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Abstract: This study examined the effects of different container types and sizes on seedling emergence and 

growth of Plukenetia conophora Müll.Arg. (African walnut) to optimize nursery production practices. A 3 × 3 

factorial experiment was conducted in a completely randomized design with three replications. The 

experiment was carried out at the greenhouse of the School of Agriculture and Agricultural Technology, 

Owerri. Seedling emergence, internode length, number of branches, number of leaves, and plant height were 

assessed at 9, 11, 13, 15, and 17 weeks after planting. The results revealed that container type, container size, 

and their interaction significantly (p < 0.05) affected seedling growth. Medium-sized plastic containers had the 

best growth performance, while polythene-based containers were less effective. These findings suggest that 

plastic containers of medium size can be used to achieve optimizing the nursery production of African walnut 

seedlings. 
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1. Introduction 

Seedling production in containers, baskets and seed trays is increasingly gaining prominence among farmers 

even at the subsistence level. The preferential choice of containers as against the convention and tradition of 

using raised seedbeds in open fields to grow seedlings is to ensure the production of high-quality seedlings. 

Unlike the open field, the container and its surroundings can be adjusted or manipulated to produce high quality 

seedlings. Improvement of seedling quality to the extent of altering the seedlings morphology and physiology 

has been achieved over the years (Tanaka and Timmis, 1974; Hunt, 1990; Mugnai et al., 2000; Ow and Ghosh, 

2017). Modification of seedling morphology and physiology can be achieved by altering the container content 

(media) and or the physical property of the container. Earlier studies reported that one of the techniques 

employed in altering seedlings morphology is by modifying the physical properties of nursery containers, such 

as container type, colour, design, depth, diameter, volume, cavity, spacing (Segaw et al., 2016; Gallegos et al., 

2020; Keyes and Brissette, 2017). Phenotypic seedling variation can be achieved in seedling production by 

altering the properties of the containers used to grow seedlings. In other words, the physical properties of 

containers used in seedlings production can be carefully engineered to raise choice seedlings for specific 

purposes.  

Selection of container type for seedling production is essential for production of healthy and high-quality 

seedlings. Research works have shown that some attributes of the container such as size, type, and colour, had 

influence on seedling emergence, growth, and played a significant role in the out-planting field performance of 

the seedlings (Luna et al., 2009, Single and Single, 2010; Oagile et al., 2016; Negi and Shamet, 2020). Container 
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volume is directly related to seedling size, and out-planting performance of seedlings is potentially determined 

by container size (Pinto et al., 2011). Several reports from workers have shown that large containers produce 

seedlings with better morphological and physiological attributes because they have adequate space for root 

growth and provide sufficient water and nutrients for seedling growth (Dominguez-Lerena et al., 2006, Islam et 

al., 2019; Keyes and Brissette, 2017; Salisu et al., 2018). Seedlings raised in small volume containers on the other 

hand showed a reduced rate of photosynthesis, and their growth rate was relatively hindered (Poorter et al., 

2012). On container design, Single and Single (2010) reported that it strongly influenced seedling root system 

architecture and spiralling prevention. Reports on the effect of container type on seedling production include 

Dhavala et al (2004) on growth and quality of Indian sandalwood (Santalum album L.), Tian et al. (2017) on 

seedling growth and root morphology of Cyclocarya paliurus (Batalin) Iljinsk., South et al. (2005) on survival and 

early height growth of Pinus palustris, Oagile et al. (2016) on growth and development of Tomato seedlings, Yan 

et al. (2016) on Pinus tabuliformis Carrière , and Salisu et al. (2018) on growth and root morphology of Rubber 

(Hevea brasiliensis Mull. Arg). Unfortunately, none of these reports was on African walnut seedling production. 

It is clear from the foregoing there is little or no report on the effect of container type and size on African walnut 

seedling production. Plukenetia conophora is a forest tree crop of African origin. It is popularly known as king of 

nuts because of the outstanding potentials of its highly nutritive edible seeds or nuts (Chijoke et al., 2017; Oke et 

al., 2020; Adetunji et al., 2021). Past reported studies (Onwualu et al., 2013; Oke et al., 2020) have shown that the 

production of African walnut is low, and till date hybrid of P. conophora has not been developed (Akinfernwa, 

2022). Research attention on seedling production of this crop is poor. The few scholarly articles on seedling 

production of African walnut are Agbo et al (2014), and Onwubiko and Enwereji (2023).  Therefore, this study 

was set up to assess the effect of two attributes of the container (type and size) on P. conophora seedling 

production.  

2. Materials and Methods  

2.1 Experimental Area and Environmental conditions 

 

The study was conducted at the greenhouse of the School of Agriculture and Agricultural Technology, Federal 

University of Technology, Owerri (FUTO), Nigeria (5°20'N–5°25'N latitude and 7°00'E–7°05'E longitude) at an 

altitude of 90.91 m above sea level. The mean annual rainfall of this area was 2,990 mm and relative humidity 

81.6%. 

The materials used for this research study were African walnut seeds collected from the germplasm unit of the 

Department of Crop Science and Technology. Three container types: plastic, metal, and polyethene, and three 

container sizes: large, medium, and small were used for the study. Other materials were paper masking tape for 

tagging, markers, and meter ruler for data collection. 

 

2.2 Planting Material and Pre-Treatment 

Topsoil and poultry manure were used to prepare the planting media in the ratio v/v of 1:1. The media were 

contained in perforated plastic buckets of three sizes; large (25cm diameter x 21cm depth), medium (22 cm x 18 

cm) and small (19 cm x 16cm),  perforated metal containers of three sizes; large (24 cm x 19 cm), medium (20 cm 

x 16 cm), small (16 cm x 14 cm), and perforated polythene containers of three sizes; large (7 x 10 inches), medium 

(5.5 x 6 inches), small (4 x 6 inches).  

African walnut seeds used for the study was 200 in number, and the weight of the seeds were between 10.23g – 

10.31g. The seeds were soaked in water for 24 hours to break dormancy and planted in containers filled 2/3 in 

volume with topsoil mixed with poultry manure (v/v 1:1).  Watering can was used to water the seedlings at 

intervals of four days and sanitary practices were regularly carried out to keep the experimental site free from 

weeds. 

 

2.3 Data Collection and Statistical Analysis 

Data were collected on the following parameters: number of days to emergence, internode length, plant height 

at 9, 11, 13, 15, 17 weeks after planting (WAP), number of leaves at 9, 11, 13, 15, 17 WAP, and number of branches 

at 9, 11, 13, 15, 17 WAP. All the collected data were subjected to analysis of variance (ANOVA), and means were 

separated using Fisher’s least significant difference at 5% probability level. 
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3. Results  

The result of the effect of container types and sizes on number of days to emergence of African walnut is 

presented in Table 1 below. 

Table 1:  Effect of container types and sizes on the number of days to emergence of African walnut  

Container                                                    Sizes  

Types Large Medium Small Mean 

Metal 10.06 9.16 8.16 9.53 

Plastic 9.66 8.16 8.00 8.61 

Polythene 9.16 9.33 11.16 9.89 

Mean 9.83 8.85 5.11  

LSD 0.05(types) Ns    

LSD 0.05 (sizes) Ns    

LSD 0.05(types and sizes) Ns    

Ns = non-significant; LSD = Least significant difference 

Analysis of variance (ANOVA) results showed no significant difference (p > 0.05) in number of days to 

emergence on container type, size, and their interaction. However, small size containers had the least mean 

number of days to emergence of 5.11 (approximately 5 days), while large sized containers had the highest mean 

value of 9.83 (approximately 10 days).  Further, the container type that had the lowest mean value on emergence 

of 8.61 (approximately 9 days) was plastic containers while polythene bags recorded the highest mean value 

(9.89) of approximately 10 days. 

Table 2 shows the result on the effect container types and sizes on number of leaves of African walnut at 

9,11,13,15 and 17 WAP 
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Table 2:  Effect of container types and sizes on number of leaves of African walnut at 9,11,13,15 and 17 WAP  

Container  

Type 

 

9 WAP 

 

11 WAP 

 

13 WAP 

 

15 WAP 

 

17 WAP 

 Size                         Size                        Size                            Size                         Size 

 Large Medium Small Mean Large Medium Small Mean Large Medium Small Mean Large Medium Small Mean Large Medium Small Mean 

Metal 9.5 54.5 10.5 24.7 14.4 72.4 15.9 34.2 19.1 83.6 21.6 41.4 20.9 90.9 24.9 45.5 27.1 97.1 31.1 51.8 

Plastic 10.0 54.0 54.3 39.6 18.4 61.9 61.3 44.2 24.1 72.6 68.0 34.9 29.4 81.9 75.3 62.2 34.1 93.1 85.3 70.9 

Polythene 8.5 8.7 11.3 9.6 11.9 11.4 17.4 13.5 15.6 16.8 26.1 19.5 19.9 19.3 31.4 23.5 22.1 23.4 37.1 27.5 

Mean 9.4 39.1 25.5  14.9 48.5 31.5  19.6 57.7 38.6  23.4 64.0 43.0  27.8 71.2 51.2  

LSD 0.05 

(type) 

16.08 14.98 16.27 16.25                  18.05 

LSD 0.05 

(size) 

Ns Ns Ns Ns               Ns 

LSD 0.05 

(type and 

size) 

27.86 25.94 28.18 28.15                     31.27 

Ns = non-significant; LSD = Least significant difference

https://sab.czu.cz/en
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The result on the effect of container types on number of leaves showed significant differences (p<0.05). Seedlings 

raised in plastic containers recorded the highest mean values (of 39.6, 44.2, 62.2, and 70.9) in almost all the weeks 

(9, 11, 15, 17) except for 13 WAP that seedlings raised in metal container had the highest mean value (41.4) on 

number of leaves. The least mean values of 9.4, 13.5, 19.5, 23.5, and 27.5 were recorded for seedlings raised in 

polythene containers at 9, 11, 13, 15 and 17 WAP respectively. Unlike container type the result on container sizes 

did not show any significant difference. The interaction between container types and sizes at 9, 11, 13 ,15 and 17 

WAP, recorded significant differences. The highest mean values on number of leaves of 54.5, 72.4, 83.6, 90.9, and 

97.1 were recorded for seedlings raised in metal containers of medium size at 9, 11, 13 ,15 and 17 WAP. On the 

other hand, seedlings raised in polythene containers had the least mean values at 9, 13, and 17 WAP of 8.5, 15.6, 

and 22.1.  Medium sized polythene containers had the least mean number of leaves of 11.4 and 19.3 at 11, and 

15 WAP. The result on the effect of container types and sizes on number of branches of African walnut at 

9,11,13,15 and 17 WAP is presented on Table 3 below. 

https://sab.czu.cz/en
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Table 3: Effect of container types and sizes on number of branches of African walnut at 9,11,13,15 and 17 WAP  

 
Container 

Type 

 

9 WAP 

 

11 WAP 

 

13 WAP 

 

15 WAP 

 

17 WAP 

 Size                         Size                        Size                            Size                         Size 

 large Mediu

m 

small mean large medium small mean large medium small Mean large medium small mean large medium small mean 

Metal 0.73 5.23 2.23 2.73 0.82 7.32 2.32 3.49 1.99 8.99 2.99 4.66 2.45 9.45 3.95 5.29 2.88 11.38 3.88 6.05 

Plastic 2.73 7.23 5.00 4.99 3.82 8.32 5.67 5.94 3.99 8.99 6.00 6.33 4.45 9.45 6.67 6.86 4.88 9.88 7.33 7.37 

Polythene 0.73 1.08 0.73 0.85 1.82 2.07 1.82 1.90 2.49 3.00 2.49 2.60 2.95 3.54 2.95 3.15 3.38 4.16 3.88 3.81 

Mean 1.40 4.52 2.66  2.15 5.90 3.27  2.83 7.00 3.83  3.29 7.48 4.52  3.72 8.47 5.08  

LSD 0.05 

(type) 

1.823 1.793 1.675                       1.848            1.583 

LSD 0.05 

(size) 

1.823 1.793 1.675                       1.848              1.583 

LSD 0.05 

(type and 

size) 

Ns Ns 2.902                        Ns                2.742 

Ns = non-significant; LSD= least significant difference 
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On number of branches, significant differences (p<0.05) were observed for container types.  Seedlings raised in 

plastic containers recorded the highest mean values of 4.99, 5.94, 6.33, 6.86, and 7.37 at 9, 11, 13, 15, and 17 WAP 

respectively. The least mean values of 0.85, 1.90, 2.60, 3.15 and 3.81 were obtained for seedlings raised in polythene 

containers at 9, 11, 13, 15 and 17 WAP. Similarly, the result on container sizes showed significant differences. 

Seedlings raised in medium containers had the highest mean values of 4.52, 5.90, 7.00, 7.48 and 8.47 at 9, 11, 13, 15, 

and 17 WAP respectively. On the contrary, seedlings raised in large container sizes recorded the least mean values 

of 1.40, 2.15, 2.83, 3.29, and 3.72 at 9, 11, 13, 15, and 17 WAP. The interaction effect between container types and 

sizes did not show any significant difference on number of branches. 

Table 4 shows the result on the effect of container types and sizes on internode length of African walnut at 

9,11,13,15 and 17 WAP. 
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Table 4: Effect of container types and sizes on internode length (cm) of African walnut at 9,11,13,15 and 17 WAP  

Container 

type 

 

9 WAP 

 

11 WAP 

 

13 WAP 

 

15 WAP 

 

17 WAP 

 Size                         Size                        Size                            Size                         Size 

 Large Medium Small Mean Large Medium Small Mean Large Medium Small Mean Large Medium Small Mean Large Medium Small Mean 

Metal 1.24 3.29 1.14 1.89 2.74 3.34 3.09 3.05 2.64 5.14 3.64 3.81 3.26 5.56 4.11 4.31 3.71 5.81 4.61 4.71 

Plastic 1.79 5.84 5.23 4.52 3.44 7.64 7.50 6.19 4.09 7.34 8.20 6.54 4.06 8.16 8.77 7.00 5.66 9.06 9.63 8.12 

Polythene 1.49 2.04 0.84 1.46 2.74 3.93 3.14 3.27 2.19 3.57 2.89 2.88 2.71 3.51 3.41 3.21 3.21 4.46 3.66 3.77 

Mean 1.51 3.72 2.64  2.97 4.97 4.57  2.97 5.35 4.91  3.34 5.75 5.43  4.19 6.44 5.97  

LSD 0.05 

(type) 

2.196  2.347    2.386    2.409    2.205   

LSD 0.05 

(size) 

Ns  Ns    Ns    Ns    Ns   

LSD 0.05 

(type and 

size) 

Ns  Ns    Ns    Ns    Ns   

Ns = non-significant; LSD= least significant difference 
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The effect of container types on internode length at 9, 11, 13, 15, and 17 WAP showed significant differences (p < 

0.05). Seedlings raised in plastic containers had the highest internode mean values of 4.52 cm, 6.19 cm, 6.54 cm, 

7.00 cm, and 8.12 cm at 9, 11,13, 15, and 17 WAP respectively. On the contrary seedlings raised in polythene 

containers had the least mean values of 1.46 cm, 2.88 cm, 3.21 cm, and 3.77 cm for all the evaluation weeks except 

for 11 WAP that containers made of metal had the least mean value of 3.05 cm on internode length.  No significant 

difference was observed on internode length for both container sizes, and the interaction between container types 

and sizes.  

Presented in Table 5 is the result on the effect of container types and sizes on plant height of African walnut at 

9,11,13,15 and 17 WAP.
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Table 5: Effect of container types and sizes on plant height (cm) of African walnut at 9,11,13,15 and 17 WAP.  

Container 

type 

 

9 WAP 

 

11 WAP 

 

13 WAP 

 

15 WAP 

 

17 WAP 

 Size                         Size                        Size                            Size                         Size 

 Large Medium Small Mean Large Medium Small Mean Large Medium Small Mean Large Medium Small Mean Large Medium Small Mean 

Metal 3.6 23.4 6.2 12.7 6.4 38.1 12.1 18.9 7.2 42.0 17.1 22.1 8.4 50.0 18.4 25.6 12.2 58.0 23.0 31.0 

Plastic 11.7 28.2 35.6 25.2 16.5 35.3 42.0 31.2 21.8 42.0 52.2 38.7 25.1 48.2 60.2 44.5 32.2 58.4 67.7 52.8 

Polythene 10.0 10.0 13.7 11.2 10.7 12.5 17.5 13.6 11.9 18.1 21.9 17.3 13.7 21.3 26.7 20.6 15.6 26.9 32.4 25.0 

Mean 8.4 22.2 18.5  11.2 28.6 23.8  13.6 34.0 30.4  15.7 39.9 35.1  20.0 47.8 41.0  

LSD 0.05 

(type) 

7.35 7.46 8.84 9.46                9.37 

LSD 0.05 

(size) 

7.35 7.46 8.84 9.46                9.37 

LSD 0.05 

(type and 

size) 

12.74 12.93 15.32 16.39                  16.23 

Ns = non-significant; LSD= least significant difference 
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Significant differences (p < 0.05) were observed on plant height for container types, and sizes. Further, the result 

showed significant differences (p < 0.05) on the interaction effect between container types and sizes. Seedlings 

raised in plastic containers had the highest mean values on plant height of 25.2 cm, 31.2 cm, 38.7 cm, 44.5 cm, 

and 52.8 cm at 9, 11, 13, 15 and 17 WAP respectively. Contrarily, the least mean values on plant height of 11.2 

cm, 13.6 cm, 17.3 cm. 20.6 cm, and 25.0 cm were obtained for seedlings raised in polythene containers at 9, 11, 

13, 15 and 17 WAP in that order. On container sizes, seedlings raised in medium sized containers had the highest 

mean plant height of 22.2 cm, 28.6 cm, 34.0 cm, 39.9 cm and 47.8 cm at 9, 11, 13, 15 and 17 WAP respectively. On 

the other hand, seedlings raised in large containers recorded the least mean plant height of 8.4 cm, 11.2 cm, 13.6 

cm, 15.7 cm, and 20.0 cm at 9, 11, 13, 15 and 17 WAP respectively. Further, the interaction effect result showed 

that small plastic containers had the highest mean values on plant height of 35.6 cm, 42.0 cm, 52.2  cm, 60.2 cm, 

and 67.7 cm at 9, 11, 13, 15 and 17 WAP respectively, while the least mean plant height values of 3.6 cm, 6.4 cm, 

7.2 cm, 8.4 cm, and 12.2 cm were obtained for large metal containers at 9, 11, 13, 15 and 17 WAP in that order.  

 

4. Discussion  

General external conditions necessary for seed germination include humidity (water), suitable temperature, 

oxygen, and light. Significant variations in the intensity and duration of these essential seed germination factors 

will either enhance or diminish seed germination. The impact container attributes like types and sizes may have 

on the essential seed germination factors is reasonable. In other words, container attributes can affect seed 

germination and the growth rate of seedlings. In this study, African walnut seedlings emergence and growth 

was influenced by container types and sizes. Further, it was observed that the interaction between the two 

attributes of the containers (types and sizes) also affected seedlings production of African walnut. 

The number of days to emergence of African walnut in the study was observed to be between 5 - 14 days. 

Although the effect of container types and sizes did not significantly affect seed emergence, small containers had 

the best performance in seed emergence, approximately 5 days after planting (DAP). This result suggests that 

small containers provided the optimum seed germination conditions required to break dormancy and activate 

action of enzymes for seed germination. The bigger volume container sizes (medium and large) may have 

lowered the temperature in circulation in the containers, resulting in late seed emergence. Further, seed planted 

in plastic containers emerged earlier than other container types, approximately 9 DAP. This result has some 

implications on the properties of the containers. Plastic materials are not good conductors of heat and so they 

gain or lose heat gradually. They can retain heat for some time which may have provided uniform temperature 

that enhanced early seed emergence. Seeds planted in metal containers emerged late possibly because of 

frequent fluctuations in temperature associated with metal containers (being good conductors of heat). Suitable 

temperature for seed emergence was lacking. Similarly, the delay in emergence of seeds planted in polythene 

https://sab.czu.cz/en
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containers may be due to poor temperature regulatory properties of this type of container.  The result of this 

study agrees with the report of other workers (Marotti et al, 2015; Shagufta et al., 2023; Kim et al, 2020). 

Number of leaves obtained in seedlings grown in the different types of containers used for the study significantly 

differed. Containers made of plastic material recorded the highest mean values on number of leaves, except for 

13th WAP. The least mean value on number of leaves was consistently recorded for seedlings raised in polythene 

containers. This result suggests that thermal conductivity of the container types used for the study affected leaf 

growth of the seedlings. Among the three container types used to grow the seedlings, temperature regulatory 

pattern of plastic containers was more stable than others (metal and polyethene containers).  Plastic containers 

enhanced the growth of leaves by providing adequate temperature conditions (stable heat supply) necessary for 

seedling development. The result of this study agrees with the reports of other workers (Sanchez-Aguilar et al. 

2016; Singh et al, 2018; Markham et al, 2011). On the contrary, the poor heat regulatory properties of polythene 

containers may have been responsible for the least number of leaves consistently recorded for seedlings 

produced in it.  Previous study on the effect of various types and sizes of container on the growth and root 

morphology of rubber (Salisu et al, 2018) had reported poor quality for polythene containers in seedling 

production. Further, although the result of this study showed that container sizes did not have any significant 

difference on number of leaves.  However, a detailed analysis of the result showed that medium-sized containers 

consistently had the highest mean number of leaves. This result implies that small and large sizes of containers 

may have some deficiencies for seedling development (enhance the growth of leaves), unlike containers of 

considerable size (medium). While small sized containers may not be adequate to facilitate nutrient circulation, 

larger containers may result in availability of low concentration of nutrients, which may affect nutrient uptake 

that will support growth of leaves. Therefore, relatively large containers (medium-sized), as observed in this 

study, appear to be ideal to enhance leaf growth of seedlings of African walnut. The volume of medium-sized 

containers was adequate for nutrient circulation that enhanced nutrient uptake. Salisu et al (2018) reported 

higher leaf area index for seedlings planted in considerably large containers. In addition, combined effect of the 

container types and sizes showed significant differences in number of leaves, which implies that the interaction 

between both factors affected growth rate of leaves of African walnut seedlings. 

The growth rate of the seedlings raised in the different container types and sizes were assessed with number of 

branches, internode length, and plant height. Container types showed significant differences in each of these 

parameters (number of branches, internode length, and plant height). The container sizes had significant 

differences on number of branches and plant height. There was no significant difference in internode length for 

both container types and sizes. Combined effect of the container types and sizes showed significant differences 

in all the parameters except for internode length. The obtained results showed that container types had more 

effect on the growth rate of the seedlings than container size, and the interaction effect. Consistently seedlings 

raised in plastic containers had the highest mean values for each of the three growth assessment parameters. 

Further, medium-sized containers had the highest mean values on number of branches, and plant height. The 

result obtained on rate of growth of the seedlings as appraised by number of branches, internode length, and 
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plant height was similar to that on number of leaves. In the two results, seedlings raised in medium-sized plastic 

containers consistently recorded the highest mean values in all the parameters evaluated. Therefore, the result 

on growth rate gave credence to the result on number of leaves (which also is a growth assessment parameter).  

Apparently, medium-sized plastic containers provided the conditions adequate for optimum growth (early 

speedy growth and development) of the seedlings. This explains why seedling height increased vigorously, 

mostly in plastic containers of medium sizes than in other types and sizes of containers used in the study. There 

is consensus among workers (Aphalo and Rikala, 2003; Segaw et al., 2016; Dominguez-Lerena et al., 2006; Pinto 

et al., 2011; Raviteja et al., 2021) that containers of relatively large size can enhance growth rate of seedlings. 

5. Conclusion 

Container types and sizes significantly affected the emergence and growth rate of African walnut seedlings. 

However, container types had a more significant effect than container sizes in seedling production. The 

interaction effect between the container types and sizes also had a considerable significant effect on African 

walnut seedling production. Specifically, medium-sized plastic containers enhanced emergence and growth rate 

of the seedlings more than other types and sizes of containers used in the study. Therefore, medium-sized 

containers can be adequate for growing African walnut seedlings. On the other hand, all the polythene 

containers of all sizes used in the study did not enhance the production of African walnut seedlings.  
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