. F. 
Square Square Ratio Prob. 

Rock phosphate treatment 

Nut gain per tree 3 1759.24 586.41 6.92 <0.01** 
Contrast 
C1: RPM vs. RPcrL 1 1528.64 1528 .64 18 .04 <0.01** 
C2: RPBU VS. RPsp 1 134.20 134.20 1.58 0.213 '" 
C3: RPsP2 VS. RPSP3 1 96.41 96.41 1.14 0.290°1 

Time 3 6715.11 2238 .37 26.41 <0.01 ** 
Nut gain per tree .Time 9 464.48 51.61 0.61 0.785" 1 

*=Significant at P <0.05 **=Significant at P <0.01 'JS =Not Significant at P= 0.05 vs = Versus 

Table 4. Nut gain pel' tree over the study period 

Treatment Year 1 Yeal' 2 Year 3 Year 4 

Rock phosphate -1.6 18.8 20.4 20.3 

Control -4.4 5.2 8.8 6.6 

Mean of year 2-5: Rock phosphate=19; Control= 4.6 

Year 5 

16.6 

-2.2 

Year 6 

3.3 

-8 .8 
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lh sc gi 
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Table 5. Value-to-cost ratio analysis of rock phospbate (RP) application 

No. 

1. 

2. 

3. 

Item 

Cost of RP application 
Cost of RP per hectare = US$ 466.20 
Cost of labour per hectare = US$ 111.00 
Cost of RP application per ectare (466.20 + 111.00) = US$ 577.20 

Value of effective nut gain over a four-ycar response period 
Total nut gain per hectare over a 4-year response period in RP palms = 11,248 
Total nut gain per hectare over a 4-year response period in control palms = 2,723 
Effective nut gain per hectare (11,248 - 2,723) = 8,525 
Farm gate price per nut = US$ 0.10 
Value of effective nut gain per hectare (8,525 x 0.10) = US$ 852.50 

Value-to-cost ratio (VCR) 

Value of effective nut gain! Cost of RP application (852.50/577.20) = 1.5 
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nutrient limitation especially potassium. The 
absence of significant (P>O.OS) difference in 
performance between coconut that recei vell bulk 
application of rock phosphate and those given 

,li t application seemed to support the advocacy 
or bulk application of rock phosphate for soil 
fertility 'recapitalization' due to its long-term 
residual effectiveuess (Sanchez et at., 1996). 

A value-to-cost ratio of 1.S was an 
indication of thc profitability of rock phosphate 
applicat ion in mature coconut tTees of South 
Wcstem Ghana. 

Conclusion 

Application of Togo rock phosphate in 
mature COCOllut palms of south western Ghana at 
4.5 kg per tree Jed to a significant (P<0.01) 
increase in leaf phosphonls and nut yield. Rock 
phosphate sustained a superior nut load for a 
four-year period beginning fi·om yea r 2 of 
application to year 5 with average nut gain of 
19.0 per tree compared to 4.6 per tree in the 
coutrol palms. There was no significant (P>O.OS) 
dilTercl1ce in perforn1ance between COCOllut that 
received bulk application of rock phosphate and 
those given split application. A va lue-to-cost 
mtio of 1.5 was obtained thus indicating the 
profitability of rock phosphate application in the 
acidic soils of South-Western Gl1ana. 
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