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Introduction: The choice of growth media is an important aspect of nurseries, as 
it affects the success and quality of the seedling establishment. A greenhouse 
experiment was conducted to investigate the effects of soil amendment on 
germination and growth of marula.
Methods: The soil was amended with cattle manure at the following ratios: T1 
(5 parts topsoil: 1-part sand: 4 parts cattle manure), T2 (6 parts topsoil: 1 part sand: 
3 parts cattle manure), T3 (4 parts topsoil: 2 parts sand: 4 parts cattle manure), T4 
(5 parts topsoil: 2 parts sand: 3 parts cattle manure), T5 (4 parts topsoil: 4 parts 
sand: 2 parts cattle manure), T6 (topsoil only), T7 (Cattle manure only), and T8 
(sand only). A randomized complete block design (RCBD) was used and 
replicated four times.
Results: The effects of soil amendment on germination were highly significant 
(p < 0.001) at two weeks, three weeks, and four weeks after planting. Marula seeds 
that were grown in a medium of cattle manure only showed the highest final 
germination percentage (92.25%) after six weeks. Plant height was also 
significantly influenced by growth media at eight (p < 0.001) and 12 (p < 0.05) 
weeks after planting. The effects of growth media were also highly significant (p < 
0.001) on the germination index, germination rate, and vigor index. Significant 
differences (p < 0.05) in root lengths were recorded 90 days after planting.
Discussion: From these results, it can be concluded that soil amendment with 
cattle manure enhances germination and early seedling growth and development 
of marula.
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1 Introduction

The harvesting, use, value addition, and commerce of wild fruit and nut tree products 
have always been an integral part of the socio-economic fabric of many rural communities 
across the African continent (Leakey et al., 2005; Akinnifesi et al., 2007). The consumption 
of these wild fruits has helped many communities during periods of drought and famine. 
Commerce in indigenous fruits has generated incomes and created job opportunities in the 
trade, processing, and value addition (Ruiz-Perez et al., 2004; Saka et al., 2004; Leakey et al., 
2005). Marula is one of the ten most used indigenous fruit species and is also ranked among 
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the top species whose trade generates income for inhabitants of Sub- 
Saharan Africa (Muok et al., 2011). Most parts of the tree can be 
consumed in a raw form or cooked as a source of food or medicine. 
The pulp of marula fruits contains several micronutrients and 
minerals (Dlamini, 2011; Muok et al., 2011). The fruits can be 
fermented to make beer, while the kernels are eaten raw or processed 
into either butter or oil. Animals browse the leaves of marula, and 
the bark has many medicinal uses.

Over 90% of all indigenous fruits marketed in the miombo eco- 
region still come from wild stands (Akinnifesi et al., 2008). Until 
recently, farmers in Zimbabwe and other countries have not 
practiced the deliberate cultivation of indigenous fruit trees on 
the African continent because of a lack of knowledge on 
propagation techniques and management (Schreckenberg et al., 
2006). Growth in the trade of indigenous fruits has led to over- 
extraction of the resources and shortages most times (Simons and 
Leakey, 2004). This has led commercial cultivation to emerge as an 
important agroforestry initiative in tropical countries over the past 
2 decades, continuing from work started in the mid-1990s 
(Tchoundjeu et al., 2006; Akinnifesi et al., 2008). During this 
time, the World Agroforestry Centre (ICRAF) was at the 
forefront of research efforts to commercialize IFTs for economic 
empowerment and biodiversity conservation. The main aim has 
been to establish production manuals for these indigenous fruit 
trees, from propagation, and management to harvesting and 
conservation.

Marula (Sclerocarya birrea (A.Rich.) Hochst) belongs to the 
Anacardiaceae family (Mng’omba et al., 2012). It is a common 
fruit species in the drier parts of Africa and occurs in areas which 
receive an annual rainfall within the range of 200–1,500 mm and 
in a wide range of soil conditions mostly well-drained soils. Its 
leaves, fruits, stem bark and roots are utilised by many 
inhabitants in these regions for food, medicine and timber. 
The fruit is also processed at a small scale to produce wines, 
drinks and oil among other products. In Tanzania, an estimated 
1,000 tonnes of the fruit is harvested in the wild, while in South 
Africa 2,000 tonnes are processed annually (Akinnifesi et al., 
2008; Ham and Chirwa, 2011). In Zimbabwe, although the 
marula tree is abundant, it remains underutilised because of a 
lack of research on the tree (Maroyi, 2013).

Using soil amendments is a vital component in the propagation 
of many species of fruit trees and vegetables around the world today. 
The growth media is used as a source of nutrients and water for plant 
growth, provides anchorage, and facilitates gaseous exchange 
between the roots and the atmosphere (Abad et al., 2002). 
Therefore, the composition of the media directly affects the 
quality of the seedlings produced. The quality of seedlings affects 
re-establishment in the field and, subsequently, orchard productivity 
(Wilson et al., 2001; Baiyeri and Mbah, 2006). When the soil 
medium provides adequate aeration, water, and nutrients to the 
plant, it develops a root system that can support its luxurious growth 
(Neelam and Ishtiaq, 2001). Growth media for fruit seedling 
production are usually composed of soil, organic matter, and 
sand. The major function of sand is to make the medium more 
porous and facilitate root growth, while the organic matter acts as a 
nutrient reservoir. Growth media composition has been reported to 
influence growth and survival in indigenous fruit tree species, such 
as Uapaca kirkiana (Mhango et al., 2008).

However, literature on the effects of soil media on the germination, 
growth, and development of IFTs for growth models and production 
protocols remains scarce (Omokhua et al., 2015). Moreover, there is 
scarce information on the uses, benefits, nutritional value and 
cultivation of marula in Zimbabwe. In contrast, the cultivation of 
exotic fruit tree species like mango and citrus fruits is relatively well 
supported by research and extension stretching for decades, ensuring 
that a range of high-yielding varieties is today available for diverse 
climatic and soil conditions. This study aims to formulate a suitable 
media for marula germination and early growth from different soil 
types and organic manure.

2 Materials and methods

2.1 Seed collection and processing

Freshly ripened fruits were collected from beneath a tree 
domesticated in a farmer’s agricultural field in the Chivi district 
of Zimbabwe at 20° 24′S, and 30° 13′E in May 2020. The tree had 
been retained on the farm for its big fruits with high juice content. 
The fruits were brought to the laboratory at the Midlands State 
University where they were peeled and pulp was removed from the 
seeds. The seeds were washed, dried, and then stored at room 
temperature until setting up the trials. Before germination, the 
viability of the seeds was determined using the dens metric test 
with tap water to remove the nonviable seed.

2.2 Site description

A greenhouse experiment was conducted at Midlands State 
University Kwekwe farm. The area falls under Natural Region III 
of Zimbabwe’s Agro-ecological zones (Manatsa et al., 2020) and is 
located 18 ˚ 55 ̍ 04.5 ˚ S, 29 ˚ 45 ̍ 03.2 ˚ E with an altitude of 1355 m 
above sea level. The average annual rainfall is 883mm, and the mean 
temperature is around 23 °C–30 °C.

2.3 Experimental soil and manure 
description

To perform initial soil characterization, twenty soil samples were 
collected from randomly selected points of the greenhouse using a soil 
auger at a depth of 20 cm. The twenty soil samples were then mixed 
thoroughly in a clean plastic bucket to obtain a composite sample. The 
composite sample was air-dried, sieved (<2 mm) and characterized 
(Table 1). The content of soil organic carbon (Table 2) in the soil 
sample was measured using the Walkely and Black method (Nelson 
and Sommers, 1996). The texture class of the soil sample was measured 
using the Bouyocous hydrometer method (Bouzoukis, 1962). The 
pH of the composite soil sample was measured by weighing a 15 g 
soil sample in a 200 mL honey jar and adding 75 mL 0.1M CaCl2 to the 
sample. The mixture was shaken for 30 min and pH was determined 
using a digital pH meter (Model: Orion 701, Orion Manufacturing, MI, 
USA). The total nitrogen content was calculated through the Kjeldahl 
method using concentrated H2SO4, K2SO4 and HgO to digest the 
sample (Bremmer, 1996).
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The bulk density of the experimental soil sample was measured 
using the core method (Blake and Hartge, 1986). Twenty soil cores 
were randomly collected from the experimental greenhouse for bulk 
density determination. Bulk density (Db) was calculated using the 
following formula: 

Db �MsVt

Where Ms is the mass of oven-dry solids and Vt is total soil 
volume. The soil cores were oven-dried at 105 °C (to constant 
weight) to ascertain the mean gravimetric water content.

Taking particle density (Pd) of soil to be 2.65 g cm-3 total 
porosity was calculated as: 

1–DbPd

2.4 Experimental procedure and design

The different combinations of topsoil, sand, and cattle manure 
were the treatments. Treatment 1 comprised 5 parts topsoil, 1 part 
sand and 4 parts cattle manure (5 TS:1 S:4 CM), T2- 6 parts topsoil, 
1 part sand and 3 parts cattle manure (6 TS:1 S:3 CM), T3- 4 parts 
topsoil, 2 parts sand and 4 parts cattle manure (4 TS:2 S:3CM), T4- 
5 parts topsoil, 2 parts sand and 3 parts cattle manure (5 TS:2 S: 
3 CM), T5- 4 parts topsoil, 4 parts sand and 2 parts cattle manure 
(4 TS:4 S:2 CM). T6 was topsoil only (TS), T7-cattle manure only 
(CM), and T8 – only sand (S). Trenches with dimensions 30 cm 
length x 10 cm width x 10 cm depth were dug and filled with the 
different cattle manure amended soil. The trenches were dug along 
drip lines to ensure that each plant got uniform and adequate 
moisture. Irrigation was done for 1 hour twice everyday. Each 
trench represented an experimental plot. The treatments were 
arranged in an RCBD and replicated four times. Twelve marula 
seeds were sowed into each experimental plot 5 cm apart, at a depth 
of 5cm, and then covered with the respective media.

2.5 Data collection

Germination parameters were observed at weekly intervals until 
no further germination was observed. A seed was considered to have 
germinated where there was a visible protrusion of split seed coat 
with the cotyledons, hypocotyls, and epicotyl above the soil’s surface. 
Weekly germination percentages were calculated and summed up to 
get cumulative germination for each treatment using the formula: 

Germination Percentage �
Number of seeds germinated
Total number of seeds sown

× 100 

At the end of the germination experiment, we calculated the 
germination index (GI) as described by the Association of Official 
Seed Analysis (1983): 

Germination Index �
Number of germinated seeds

Days to the first count

+
Number of germinated seeds

Days to the last count 

The rate of germination was calculated using a modified formula 
from Islam et al. (2009): 

Rate of germination �
Number of seeds emerged 14 days after planting
Number of seeds emerged 21 days after planting

× 100 

The collection of germination data was stopped when no further 
germination was observed for a sustained period of 21 days. Seedling 
growth performance was monitored from 4 weeks after emergence up 
to 12 weeks after emergence to assess the effect of soil media 
composition on plant growth. Five seedlings were randomly selected 
in each plot and seedling height and the number of leaves was measured 
and counted after every 4 weeks. Seedling height was measured using a 
string and ruler to the nearest cm from below the cotyledons. At the end 
of the experiment (12 weeks after planting), three plants were uprooted 
in each experimental unit and the length of the roots was measured. The 
vigor index was calculated as final germination × total plant length.

2.6 Data analysis

Analysis of Variance (ANOVA) was done on data of all 
germination and growth parameters using GenStat 18th Edition, 
and differences between treatments means were separated using the 
Least Significant Difference (LSD) test at the 5% significance level.

3 Results

3.1 Effects of cattle manure soil 
amendments on germination percentage of 
marula seeds

There was a significant difference among the different soil media 
compositions in germination percentage (p < 0.001) 2 weeks after 

TABLE 1 Chemical and physical properties of the experimental soil.

% Sand % Clay % Silt pH Total soluble 
salts (ppm)

Nitrate 
nitrogen (ppm)

Organic 
carbon %

C: N ratio Bulk 
density

72 14 12 5.9 74 6.23 1.54 0.25 1.26

TABLE 2 Selected chemical properties of experimental cattle manure.

Nitrogen % Organic carbon % Moisture content Ash content C: N ratio

1.05% 6.91% 5.15% 38.12% 0.29
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planting. The highest germination percentage was observed in T7 
(cattle manure only) (45.75%), while the lowest (%) was in T1 
(5 parts topsoil: 1 part sand: 4 parts manure) (Figure 1). Again, there 
was a significant difference in germination percentage (p < 0.001) 
3 weeks after planting. The highest germination percentage at 
3 weeks was T3 (4 parts topsoil: 2 parts sand: 4 parts cattle 
manure) with 58%, and the lowest was T1 (5 parts topsoil: 1 part 
sand: 4 parts manure) with 12.66% (Figure 1). Finally, there were 
significant differences (p < 0.001) in germination percentages 
4 weeks after planting among different soil media compositions. 
The highest germination percentage was 92.25%, recorded in T7 
(cattle manure only). The lowest germination percentage was 29% 
recorded in T1 (5 parts topsoil: 1 part sand: 4 parts manure) 
(Figure 1). Thereafter, there was no further germination for the 
next 3 weeks.

3.2 Effects of cattle manure soil 
amendments on germination index, rate of 
germination, and vigour index of 
marula seedlings

The effects of media composition on the germination index were 
significant (p < 0.001). The highest germination index (0.825) was 
recorded in seeds sown in T7 (cattle manure only) and the lowest 
(0.1875) in T1 (5 parts topsoil: 1 part sand: 4 parts manure) 
(Table 3). In addition, there was a significant difference (p < 
0.001) in seedling germination rate on different media 
compositions. Seeds that were sown in T7 (cattle manure only) 
emerged fastest (50%), while those sown in T2 (6 parts topsoil: 1 part 
sand: 3 parts cattle manure) had the lowest (17.67%) rate of 
emergence (Table 3). The effects of media composition on the 

FIGURE 1 
Effects of cattle manure soil amendments on marula seed germination.

TABLE 3 Effects of cattle manure soil amendments on germination index, rate of germination and vigor index.

Soil amendment composition Germination index Rate of germination (%) Vigor index

5 TS:1 S:4 CM 0.19a 29.15ab 16.20a

6 TS:1 S:3 CM 0.30abc 17.67b 36.00c

4 TS:2 S:4 CM 0.5e 40.25bc 45.67d

5 TS:2 S:3 CM 0.43bd 35.71b 39.75c

4 TS:4 S:2 CM 0.49de 49.39c 34.35c

Topsoil (TS) only 0.39bcd 29.02ab 39.45c

Cattle manure (CM) only 0.83f 50c 59.38e

Sand (S) only 0.30ab 35b 28.32b

P-value <0.001 <0.001 <0.001

CV 20.50% 23.6% 9.5%

LSD 0.1170 12.44 5.225

TS, topsoil; S, sand; CM, cattle manure.
Means with different subscript within a column significantly differ (p < 0.05).
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vigor index were significant (p < 0.001). The highest vigor index 
(59.38) was recorded in seeds sown in T7 (cattle manure only) and 
the lowest (16.2) in seeds sown in T1 (5 parts topsoil: 1 part sand: 
4 parts manure) (Table 3).

3.3 Effects of cattle manure soil 
amendments on marula seedling height

At 4 weeks after planting, the effects of growth media 
composition on plant height were not significant (p = 0.062). 
However, at 8 weeks after planting, the effects of soil media 
compositions on plant height were significant (p < 0.001). 
Seedlings growing in T4 (5 parts topsoil: 2 parts sand: 3 parts 
cattle manure) recorded the highest plant height (46.25 cm), and T1 
(5 parts topsoil: 1 part sand: 4 parts manure) recorded the lowest 
plant height (31.75 cm) (Figure 2). At 12 weeks after planting, the 
effect of soil media composition on plant height (final height) was 
significant (p < 0.05). Seedlings growing in T4 (5 parts topsoil: 
2 parts sand: 3 parts cattle manure) had the highest final plant height 
(57.5 cm), while the lowest plant height (46.75 cm) was recorded in 
T1 (5 parts topsoil: 1 part sand: 4 parts manure) (Figure 2).

3.4 Effects of cattle manure soil 
amendments on the number of leaves of 
marula seedlings

There were no significant differences in the number of leaves 
from different growth media compositions at four, eight (p = 0.117), 
and twelve (p = 0.473) weeks after emergence.

3.5 Effects of cattle manure soil 
amendments on the root length of 
marula seedlings

The effect of growth media composition on root length was 
significant (p < 0.001). The longest root length (11.05 cm) was 

of seedlings grown in T4 (5 parts topsoil: 2 parts sand: 
3 parts cattle manure), and the shortest (8.60 cm) was 
recorded in T2 (6 parts topsoil: 1 part sand: 3 parts cattle 
manure) (Figure 3).

4 Discussion

4.1 Effects of cattle manure soil 
amendments on germination parameters

This study shows that growth media compositions influence 
seed germination percentage and the rate of germination. The 
early and better germination percentage, index, and rate of 
germination in the cow dung slurry treatment might be 
because of growth promoters present in cattle manure such as 
bacteria, yeast, actinomycetes, and certain fungi have been 
reported in cow dung which help in softening the seed coat 
hence increasing the permeability of the seed to water (Basavaraj 
et al., 2002; Lokesh, 2007; Swain and Ray, 2009). The cattle 
manure also improves physical conditions such as porosity and 
water holding capacity and helps maintain soil temperatures, 
enhancing higher germination percentages and emergence rates 
(Srivastava, 1998). This also explains the high germination 
percentages and rate of emergence found in seeds grown in 
the medium composed of 4 parts topsoil: 2 parts sand: 4 parts 
cattle manure. The presence of growth-promoting substances 
(auxins) and nutrients in the cattle manure gives seedlings 
emerging in this treatment a competitive advantage in early 
growth, survival, and development (Sankaranarayanan et al., 
1994; Swamy et al., 1999). Seeds that were grown in a medium of 
sand only had a relatively low final germination percentage 
(42%). This might be due to the poor water holding capacity 
of sand. These results do not agree with the findings of Dolor, 
(2011), who observed high germination percentages in Irvingia 
wombolu seeds grown in river sand. Anber, (2010) also reiterated 
the high germination percentage observed in sand media in a 
study on Bauhinia variegate and Delonix regia. In a growth 
medium composed of sand and cattle manure, the properties of 

FIGURE 2 
Effects of cattle manure soil amendments on marula seedling height at different time intervals.
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the soil’s biology, physics and chemistry are improved, leading 
to increased germination and growth, as the organic matter acts 
as a glue leading to soil aggregation and also increases the 
fertility of the soil (Das et al., 2017). This can help explain 
the high final germination in the medium with 4 parts topsoil, 
2 parts sand and 4 parts cattle manure where the sand 
component helps make the medium more penetrable by the 
radicle and roots of the plant. In contrast, the cattle manure 
component provides the needed nutrients to support 
plant growth.

4.2 Effects of cattle manure soil 
amendments on seedling height and 
number of leaves

Seedling height in Sclerocarya birrea seedlings is influenced 
by the volume of soil organic matter, as Okunomo et al., 2000
stated, who recorded higher plant heights in plants grown in a 
medium of poultry droppings than in topsoil, sawdust, and clay 
soil with Pittosporum bicolor. Yadav and Sidhu, 2016 also 
supported this when they reported that the addition of organic 
matter to the soil medium increased the availability of nutrients 
that facilitate plant growth. This results from the increased 
photosynthetic activity, partitioning of photosynthates, and 
improved permeability of the cell membrane in the plants 
(Shukla et al., 1997). The high plant heights observed in sand 
media confirm the findings of Anber (2010), who also got the 
highest seedling heights of Bauhinia variegata and Drosera regia 
in the sand. Leaf production and growth are important indicators 
of the plant’s efficiency in trapping sunlight for photosynthesis 
(Detpiratmongkol et al., 2014). The cattle manure component of 
the soil media increases the carbon, nitrogen, pH, Cation 
exchange capacity, and exchangeable Ca, Mg and K in the soil, 
consequently enhancing vegetative growth (Ayoola and 
Makinde, 2008).

4.3 Effects of cattle manure soil 
amendments on root growth

The longer root lengths of seedlings grown in the media with 4 parts 
topsoil, 2 parts sand and 4 parts cattle manure and 5 parts topsoil, 2 parts 
sand and 3 parts cattle manure are because of the efficient assimilation 
and partitioning of assimilates within the marula seedlings, which 
promotes luxurious growth of above and below-ground parts of the 
tree (Pandiyan et al., 2011). Water retention capacity and nutrition 
retention in the topsoil and cattle manure components in 4 parts topsoil, 
2 parts sand and 4 parts cattle manure and 5 parts topsoil, 2 parts sand 
and 3 parts cattle manure could be the reason for the higher root lengths 
of these treatments (Malamy and Ryan, 2001). A closer observation of 
the results shows that plants that are grown in the sand-only medium 
(T8) and media with a higher proportion of sand 4 parts topsoil, 4 parts 
sand and 2 parts cattle manure also recorded longer root length, and this 
can be because of the porosity of the sand and the media with a high 
percentage of sand. The higher percentage of topsoil in the medium with 
6 parts topsoil, 1 part sand and 3 parts cattle manure and topsoil only 
medium give the media higher water holding capacities. This 
unfavorable characteristic leads to reduced oxygen diffusion to the 
root and consequently reduced water availability if the matric 
potential is too low and mechanical impedance if the soil is too 
compacted or dry. Hence, the slower root growth compared with 
other treatments (Chen et al., 2010).

5 Conclusions and recommendations

From the results, it can be concluded that growth medium 
composition influences germination percentage, germination index, 
and emergence rate of marula seeds. This study revealed that 
germination and initial growth stages have different requirements, so 
different growth media compositions should be used. The researcher 
recommends using cattle manure as a medium in the germination stage 
and then adding on the sand and topsoil once the seedlings are at early 

FIGURE 3 
Effects of cattle manure soil amendments on root length.
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growth stages to promote good growth of above and below-ground 
parts. The root lengths of marula seedlings in this study might have 
been greatly limited by the depth of the experimental trenches. The 
researchers therefore recommend the use of pots or trenches with a 
greater depth so as to allow unlimited, luxurious root growth.
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