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ABSTRACT: This study was conducted to evaluate the growth performance and leaf mineral composition of oil palm 
seedlings as influenced by the application of sheep manure. Partially decomposed farmyard manure from sheep was 
mixed with soil and filled into polybags (28 cm x 35 cm lay flat) in proportions as treatments: (25% soil: 75% FYM); (50% 
soil: 50% FYM); (75% soil: 25% FYM); and (100% soil + NPK 15:15:15) as control. The treatments were laid out in 
Randomized Complete Block Design (RCBD) with four (4) replications. Assessment was made for morphological growth 
(plant height, leaf number, and butt circumference), physiological growth (crown and root biomass) and leaf nutrients 
status analysed for N, P, K, Ca and Mg. There was no significant (p ≤ 0.05) difference observed in growth parameters. It 
was however observed that treatments with a higher amount of manure (25% soil: 75% FYM) showed significantly (p ≤ 
0.05) higher biomass production than the control. The leaf nutrients analysis for N, P, K, Ca and Mg indicated lower 
concentration than their respective optimum levels. This study revealed that oil palm seedlings can grow well on soil 
amended with farmyard manure from sheep and that higher percentage of 25% soil: 75% FYM seem more promising. The 
FYM application will help boost the vegetative growth of oil palm seedling thus reducing inorganic fertilizer application in 
the nursery. 
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INTRODUCTION 
 
The oil palm (Elaeis guineensis Jacq) tree is a highly 
demanding crop for nutrients both for early growth and 
production, hence requiring high inherent soil fertility 
status.  Oil palm requires more agronomic inputs when 
planted on soils with low inherent fertility, to ensure 
adequate growth and yields (Sabrina et al., 2009). 
Fertilizers are therefore applied to oil palm seedlings at the 
nurseries principally to produce seedlings with the needed 
vigour to perform well in the field. This is necessary 
because it is either difficult or impossible to compensate 
for incorrect practices applied from seed quality through to 
early field management which will result in considerable 
loss of oil per hectare (Griffee et al., 2004). However, with 
the increasing cost of inorganic fertilizers in recent years, 
and growing concern on health hazards posed by chemical 

fertilizers, on the environment, there is now a concerted 
effort to review the use of these fertilizers and to place 
more emphasis on the use of organic fertilizers. The high 
cost of inorganic fertilizers and its scarcity makes it even 
more difficult for the resource-poor farmer to afford. In the 
face of declining soil fertility, there is the need to look for 
alternative sources of organic fertilizer materials which are 
cheap, sustainable and environmentally compatible to 
raise oil palm seedlings in large quantities for the 
establishment of plantations. The use of manure obtained 
from oil palm – sheep integration becomes a readily 
available source of organic manure and alternative source 
of plant nutrient. This is also an important means to 
maintain organic matter and humus levels in the soil 
(Adams et al., 1997).  
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The   organic    matter   levels   influence   physical   and 
chemical properties of the soil as well as accounting for as 
much as one-third of Cation Exchange Capacity (CEC) of 
the soil surface and it is also responsible for the stability of 
soil aggregates (Brady, 1990). Tisdale et al., (1990) 
reported the benefits of manure to include an additional 
supply of ammonium nitrate (NH4NO3), increased moisture 
retention, improved soil structure with corresponding 
increase in infiltration rate and a decrease in bulk density. 
Additionally, it increases buffering capacity against drastic 
changes in pH and complexation of Aluminium ions (Al3+) 
thereby reducing its toxicity. The use of such by-product 
as manure means converting waste from one component 
of the production system into a useful economic product. 
Research has shown that the use of manure with high 
bacterial content provides both ammonia and slow 
breakdown of bacterial cell wall stimulating actinomycetes 
(White, 1999). This ammonia serves as a source of 
nitrogen which is essential for plant growth. There are 
several reports on the use of organic matter in raising 
seedling of tree crops such mango and cola (Moyin- Jesu 
and Adeofun 2008) and grow several vegetables 
(Munzzaman et al., 2003). However, no such information 
can be found on oil palm seedlings.  Therefore, there is 
need to think of manure as an economically valuable by-
product of oil palm-sheep integration and give more 
attention to the collection and utilization of such product, 
based on sound research results hence this study. Thus, 
the objectives of this study were to: 

 
1. evaluate the growth performance of oil palm seedlings 

as influenced by the application of farmyard manure in 
the nursery. 

2. determine the effect of this organic fertilizer on the leaf 
mineral composition of oil palm seedlings. 

3. determine the effect of farmyard manure on soil 
nutrient dynamics. 

 
 

MATERIAL AND METHODS 
 
The study was carried out at CSIR- Oil Palm Research 
Institute, Kusi, Ghana. The climatic condition of the area is 
1600 mm of rainfall per annum, a temperature range of 22 
to 33oC and average sunshine of 6 hours per day.  
 
 

Experimental design 
 
There were five treatments, consisting of different 
proportions of topsoil and Farmyard Manure (FYM) to form 
the growth medium. Polybag (28 cm x 35 cm) were filled 
with the Soil: FYM proportions stated below: 
 
T1 = 25%soil: 75% FYM  
T2 = 50% soil: 50% FYM  
T3 = 75% soil: 25% FYM  
T4 = Soil + NPK 15:15:15 (control) 

 
 
 
 
The polybags were arranged at the nursery and spaced at 
0.75 m triangular. Each plot contained 20 oil palms 
seedlings, giving a population of 80 seedlings per 
treatment.  Six palms in the inner rows were tagged for 
sampling. The experiment was laid out in Randomized 
Complete Block Design (RCBD) of four blocks with five 
treatments in each block. The control contained topsoil 
fertilized with NPK 15:15:15 compound fertilizer. From the 
6th month until the 12th month after transplanting, 25 g of 
NPK was applied to each seedling of the control on 
monthly bases. 
 
 
Source of Farmyard Manure 
 
The farmyard manure was obtained from the livestock 
section of CSIR-OPRI. It is composed of wood shavings 
impregnated with faeces and urine from sheep. The 
farmyard manure was heaped under shade for one year 
and was mixed with soil in the proportions stated above by 
volume to form the treatments. The growth mediums 
formulated were filled into polybags (28 x 35 cm) and were 
left for four months to settle. Prior to seedling transplanting, 
the polybags were topped-up with the respective 
formulations leaving a space of 2.5 cm at the top for 
watering. 

 
 
Cultural practices  
 
Watering started immediately after transplanting and 
continued every morning until the seedlings were fully 
established.  Thereafter, watering continued every other 
day. Weeds in the bags were hand-picked manually, while 
those in the inter-rows were controlled with herbicide. 
Pruning was carried out to remove dry leaves, while pests 
and diseases were also controlled when it became 
necessary. 

 
 
Soil sampling and analysis 
 
The growth media were analyzed to assess their 
physicochemical composition before and after the trial. 
This covered Soil Texture, Available Water Capacity, 
Organic Carbon, pH, Total Phosphorus, Total Nitrogen, 
available Phosphorus, Cation Exchange Capacity. 

The growth media were air dried, pulverized and sieved 
with 2 mm mesh sieve. Particle size distribution was 
carried out through hydrometer method (Gee and Bauder, 
1986). Organic carbon was also determined by dichromate 
oxidation Nelson et al. (1982) method. Soil pH was 
determined in a 1:2.5 (soil:water) solution using pH meter 
(Mclean, 1982).  Exchangeable bases, available 
phosphorus (avail P) were extracted with Bray No.1 (Bray 
1945).  The nitrogen content was determined by Kjeldahl 
digestion method while the determination of other nutrients 



 
 
 
 
such as P, K, Ca and Mg, were done using the wet 
digestion method based on 25-5-5 ml of HNO3 – H2SO4 – 
HClO4 acids (AOAC, 1970). 
 
 
Data collection 
 
Growth response was evaluated as plant height, butt 
circumference, number of leaves, leaf area, leaf area index 
and frond dry weight.  
 
 
Plant height 
 
Plant height was measured from the soil surface in the 
polybag to the highest point of the spear leaf. 
 
 
Leaf area 
 
Leaf area (LA) was estimated using the Hardon et al. 
(1969) equation: 
 
LA (m²) = b (n x LW) 
 
Where: b= correction factor; (using a correction factor of 
0.55), n = number of leaflets per leaf; L = mean length and 
W = mid-width of largest leaflets 
 
 
Leaf area index (LAI) 
 
Leaf Area Index (LAI) was estimated by expressing the 
values obtained for leaf area as a ratio to the ground area. 
LAI was thus estimated as:    
 

LAI =
Leaf area

Ground area
 

 
 
Frond dry weight (FDW) 
 
A pair of callipers was used to measure the radius and 
depth of petiole, at the point of insertion of the lowest 
leaflet. The values obtained were put into the formula to 
estimate the frond dry weight using the method described 
by Corley (1971). 
 
FDW = 0.1026 width x depth + 0.2362 (kg) 
 
Growth response evaluation started in the sixth month 
after transplanting (MAT) and continued monthly until the 
12th month. 

Representative leaf samples from the middle of a fully 
opened frond of the seedlings were randomly taken at 12 
months after transplanting per each treatment using a 
knife, packed into labeled envelopes and oven dried for 24 
hours at 70oC. The dried leaf samples were ashed using a  
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muffle furnace at 450oC for six hours. The ash was made 
into a 50 ml solution, filtered and analysed for N, P, K, Ca 
and Mg contents as described by AOAC (1970). 
 
 
Data analyses 

 
The data collected was subjected to statistical analysis. 
Analysis of variance (ANOVA), for the data was carried out 
using (Genstat statistical package, version 16.0). 
Significant differences between means were estimated by 
the Least Significant Difference at 5% level of 
significance". 
 
 
RESULTS 
 
The physicochemical properties of the growth media prior 
to planting of oil palm seedlings are presented in Table 1. 
The analysis of the growth media showed that the pH of 
the growth medium for T1-T3 was alkaline, while T4 was 
slightly acidic suitable for growth of oil palm. The organic 
matter ranged from 1.14 to 4.5%. T1 had the highest value 
of 4.5% whilst the lowest value of 1.14% was recorded for 
T4. Generally, the higher the farmyard manure the higher 
the organic matter levels. The application of farmyard 
manure increased the soil N, P, K, Ca, Mg, pH and organic 
matter significantly (P≤ 0.05) relative to the control 
treatment (Table 1). Mechanically the soils were not 
homogeneous as T1-T3 contained more sand than T4. 
 
 
Seedling height  
 
Variations in seedling height observed due to the 
application of farmyard manure in soil (P < 0.05) over a 
period of 12 months is shown in Table 2.  Seedling height 
increased gradually from 6 MAT to 11 MAT, irrespective of 
the treatments. At 7 MAT there was significant (P≤ 0.05) 
variation in height between T3 and T4. At 11th month after 
transplanting T4 had the highest seedling height (118.20 
cm) while the lowest was recorded in T2 (80.50 cm). From 
6 MAT to 7 MAT, T4 recorded the lowest value for seedling 
height. An indication that the fertilizer applied may not have 
produced any effect yet. Consequently, with the passage 
of time, there was a change in the growth rate of T4. This 
difference, however, disappeared with time. This may be 
attributed to low levels of N contained in the T4 prior to the 
application of inorganic fertilizer.  
 
 

Number of leaves  
 
The effect of treatment on mean number of fronds of oil 
palm seedling is presented in Table 3. For all the 
treatments, leaf production was gradual throughout the 
period of observation. The least number and the highest 
number of fronds were recorded in T4 (4.88) at 6 MAT and 
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Table 1. Physico-chemical properties of the growth media before planting oil palm Seedlings. 
 

Chemical properties of growth medium 
Treatments 

T1 T2 T3 T4 

pH (1:1) 8.80 8.40 8.50 6.10 

Organic matter (%) 4.50 2.55 2.90 1.14 

Organic carbon (%) 2.61 1.48 1.68 1.25 

Total Nitrogen (%) 0.27 0.16 0.17 0.10 

     

Available Bray 1 (mgP/kg)     

P 310.14 122.78 78.13 38.43 

K 465.46 811.86 719.85 113.66 

     

Exchangeable bases (cmol/kg)     

Mg 4.81 2.27 2.67 1.87 

K 5.25 3.08 3.68 2.80 

Ca 15.49 4.81 8.01 2.40 

Na 2.40 1.20 1.50 0.90 

Total Exchangeable Base 27.95 11.36 15.86 7.10 

Exchangeable Acidity (cmol/kg) 0.02 0.03 0.02 0.15 

ECEC (cmol/kg) 27.97 11.39 15.88 7.25 

Base saturation (%) 99.93 99.74 99.87 97.93 

 % Sand 83.32 83.32 72.32 49.32 

 % Clay 6.68 6.68 10.68 14.68 

% Silt 10.00 10.00 17.00 36.00 

 
 
 

Table 2. Effect of treatments on mean height of oil palm seedling (cm). 
 

 

Treatments 

Months after transplanting 

6 7 8 9 10 11 12 

T1 56.79 55.46 64.50 69.25 99.75 103.62 100.62 

T2 58.13 61.54 64.50 67.25 97.50 80.50* 89.00 

T3 59.29 62.25 62.25 66.25 92.75 101.25 97.12 

T4 49.37 51.75 68.40 72.30 108.30 118.20* 94.38 

LSD (0.05)  10.43 10.35 10.44 12.18 24.39 35.51s 25.53 

 
 
 

Table 3. Effect of treatments on mean number of fronds of oil palm seedling. 
  

Treatments 
Months after transplanting (MAT) 

6 7 8 9 10 11 12 

T1 5.54 5.92 7.77 7.25 7.75 8.75 10.00 

T2 6.29 6.62 7.71 7.92 7.50 8.50 9.25 

T3 5.58 5.33 7.04 7.55 7.50 8.50 8.75 

T4 4.88 4.71 5.88 7.42 7.75 8.75 10.01 

LSD (0.05) 0.88 0.97 0.84s 1.40 1.27 1.39 2.10 

 
 
 
(10.01) at 12 MAT respectively. From 6 MAT to 8 MAT, T2 
recorded significantly higher number of fronds than T4 (the 
control).  

Butt circumference 
 
Table 4 shows the increase in butt expansion of oil palm 
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Table 4. Effect of treatments on the mean butt circumference of oil palm seedling (cm). 
 

Treatments 
Months after transplanting 

6 7 8 9 10 11 

T1 9.07 10.90 12.51 12.47 15.75 16.11 

T2 9.13 10.66 12.60 13.49 15.14 15.47 

T3 8.94 10.64 12.25 13.54 14.59 14.68 

T4 7.69 8.91 12.35 13.62 16.13 16.19 

LSD (0.05) 1.76 1.53s 1.66 2.04 1.36 2.58 
 
 
 

 
 

Figure 1. Effect of farm yard manure on leaf area of oil palm seedling. 
 
 
 

seedling as influenced by the application of farmyard 
manure. Butt expansion was gradual during the 
experimental period. However, lower values were 
recorded in T4 at 6 MAT and 7 MAT respectively. These 
values were also significantly lower than the rest of the 
treatments. 
 
 

Leaf area (LA) 
 
Figure 1 shows the effect of treatments on leaf area of oil 
palm seedling. Leaf area values for T3 were significantly 
lower than all the other treatments from 10 MAT to 12 
MAT. At 12MAT, T4 had larger leaf area than all 
treatments. The value (0.17 m2) was significantly higher 
than other treatments. 
 
 

Leaf area index (LAI) 
 
Treatment effects on the  leaf  area index are presented in 

Figure 2. During the period of the experiment, the lowest 
LAI value (1.18) was recorded in T3 at 10 MAT. This value 
was significantly (P≤ 0.05) lower than T4. This trend 
continued throughout the trial period. There was however 
no significant difference observed between the control (T4) 
and other treatments. 
 
 
Frond dry weight 
 
Effects of treatments on frond dry weight (FDW) are 
presented in Figure 3. T4 recorded the highest FDW from 
10 MAT to 12 MAT ranging from 0.35 to 0.38 kg. These 
values were significantly (P ≤ 0.05) higher than all other 
treatments. 

Data on dry matter accumulation since planting to 12 
MAP are presented in Table 5. Dry matter partitioning after 
destructive analysis at the end of the trial indicates that the 
leaf together with petiole constitutes a fraction greater than  
50%  of   total   dry   matter   accumulated   across   all  the

 

 

 

 

(P ≤ 0.05) 
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Figure 2. Effect of farm yard manure on leaf area index of oil palm seedling. 
 
 
 

 
 
Figure 3. Effect of farm yard manure on frond dry weight of oil palm seedling. 

 
 
 

treatments (Table 5). Conversely, below ground allocation 
was higher in all the FYM treatments than the control. Dry 
matter accumulation and partitioning were not significantly 
(P≤ 0.05) affected by the treatments. It is evident that more 
biomass was allocated to above ground tissues in all 

treatments. Root biomass in T4 was however significantly 
(p ≤ 0.05) lower than the rest except T3. Even though 
treatments did not significantly affect dry matter 
accumulation in its totality, it was observed that dry matter 
accumulation and partitioning were directly proportional to

 

 

 

 

(P ≤ 0.05) 

 

 

 

 

 

 

 

 

(P ≤ 0.05) 
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Table 5. Effect of farmyard manure on dry matter accumulation and partitioning. 
 

Treatments 
Dry matter Accumulation(g) 

Leaves       Butt        Root           Total 

T1  293.9 153.1 66.0       513 

T2 251.3 119.2 64.1      435 

T3 227.3 96.1 50.3      374 

T4 206.6 90.0 39.4      336 

LSD (0.05) 148.83 35.69 18.32      185 

CV % 29.0 18.5 11.9      22.9 
 
 
 

Table 6. Effect of farmyard manure on leaf nutrients status of seedlings at 12MAT. 
 

Treatments   N (%)   P (%)    K (%)   Ca (%) Mg (%) 

T1 2.73 0.29 1.11 0.66 0.21 

T2 2.49 0.31 1.09 0.63 0.32 

T3 2.43 0.13 1.11 0.68 0.16 

T4 3.14 0.20 1.02 0.82 0.23 
 
 
 

the amount of manure applied. 
 
 
Leaf nutrient concentrations 
 
Leaf nutrient profiles of the treatments of palms after 12 
MAT are presented in Table 6. Leaf N content was slightly 
higher across all treatments relative to the critical value of 
2.50%. Similarly, leaf K, Ca and Mg contents were 
observed to be slightly higher than their respective 
reference critical values of 1%, 0.6%, and 0.24 %. Leaf P 
content was found to be within optimum levels in all 
thetreatments except T3 which recorded a value lower than 
the critical value of 0.15%. 
 
 
DISCUSSION 
 
An adequate supply of soil nutrients is one of the essential 
factors determining growth performance and yield of oil 
palm. A good fertilizer management programme is 
important to achieve good soil nutrient status that will 
sustain oil palm seedling growth and development and 
consequently produce higher yields. The seedlings 
therefore must receive adequate nutrients in balanced 
proportion to ensure healthy vegetative growth, 
development and subsequently good yields. The statistical 
analysis of growth response of the oil palm seedlings to 
treatment application did not vary much across the 
sampling period. The early expansion of the canopy in the 
young palms facilitates radiation capture, which is of 
crucial importance for yield (Henson, 1991). The non-
significant result observed in leaf area index and in number 
of leaves could be attributed to the fact that organic 
fertilizer may have retained water and consequently 

nutrients in the soil solution for plant uptake. This effect 
may be due to the availability of nutrients and the 
improvement of soil water holding capacity as stated by 
Roe and Comforth (2000). A similar observation has also 
been reported by Cheng-xu et al. (2011). 

The leaf area of the crown and the shape of crowns 
determine light interception and this influences the yield of 
palms (Breure 1985). In this study, treatment with least 
organic matter (T3) showed significantly lower leaf area 
and leaf area index. This may be attributed to the low 
amount of N levels recorded since N is responsible for the 
increase in leaf area up to 30% (Corley and Tinker, 2003). 

It was observed that growth of the butt was gradual 
across the experimental period. The highest butt 
circumference of oil palm seedling was obtained by the 
application of inorganic fertilizer (T4), however, this was not 
significantly different from other treatments. This is 
however contrary to the positive effect of the inorganic 
fertilizer on the girth of oil palm seedlings as reported by 
Arisha et al. (2003), while the positive effect of farmyard 
manure on the butt circumference may be due to the 
improvement of soil chemical and physical properties in 
the same report. 
 
 
Dry matter accumulation and partitioning 
 
Solar radiation is important for both growth and bunch 
production (Verheye, 2010). Generally, photosynthetically 
active radiation (PAR) intercepted by the crop canopy is 
considered to be directly proportional to the dry matter 
accumulated (Monteith and Moss, 1977).  Dry matter 
yields increased with increasing manure application rate.  
Treatments with higher amount of manure showed higher 
biomass production than the control. This is in agreement  
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with Mhlontlo et al. (2007) who reported a similar trend in 
Amaranthus treated with sheep kraal manure. However, 
the farmyard manure promoted better root growth. 
Evidence of which is supported by Suryanto et al. (2015). 
This may account for non-significant growth observed 
morphologically since the farmyard manure provided a 
better medium for root growth, promoting a better root 
function of nutrient and water uptake. Application of 
organic manure has been observed to improve water 
infiltration and retention (Bationo et al., 1998; Agassi et al., 
2004) and the available water content of soils by 58 to 86% 
(Celik et al., 2004), making available water in the root zone 
for better growth.  

Goh and Hardter (2003) again reported that the mineral 
nutrient content of oil palm frond is influenced by the 
nutrient status of the soil. Foster (2003) stated, “leaf 
analysis is perhaps the most common diagnostic tool to 
determine the nutritional status of oil palm”. The results 
from this study indicated a slightly higher leaf nutrient 
concentrations when compared with their respective 
critical value as stated in (IRHO, 1960) required to promote 
better growth in oil palm. The addition of manure 
influences nutrient availability and retention of nutrient in 
the growth medium and in addition promotes uptake (Adler 
et al., 2009). 
 
 

Conclusion 
 
The farmyard manure was observed to be a vegetative 
enhancer. One of the most expensive components of the 
oil palm industry is fertilizer. This study revealed that oil 
palm seedlings can grow well on soil amended with 
farmyard manure from sheep and that higher percentage 
of 25%soil: 75% FYM seem more promising. The FYM 
application will help boost the vegetative growth of oil palm 
seedling thus reducing inorganic fertilizer application in the 
nursery. 
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