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Other important pests of cocoa are the capsids or mirids 
(Salbergella singularis L. and Distantiella theobramae L). They 
attack the young shoots, which delays development or kills the young 
plants. In mature trees there is loss of leaf and exposure of the 
soil to sunlight which causes rapid weed growth and subsequent 
weakening of the tree. Control can be achieved through use of Lindane 
(gamma HCH). 

Other pests are those that damage the trees and pod such as deer, 
squirrel, racoon and ants. Several trees were .observed with large 
growths of a red-flowered parasitic plant towards the end of the 
branches. These should be removed. 

The use of chemicals such as Dieldrin, Dithane and Pyrenox would 
be most beneficial. However, there are problems with supply, 
availability of cash and misuse of such chemicals. 

7.5.3 Improvement Potential 

The principal opportunities for improvement of cocoa can be 
summarized as follows: 

- Selection of more suitable soils for cocoa which have at 
least one metre of non-gravelly soil. 

• Spacing of seedlings 3.0m x 3.0m. 

- Reduction of shade trees as cocoa bushes mature. 

- Use of plantain or banana as shade for seedlings. 

- Improved husbandry practices to remove dead wood and 
parasitic growths from the trees, reduce weed undergrowth, 
and use of a knife to remove pods at harvest. 

- Improved husbandry practices for better control of Black 
Pod disease (Section 7.5.2). 

- Improved fermentation practices to produce better quality 
beans. 

- Introduction of differential price structure for beans so 
that a premium can be paid for quality beans. 

▪ Improved storage conditions at village level and bulk 
selling of beans through the village cooperative or farmer 
development association direct to the LPMC. 
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A-40 

Profile No: 	 F2* 	 Village: Tujallah Town  

Date: 	 25.4.86 

Soil Class: 	 L1 

Suitability Class: 	US2t 

Location: 	 100m from FO (on base line) north of the village 
of Tujallah Town. 

Land form: 	 Mid-slope site within lowland area 

Gradient: 	 3% 

Aspect: 	 320°  

Microtopography: 	Moderately even 

Surface Features: 	Thinnish 100% leaf litter cover with some twig 
debris. 

Vegetation/Land Use: Secondary regrowth, 7-8 years old, includes a 
few palm trees. 

Moisture Conditions: Moist 

Profile Drainage: 	Well drained 

Groundwater Table: 	Not seen 

Horizon Depth 	Profile Description 
(c ►) 

1 
	

0- 5 Dark brown (10YR 3/3), moist; loamy sand, very 
friable; weak crumb structure; many fine and medium 
vesicular pores; abundant fine, many medium, few 
coarse roots. 

2 
	

5- 15 Dark greyish brown (10YR 4/2), moist; medium sandy 
loam, friable; weak subangular blocky; many fine, 
common medium and few coarse tubular pores; common 
fine, and few medium and coarse roots. 

3 
	

15- 30 yellowish brown (10YR 5/4), moist; medium sandy clay 
loam, friable; weak subangular blocky; common medium 
and fine tubular pores; few fine, very few medium 
and coarse roots. 

4 
	

30- 73 Yellowish brown (10YR 5/6), moist; medium sandy clay 
loam, friable; moderate subangular blocky; common, 
medium and fine, few coarse tubular pores; very few, 
fine, medium and coarse roots; clay accumulation in 
this horizon, cutans observed. 





































































Tu.iallah Town Village Survey 

Depth 
(cm) 

pH 
(H20) 

pH 
(KCl) 

0 - 10 4.80 3. 95
10 - 30 5.80 4.95
30 - 70 5.50 4.85
70 - 90 5.25 4.60

Depth Cation Exchange 
(cm) Capacity 

(meq/l00g) 

0 • 10 2.01 

10 • 30 2.54 

30 • 70 2.44 

70 • 90 1.56 

Tujallah Town Village Survey 

Depth 
(cm) 

pH 
(H20) 

pH 
(KCl) 

0 - 5 6.50 5.70 
5 - 15 4. 30 4.10 

15 - 40 4.40 4.10 
40 - 70 4.50 4.15 

Depth cation Exchange 
(cm) Capacity 

(meq/l00g) 

0 • 5 5. 04 

5 • 15 0.91 

15 - 40 0.82 

40 - 70 0.79 

liQ.til 

A-76

LABORATORY ANALYSIS OIi.TA 

Exchangeable Cations 
(mea/t00q) 

Ca Mg 

1.03 0 .43 
1.80 0 .69 
1.6 3 0.75 
1.01 0.49 

Base 
Saturation 
(') 

77.6 

100 

100 

100 

K Na 

0.10 «O .1 
0.05 ·<0-1
0.06 <0.1 
0.06 <0. l 

'!':tectdcal . 
Conductlvtty<t 
(ms cm-1) 

Exchangeable Cations 
Cme.-./tooa) 

ea Mg 
4.08 0.80 
0.30 0.25 
0.17 0.21 
0.14 0.15 

Base 
Saturation 
(\) 

100 

67.0 

51.2 

40.5 

K Na 
0.16 < o. 1 
0.06 < 0.1 
0.04 < 0 .1 
0 .0 3 < 0.1 

�tecti-lcal , Conducttvtty<l 
(111S cm-1) 

neg• Negligible (amoUnt s are below limit of detection) 

** Base cations very low 

(1) • Electrical conductivity (saturation extract equivalent,
based on determination of 1:5 suspension) 

(2) • Units are mg per litre of fil1il

'Profi te No: V8 
Soil Class: Ll 

F.xc�angeable Acidity 
(meq/l0Oq) 
R At 

0.16 0.29 
neg neg 

neg neg 

neg neg 

11.va!H�te Organf.c 
�arbon 

�g 1-1 (\\ 

4 l.65

l 

l 

1 

Profl te No1V48 
Soi 1 Class, 07 

F.xc�angeabte Acidity 
(111ea/tOOq) 
H At 

neg neg 

0.07 0.23 
o. 10 0.30 
0.13 0.34 

11.va!H�te Organf.c 
�arbon 

ring 1-1 (\\ 

3 1.21 

2 

<1 

<1 

'l'otat 
Mtt,:-oyen
mg g-

1.75 

'l'otat 
Mtt,:-oyen
mg g-

1.34 



Tujallah Town Village Survey 

Depth 
(cm) 

pH 
(H2O) 

pH 
(I<Cl) 

0 - 10 6.20 5.50 

10 - 25 4.65 4.10 
25 - 65 4.55 4.05 
65  - 90 4 .7 5 4.10 

Depth Cation Exchange 
· (cm) Capacity 

(meq/lO0g) 

0 • 10 3 .19 

10 · 25 0.47 

25 · 65 0.38 

65 · 90 0.38 

Tujallah Town Swamp Survey 

Depth pH 
(cm) (H2O) 

pH 
(I<Cl) 

0 - 4 5.25 

4 - 12 4.85 
12 - 34 4.90 
34 - 69 5.05 3.75 
69 - 91 5.75 4.35 
91 -130 6.95 5.40 

Depth 
(em) 

Cation Exchange 
Capacity 
(meq/lO0g) 

0 · 4 8.00 

4 • 12 2.30 

12 • 34 0.99 

34 · 69 3.46 

69 · 91 2. 24

91 · 130 7.15 

<, 

< 
< 

A-77 
LABORATORY I\NI\LYSIS O1\TI\ 

Exchangeable Cations 
(meq/t0Oq) 

Ca Mg I< Na 

2.71 0.43 o.os < 0 .1 

0.10 0.06 0.04 < 0 .1 

0 .10 < 0. 0 5  0.02 < 0 .1 

0.10 0.05 0.02 < 0 .1 

Base Etectdcat 
Saturation Condueti.vttyCl) 
('&) (ms cm-1) 

100 

* * 

* * 

* * 

Exchangeable Cations 
(meq/lOQq) 

Ca Mg I< Na 

5.16 2.34 0,40 < 0 .1 

1.42 0.59 0.06 < 0 .1 

0.54 0.29 0.03 < 0.1 

2.03 1.31 0.02 0.1 

1.37 o. as· 0.02 < 0 .1 

4. 71 2.88 0.06 0.1 

Base Eleett"{cat 
Saturation Condueti.vi.ty(t) 
( '&) (ms cm-1\ 

98.8 0.36 

91.6 o. 14

86.9 0.13

97. 2

100

100

neg• Negligible (amounts are below limit of detection) 

a Base cations very low 

(l) � Electrical conductivity (saturation extract equivalent,
l:>ased on determination of 1:5 suspension) 

(2) = Units are mg per litre of soil

Profl le No:v55 
Soil Class:L4 

F.xchangea�le Acidity 
(mea/tOOa) 
R Al 

neg neg 

0.10 0.27 
0.08 0.28 
0.08 0.23 

: 

l\va!H�\e Organl.e 
l"'arbon 

mig 1-1 ('&) 

2 1.04 

1 

<1 

<1 

Profl le No1 D4 
Soil Class1 W3 

F.xchangeable Acidity 
(meq/lOO:t) 
H ,. t 

neg 0.10 

0.04 0.19 

neg 0.13 

neg 0.10 

neg neg 

neg neg 

l\vaiu�le Organic 
rar'bon 

mg 1-t ('&) 

12 4.82 

10 

4 

1 

1 

2 

'l'otal 
Htt.-01en 
mg g-

0.58 

'l'otal 
mt.-oyen 
mg g-

4.00 



Tujallah Town Swamp Survey 

Depth pH pH 
(cm) (H20) (KCl) 

0 - 5 5.60 4.80 

5 - 15 4.45 3.90 

15 - 30 4.40 3.95 

30 - 73 4.60 4.00 

73 -109 4.35 4.05 

Depth Cation Exchange 
(cm) Capacity 

(meq/lOOg) 

0 • 5 4.24 

5 - 15 1.19 

15 - 30 0.85 

30 • 73 0.73 

73 - 10' 0.49 

Tujallah Town Swamp Survey 

Depth 
(cm) 

pH 
(H2o) 

pH 
(KCl) 

0 - 4 4.25 3.45 

4 - 18 4,40 4.00 

18 - 42 4.65 4. 20

42 - 73 5.05 4.10 

73 -104 5.20 4.05

Depth Cation Exchange 
(cm) Capacity 

(meq/lOOg) 

0 • 4 3.70 

4 - 18 0.84 

18 • 42 0.45 

42 • 73 0.54 

73 - 104 0.86 

!iQSll .• 
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LAl30RATORY ANALYSIS OATA 

Exchangeable Cations 
(meq/lOOq) 

Ca Mg K Na 

3.29 0.80 0.15 <:0 .1 

0.48 0.21 0.06 < 0. 1 

0.10 0.07 0.04 < 0 .1 

0.10 < 0 .  05 0.01 < 0 .1 

0.10 < 0. OS 0.05 < 0.1 

Baae Etect"Ci.cal 
Saturation Conduct{v{tyfl) 
(I) (ms cm-1) 

100 

63.0 

12.9 

* * 

* * 

Exchangeable Cations 
(meq/tOOq) 

Ca Mg 

1.46 1.15 

<•). 10 0.08 

<lO, 10 < O .OS 

0.12 0.07 

0.41 0.25 

Base 
Saturation 
Cl) 

76.6 

* * 

* * 

35.2 

76.7 

K Na 

0,19 < 0.15 

0.03 < 0 .1 

<0 ,0 1 < 0.1 

<0 ,0 1 < 0. l 

<') .0 1 < 0.1 

l'!tectrical , Conductiv{ty<l 
(ms cm-1) 

neg 

** 

= Negligible (amounts are below limit of detection) 

2 Base cations very low 

l'rof.l le No; r2 
Soil Class: Ll 

�xc�angeabte �cidity 
(met"J/t00t"J) 
'R "Xl 

neg neg 

0.17 0.27 

0.22 0.52 

o. 21 0.51 

0.15 0.29 

ll.va�u�1.e Organi.c 
r.arbon 

mg 1-l (\\ 

6 1.78 

3 

2 

1 

2 

Proft le No: co 
Soi 1 Class I L4 

�xc�angiable �cidity
(met"J t00t"J) 
H A.1: 

0.42 0.48 

0.20 o.53

0.12 0,33 

0.13 0.22 

0.03 0.17 

A.va!H�te Organi.c 
r.arbon 

mg 1-l (\\ 

11 

3 

2 

1 

1 

(1) 2 Electrical conductivity (saturation extract equivalent, 
based on determination of 1:5 suspension) 

(2) = Units are mg per litre of §2.il

"'otat 
Mi.t,.oyen
mg g-

1.49 

"'otat 
Hlt�oyen 
mg g-



Tujallah Town Swamp Survey 

Depth pH pH 
(cm) (H2O) (KCl) 

0 - 16 5.20 
16 - 31 5.35 
31 - 45 5.05 
45 - 66 4.90 4.40 
66 - 90 4.65 3. 95 
90 -106 4.75 3.85 

Depth 
(cm) 

Cation Exchange 
Capacity 
(meq/l00g) 

0 -) 16 1.56 

16 - 31 0.16 

31 - 45 0.42 

45 - 66 0.31 

66 - 90 1.26 

90 ·- 106 3.15 

A-79 

L/\130R/\TORY /\N/\LYSIS 01\T/\ 

Exchangeable Cations 
(meq/t06q) 

Ca Mg K Na 

1. 20 0.21 0.05 < 0 .1 
0.16 < 0. 05 < 0. 01 < 0.1 
0.24 < 0.05 < 0. 01 < 0 .1 
0 .11 < 0.05 < 0.01 < 0 .1 
0.26 0.15 < 0.01 < 0 .1 
0.58 0.36 < 0. 01 < o. 1 

Base Electrical 
Saturation Conducttvi.tyfl l 
(%) (mi, cm-1 l 

93 .6 0.17 

100 0.04 

57.1 0.05 

* * 

31.8 

29.8 

neg ; Negligible (amounts are below limit of detection) 

Base cations very low ** 

(1) = Electrical conductivity (saturation extract equivalent,
based on determination of 1:5 suspension) 

(2) = Units are mg per litre of soil

Prof.i. le No: y4 
Soil Class: W4 

P-xc�angea�le Acidity 
(meq/l00g) 
H Al 

neg 0.10 
neg neg 

0,0 3 0.15 
0.03 0.17 
0.23 0.65 
0.42 1. 79

Ava!H�te Organi.c 
r.arbon 

1119 1-l (\) 

4 1.00 

1 

2 

<l 

<l 

<l 

"'otal 
H1.t,:-oyen
mg g-

0,27 
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A,3 HYDRAULIC CONDUCTIVITY AND INFILTRATION 

A.3.1 INTRODUCTION

Hydraulic conductivity and infiltration determinations wer� 
carried out in each of the swamps investigated. The methods are 
described and the results presented and discussed in the following 
paragraphs. 

A.3.2 METHODS

A.3.2.1 Hydraulic Conductivity

A nunber of representative sites were selected at each swamp 
for _the determination of hydraulic conductivity. Sites with a 
shallow water table were chosen so that the test could be carried out 
by the auger hole method (van Beers, 1958). An auger hole of Ban 
diameter was used and the rate of rise of the groundwater was 
determined over the first quarter of the recovery distance. 

The results of the tests were plotted as log(y/2H-y) against t 

where y = distance of water level below rest water level 
H = depth of hole below ground water level 
t = time 

The straight line portion of the graph was used to determine 
the initial and final values of the expression log(y/2H-y) at times 
t1 and t2 for substitution in one of the following equations.

Equation 1 (For S O.SH):-

KA = 46QPa2 (log(y3/2H-y1)-log(l)/2H-yj))
H+20a t2 - t1

Equation 2 (For S=O):-

KA = 414Qa2 (log(y1/2H-y1)-log(y2/2H�Y2))
H+10a t2 - t1

where KA = hydraulic conductivity
a = auger hole radius 
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Equation 1 is used when the impermeable layer is at a. depth 

greater than half the wetted auger hole depth below the bottom of the 

auger hole (S � O.SH). Equation 2 is used when the impermeable layer 

is at the bottom of the hole (S=O). 

A.3.2.2 Infiltration Tests

Representative sites, which were generally at the locations of 

pits were selected at each swamp. Infiltration tests were carried 
ou t with double ring infiltro met ers ( inside ring di a m e t e r  

approximately 30cm; outside ring diameter approximately 50 cm) • A n  

initial water depth level of approximately 10cm was established in 

both the inner and outer rings and the time for a 2an drop in the 

water level in the inner ring was recorded. The rings were then 

topped up again to the mark and the process was repeated until a 

steady rate was achieved. In some cases, the initial rates were 

extremely rapid and it was not possible to carry water to the site of 

the test fast enough to maintain the test continuously. To allow for 

this in the interpretation of ·the results, the start and finish times 
of the test were recorded and a special computer programme was 

prepared to distribute the individual readings over the total length 

of the test period so that cunulative times could be estimated. The 

immediate infiltration rates were then plotted against cumulative 

time. 

At Tuj all ah Town, a second test of infiltration rate was 

under taken on a puddled soil to compare with the results of the 

standard test on an undisturbed soil surface. It was felt that this 

might more accurately reflect the infiltration rates likely to occur 

on cultivated rice swamp soils. After completing the test in the 

standard way, the rings were removed and the soil surface was puddled 

by adding more water, turning it with a shovel and treading it in. 

The infiltration test was then repeated in the normal way. 

A.3.3 RESULTS

A. 3. 3 .1 Hydraulic Conductivity 

The results of the determination of hydraulic conductivity are 

presented in Table A.3.1 
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TABLE A.3.1 HYDRAULIC CONDUCTIVITY 

Village Site 

Beezohn C4 
E2 

John David Town B3 
C6 
D3 
E2 
E10 
H9 
16 
N1 

Fishtown A12 
c,o 
E9 
F6 
G3 
14 
J2. 
K4 

Tuobo-Gbawelekehn A2 
C1 
D-2
04
05
E4
F1
G1
X8
BL11

Tujallah Town A4 
A7 
B4 
B5 
C3 
03 
F5 
G1 
G3 
X9 

Hydraulic Conductivity 
(rn day-1)

0.006 
0.006 

0. 08
1. 08
0.03
1. 99
0.40
0.53

10. 3
4.01

8. 10 
12.3 

3.64 
1.63 
0.26 
o.n

1.25 
1.39 

o.73
2. 77
0.35
1 .72

too rapid
8.62 
8.55 
, .8 
5.95 

too rapid 

2.08 
2.43 
2.5 
0.02 
1.31 
6.50 
0.36 
2.56 

18.7 
7.84 
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These results indicate a wide variation in permeability ranging 

from slow in clayey subsoils at Beezohn to sctne profiles in which the 

rate of water rise in the auger hole was too rapid to measure. 

Within an individual swamp, there is much variation in permeability 
related largely to the variation in texture of the soil profiles. 
Sandy profiles have generally rapid rates. A large proportion of the 

water moving through the swamp will pass through these soils with 
higher hydraulic conductivity. This has :implications for leaching of 

nutrients and those soils with high hydraulic conductivity are likely 

to be prone to rapid loss of soluble nutrients to drainage. 

A.3.3.2 Infiltration Tests

The results of the infiltration tests are given in Table A3.2. 
This table shows, for each ring set, the initial infiltration rate, 
an apparent final rate determined by inspection of the graph of 
infiltration rate against cumulative time and the total length of the 
test. 

It is evident from these results that infiltration into an 

undisturbed soil is extremely rapid with apparent final rates of the 
order of 60mm/hr upwards. However, it is also evident from the 

results at Tujallah Town that puddling the soil in an effort to more 
closely refl ect soil conditions unde r swamp rice reduce s the 

infiltration rates dramatically. 

Despite the apparent rapid rates in the undisturbed condition, 

the swamps are flooded with standing water during the rainy season 
when the effective infiltration rate is virtually zero, since the 
rate of loss of water from the swamp is less than or equal to the 

rate at which water enters the swamp. Under the flooded conditions 
required for swamp rice, the soil profile is virtually saturated with 
water. In this situation, the requirements of water management are 

then for flood and drainage control. The aim is to apply water to 
top up the profile or to allow a certain amount of water to drain off 

according to the needs of the rice crop in relation to its stage of 
growth. 

In these circumstances, deep percolation losses and the 
hydraulic conductivity are more important measurements in relation to 

total water requirements for rice production than infiltration rate. 
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TABLE A.3.2 INFILTRATION RATES 

Village Site No. Initial Rate Apparent Final Length of Test 
No. Rate 

(mm/hr) (mm/hr) (mins) 

Beezohn K2 Ring 2 750 720 180 
H8 Ring 1 742 330 300 
H8 Ring 2 471 217 240 

John David Town D3 Ring 1 2322 225 325 
D3 Ring 2 2769 91 385 
E2 Ring 1 480 58 305 
E2 Ring 2 121 <60 250 
I6 Ring 1 338 81 350 
I6 Ring 2 400 <103 324 

Fishtown A12 Ring 1 325 135 285 
A12 Ring 2 250 95 285 
C10 Ring 1 1142 190 325 
C10 Ring 2 389 62 325 
F6 Ring 1 76 65 165 
F6 Ring 2 197 57 350 
H5 Ring 1440 120 345 
H5 Ring 2 5143 <67 345 

Tuobo-Gbawelekehn A2 Ring 193 119 324 
(Day 1) 

A2 Ring 143 91 422 
(Day 2) 
A2 Ring 2 576 324 324 
(Day 1) 
A2 Ring 2 385 129 410 

Tujallah Town A7 Ring 1 1469 380 304 
(Unpuddled) 
A7 Ring 1 30 30 391 
(Puddled) 
I1 Ring 1 129 88 289 
(Unpuddled) 
11 Ring 1 0 0 360 
(Puddled) 
F5 Ring 1 75 > 116 335 
(Unpuddled) 

F5 Ring 1 0 0 327 
(Puddled) 
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8.1 RAINFALL DATA 

B-1

This Section contains rainfall data for stations in or near 

Grand Gedeh County. The locations of the stations and frequency of 

the records is given in Table B. 1. The data are given in Tables B.2 

to B.8. 

TABLE B. 1: DETAILS OF RAINFALL DATA 

Location Latitude Longitude 

Firestone Cavalla 4°34'N 7 °38 'W 

Pyne Town 5°42 'N 8 °24 I W 

Ziahtown 5o45 1 N 7 °51 I W 

zwedru 6 °04 'N a 0os 'w 

Zwedru (Dube River) 5°58 'N s 011•w 

Duration Frequency 

of Records of reporting 

1928-81 Monthly 

1952-73 Monthly 

1952-61 Monthly 

1952-73 Monthly 

1982-to Daily 

present 

The data were checked for arithmetical errors and corrected 

where necessary. In the case of the Firestone Cavalla records a 

copy was obtained from Firestone at Harbel because the original 

contained exactly the same monthly values for April and May 1948 and 

for July 1959 and 1960; it was thought that this could have been an 

error caused when transcribing the original data. The data obtained 

from Firestone was in inches and this was checked against the other 
set of data which was in millimetres. With the exception of 

February 1942 all the values agreed and it is impossible to comment 
further on the discrepancies. 

The monthly rainfall values have been ranked in order of 

decreasing magnitude and the results of this analysis have been given 
in Chapter 5. Because of the limited amount of data the results for 

Ziahtown should be treated as approximate. 
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TABLE B.2 

FIRESTONE CAVALLA, MONTHLY RAINFALL (mm) 1928-81 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

1928 190 19 174 183 343 519 414 204 455 312 231 87 3131 

1929 18 99 277 256 366 404 103 72 87 261 168 116 2227 

1930 93 160 88 88 430 411 126 46 191 160 245 96 2134 

1931 98 54 113 118 313 190 37 156 266 425 138 113 2021 

1932 9 153 157 60 432 490 179 29 190 319 282 125 2425 

1933 79 78 287 216 440 552 178 189 332 195 318 167 3031 

1934 4 75 254 62 183 234 427 201 370 541 145 115 2611 

1935 95 39 81 194 317 336 129 85 328 485 219 126 2434 

1936 84 198 168 200 419 357 109 29 204 287 347 264 2666 

1937 10 133 141 161 318 473 71 107 274 459 185 72 2404 

1938 62 94 107 208 595 305 66 22 409 178 356 79 2481 

1939 96 197 280 111 381 405 92 123 76 68 137 166 2132 

1940 54 53 102 265 833 266 98 244 262 282 382 151 2992 

1941 54 36 153 226 649 365 196 207 396 366 244 180 3072 

1942 182 85 74 119 302 448 100 34 215 275 115 135 2084 

1943 49 158 306 317 345 222 52 135 327 366 326 183 2786 

1944 36 82 244 53 116 902 . 100 171 493 391 156 130 2874 

1945 110 178 120 108 228 258 92 97 479 346 216 164 2396 

1946 21 9 140 172 347 238 30 31 294 648 270 83 2283 

1947 14 134 165 264 169 552 202 446 408 358 232 82 3026 

1948 73 126 122 201 201 254 105 115 353 228 140 105 2023 

1949 128 69 118 78 225 777 102 121 515 362 186 72 2753 

1950 89 127 163 229 191 763 20 19 134 396 175 132 2438 

1951 130 115 112 52 388 416 74 110 705 1026 340 134 3602 

1952 39 136 306 133 330 621 145 37 429 305 370 221 3072 

1953 108 92 235 117 540 360 294 27 172 335 182 155 2617 

1954 201 181 243 233 316 342 22 97 457 509 317 177 3095 

1955 105 158 308 165 456 668 33 98 488 454 294 159 3386 

1956 167 119 115 179 381 104 53 44 336 421 372 214 2505 

1957 89 158 221 190 204 686 67 166 129 370 383 119 2782 

1958 135 90 165 348 672 98 12 56 118 144 418 150 2406 

1959 52 140 163 114 463 291 141 176 672 449 331 92 3084 

1960 137 140 269 135 206 705 141 75 458 337 230 179 3012 
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TABLE B.2 (Cont'd) 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

1961 27 ,S3 144 212 228 241 5 6 292 273 166 133 1910 
1962 102 157 103 158 369 549 230 53 132 268 340 160 2621 
1963 55 73 119 169 167 528 837 66 350 453 122 91 3030 
1964 96 65 59 185 391 389 72 56 107 85 89 414 2008 
1965 121 56 107 116 357 255 48 180 138 122 183 62 1745 

1966 31 82 160 157 183 504 319 88 226 266 135 42 2193 
1967 56 65 112 86 270 402 20 87 153 224 154 222 1851 
1968 116 197 82 144 268 539 375 450 354 296 202 94 3117 
1969 43 42 200 278 337 420 154 119 149 396 398 139 2675 
1970 101 201 90 145 286 419 86 202 620 380 227 82 2839 

1971 135 100 71 105 238 362 55 142 279 38 121 121 1767 
1972 167 116 107 165 434 335 271 20 70 231 217 144 2277 
1973 14 58 214 62 156 215 74 215 223 260 151 111 1753 
1974 41 68 85 88 128 442 150 78 282 170 101 170 1803 
1975 17 137 202 127 174 340 4 26 146 186 269 134 1762 

1976 51 138 174 147 655 345 52 140 59 133 206 34 2134 
1977 41 90 149 94 308 342 153 140 397 181 180 95 2170 
1978 40 160 262 336 574 355 67 37 127 183 269 41 2451 
1979 38 179 117 186 196 332 81 295 346 241 183 89 2283 
1980 44 117 107 116 322 137 203 133 254 111 111 44 1699 
1981 42 123 139 91 262 202 158 128 300 185 117 131 1878 

----------------------------------------------------------------------------

Av. 78 113 162 162 341 401 137 119 297 310 229 131 2480 
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TABLE·B.3 

PYNE TOWN, MONTHLY RAINFALL (mm) 1952-73 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

1952 271 235 23 759 402 415 228 85 (2418) 

1953 75 16 84 111 438 380 186 24 253 164 48 76 1855 

1954 120 101 176 165 247 208 55 148 485 423 26 (2154) 

1955 45 89 199 170 296 341 255 181 336 427 110 41 2490 

1956 17 211 166 201 211 198 60 84 416 350 165 185 2264 

1957 20 29 174 150 165 209 142 361 127 180 (1557) 

1958 109 342 122 112 27 46 364 266 253 108 ( 1749) 

1959 128 160 230 291 450 190 58 364 619 122 (2612) 

1960 37 115 309 336 380 447 94 164 465 465 70 118 3000 

1961 18 82 216 298 174 293 220 6 471 274 221 (2273) 

1962 25 110 310 165 156 588 65 108 309 46 274 48 2204 

1963 102 244 193 283 226 238 693 594 375 220 (3168) 

1964 38 37 195 105 323 194 190 162 375 342 128 242 2331 

1965 149 77 405 429 214 312 367 284 101 14 (2352) 

1966 139 164 223 215 286 672 470 206 193 697 123 (3388) 

1967 318 374 379 96 127 436 125 71 ( 1926) 

1968 69 225 268 184 326 440 440 286 495 350 210 208 3501 

1969 43 38 219 267 189 427 179 209 300 560 319 109 2859 

1970 6 108 195 293 397 453 58 217 670 290 150 65 2902 

1971 72 312 296 240 448 415 101 230 580 328 159 (3181) 

1972 38 81 266 224 264 299 296 198 333 450 199 70 2718 

1973 10 80 255 339 249 337 193 360 316 57 442 29 2667 

-----------------------------------------------------------------------------

AV. 60 118 217 240 285 342 192 194 406 359 184 100 2697 



Year Jan Feb Mar 

1952 

1953 2 48 201 

1954 27 23 70 

1955 71 23 85 

1956 32 154 195 

1957 10 98 231 

1958 141 97 150 

1959 38 152 195 

1960 5 94 130 

1961 132 

B-5

TABLE B.4 

ZIAHTOWN, MONTHLY RAINFALL (mm) 1952-61 

5 °45'N 7°51'W 

Apr May Jun Jul Aug Sep Oct Nov 

300 93 36 365 241 113 

101 399 383 258 . 53 187 230 79 

230 295 240 142 309 335 99 

197 330 406 166 90 490 309 123 

339 144 146 53 106 232 403 74 

248 294 240 129 335 326 373 168 

275 309 329 22 74 289 150 220 

38 373 179 222 53 296 263 

106 190 278 66 111 396 288 125 

353 190 145 

Dec Total 

74 (1222) 

121 2062 

(1770) 

138 2428 

132 2010 

80 2532 

53 2109 

95 1904 

108 1897 

(820) 

---------------------------------------------------------------------------

Av. 41 86 154 210 280 265 126 1 1 1 321 288 125 100 2107 
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TABLE B.5 

ZWEDRU, MONTHLY RAINFALL (mm) 1952-73 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov oec Total 

1952 362 285 142 46 510 124 41 (1510) 
1953 0 107 131 80 278 272 389 43 222 207 37 0 1766 
1954 41 152 149 297 221 180 61 119 371 297 140 8 2036 
1955 47 19 154 196 305 327 142 148 402 359 118 53 2270 

1956 7 146 89 229 120 184 121 80 359 272 80 152 1839 
1957 4 21 110 164 210 312 237 187 353 533 · 123 132 2386 
1958 62 32 66 225 154 79 47 104 230 290 281 58 1628 
1959 23 60 125 128 306 242 284 112 461 240 94 (2075) 
1960 15 51 158 132 230 302 66 204 317 296 96 83 1950 

1961 24 21 67 342 131 138 9 379 255 86 20 (1472) 
1962 0 95 145 112 398 100 172 227 149 238 55 ( 1691) 
1963 32 75 146 339 752 296 426 404 165 48 (2683) 
1964 27 20 311 267 191 304 522 215 315 (2172) 
1965 41 99 327 128 125 158 92 (970) 

1966 28 201 106 325 316 162 320 65 60 (1583) 
1967 88 65 238 117 300 57 112 424 281 14 ( 1696) 
1968 8 143 80 195 196 208 280 274 428 360 188 287 2647 
1969 29 36 119 235 152 357 206 111 295 532 80 48 2200 
1970 34 50 113 166 170 236 20 85 359 85 48 0 1366 

1971 21 77 146 160 169 347 123 172 329 200 71 45 1860 
1972 2 14 87 195 304 254 107 71 292 294 72 8 1700 
1973 5 40 168 79 174 207 181 434 260 170 91 0 1809 

---------�-------------------------------------------------------------------

Av. 21 63 118 189 204 271 186 160 349 282 126 60 2029 



Year 1982 
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TABLE B.6 

ZWEDRU DAILY RAINFALL (IIDll) 

Jan Feb Mar Apr May Jun Jul Aug Sep 

1 o.8 0 0 0 0 23.2 0 9.4 0 
2 0 0 0.2 0 0 8.2 3.7 19.7 0 
3 0 0 0 0 10.3 22.5 0 4.2 0 
4 0.4 0 0 0 0 0 16.0 9.8 4.7 
5 0 0 0 0 0 1.8 17.4 1.6 0 
6 0 0 0 0 50.5 5.9 0 0 12.4 
7 0 0 0 0 0 125 .1 0 0 0 
8 0 0 0 8.o 0 17.3 0 0 8.7 
9 0 20.0 0 0 49.0 24.4 0 0 57.3 

10 0 0 0 0 0 7.4 0 0 5. 1 
11 0 0 0 0 3.8 0 0 0 0 
12 0 0 0 .o 0 0.3 0 10.8 0 
13 0 0 0 0 0 18.4 0 61.8 0 
14 0 0 0 9.0 0 0 26.0 10.7 0 
15 0 0 0 0 0 0 1.4 11.8 0 
16 0 0 0.9 0 0 1.7 12.3 11.0 77.1 
17 0 0 0 0 0 0 0 0 0 
18 0 0 0.6 6.0 0 0 2. 1 6.8 0 
19 0 0 0 4.0 0 0 0 0 1.0 
20 0 30.0 0 0 0 4.6 0 0 0 
21 0 0 0 10.0 0 0 16. 0 0 0 
22 0 0 0 0 26.8 0 112. 1 0 0 
23 0 0 0 0 3.3 0 12. 3 8.4 1.3 
24 0 0 0 ,.o 0 0 2.4 0 0 
25 0 46.6 0 18.2 9.5 22.4 0 1.2 19.6 
26 0 0 0 7.3 4.4 1 .6 2.4 3.0 0 
27, 0 0 0.1 0 5.3 2 .1 9.6 6., 0 
28 0 0 0 0 4.3 1. 1 0 0 0 
29 0 0.9 0 0.5 0 0 34.5 18.6 
30 0 0 3.8 7.2 0 5.9 1.2 0 
31 0 1.0 9.6 0 0 

Oct Nov Dec 

0 6.3 0 

2.3 0 0 

0 6.4 2.0 

n.9 5. 1 

0 9.2 

17.2 0 

17. 0 0 

97.6 6.0 

12.8 0 

35.8 1.4 

2., 0 

3.4 0 

1 .6 0 

0 0 

7.7 37.6 

4.9 21.3 

4.7 0 

0 0 

0 7.2 

1.4 0 

15.o 0 

0 0 

1.3 0 

24.6 0 

39.2 0 

62.6 0 

8.o 0 
0 0 

0 0 
0 0 

38 .5 

TOTAL 1.2 96.6 4.3 67.3 192.5 288.0 239.6 212.0 205.8 411.6 100.5 2.0 

Annual Total : 1821.4 



Year 1983 

Jan 

1 0 

2 0 

3 0 

4 0 

5 0 

6 0 

7 0 

8 0 

9 0 

10 0 

1 1 0 

12 0 
13 0 

14 0 

15 0 

16 0 

17 0 

18 0 

19 0 

20 0 

21 0 

22 0 

23 0 

24 0 

25 0 

26 0 
27 0 

28 0 
29 0 

30 0 

31 0 

'IOTAL 0 
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TABLE B.7 

ZWEDRU DAILY RAINFALL (mm) 

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

0 4.2 3.2 a.a 21.8 0 0 0 0 10. 7 38.4 
0 0 2.1 1.9 15.3 0 0 0 14.8 0 20.8 
0 0 21.4 0 54.4 0 5.7 0 7.3 0 0 

. 0 0 0 36.9 1.0 0 0 0 0.7 4. 1 0 
0 0 0 5.7 0 0 0 13 .o 0 0 0 
0 0 0 14.6 8.6 4.6 4.3 64.6 0 11.8 0 
0 0 0 1.3 0.2 0 20.2 3.0 0 1.6 4. 1
0.6 0 0 0.9 0 0 0 0 7.2 0 0
0 0 23.5 0 0 6.2 0 0 0 0 0
0 0 0 0 0 0 0 37.6 0 0 0
4.6 0 0 0 3.3 0 0 5.0 0 0 0
0 0 2. 1 0 0 0 32.3 36.2 0 0 35.2 
0 0 0 3.2 0 0 0 ,.s 7.3 4.5 0 
0 0 0 13.0 4. 1 0 0 14.2 19.2 0 0 

4.2 0 0 0 0 0 3.3 0 23.4 0 0 
0 0 0 0 3.2 0 0 29.2 43.1 0 0 
0 0 0 14.9 0 37.2 10.0 5.1 0 0 9.2 
0 0 9. 1 4.3 14.4 0 0 0 1.0 0 0 
5.4 0 0.3 4.7 26.5 0 13.4 90.7 0 0 48.2 
0 0 0 0 14. 1 0 0 37.9 0 0 0 
0 0 0 1.4 2.4 0 0 14.2 0 0 0 
0 0 0 2.2 1.0 0 0 14. 1 0 0 0 
0 19.1 0 19.3 2.0 0 0 4.4 0 0 0 
0 0 0 0 0 0 0 3.2 0 0.8 0 
0 19.6 0 22.6 0 0 0 0.9 0 2.0 0 
0 0 0 1.6 0 0 0 25.0 19.3 0 0 
0 17.5 .o 7. 1 0 0 39.2 0 0 0 17.3 
0 0 0 2. 1 1.4 0 0 0 0 8.7 0 

0 0 13. 1 0 0 0 14.3 0 0 0 
0 0 23.2 1.2 0 1.3 0 0.7 0 0 
0 0 0 0 0 0 

14.8 60.4 61.7 202.0 174.9 48.0 129.7 414.1 144.0 44.2 173.2 

Annual Total 1467.0 
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TABLE 8.8 

ZWEDRU DAILY RAINFALL (mm) 

Year 1984 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1 0 0 1.0 0.9 0 0 0 28.8 0 0 0 0 

2 0 0 0 1.0 0 0 3.5 1.4 0 0.5 0 0 

3 0 0 26.5 1.5 0 17.1 0 14.6 0 2.5 27.4 0 
4 0 0 0 20.2 8.6 0 0 3. 1 0.0 1.1 0 0.1 

5 0 0 0 0 0 1.0 12.6 105. 1 2.5 0 0 0 

6 0 0 0 0 67.4 5.9 27.3 15.3 42.5 0 0 0 

7 0 0 0 11.5 0 0 16.6 0 43.6 6.3 16.5 0 
8 0 0 0.6 0 0.6 25.7 19.3 1.0 3.7 0 0 0 

9 0 0 0 11.8 6.8 2.6 0 35.9 0 4.4 0.9 0 
10 0 0 0 16. 2 7.3 0 77.2 4.6 0 0 0 0 

11 0 0 16.6 0 0 101 .4 0 0 4.3 0.3 3. 1 0 
12 0 0 4.0 0 8.5 0 0 5.9 23.2 19.2 0 0 
13 0 0 0 0 0 16.9 0 a.s 104.2 0 0 0 

14 0 0 0 0 2. 1 0 0 12.6 13.4 5.8 0 0 

15 0 0 0 0 1.2 14.8 2.3 0 0 0 0 0 
16 0 0 34.3 1.4 0 4.4 53.3 3.8 17.3 17.5 0 11 • 5 

17 0 0 0 0 27.0 20.4 0 7.6 0.9 24.1 0 0 

18 0 0 13 .6 3.4 0 0 21.5 3.4 0 0 0 0 

19 0 0 14.2 12.4 0 41.9 0 0 3.4 0 0 0 
20 0 0 0 0 0 9.4 3.6 7.2 7.7 0 1. 1 0 

21 0 0 20.0 0 6.5 0 0 9.6 8.5 0 19.2 0 
22 0 ·O 9.2 0.5 25.2 0 1 .5 0 0 0 0 0 
23 0 0 0 0 0 33.5 17.5 6.7 0 0 0 0 
24 0 6.0 0 11 • 4 0 0 1.6 13.4 1.0 0 0 0 

25 0 0 0 3.6 16.1 52.4 0 16.3 0 0 0 0 

26 0 0 0 0 2.4 1.2 34.0 0 0 13. 7 23.3 0 
27 0 17.7 0 8.9 40.9 8.3 21.3 6.9 27.7 8. 1 7.2 6.6 

28 0 5.9 0 0 0 24.9 0 0.4 0 0 0 0 

29 0 10.2 44.3 0 14 .2 0 0 0 0 0 0 
30 0 0 0 20.0 0 2.3 13.8 0 0 0 0 

31 0 18.4 3.0 0 18. 1 0 0 

TOTAL 0 29.6 169.4 149.8 243.6 396.0 315.4 344.8 305.5 103.5 98.7 18.8 

Annual Total 

Source: Liberian Hydrological Service 

Department of Mineral Exploration and Research 

Ministry of Lands and Mines. 

2175.1 
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B.2 ANALYSIS OF SUNSHINE HOURS AND INCOMING SHORTWAVE RADIATION 

B.2.1 INTRODUCTION

The only available data for calculating reference crop 
evapotranspiration has been recorded by the Zwedru Coffee, Cocoa and 
Swamp Rice Project Station at Garley Town, near Zwedru. As well as 
the temperature, hunidity and wind speed measurements, the station 
also has a Campbell-Stokes sunshine duration recorder and a 
Gunn-Bellani incaning shortwave radiation recorder. 

It is the intention to compare and correlate the corresponding 
values of sunshine duration and inccming solar radiation. While this 
cannot be used to confirm the calibration of the Gunn-Bellani 
instrunent, it can be used to check changes in calibration. Also, 
the relationship between sunshine and incoming solar radiation can be 
compared with published values to see if this is sensible. 

B.2.2 NOTATION

n Actual hours of sunshine in one day. 

N Maximlml possible hours of sunshine in one day. 

TA Extra-terrestrial incoming radiation. 

Rs Actual shortwave incoming radiation. 

B.2.3 SUNSHINE DURATION

Data of actual hours of sunshine for October 1985 to March 1986 
are given in Table B.9. 
max.imun possible values 
on a daily basis. 

It is necessary to canpare these values with 
to give a ratio of actual to maximun possible 

Values of maximun possible hours of sunshine are given by FAO 
( 1977). Values applicable to 6 ° 10' S"N are given in Table B.10, 
and shown in Figure B. 1. 
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TABLE B.10: ACTUAL AND CALCULATED VALUES OF MAXIMUM POSSIBLE HOUR S 

OF SUNSHINE AND EXTRA-TERRESTRIAL RADIATION 

MONTH MAXIMUM POSSIBLE HOURS EXTRA-TERRESTRIAL RADIATION 

SUNSHINE ( Cal an-2d-1)

Actual Calculated Actual Calculated 

January 11.75 11. 76 817 817 
February 11.88 11 .86 870 870 
March 12.00 12.02 907 907 
April 12 .22 12.21 908 908 
May 12.37 12. 38 890 890 
June 12.47 12.45 867 867 
July 12. 37 12. 41 879 879 
August 12. 32 12.28 896 896 
September 12. 10 12 .12 901 901 
October 11. 95 11.95 883 883 
November 11 .83 11.81 835 835 
December 11. 73 11.74 805 805 

To compare daily values of actual and maximun hours of sunshine, 

it is preferable to express the maximun hours of sunshine as a 
Fourier series from which daily values can be calculated. Using 

mid-February as zero degrees, the series is given by:-

N = 12.082 + 0.279 sin� - 0.007 sin 2/6 0.003 sin 3/6 

- 0.216 cos � - 0.012 cos 2/6 + 0.005 cos 3/6 

As a check, mid-monthly values were calculated and canpared with 

actual values (Table B.10) producing a good agreement. 

The ratio of actual to maximum possible sunshine hours was 

calculated by using a value of� = 226° corresponding to 1st October 

and advancing by 360/365° for each day. The actual value was divided 

by the maximum possible value and these are given in Table B.9. 

B.2.4 EXTRA-TERRESTRIAL SOLAR RADIATION 

As for sunshine duration, measured incoming shortwave radiation 

data fran October 1985 to march 1986 are given in Table B.9. Values 

of extra-terrestrial radiation derived from FAQ ( 1977) are given in 
Table B.10 and shown in Figure B.1. These were derived as a Fourier 

series:-

RA
= 871.5 + 27.4 sin p + 33.3 sin 2/6 + 2.2 sin 3/6

sin 4/6 + 2.3 sin 5/6 - 15.5 cos p + 10.2 cos 2/6 
+ 1.8 cos 3/6 + 1.2 cos 4/6 + 0.7 cos 5/6



Extra Terrestrial Radiation and Maximum Possible Sunshine ( Lat. 6°1O' 5"N) 	Figure B.1 
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A comparison of actual and calculated values is given in Table 
B.10 and agreement is extremely good. 

The ratio of incoming shortwave radiation and extra-terrestrial. 
radiation was calculated in exactly the same way as the sunshine 
hours, using a value of p = 226 ° corresponding to 1st October. Table 
B.9 gives the calculated daily ratios.

B.2.5 CORRELATION OF HOURS OF SUNSHINE
AND INCOMING SHORTWAVE RADIATION 

A general expression for hours of sunshine and incoming shortwave 
radiation is given by:-

By plotting Rs/RA against n/N it should be possible to determine
values of a and b. Figure B.2 shows the values of Rs/RA plotted 
against corresponding values of n/N. Because sane points on the 
graph are covered by more than one observation regression analysis 
was used to detennine monthly values of a and b. a and b were also 
determined using all the data up to the end of a particular month. 
These values are given in Table B.11 

TABLE B.11 

Month 

1985 
October 
November 
December 

1986 
January 
February 
March 

VALUES OF a AND b 

Monthly Value 
a b 

0 .27 0.45 
0. 32 0.38 
0. 33 0. 37

0.40 0.28 
0.30 0 .38 
0 .39 0.29 

Value to End of Month 
a b 

0 .27 0 .45 
0.30 o.4o
0 .31 0 .39

0 .32 0. 38 
0 .32 0. 38
0.34 o.35

The equation derived from the observations is given as:-

!¼,/RA = 0.34 + 0.35 n/N

FAO ( 1977) gives values of a and b from nunerous sources. Of most 
relevance are values of a and b of O. 30 and O. 37 given by Davies for 
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Ghana. Also Glover and McCulloch gave a general expression for a and 

b as 0.29 cos p and 0.52 respectively. If p = 6° then the 

corresponding values are 0.29 and 0.52, with b sanewhat higher than 

that obtained from the Zwedru observation. Stanhill quotes values of 

0.26 and 0.38 for Benin City, Nigeria and Davies quoted 0.28 and 0.33 

for the same location. Therefore it can be concluded that the values 

of a and b derived fran zwedru data are acceptable. 



Relation Between Incoming Shortwave Radiation and Sunshine Duration 
(R5/RAand n/N)

Figure B.2 
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B.3 WATER BORNE DISEASES 

B.3.1 SCHISTOSOMIASIS

B-21

Schistosaniasis is a disease transmitted by snails living in 
stagnant or slow flowing water. It is therefore a hazard where 
irrigation is practised. There are three main types of Schistosoma 
( Feachan et al, 1977) :-

a) Schistosoma haematobiun occurring in Africa and the Middle
East;

b) Schistosoma mansoni occurring in Africa, south and central
Am er ica, incl l.rling the Caribbean;

c) Schistosoma ja p o n icum occurring in East Asia  and t h e
Philippines.

Schistosoma haematobium and Schistosoma mansoni both occur in 
Liberia. 

The disease results in small adult worms which live up to 25 
years, but usually 3-8 years, in the human excretary system. These 
worms can lay hundreds or even thousands of eggs which cause tissue 
damage and blood loss when they are excreted from the body. Eggs 
also migrate within the hU111an body and may be lodged in various 
organs causing general lassitude and debility. 

Eggs which are excreted by the human host can live only a short 
time out of water, after which they hatch to release ciliated larvae. 
These die unless they reach and penetrate an appropriate species of 
freshwater snail within a few hours. The eggs and larvae die if 
snails are not penetrated within 24 hours of initial egg release and 
the cycle of infection is therefore broken. 

Developnent of the parasite within the snail takes about a 
month, after which numerous free-swimming larvae ar e shed daily 
throughout the remainder of the snails' fairly short life. During 
this time the parasite has the ability to reproduce asexually within 
the snail (MacDonald, 1965) and this must increase the number of 
larvae. 

The larvae live up to two days and 
They can penetrate the unbroken human skin. 
human, accompanied by migration within ·the 
months. 

usually less, in water. 
Maturation within the 

body takes two to three 
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Control of Schistosomiasis can be by:-· 

Reducing the snail population; 

Limiting hunan contact with infected water; 

Killing the adult wonn in infected hunans. 

Killing the worm, whilst necessary, does not eliminate the 
cause of the problem, which is human contact with infected water. 
Eliminating such contact may be impossible but at least it could be 
11mited by proper education and the use of protective foot-wear. 

Reducing the snail population should be the aim of any swamp 
developnent project, bearing in mind that the rice fields should be 
drained before the harvest in order to promote ripening and prevent 
anaerobic decomposition and subsequent toxicity in the soil. This 
draining of the field may kill th e snails and it would also be 
beneficial if the drains also became dry, although this may not occur 
because of groundwater seepage. It is beyond the scope of this study 
to examine the migratory habits of the snails to determine if they 
will re-infest the fields during the subsequent rice crop, but this 
matter should be considered in the future. 

Snails and their eggs can be destroyed using molluscicides such 
as Niclosamide and N-trityl- morpholine. These will kill the snails 
but not the eggs. Molluscicides are not recommended at present 
because it will be impossible to control their use at mmierous 
dispersed sites. 

Although it does not cover Grand Gedeh County, 'A Bulletin of 
Tecnical Activities 1982/83' does give statistical data for Lofa 
County, Bong County Agricultural Development Project, and Nimba 
County. 

The two types of Schistosomiasis that occur are Schistosoma 
haematobiun and Schistosoma mansoni. The intermediate hosts being 
Bulinus globosus and Biophalaria pfeofferi. In Lofa County there is 
a higher prevalence of s. haematobium than s. mansoni, with a 
c o r r e sp o nd i n g  wider d i s t r i b u t i o n  of Bulinus globosu s th a n  
Biomphalaria pfeiffeni. Between July 1976 and September 1982 there 
was a_ varying positive response to tests on samples of the snail 
population but the average values were 12% for s. haematobium and 
O .5% for s. mansoni. In many cases both intermediate hosts ( Bulinus 
globosus and Biomphalaria pfeifferi) were found to be negative. Two 
further snail types were found, Ferrisia chudeaui and Gyraulus 
constalatus. Ferrisia is the intermediate host for s. haematobium in 
certain parts of India and Gyraulus constalatus can be mistaken for 
Biomphalaria. There was a high prevalence of s. haematobium in 
school children. 

In Bong County Agricultural oevelopnent Project the incidence 
of s. haematobium and s. mansoni were almost equal, with positive 
results of 11% and 13% respectively. Although a 11:111ited amount of 
work has been carried out in Nimba CoWlty there is ample evidence 
that schistosaniasis does occur. 
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B.3.2 ONCHOCERCIASIS

Onc hocerciasis, or "river blindness", is transmitt ed by 
Simulium flies (buff alo-gnats). These breed in rapidly flowing 
water. The larvae attach themselves to rocks in torrents and rapids 
and develop rapidly to the adult stage in as little as 5 days. The 
adult flies can have a flight range of many miles in tree cover. 

Because most water in the study areas is slow moving, it does 
not provide a suitable habitat for the S:imulium flies. Therefore, 
Onchocerciasis should not be a problem. However, Hanson ( 1983) 
states that the disease is endemic on the Firestone Plantation with 
S:imulium yahense making up 98 .5% of the vector population. It is 
su gg ested that the interst iti al network o f  er eeks, st reams, 
tributaries and rivers throughout the plantation provide breeding 
habitats throughout the year. However, because of the large flight 
range of the vector, it is quite possible that they are able to 
migrate to the plantation from a large, fast flowing river. 
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C. 1 UPLAND RICE YIELD ANALYSIS 

C-1

Table c.1 provides an analysis of yields of rice obtained on 
the Snallholder Rice Seed Project, Bong County. 

TABLE C.1: UPLAND RICE YIEL DS, SRSP, 1985 

OUTGROWERS BY VA RIETY 

ITEMS 

No. of farmers/ 
outgrowers 

Average yield 
( kg/ha) 

Area ( ha) 

Average farm size 

(ha) 

Seed rate 
( kg/ha) 

Fertilizer 
( kg/ha) 

MOP 

NPK 

Urea 

TSP 

Mixed Varieties at 
Kpain Farm 

1 

1119 

*25.7

46.7 

145.5 

67.4 

91.5 

*This incl ooes the following: SUA-8
IR-5 

1. 2 ha

O. 2 ha 
LAC-23 24.3 ha 

Source: Snallholder Rice Seed Project, 1985. 

LAC-23 

78 

1650 

433 

5.5 

50 

100 

100 

100 

100 

IR-5 

21 

4237 

11.5 

0.5 

40 

200 

200 

200 

200 

SUA-S 

19 

26.9 

40 

200 

200 

200 

200 
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C.2 CHARACTERISTICS OF RICE VARIETIES 

Extracts fran the Terminal Report of IITA/IDA - Liberia Rice Project; 
s.s. Virmani International Institute of Tropical Agriculture, June
1 979:-

VARIETAL IMPROVEMENT PROGRAMME 

The accomplishment of the varietal improvement prog ramme a re 
discussed as follows: 

1. Selection and Release of Improved Rice varieties for Lowland
Conditions

Until 1973, Gissi 27, a local selection and IR-5, an IRRI
variety, were selected and recommended for cultivation under
lowland conditions in Liberia.

Gissi 27 was selected for its good adaptability to inland valley
swamp and moderately good yield potential (2,000-4,000 kg ha-1).
Later it was also found to be tolerant to iron toxicity. It is a
tall (140-170an) variety with good tillering potential� prolific
root system, thick culm, long heavy panicles, and possesses
re sistance to blast, sh eath rot, sheath bli ght and glume
discolouration diseases. Its cooking and keeping quality and
palatability are good. The major drawback of Gissi 27 is,
however, its late maturity. It take about 195 days ( if planted
in May) to 147 days ( if planted in September-October). The later
planted crop has been found to give lower yield, however.
Farmers generally cultivate Gissi 27 in the wet season under
traditional management in undeveloped or incompletely developed
swamps where iron toxicity is · expected and water and fertility
management is poor. If planted in dry season (January), Gissi 27
does not flower. Also, it is susceptible to brown spot disease.

IR-5, introduced from International Rice Research Institute,
Philippines in the later sixties was recommended in 1971-72 for
.improved swanps and irrigated paddies where yields of 2,500 kg to
7,000 kg ha-1 have been obtained, depending upon the basic
fertility st atus of the soil an d th e le vel of w ater and
fertilizer management. It has fairly good adaptability to
lowland conditions in Liberia. It is weakly photoperiod­
sensitive and can be cultivated in both wet and dry seasons
without much difference in growth duration ( 140-150 days). It
has intermediate height ( 100-110cm), moderately good tillering,
moderately good root system, medium-long •panicles and mediun bold
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grains. It is resistant to glune discolouration and moderately 
susceptible to sheath blight, and sheath rot diseases. The 

drawbacks of IR-5 are: its susceptiblity to blast disease and 

iron toxicity and poor cooking and keeping quality, in ccmparison 

to Gissi 27. 

During the tenure of this project, three additional improved rice 

varieties (viz. Suakoko 8, Suakoko 10 and Suakoko 12) have been 

selected and re commended for cultivati on u n der lowland 

conditions. These varieties are described below: 

Suakoko 8 

This variety was released in 197 7 for general cultivation in iron 

toxic inland swamps where it was found to outyield IR-5 by abo.ut 
20 per cent, although under non-toxic conditions Suakoko 8 yields 

similarly to, or slightly less than, IR s.

Also, its grain quality, cooking quality and palatablity are 
adjudged to be superior to IRS. In fact, if processed properly, 

Suakoko 8 rice can be compared well with imported rice. Fanne.rs 

in different parts of the country have accepted Suakoko 8 for its 

adaptability to iron toxic conditions, high yield potential and 

good grain quality. In 1978, 32 tons of seed of Suakoko 8 were 

distrib uted to the farmers by the Ministr y of Agricultur e. 

Additional quantities were also distributed through autonomous 

rice de velopment pr ojec ts. In Lofa County Agricultural 

Developnent Project area and Bong Mines Agricultural Project, it 

has been decided to replace IR-5 with Suakoko 8. In the Bong 
County Agricultural Development Project area, both IR-5 and 

Suakoko 8 are being multiplied for distribution to the farmers. 

Suakoko 8 was introduced into Liberia from Malaysia in 1973 as an 
experimental strain 2526, which was derived from the cross 

Siam 25/Malinj a3. Further selection was made at . Suakoko for 
adaptability and uni formity. Because of its photoperiod­

sensitiv ity, Suakoko 8 is also superior to Gissi 27. Its plant 

type is well suited to Liberian peasant farm conditions which 
include imperfect water control, moderate fertilization and 

manual harvesting. 

The major weakness of Suakoko 8 is its susceptibility to lodging 
( under .heavy fertilization, i.e. more than 60-80 kg/ha of 

nitrogen). It is also moderately susceptible to blast disease. 

Suakoko 10 

This variety has been p r oposed for release in 197 9 for 

cultivation in newly developed swanps during wet season. Results 

have indicated that Suakoko 10 can out-yield IR-5 and suakoko 8 

dl.ll:' ing the wet season. It has been found to be better adapted 

than IR-5 and Suakoko 8 to low fertility swamp conditions and 

also its response to fertilizer application was higher than that 

of IR-5 and Suakoko a. Besides, it is tolerant to iron toxicity. 
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Suakoko 10 was introduced in 1975 from Malaysia under the name 
Improved Mahsuri. It is derived from variety Mahsuri which was 
developed from the cross: Mayang Ebo s  8 0  X Taichung 6 5. 
Suakoko 10 is also lodging sus ceptible under high fertility 
conditions, and its grains are small. 

suakoko 12 

This variety has been recommended for release in 197 9 for 
cultivation under good water and fertilizer management 

conditions. It was selected primarily for its resistance to 
blast disease, but it has also higher yield potential than IR-5 
and Suakoko 8 in both wet and dry seasons (Table C.2). It is 

moderately tolerant to iron toxicity. 

Suakoko 12 was introduced from IRRI in 1974 as ex:per imental 
st rain IR 1416 -13 1-5 which was develo ped from th e cro s s: 
Peta4TNI//Tetep. 

Its blast resistance has been also confirmed in Nigeria, Sierra 
Leone and Ivory Coast. The major weakness of Suakoko 12 is its 
susceptiblity to case worm insect. 

Agronomic and morphological characteristics of Suakoko 8, Suakoko 
10 and Suakoko 12 are given in Table C.3. 

It is recognised that in Liberia the lowland rice area, with good 
wa ter and fer tilizer management, for which Suakoko 1 2  is 
recommended, is quite limited at present. However, through the 
efforts of various on-going rice develoi;xnent projects, such an 
area is likely to increase to at least 2-3 thousand hectares or 
even more during the next 2-3 years. In that situation 20-25 per 
cent higher yield potential of Suakoko 12 over other recommended 
varieties should be able to bring significant econanic dividends. 

In 1976, IR 1416-131-5 (Suakoko 12) was nominated into the WARDA 
coordinated varietal trials and tested in several west African 
countries in 197 6 and 1977. WARDA results indicated good 
performance in Mauritania, Upper Volta, Sierra Leone, Ivory 
Coast, Senegal, Gambia, Niger, Nigeria and Togo under good 
management. 
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TABLE C.2: PERF ORMANCE OF IR-1416-131-5 IN COMPARISON TO IR-5 
AND SUAKOKO 8 IN YIEL D TRIALS IN IRRIGATED INLAND VALLEY 
SWAMPS IN LIBERIA, 1974-78 

Season and 
Conditions 

Wet season 

Good Management 

Year Location IR 1416 

1974 

1975 
1976 
1977 
1977 
1978 
1978 
1978 

Suakoko 

" 

It 

Voinjama 
Foya 
Bong Mines 
Foya 
Voinj ama 
Mean 

6559 

6116 
4432 
5904 
6638 

7875 
5530 
6062 

Yield ( kg/ha) 
IR-5 Suakoko 8 

3993 

4721 
3668 
5452 
6850 
5444 
8160 

5216 

4891 

5691 
3569 
5770 
6717 

3670 
6600 
4344 

5369 
---------------------------------------------------------------------

Wet season 

Poor Water Control 

Newly Dev eloped 
Swamp and/or 
Imbalanced 
Nutrition 

1975 

1977 

1977 

1977 

Suakoko 

" 

Kolahun 

Zleh Town 
1978 suakoko 

Mean 

3406 

3350 

3900 

3813 
2227 
3339 

3364 

5086 

5824 

4376 
3364 
4402 

3152 

4936 

4050 

3357 
3656 
3826 

----------------------------------------------------------------------

Dry Season 1975 
1975 
1976 
1977 
1978 
1978 
1978 

Suakoko 
Foya 
Suakoko 
Suakoko 
Suakoko 
Foya 
Voinjama 
mean 

4774 

6926 
4400 

3950 
3500 
5800 
6200 
5079 

3611 
5223 
4000 
3448 
3520 
4566 
5133 
4214 

3858 
4259 
3380 

6395 
4473 
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TABLE C.3: VARIETAL CHARACTERISTICS OF SUAI<OKO 8, SUAKOKO 10 

AND SUAKOKO 12 

Characteristic 

Duration (days) 

50% flowering 
maturity 

Plant type 

Height (an) 

Tillering 

Lodging 

Panicle Length 

( an) 

Threshabili ty 

Grain Size 

Length (mm) 
Width (mm) 

1000 Grain Weight 
(gm) 

Husk colour 

Milling (%) 

Grain appearance 
(dehulled) 

Reaction to: 

Iron toxicity 

Leaf blast 
Neck blast 
Brown spot 
Sheath rot 

Gll.Ule discolouration 

Case worm 

R: Resistant 

Suakoko 8 Suakoko 10 suakoko 12 

110 105-110 105-110

140-145 135-140 135-140

Intermediate Intermediate S em i-d w a r f

speading 

120-130 115-120 80- 85

Intermediate Heavy Heavy 

Intermediate Intermediate Resistant 

28 25 22 

Intermediate Intermediate Intermediate 

9.6 8 9 
2.9 2.8 2.8 

25.8 17 23.2 

Straw Brown spots Straw 
on straw 

66.2 66. 1 65.2 

Speckled Speckled 
brown White brown 

R R I 

R R 
I I 
I s s 

R R R 

R R R 

I I s 

I: Intermediate S: Susceptible 
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Thus, for lowland rice cult ivation, five improved rice 

varieties are available which can be recommended according to 

stage of developnent of swamp as given below: 

Gissi 27 for traditional cultivation in swamps. 

Suakoko 10 - for newly developed swamps during first 2-3

seasons when water and soil fertility management 

is not adequate. 

IR-5 - for swamps and irrigated lowland which have been

developed and cultivated for 2-3 seasons where

iron toxicity is not a serious problem.

Suakoko 8 for jmproved swamps which have been developed and

cultivated for 2-3 seasons where iron toxicity is

a serious problem. Also for those farmers who

prefer long slender grains, bette.r cooking and

keeping quality and palatability of Suakoko 8

over that of IR-5.

Suakoko 12 f or impr o v e d  swamps and ir r i ga t ed p a dd y

conditions which have been under cultivation for

several years and where water and fertilizer

management are good. Also for cultivation under

good management conditions during dry season

where incidence of leaf and neck blast disease is

more severe.
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0,1 LIST OF SWAMPS IN GRAND GEDEH COUNTY 

The following is a list of swamps in Grand Gedeh County as 

supplie d by the south-east Re gional Office of the Ministry of 

Agriculture, Zwedru. 

TABLE D, 1: LIST OF SWAMPS IN GRAND GEDEH COUNTY 

NAME OF TOWN LOCATION OF SWAMP 

I, TCHIEN DISTRICT 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Charlie Gwean·Town 

Ziatown 

Ziahtown 

Tuzon Town 

Tuzon Town 

Gorbo Solo Highway Swamp 
Gboliken Doelazone Town 

Highways swamp 

Gboliken Township 

Kparr-Garley Town Swamp 

James Gblah's Village 

Francis Town 

Dweayee Town 

TCHIEN MENSION SECTION: 

1 Oldman Kpar-kahn Village 

2 Oldman Toeday' s Swamp 
3 Gorbo Canmunity Swamp 

4 Naibo Community Swamp 

5 Bowen Town Swamp 
6 Grebo Ccmmunity Swamp 
7 New Zwedru area Swamp 

8 Jarba Town Swamp 
9 Gbarbo Town Swamp 

10 Tarluetown Swamp 
11 Kunah Town Swamp 

12 Cyrus S, Cooper Village 

Swamp 

13 Gbod u Town Swamp 

14 Gorbo Gragba Town Swamp 

Gborbo Section 

Ziatown Sobaken Highway (Cavalla Road) 

Gweantown Highway 

Tuzon-Ziatown Highway Swamp 
Town (Cattle range site) 

Beeken Town, Gorbo Section 

Doelazone Road, Gorbo Section 

Gboliken -Baileyville T ownship (John 

Duo's fann) 
Gar leytownship (before ente ring and 

after) 
Gblah Village (Cavalla Road) 

Francis waterside area 
Dwehtown (Extension Off icer Yonly's 

fann) 

Below Gweanee Greek 

Near Col/Arthur Jolokai's house 
Near Mr, Friday Freeman's Village 

Near Gbargba Ville 

Between Mandingo quarters and Bowen Town 
Between Grebo Canmunity and Kula bypass 
B etween Old J a il C ompound and the 

football field 
Between Jarba Town Pelizone Highway 
From the Dubeh River bridge to Gbarbo 

Town - thence to Harper Zwedru Highway, 

etc. 
Town township 
Kunah Town and Jellue Town highway area 

Cyrus s. Cooper Village (Sinoe Highway) 

Gbordu Gorbograba Highway 
Gard uway Ville & Sinoe highway area 

Swamp, etc. 
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TABLE D.1: (Continued) 

NAME OF TOWN LOCATION OF SWAMP 

TCHIEN MENYEB SECTION 

1 Beh Town 
2 Bah-saye Town 
3 Geeyah Town 
4 Toegbadee Town 
5 Deh-Suah Old Town 

6 Sinkor-Town 
7 Gleplay Town Swamp 
8 PTP Area Swamp 

9 Bangrawa Town Swamp 

10 Palace of Correction 
Swamp 

11 Tofoi Town Swamp 
12 Willie Jellu Town Swamp 
13 Gbeabo Town 

14 Kparsuah Hill 
15 Jensenv ille 
16 Gbarba-Ville 

TCHIEN DISTRICT, NAIBO SECTION: 

1 Jan zon Town 
2 Balabodee Town 
3 Charlie Breezee Town 
4 George Tarley Village 

II. GBARZON DISTRICT:

1 B 'hai Town 

2 Barh Town No. Two 
3 · Blowon Town 
4 Toe Town 

5 Senewhen Town 
6 Duogee Town 
7 Bassa Village 
8 Tian Town 

9 Tarfan's Village 
10 Polar Town 
11 Jarwondee Town 
12 Kparkeh Town 

13 Daybleh Town 
14 Juluzon Town 

Beh Township 
Bah-saye Town 
Geeyah Town 
Toegbadee Town 
Near Zwedru City ( on both sides of the 
road fran Zeyoungtown 
Sinkor Kparsuahtown highways 
Gleplaytown-Zwedru highways 
On PTP highways on both sides of the 

road 
Near Garlo Ville area on the right from 

Zwedru 

On the access road between Konobo and 
Jarbahtown highways 
Tofoi Township (Kannah Section) 
Willie Jellu Town (Kannah Section) 
On both sides. of Konobo Road (T o NPC 
Project) 
zwedru City, Kparsuah Hill area 
Between Jensenville and Naibo Ccmmunity 
Between Gbarbavillee & M.T. Wilson land 

Janzon Township 
Balabodee Town 
c. Gaye Breezee Town
Janzon highways

B'hai Town below Cest River 
Near Hon. Beh's farm road 
Blowon Town 
Between Toe Town/Ivory Coast Border 
Duogee Town & Senewhen highways 
Around Duogee township 
Between Bassa Village/Gayetown 
In Tian Town itself and on Zleh-Town 
highway 
Between John Tarfan & Beh Farms 
Polar Township 
Jarwondee/Juluzon highways 
Kparkeh Township 

Daybleh Town 
In Jul uzon Township 



D-3

TABLE D.1: (Continued) 

NAME OF TOWN LOCATI ON OF SWAMP 

III . KONOBO DISTRICT: 

1 Jimmy Bantoe Village 

2 Sentrudrue Town 

3 Varzon Town 

4 Dweh Town 

5 Ziahtown 

6 Bargloh Town 
7 Geediglor Town 

8 Pelluken Town 

9 Pennoken Town 

IV. GBEAPO DISTRICT:

1 Kanweaken 

2 
" 

3 .Dweken 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

H 

Podroken 
Fleken 
Kan weaken 

Paroken 
Klaken 

Pronoken 

Tartuken 
Putuken 

" 

Jarkaken Township 
Geeken "

" 

Segborken 

V. WEBBO DISTRICT:

1 

2 

3 

4 

5 

6 

Fishtown 

Seaken Township 
Geeken 

" 

Wosaetuken Township 
Douboyou Toe Town 
( Wortieken) 

7 Gbarweleken Township 

Kannah/Konobo Boundary 

Sentrudrue Town near NPC Project 

Varzon Town itself & Tuzon Town 
Between varzon/Dwehtowns 
Ziahtownship itself 

Between Ziahtown/Bargloh highway 
Between " /Geedigloh Town
Near Pelluken (Zwedru highway) 

Kweaken Highway from Pennoken 

Kanweaken Town behind the comp. 
Kanweaken Town behind the Country Town 
Dweken Road 

" Town 

Podroken Town 
Fleken highway 
Behind Central High School, H ar p e r  

highway 

Paroken Town, Sass-Town highway 
Klaken Town, " highway
Pronoken, Harper highway 
Tartuken highway 
Putuken Township, Harper highway 

Deblehville Township, Harper highway 

Jarkaken highway 
Geeken Township highway behind Geeken 

Town 

Township limits 
" " 

Pallipo area 

Sarbo Sweaken H/Qtrs. 
Sarbo Chiefdom, Geeken Township limits 
Sarbo Lov co C a m psi t e ,  Riv e r  Ggb e h  
highway 
Nyetianpo, Harper highway 

Ouobo Chiefdom, Harper highway 
" II " " 
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TABLE o.1: (Continued) 

NAME OF TOWN LOCATION OF SWAMP 

8 Konowro ken, Webbo 

Chiefdom 

9 Nyaake Township (We bbo) 

10 River Gbeh concession 

area 

11 Production Camp ( MWPI) 

12 Freetown 

13 Sackor Township 

14 Nyenawreken 

Harper highway 

Nyaake Township limits 

Camp site (Kitapo) 

Glarro 
" 

.. 

Kiteapo Clan 




