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The present research was carried out to assess the effect of Nitrogen, 
Phosphorus and Potassium (NPK) as inorganic fertilizers and Palm Bunch 
Ash (PBA) as organic amendment   on the population of parasitic nematodes 
in soil and yield of plantain. Soil samples were collected randomly, from a 
distance of 20 cm and 40 cm from the plants, which had received NPK and 
PBA.  Samples were taken at the two depths of soil: 0-20 cm and 20-40 cm. 
Nematodes were extracted by the Whitehead and Hemming’s method. 
Genera of nematodes identified included Pratylenchus, Paratylenchus 
Meloidogyne, Hellicotylenchus and Radopholus spp. No significant differences 
regarding nematode populations in the soils taken at 20 cm length from the 
plants, but there are significant differences in soil samples taken from 40 cm 
length.  The highest nematode population was recorded in the treatment 
with an application of urea and PBA.  There was a decrease in number of 
tiers per bunch and fruits per tier of plantain. Differences regarding 
nematode numbers are due to fertilization, which determine development of 
plantain roots system and high concentration of nutrients in the soil. 
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INTRODUCTION 
 
Nematodes are an important component of the soil 
biomass, being the most abundant metazoan.  They are 
major tropic component, feeding on bacteria, fungi, 
protozoa, plants and important in nutrient cycling. So 
universal is nematode distribution that if any form of plant 
life grows in the soil there are certain to be several species 
(Yeates, 1979; Griffiths, 1994).  Inorganic fertilizers and 
palm bunch ash contain mineral nutrients which are easily 
soluble in the soil solution and are easily available for plant 
use. Blake (1969) observed that Musa spp.  is a host to 19 
different nematodes belonging to 12 genera, although only 
three were proven pathogens of economic importance.  
Blake identified Radopholus spp. as  the most destructive 
but the findings of Sarah (1989) indicated that though 
Radopholus spp. is the most important in tropical Africa, it is 
absent in West Africa, where Helicotylenchus spp.  is 
predominant. Lamptey and Karikari (1975) reported that 
Helicotylenchus spp.  and Meloidogyne spp. were among the 
nematodes which probably attacked plantain in Ghana.  

Economic damage caused by parasitic nematodes ranged 
from slight, perhaps less than 1% to total loss. Jenkins and 
Taylor (1967) observed that nematodes caused an 
estimated 10 to 25% annual reduction in crop yield.  Much 
later, nematodes were reported to be among the most 
important limiting factors in World Food Production (Addo, 
1970). Sandy-textured soils have been noted to provide 
favourable conditions for the growth and multiplication of 
plant parasitic nematodes (Shepherd, 1968). Plantain 
tolerates a wide range of soil types but prefers a light deep 
soil with few stones, which will enable their roots to 
develop unhindered. 

Parasitic nematodes continue to threaten agricultural 
crops in Ghana and increase in nematode populations may 
act as serious constraint to plantain yields. However, 
research on the influence of varying numbers of nematodes 
on yield parameters of plantain is limited.  

The      study     was    aimed    at    assessing      the     effect 
 of   conventional    inorganic (NPK)   and   non-conventional  
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Table 1. Levels of inorganic fertilizer and palm bunch ash used in the experiment 
 

Treatment Levels of inorganic fertilizer and palm bunch ash used 
T1 Control 
T2 Sole Phosphorus (60 kg P2O5 ha-1) 
T3 (150 kg N + 60 kg  P2O5 + 150 kg K2O) ha-1 
T4 (150 kg N + 60 kg  P2O5 + 225 kg K2O) ha-1 
T5 (150 kg N + 60 kg  P2O5 + 300 kg K2O) ha-1 
T6 (300 kg N + 60 kg  P2O5 + 300 kg K2O) ha-1 
T7 (300 kg N + 60 kg  P2O5 + 450 kg K2O) ha-1 
T8 (300 kg  N + 60 kg  P2O5 + 600 kg K2O) ha-1 
T9 (542 kg urea + 500 kg palm bunch ash) ha-1 

 
 
 

Table 2. General description of soil at the experimental site 
 

Parameters Properties 
Soil Series Atewa Series 
Parent Material Schists 
Slope 2 – 4% (gently to moderately sloping) 
Drainage Moderate to well-drained 
Vegetation Forest regrowth cropped to plantain 
Classification Haplic Lixisols (in the FAO / UNESCO system) 

 
 
 
organic (PBA) as sources of fertilizers on the population of 
nematodes and subsequent implications to the growth and 
yield of plantain. Therefore, the present study was 
conducted to : 

a. quantify nematode populations as affected by the 
application of conventional inorganic and non-conventional 
organic fertilizers in a Haplic Lixisol, and 

b. assess the effect of nematode genera/populations 
on growth and yield of plantain. 
 
 
MATERIALS AND METHODS 
 
The randomized complete block design consisting of three 
blocks with nine treatments in each block was used in the 
study.  Fertilizer application was done at 30 days, 120 days 
and 270 days after planting.  There were sixteen plantain 
plants to each treatment.  Table 1 show the treatments used 
in the study. 

Nine plants were selected from among the sixteen plants 
representing a treatment for the measurements. 
Measurements started at 42 days after planting of suckers, 
for the girth, height and number of leaves. These continued 
at 30-days intervals throughout the growth period. At 
fruition, one plant from among the sixteen plants in a 
treatment was destructively harvested for the bunch 
weight, number of tiers and number of fruits. Soils were 
randomly collected within 20 cm and 40 cm length from the 
base of these plants. The Whitehead and Hemming’s (1965) 
method was applied for the extraction of the nematodes.  
The soil was sieved through a 2- mm laboratory test sieve 

to remove gravel and vegetative material to obtain a fine 
earth fraction.  About 100 g of sample was thinly spread on 
a paper, with a double ply tissue, placed in a plastic bucket, 
with tray, stored at the shadow on a bench.  The soil was 
wetted and was allowed to stand at the room temperature 
for 48 hours, after which the paper was lifted carefully and 
the contents discarded. The suspension of nematodes from 
the shallow tray was gently poured into 250 ml beakers and 
was allowed to stand 24 hours for decantation.  The 
supernatant was siphoned off and the solution which 
contained nematodes made up to 50 ml and heated on a 
water bath for 2 minutes at 65oC to kill the nematodes.  The 
nematodes were fixed in a 5% formalin solution before 
identification and counting under a stereo microscope. 
 
 
RESULTS AND DISCUSSION  
 
The area of study falls under the wet semi-equatorial 
climatic belt (the forest-savannah transitional zone) which 
experiences two rainy seasons between May–July and 
September–November, with a dry spell between December 
and February.  The average annual rainfall is about 2000 
mm with high temperatures throughout the year averaging 
27°C  Relative humidity ranges between 65 – 80%. The 
general description of the soil at the experimental site is 
given in Table 2, with the physical and chemical 
characteristics summarized in Table 3.The soils at the study 
site were mainly sandy loam to sandy clay loam. Water 
drainage is moderate toward perfect until a depth of 84 cm, 
at   which   the  red   soils   appear;  which   indicates a   poor  
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Table 3. Some physical and chemical properties of the soil (at 
0–20 and 20–40 cm) 

 
Soil property 0 – 20 cm 20 – 40 cm 
pH (1:2:5 soil water) 4.8 4.5 
Sandy (%) 56.0 57.5 
Silt (%) 25.5 18.5 
Clay (%) 18.5 24.0 
Organic Carbon (%) 1.53 0.64 
Total Nitrogen (%) 0.17 0.08 
Avail. Phosphorus (µg g-1) 2.25 0.12 
Calcium (cmolc kg-1 soil) Trace Trace 
Magnesium (cmolc kg-1 soil) Trace Trace 
Sodium (cmolc kg-1 soil) 0.24 0.22 
Potassium (cmolc kg-1 soil) 0.27 0.17 
Total Exchangeable bases 0.51 0.39 
CEC (cmolc kg-1 soil) 0.86 4.19 
Percentage Base Saturation 59.30 9.38 

 
 
 

Table 4. Total counts of nematode genera in the soils 
 

 PRATY PARA RADO MELO HELI UNIDEN TOTAL 
T1 53 43 9 182 22 17 326 
T2 33 33 15 124 273 22 500 
T3 139 146 42 470 59 64 920 
T4 114 99 25 355 54 32 679 
T5 83 72 20 254 50 24 503 
T6 71 61 14 192 40 20 398 
T7 117 102 80 386 56 35 776 
T8 90 59 19 232 51 31 482 
T9 208 140 72 488 51 59 1018 
TOTAL 908 755 296 2683 656 304 5602 
MEAN 101 84 33 298 73 34 623 
% 16.21 13.48 5.28 47.89 11.71 5.23  

 

PRATY = Pratylenchus PARA = Paratylenchus MELO = Meloidogyne 
RADO = Radopholus  HELI = Helicotylenchus UNIDEN = UNIDENTIFIED 

 
 

 
drainage. At this depth, the clay content also increases, and 
the soils acquire a high capacity to retain water, being 
suitable for plantain cultivation.   

From Table 4, Meloidogyne recorded the highest number 
of 2683, representing 47.89% of the total nematode genera 
isolated, followed by Pratylenchus with 908 representing 
16.21%.  Radopholus recorded the lowest number of 296, 
representing 5.28%. The high numbers of Meloidogyne and 
Pratylenchus could be attributed to the content of nitrogen 
in the fertilizers (Table 1).  In T1 and T2 in which nitrogen 
was absent in the fertilizers applied; low numbers of 
Meloidogyne and Pratylenchus were recorded.  This agrees 
with the findings by Castaner (1966) who notes that the 
densities of Meloidogyne and Pratylenchus increased in the 
fields in the presence of nitrogen. The low numbers of 
Radophilus might be attributed to the presence of 
Helicotylenchus as Sarah (1989) observes.  Predominance of 
Helicotylenchus       means       absence     or   low       numbers  

 
of Radopholus in West African soils. Table 4 also shows that 
in T1 where no fertilizer was applied, the lowest nematode 
population of 326 was recorded.  T2–T9 had comparatively 
higher numbers of nematodes over T1.  This may be due to 
stimulations of roots growth by applying fertilizers. This 
increase of the roots density determines the increase in the 
number of sites for nematode multiplication.  This confirms 
Ross’s (1959) observation that fertilizer application 
provides more feeding sites for nematodes by stimulating 
roots growth. 

Table 5 presents a summary of growth and yield 
characteristics of plantain at the experimental site. 
Nitrogen, Phosphorus and Potassium seemed to have 
markedly improved productivity of plantain in the study.  
Average bunch weight (7.6 kg) and number of tiers per 
bunch (7) were improved with the addition of 60 kg P2O5 
ha-1 Phosphorus in Treatment 2 alone. The girth of plants at 
1 m  above ground and   the    total    number of leaves  were  
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Table 5 Some growth and yield parameters of plantain 
 

 Girth (cm) Height (cm) Number of leaves Bunch Weight Numbe of Tiers Number of Fruits 
T1 23 193 21 6.0 7 34 
T2 44 236 23 7.6 7 28 
T3 47 276 24 6.0 7 29 
T4 43 288 22 5.1 6 29 
T5 46 273 22 7.3 7 30 
T6 46 261 23 6.4 6 25 
T7 45 273 24 7.5 7 31 
T8 48 268 23 6.6 7 29 
T9 42 251 22 6.2 6 26 

 
 
 

Table 6. Regression statistics of nematode numbers against weight of bunch, 
number of tiers and number of fruits per tier 

 
 Bunch Weight Number of Tiers Number of Fruits 

Multiple R 0.169148248 0.237612094 0.288164378 

R Square 0.02861113 0.056459507 0.083038708 

Adjusted R Square -0.110158709 -0.078331992 -0.047955762 

Standard Error 0.866900092 0.519213827 2.708447956 

 
 
 
highest with 150 kg N + 60 kg P2O5 + 150 K2O ha-1 
(Treatment 3, Table 5).  By increasing the level of  K2O to 
225 kg K2O ha-1, plant height reached an average of 2.88 m 
(Treatment 4). 

The 300 kg N + 60 kg  P2O5 + 300 kg K2O ha-1(Treatment 
6) and the 500 kg Palm Bunch Ash + 542 kg Urea 
(Treatment 9), showed the least number of tiers and fruits 
per tier.  The high number of nematode genera in 
Treatment 9 confirms the assertion that while nematode 
numbers increase there is a corresponding adverse effect 
on the growing crop.  This confirms work by Veech and 
Dickson (1987), who observe that nematodes tend to cause 
varying economic damage to crops (Table 6). From the 
table, number of fruits was the least affected by nematode 
populations in the soil. Root knot nematodes have been 
found to be serious pests of vegetables, fruits, ornamentals 
and other dicotyledonous and some monocotyledonous 
plants. Species as Meloidogyne incognita, M. javanica and M. 
arenaria found in the tropics and subtropics have been 
found to have serious effects on dicotyledonous plants, 
although they occasionally infect cereals (Somasekhar and 
Prasad, 2009). Meloidogyne graminicola is known to infect 
rice in many countries. In India, for instance, it is reported 
to cause 17-30% yield loss due to poorly filled kernels (Jain 
et al. 2007).  

Regarding nematode numbers at the 20 cm and 40 cm 
distance from plants, the analysis of variance revealed the 
following: no significant difference regarding the total 
population of nematodes was registered for all treatments 
applied at 20 cm length of plants; however, a significant 
difference was registered regarding total number of 
nematodes for all treatments at the 40 cm length of plants.  

Conclusions 
 
Varying concentrations of nutrients diffuse laterally and 
vertically from the point of application or placement.  These 
levels of nutrients cause the growing of roots system and 
these together with fertilizers applied offer a good habitat 
for the multiplication of the various species of nematodes, 
thereby increasing their populations in the soil. The 
increase of the nematode numbers has a corresponding 
adverse effect on the growth and yield of plantain.  

Cultivation of plantain in a Haplic Lixisol (Ntrentreso, 
Sefwi Wiawso), should be made with the support of 
inorganic fertilizer in order to sustain growth and yield of 
plantain. 
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