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Abstract 

Grevillea robusta seedlings are of high demand in Kenyan agricultural landscapes especially in agroforestry systems, yet 
the ideal soil mixture is not identified. This experiment was to determine the ideal potting soil mixture for Grevillea 
species. A Complete Randomized Design (CRD) with 4 treatments replicated 3 times was employed. Four treatments 
were used; Forest soil, Agricultural soil, Forest soil + Manure and Agricultural soil + Manure. The experiment was done 
for 8 months in 2020 at Egerton University tree nursery. Data was collected on seedling survival, height, root and foliage 
variables. One-way ANOVA was performed on the measured variables using SAS statistical package while the means 
were separated using LSD at P< 0.05. Results showed that Agricultural soil + Manure was significantly higher (P<0.05) 
in all the shoot and foliage variables compared with Agricultural soil alone except for internode length. Besides, 
Agricultural soil + Manure showed similar growth performance with Forest soil alone. However, the former showed 
significantly higher leaf length (20.2 cm) compared with Forest soil + Manure (14 cm). Results showed that Forest soil 
and Agricultural soil + Manure had significantly higher (P<0.05) root biomass compared with Agricultural soil (2.77 g), 
while root collar diameter, root length and root to shoot ratio were similar. It is, therefore, recommended that tree 
nurseries located far from forests can use a potting soil mixture of Agricultural soil + manure in raising Grevillea 
seedlings since this gives similar growth performance with forest soil. 
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1. Introduction

Seedling production nurseries have been receiving much attention because of increasing demand for seedlings [1]. Over 
50% of smallholder seedlings planted are sourced from tree nurseries nearby [2]. However, smallholder tree farmers 
have been documented in several studies to face challenges in availability of quality planting materials which in turn 
affect the quality of the subsequent trees established [3, 4]. A previous study by [2] demonstrates that large scale 
nurseries are having an edge over many smallholder nurseries in terms of seedlings performance based on good quality 
seed practices.  

Forests have been experiencing losses estimated to be 150,000 – 200,000 ha annually, hence, minor stands of disturbed 
forests. Therefore, restoration practices such as reforestation, afforestation and agroforestry is paramount for forest 
conservation [3]. To achieve this, approximately 1.3 billion plants are needed annually [5]. Getting appropriate rooting 
media is, thus, good for standard seedling production at nursery levels because it encourages high rate of survival when 
transplanted [5]. Potting media is, therefore, known to; support seedlings, improve microbial activities, provide 
nutrients, air and water to plant roots. This implies that good growing media results into development of healthy, 
vigorous fibrous root system hence quick growth [6]. In addition, containerized seedlings have high survival rate than 
bare-rooted seedlings [3, 7]. Growing media can entail; peat, compost, organic remains, manure among others and can 
be a mixture or pure [8].  
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 Choosing the right growing media is critical in early seedlings performance. Standard media produces vigorous 
seedlings, improve seedling growth rate [9, 10], increases seedling survival and determines standard potting mixture 
hence avoid wastage of media ingredients [5]. Growing media is thus known to influence germination, emergence, 
growth and quality of seedlings in nursery [7, 8]. Several studies have shown that several materials can be used for 
growing media preparation, but the final choice depends on the ability of the media to sustain plant growth [9, 11]. On 
the other hand, more recent studies [12,11,7] have reported that smallholder farmers lack the know-how about the 
effects of various soil mixture composition on the seedling growth performance. Nutrients from manure are released 
within 4 to 8 weeks after application [13]. 

Suitable growing medium in seedling production is, therefore, crucial for quality seedlings since growth, maintenance 
and growth of rooting system [1, 3, 5]. In addition, it provides anchorage, reservoir for water and nutrients as it allows 
for gaseous exchange. Therefore, it should allow for moisture retention, aeration [10] and ease transportation during 
transplanting. This implies that a good growing medium should imitate forest soils which provide good drainage and 
sufficient nutrients [7]. Growing medium, therefore, is a composition of organic matter that is formulated to provide 
chemical and physical plant requirements in order to achieve a desirable growth and development [10]. 

Growing nursery media is of major concern to agro foresters since this is where most variations in seedling performance 
occurs [8, 14, 15]. The variations emerges from the different soil types [9] and their amendments, which comprise of 
several own combinations [16, 17]. This has led to a gap in looking at the actual smallholder tree nursery farmer practice 
and comparing with ideal that can be adaptable to the farmers [18, 12]. The implications of the growing media on the 
performance of commercial tree species is an important factor [8] as it forms the basis on how farmers make 
adjustments to their tree nursery practices [19, 20, 21].  

Limited studies have previously focused on growing medium for Grevillea tree species and its early growth performance 
whose smallholder farmers’ preference was observed to be high in agroforestry systems within the Kenyan highlands 
[22]. On the other hand, more concentration was done on large scale nurseries with less attention on smallholder tree 
nurseries and also the growing media variation were not specific on sources of some of the media composition [23, 24]. 

The present study sought to analyze the effect of different soil mixtures on early growth performance of Grevillea 
robusta nursery seedlings. The specific objectives were; i) to determine the effect of varying soil mixtures on height and 
foliage growth, ii) to determine the effects of varying soil mixtures on root growth. This will provide the best soil mixture 
that can be recommended for Grevillea robusta nursery seedlings for smallholder tree farmers in Kenya. 

2. Material and methods 

2.1. Study site description 

The study was conducted at Agroforestry tree nursery, Egerton University, Njoro, Kenya, within the eastern Mau water-
catchment. The study site lies on a latitude of 0°22'11.0"S, longitude of 35°55'58.0"E and an altitude of 2,238 m. The 
area falls in agro ecological zone Lower Highland 3. The experimental site receives mean annual rainfall amount of 1200 
mm while the distribution of rain is bimodal with long rains between April and August and short rains between October 
and December. The temperatures lie between 10.2 and 22.0°C [25] while the soils are mollic andosols [26] with 
relatively high levels of phosphorus.  

2.2. Experimental design  

The experiment was laid down in a Complete Randomized Design (CRD) with 4 treatments replicated 3 times. The four 
treatments were as follows; forest soil, agricultural soil, forest soil + manure and agricultural soil + manure. The 
agricultural + manure was added in the ratio 2:1 respectively.  

Medium sized pots were filled with different soil mixtures and planted with Grevillea seedlings which were transplanted 
from a germination bed after 3 weeks since sprouting. Ten pots were used per treatment in each replicate. The seedlings 
were raised for 8 months in the nursery in 2020, after which sampling was carried out for data collection on shoot, 
foliage and root variables. Seven seedlings were selected randomly for measurements per treatment in each replicate. 

2.3. Data analysis 

One-way analysis of variance (ANOVA) model was used to test for differences between treatment means using SAS 
statistical package while the significantly different treatment means were separated by F ratio using Least Significance 
Difference (LSD) at P < 0.05 [27]  
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3. Results and discussion 

3.1. Effect of different potting soil mixtures on shoot and foliage growth of Grevillea robusta nursery seedlings  

Results showed that a mixture of agricultural soil + manure was significantly higher (P<0.05) in all the shoot and foliage 
variables compared with agricultural soil alone except for internode length (Table 1). On the other hand, the agricultural 
soil + manure mixture was also significantly superior in leaf length (20.2 cm) compared with forest soil + manure (14 
cm). However, all the other variables were similar in agricultural soil + manure mixture, forest soil alone and forest soil 
+ manure mixture. On the other hand, forest soil alone was significantly higher in shoot biomass (12.2 g) and total plant 
fresh biomass (18.3 g) compared with agricultural soil alone (6 g and 8.77 g respectively).  

Table 1 Effect of different potting soil mixtures on shoot and foliage growth of Grevillea robusta nursery seedlings  

Potting mixtures Height (cm) 
No. of 
leaves 

Leaf length 
(cm) 

Internode 
length (mm) 

Shoot 
biomass (g) 

Total plant fresh 
biomass (g) 

Forest soil 23.3 ab 12.33 ab 17.13 ab 11.67 12.2 a 18.3 a 

Agricultural soil 20 b 11.5 b 14.07 b 9.67 6 b 8.77 b 

Forest soil + Manure 23.2 ab 11.9 ab 14 b 8 8.4 ab 12.3 ab 

Agricultural soil + Manure 28 a 13.03 a 20.2 a 12.33 12.7 a 19.1 a 

P <0.05    NS   

% CV 14.5 6.5 14.8 48.2 33.1 32 

LSD 6.465 1.482 4.53 9.46 6.12 8.81 

Means with the same letter(s) in each column are not significantly different to each other using LSD at P < 0.05. NS= No significant difference among 
the means in each column 

Forest soil and forest soil + manure mixture did not show any significant differences in all the shoot and foliage variables. 
This shows that it is not necessary to add any organic manure in forest soil since it has adequate nutrients to support 
nursery seedlings. Agricultural soil + manure mixture, however, reported increased seedling height compared with the 
other growing media. The results were similar to that demonstrated by [28], who showed that organic nutrient sources 
have a significant influence on Grevillea robusta seedling height at various stages of growth. Studies have reported that 
using manure significantly increases plant height [28, 29]. This is because, manure increases nutrients which facilitates 
growth rates in nursery seedlings [6, 10]. In addition, in cooperating organic manure in rooting media increases root 
collar development in seedlings [6]. This study was also congruent with other studies that a mixture of soil media in 
pots greatly influence seedling height development compared with single medium [5, 8]. Therefore, high seedling height 
in mixed growing media can be attributed to abundance of nutrients [8]. 

This study again conformed with a previous study that was done on lettuce seedlings using coconut fiber + rice mill 
waste + soil [8]. This study was, however, contrary to the recent findings by [1] that a mixture of soil media (forest soil 
+ farmyard manure) improved C. lusitanica seedling height. The present study revealed that a mixture of forest soil + 
manure had no significant influence on seedling height. However, depending on plant species, different growing media 
have different response in relation to seedling height, leaf number among other parameters [7, 30]. Another study by 
[31] also reported increased seedling height in Rothmannia hispida seedlings using pure sawdust compared with topsoil 
+ sawdust. The current study only considered manure amendments and soil mixture. However, many studies have 
demonstrated that a mixture of growing media is better for seedling height development since moisture is retained as 
well as easy root penetration [32, 33, 10].  

The number of leaves recorded were higher in agricultural soil + manure mixture compared with the other growing 
media. This was contrary to the findings by [9], who reported increased leaf number in pure topsoil compare with other 
soil mixtures. In this study, the high leaf number could be attributed to high organic matter in agricultural soil + manure 
mixture which regulated nutrients and water, therefore, increasing seedling quality [30]. The varying number of leaves 
in the different growing media from the current study was again similar to other previous studies [8, 32, 33]. An earlier 
study by [6] on combination of goat manure with clay soil and sand showed a significant influence of the media on plant 
height and leaf count after 8-12 weeks. The current study was also similar to other studies that reported that having 
manure in planting media increases number of leaves [28]. 
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This study again recorded high internode length in agricultural soil + manure mixture than the other growing media. 
The results corroborated with that of [7], who demonstrated that soil mixture increased internode length of Leucaena 
pallida seedlings. However, the authors reported that soil mixture did not affect internode number. Similar findings 
were reported by previous studies on increased internode length of nutmeg (Myristica fragrans) in mixed growing 
media of soil + farmyard manure + vermicompost + rice husk + coco peat [33].  

Additionally, the current study reported high shoot and total fresh biomass in agricultural soil + manure mixture 
compared with the other growing media. These results were in line with other studies [32, 33] that mixed growing 
media provides the required conditions (nutrients and water) for seedling growth, hence, increased number of shoots. 
Manure in precise increases the survival and growth rate of seedlings since it retains moisture as well as provides 
nutrients to the seedlings, leading to high shoot biomass [30]. Many researchers have, therefore, affirmed that a mixture 
of growing media increases survival rates of seedlings [5, 8, 30, 13].  

3.2. Effect of different potting soil mixtures on root growth of Grevillea robusta nursery seedlings  

Results showed that forest soil (6.1 g) and a mixture of agricultural soil + manure (6.43 g) had significantly higher 
(P<0.05) root biomass compared with agricultural soil alone (2.77 g), while root collar diameter, root length and root 
to shoot ratio were similar. This can be explained by the relatively high levels of phosphorus in the surrounding 
agricultural lands, which therefore tends to make agricultural soils to have adequate amount for root development of 
seedling (Table 2). 

Table 2 Effect of different potting soil mixtures on root growth of Grevillea robusta nursery seedlings  

Potting mixtures Root collar diameter (mm) Root length (cm) Root biomass (g) Root to shoot ratio 

Forest soil 6.33 18.7 6.1 a 0.51 

Agricultural soil 5.4 16 2.77 b 0.473 

Forest soil + Manure 5.5 16.7 3.87 ab 0.44 

Agricultural soil + Manure 6.67 18.67 6.43 a 0.507 

P <0.05 NS NS  NS 

% CV 14.4 8.6 34.4 23.5 

LSD 1.624 2.848 3.104 0.2134 

Means with the same letter(s) in each column are not significantly different to each other using LSD at P < 0.05. NS= No significant difference among 
the means in each column. 

Forest soil and agricultural soil + manure mixture reported a relatively high root collar diameter, root length and root 
biomass. Similar results were reported by [30], who reported  that Olea europaea seedling root collar diameter 
increased in a mixed growing media (farmyard manure + urea). Findings from the present study were also congruent 
with that of [29] who reported increased root collar diameter of Tectona grandis seedlings planted in topsoil that either 
had poultry dung or cow dung but low root collar diameter in pure topsoil. The composition of growing media is, 
therefore, known to significantly affect root collar development just as in other plant parameters [7]. 

The current study also revealed that those seedlings planted in forest soil and agricultural soil + manure mixture 
generally had increased root length. This was attributed to high organic matter in the media [5]. The results from this 
study were, however, contrary to the findings by [31] who reported an increased root length in Rothmannia hispida 
seedlings planted in pure sawdust as a rooting medium. However, the current study corroborated with previous studies 
that having a mixture of growing media increases root length. This was confirmed by [33] who reported an increased 
root length of nutmeg grafts seedlings planted in soil + farmyard manure + vermicompost + sand + coco peat as rooting 
medium.  

The results were again in agreement with [5] who reported increased root growth of Cordia africana and Albizia 
gummifera seedlings in soil mixture (forest soil + compost + sand) as opposed to pure top soil. This was related to lack 
of organic matter hence less nutrients in the soil. Therefore, right proportion of growing media results into healthy 
vigorous seedlings [6, 7, 9]. In addition, use of manure in planting media improves the growth and survival rates of tree 
seedlings [30]. The current study, hence, demonstrates the importance of using mixed rooting media in planting.  
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Agricultural soil + manure mixture again recorded high root biomass compared to the other potting media. This could 
be related to high phosphorus level in the agricultural soil and high moisture retained by manure [34]. These results 
were similar to the earlier findings by [6] who reported an increased total dry root weight with increase in goat manure 
in the planting media. Low amount of nutrients in the soil such as nitrogen and phosphorus influences root biomass, 
hence, shoot to root biomass ratio. In addition, low nitrogen presence in growing media increases root biomass [35].  

Root to shoot ratio was recorded high in forest soil and agricultural soil + manure mixture while the other potting media 
recorded similar results. This was related to the presence of phosphorus and nitrogen in the media which increased 
root development [35]. The results were contrary to previous findings by [34] who reported low root to shoot biomass 
ratio of spring wheat in a potting mix containing peat moss, sand, and vermiculite mixture (1:1:1) due to low phosphorus 
content in the mixture. Therefore, there is a synergistic interaction between soil nutrients and minerals on seedling 
growth and development [34]. 

4. Conclusion 

Agricultural soil alone does not have adequate nutrients for seedling growth. However, addition of organic manure 
makes it ideal for use in raising Grevillea seedlings in the nursery. On the other hand, the results show that forest soil 
alone has adequate nutrients to support nursery seedlings.  

Recommendations 

Nursery practitioners located far from forest areas can therefore use a mixture of agricultural soil and manure in raising 
nursery seedlings. On the other hand, the forest nurseries and also those near the forest can use forest soil for growing 
seedlings. Forest soil does not require further fortification with organic residues or artificial fertilizers but can be used 
alone. Further research can explore the best amendment material for improving agricultural soil for raising nursery 
seedlings in various localities depending on locally available amendment materials. 
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