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Rape (Brassica napus) is an important and widely grown vegetable crop for food and income generation in most
homesteads around Zimbabwe. Most households in Zimbabwe use inorganic fertilizers to improve production of rape in
sandy soils which in turn are robbing the soil of its fertility. The present study investigates the effects of vermicompost as
a soil supplement on growth and yield of rape compared to chemical fertilizers. The experiment was laid out in a
Randomized Complete Block Design (RCBD) with three replications. A set of different vermicompost treatments (2.1%,
4.2%, 8.0%, 12.5%, and 12.5%) and inorganic fertilizer treatments (0.25%, 0.33% and 0.4%) were compared. Results
revealed that the inorganic fertilizer treatments favored the growth and yield of rape more than vermicompost treatments.
The inorganic fertilizers had quicker rate of release of nutrients as well as higher level of plant available nutrients.
Likewise, the number of leaves, leaf length, number of marketable leaves, fresh yield mass, leaf width and whole length
was also significantly better in case of inorganic fertilizer treatments. Generally, all treatments varied (p<0.05) as the
growth progressed. There was significant interaction (p<0.05) between the treatments at 10 day intervals which was
expressed in cumulative number of leaves and number of marketable leaves. It was concluded that use of vermicompost
alone as a soil supplement in sandy soil for production of rape lead to lower growth and consequently yield responses.
Hence the sole use of vermicompost as soil supplement should be discouraged and an integrated nutrient management plan
may be evaluated as the most logical solution.
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INTRODUCTION

Vermicomposts are nutrient-rich, microbiologically-active
organic materials that result from the interactions between
earthworms and mesophilic microorganisms, in a nonthermophilic process, during the breakdown of organic
matter to produce fully-stabilized materials (Lazcano and
Dominguez, 2011; Thiruneelakandan and Subbulakshmi,
2014; Joshi et al., 2014). According to Dominguez (2011)
vermicomposts are produced using a mesophilic biooxidative process in which earthworms, primarily epigeic or
litter-feeding species such as Eisenia foetida and Lumbricus
rubellus and associated microorganisms and other soil
decomposers interact to break down organic wastes. They
are highly fragmented, soil-like, organic materials with
exceptional biological, chemical and physical properties
(Brown, 2000; Edwards, 1998; Orozco, 1996).
This vermicomposting is an organic farming technique that
is gaining recognition amongst small scale farmers across
the globe as a natural means of soil fertility management,
fitting well into the integrated plant nutrient management
strategies for sustainable agriculture (Sharma, 2001).
Organic fertilisers from animal manure, yard waste, human
waste and food waste that have been bio-stabilised using
vermicomposting are now becoming a preferred source of
local fertiliser input by small scale farmers in many parts of
the world for soil amendments and improved crop
production.

Environmental degradation is a major issue of concern
across the globe in the 21st century. The international
community, at the Rio +20 Earth Summit, agreed to ‘Zero
Net Land Degradation’ as a sustainable development goal
highlighting the unrestrained and constant uses of agrochemicals by farmers as one of the major causes of land
degradation (The United Nations Convention to Combat
Desertification, 2012). The deterioration of soil fertility
through loss of nutrients and organic matter, erosion,
salinity and pollution of the environment can be linked to
the use of agro-chemicals in conventional agricultural
practices (Garg et al., 2008).
There is a growing concern to decrease the application of
chemical fertilisers to soil because of their adverse effects
on soil fertility, human health and the environment
(Nagavallemma et al., 2004). Inorganic fertilisers are
proven to be destructive in every way that is,
environmentally, socially, agronomically and economically
(Sinha et al., 2011). Rampant application of chemical
fertilisers to crops has negative effects on the soil flora,
fauna and enzymes which help to maintain the natural
fertility of the soil (Gupta et al., 2014). Horticulturists are
advocating the adoption of vermicomposts as a switch from
the destructive chemical fertilisers (Sinha et al., 2011).
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The use of vermicomposts is not an unusual practice in most
countries in Sub-Saharan Africa, although its adoption by
farmers in the region is still very low. Many small scale
farmers in the region cannot afford chemical fertiliser inputs
and depend on organic fertilisers like compost and manure,
but are oblivious of vermicomposts (Svotwa, 2009).
Evidence has been provided that the application of
vermicompost on cowpea (Vigna unguiculata) field plots
enhances the crop’s aerial biomass production. A few small
scale farmers in Southern Africa, mainly South Africa,
Malawi and Zimbabwe have also adopted the use of
vermicomposts.
Some small scale farmers in Matebeleland who have been
using chicken manure vermicompost for several years in
their gardens have reported enhanced soil productivity and
plant growth and crop yields over the years. In other parts of
Zimbabwe, demonstration by the Agricultural Technical and
Extension Services on vermicomposting has promoted the
adoption of these vermicomposts. Small scale farmers in
Hwedza, Zimbabwe are reaping the fruits of using
vermicomposts as they are able to harvest and sell tomatoes
on a daily basis from green houses and open fields
(Mangwarara, 2014).Vegetables and cereal crops grown in
soils amended with vermicompost display excellent growth
performances in terms of plant height, colour and texture of
leaves and appearance of fruiting structures when compared
to conventional compost and chemical fertilisers (Sinha,
2009).
The use of permaculture practices such as hugelkultur,
rainwater harvesting, sheet mulching, intensive rotational
grazing and in particular vermicomposting and its end
products has the potential to allow small scale farmers to
realise increase in crop production and prevent harmful
pests without polluting the environment. Therefore,
integration of vermicomposts into nutrient management
plans by small scale farmers could result in significant
reduction in their cost of production. The present study was
undertaken to investigate the effects of vermicompost
produced from cattle manure, food waste and garden waste
as a soil supplement on growth and yields of rape (Brassica
napus) in potting media.

The characteristics of the soil and vermicompost media are
shown below.
Media

pH

Soil
Vermicompost

6.7
7.4

Min.
Initial
N (ppm)
1.65
15.7

Melich 3 extraction
P2O5
Exchangeable
(ppm)
Cations (meq. %)
K
14.6
0.24
240.6
0.22

Three different levels of Compound D (7:14:7) fertilizer as
lower (15g), recommended (20g) and higher (25g) doses
were applied as basal dressing per pot at planting. The
treatments with 20g of compound D fertilizer and 4g of
ammonium nitrate represented the recommended application
rates. Treatments as percentage of the total potting media
are as shown below.
1) Control (potting media with no amendments,)- Trt 1
2) 2.1% vermicompost (125g)- Trt 3
3) 4.2% vermicompost (250g)- Trt 9
4) 8.0% vermicompost (500g)- Trt 4
5) 12.5% vermicompost (750g)- Trt 6
6) 17.0% vermicompost (1kg)- Trt 2
7) 0.25% inorganic fertilizer (20g)- Trt 7
8) 0.33% inorganic fertilizer (25g)- Trt 8
9) 0.4% inorganic fertilizer (15g)- Trt 5
Other crop husbandry practices included weed pulling,
insect and disease control through application of Thionex
EC as a drench, Carbaryl, and Dithane M45 and Copper
Oxychloride, respectively. Supplementary irrigation was
applied as and when necessary. Seedlings were transplanted
into pots at 5 weeks post emergence age. After transplanting
pots were watered to field capacity.
Data collection: Variables recording included number of
leaves per plant, number of marketable leaves per plant,
fresh mass yield per net plot, the length of the longest leaf
per plant, the width of the longest leaf per plant and whole
length of each plant per plot. Data collection started 4 weeks
after transplanting. Three harvests were done at an interval
of 10 days. Prior to each harvest, the number of leaves per
plant and number of marketable leaves per plant were
counted and recorded. The leaf initials and the two youngest
leaves were excluded from the total number of leaves and
total number of salable leaves. Other variables recorded
using a tape measure prior to each harvest included the
length of the longest leaf per plant, the width of the longest
leaf per plant and whole length of each plant per plot. Leaf
area was calculated by multiplying the Leaf Length by the
Leaf Width and the product multiplied by the correction
factor.
Data Analysis: The analysis of variance (ANOVA) was
done according to Gomez (1976) and means separated using
the least significant difference (LSD) at P=0.05.

MATERIALS AND METHODS
Crop establishment and Experimental design: The
experiment was conducted at Africa University Farm
located at 18°53’70.3” South and 32°36’27.9” East and at
an altitude of 1131m. The investigation included 9
treatments with 3 replications in 3 gallon plastic pots. Six
kilograms near neutral soil was used per pot. The soil media
in each pot was substituted with the corresponding
treatment. The trial was laid out in a Randomized Complete
Block Design (RCBD).
Five different levels of vermicompost soil supplemtnt were
made at the rates of 2.1%, 4.2%, 8%, 12.5% and 17%. The
different application rates for each of the five treatments
were made by mixing the different levels of vermicompost
with the required amount of potting media for all 27 plots.

RESULTS
Cumulative number of leaves: Data regarding cumulative
number of leaves showed significant differences (P<0.05)
for media (Figure 1). The highest cumulative number of
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leaves of 14.06 was from the 0.33% inorganic treatment
while the lowest cumulative number of leaves was from the
control at 7.89. The cumulative number of leaves, with
regard to weeks also showed significant (P<0.05)
differences. There was increase in the cumulative number of
leaves as weeks progressed but no significant difference
(P>0.05) with regard to media by week (MxW) interactions
was observed in terms of cumulative number of leaves.
Number of marketable leaves: There were significant
differences (P<0.05) shown in number of marketable leaves
with respect to media (Figure 2). The 0.4% inorganic
treatment had the highest number of marketable leaves of
22.94 while no marketable leaves were recorded from the
control treatment.
There were significant differences (P<0.05) in number of
marketable leaves as the weeks were progressing. Week
three had the highest number (1.04) of marketable leaves.
There was a significant (P<0.05) interaction between media
and weeks indicating that media affected number of
marketable leaves differently depending on weeks. The
grand mean was 0.91.
Fresh yield mass: After all three harvests, there were
significant differences (P<0.05) in fresh yield mass among
treatment means with regard to media (Figure 3).
The 0.4% inorganic fertilizer treatment outperformed all the
other treatments with a fresh yield mass of 250.6 g but was
not significantly different from treatment 8 which had a
mass of 201.1 g. The lowest mass was recorded from the
control treatment (Trt 1) with 36.7 g. There were no
significant differences (P>0.05) in all treatments regarding
weeks and M x W interactions concerning fresh yield mass.
The grand mean was 108.8 g.
Leaf length: There were significant differences (P<0.05) in
data pertaining to length of leaves in relation to media
(Figure 4). The longest leaves were seen in the 0.4%
inorganic fertilizer treatment measuring 37.01 cm and the
shortest leaves in the control measuring 13.5 cm.
The length of leaves also showed significant (P<0.05)
differences as weeks advanced. Week 1 produced the
smallest leaf length of 20.69 cm. There were no significant
(P>0.05) interactions between media and weeks for length
of leaves indicating that media did not affect leaf length
differently depending on weeks. The grand mean was 22.92
cm.
Width of leaves: The comparison of the media treatment
means indicate significant differences (P<0.05) in width of
leaves (Figure 5). The smallest width was recorded in
control measuring 5.87 cm and the longest width in the
0.4% inorganic treatments measuring 16.13 cm.
As weeks advanced, statistical differences (P<0.05) were
also noted with regard to width of leaves. Week 3 had the
longest width measuring 12.06 cm. There was no significant
(P<0.05) MxW interaction with regard to width of leaves.
The grand mean was 10.17cm.
Whole length of plants: Data regarding whole length of
plants showed significant differences (P<0.05) for media
(Figure 6). The treatment with the longest whole length of

Figure 1: Cumulative number of leaves per treatment.

Figure 2: Means of number of marketable leaves per
treatment.

Figure 3: Means of fresh yield mass per treatment.

Figure 4: Means of length of leaves per treatment.
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experiment followed a descending trend as weeks
progressed and was lowest in the control treatment.
Nyakudya et al. (2010) ascribed this to declining nutrient
supply and changes in the developmental stages of rape.
The low cumulative number of leaves per plant in the
inorganic fertilizer treatments, vermicompost treatments
and control treatments could be attributed to ageing of
the plant as rape is a fast growing crop whose nitrogen
concentration in the tissue decreases due to increase in
structural carbohydrates, and hence there was decrease in
plant growth variables as the weeks progressed (Zimbabwe
Fertiliser Company, 2011). This affected the vermicompost
treatments more as there is no synchronization between the
slow release mechanisms of vermicompost with the uptake
of nutrients by rape.
Data in the experimental study indicated that the 0.4%
inorganic fertilizer treatment gave higher value of fresh
yield mass when compared to all the other treatments for all
three harvests. The results are akin to those by Musara and
Chitamba (2015) who attributed this to low values of plant
available nutrients required by rape for improved yield in
the organic treatment compared to inorganic fertilizer
treatments. The low fresh yield mass in the vermicompost
treatments can be ascribed to low nitrogen supply which
affected the net photosynthetic rate of all crop plants thereby
increasing plant growth rate and yield. Wastes used to make
the vermicompost, their processing time and maturity are
also responsible for the low levels of nitrogen. This could
have adversely influenced the photosynthesis process of
rape, leading to reduced fresh yield mass (Campitelli and
Ceppi, 2008). The inorganic fertilizer treatments’ vegetative
growth parameters and yields were high from 28 days after
transplanting up to the last harvest when compared to the
vermicompost treatments and control treatment.
Nitrogen fertilization with ammonium nitrate in the
inorganic fertilizer treatments after four weeks from
transplanting date increased the leaf length and width of
rape during the vegetative growth stage which in turn
increases absorption of light energy leading to more yield
(Ravi et al., 2008). Fox (1995) attributed the trend to high
rates of nitrogen, which increase leaf area development as
well as overall crop assimilation. Kumari (2011) also
ascribed such increases in leaf area to enhanced nitrogen
levels which in turn influence photosynthesis hence
increases leaf area. Low levels of humic substances in the
vermicompost treatments and control treatments can also be
held accountable for reduced leaf length and width in these
treatments. Atiyeh et al. (2002) worked on crops such as
pepper, tomato, strawberry and cucumber. They credited
high levels of humic substances in vermicomposts to
enhancement of leaf area parameters in these crops. This
shows that there were low levels of humic substances in the
vermicompost treatments and control treatments and hence
the rape leaf length and width variables were adversely
affected. The leaf length and width of rape underpin the
number of marketable leaves per plant. The inorganic
treatments in the investigation had larger number of
marketable leaves when compared to all other treatments.

Figure 5: Means of width of leaves.

Figure 6: Means of whole length of plants per treatment.

plants of 9.06 cm was from the 0.4% inorganic treatment
while the shortest whole length of plants was from the
control at 6.14 cm.
The whole length of plants, with regard to weeks, also
showed significant (P<0.05) differences. There was increase
in the whole length of plants as weeks advanced. The plant
whole length measurement for week 1, week 2 and week 3
were 6.42, 7.59 and 8.11cm, respectively. There were no
significant differences (P>0.05) with regard to media by
week interactions observed in terms of whole plant length.
The grand mean was 7.37 cm.
DISCUSSION
The cumulative number of leaves per plant in the
vermicompost treatments and control treatment were lower
than the inorganic treatment. Nyakudya et al. (2010) also
reported similar variation for cumulative leaf numbers per
plant with the recommended treatment of poultry manure
and inorganic fertilizer treatments as giving higher yields
when compared to the biomass treatments. This can be
attributed to high nutrient supply in the inorganic fertilizers
which increases the photosynthetic activity in rape due to
enhanced electron transport rate and biliprotein content and
hence increases plant growth and consequently yields
(Figueroa et al., 2010). Low cumulative number of leaves in
the vermicompost and control treatments was also
suppressed by low nutrient value of nitrogen. The
cumulative leaf count per plant for all treatments in the
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growth, thereby enhancing nutrient uptake as well as plant
growth and development. Ladan Moghadam et al. (2012)
also observed similar results with application of
vermicompost having favorable effects on the growth,
development and physiology on Lilium asiatic hybrid var.
Navona. Vermicompost contains most nutrients in plant
available forms such as nitrate, phosphate, exchangeable
calcium, and soluble potassium. Vermocompost has large
surface area that provides many microsites for microbial
activity and for the strong retention of nutrients for plant
growth. Possibly, the plant growth regulators and other
plant growth materials like auxins, cytokinins and humic
substances in the vermicompost produced by micro
organisms had a positive influence on fresh weigh of the
seedlings as reported by Sharma et al. (2005) and Aalok et
al. (2008). This could explain the observation of
vermicompost amended treatment having an improved
performance than the control treatments.

Low numbers of marketable yields in the vermicompost
treatments and control treatments can be attributed to high
vermicompost and sand soil pH levels which caused the
stunting and yellowing of leaf margins in rape resulting in
decreased growth and yield as the pH levels fell. Low
measurements in leaf length and width for the rape equates
to lower number of marketable leaves. But if leaf length and
width measurements are high, the number of marketable
leaves will also be high. Leaf length and width can therefore
be used to determine the number of marketable leaves of
rape in the organic and inorganic fertilizer treatments as
well as the control. Macro and micronutrients and humic
acids facilitate the growth and development of plants
(Atiyeh et al., 2002; Arancon et al., 2005; Fern-andezLuqueno et al., 2010). The whole length of rape per plant
was largest in the inorganic fertilizer treatments when
compared to all the other treatments. The reduced plant
height of rape in this investigation can be attributed to low
levels of macro nutrients, micro nutrients and humic acids in
the vermicompost treatments and control treatment. Lazcano
et al. (2010) attributed the increased plant height or whole
plant length of tomato to sufficient amount of macro
nutrients and micro nutrients in the inorganic fertilizers
which increased the growth rate of crop plants when
compared to organic fertilizer. Troeh and Thompson (1993)
ascribed better whole plant length in inorganic fertilizers
treatments when compared to vermicompost treatments to
lower levels of phosphorus in vermicompost treatments.
Phosphorus is needed by crop plants for energy storage and
transfer as its deficiency restricts root growth and
proliferation of root hairs in crop plants, hence affecting top
growth as less nutrients and humic acids can be extracted
by the plant due to the poor root system resulting in stunted
growth. Roberts et al. (2007) attributed better whole plant
length of tomato plants in synthetic fertilizers to lower pH
levels compared to vermicompost treatments.
From this investigation, applied vermicompost treatments
affected the plant growth characteristics relative to the
control treatment. This is confirmed by the significant
statistical differences scored for number of leaves, length
and width of the leaves, whole length and fresh yield. The
results imply a positive influence of the vermicompost to
growth and development. Amendments of the growth
media with vermicompost had an influence on the
nutritional aspect of the media. More nutrients could have
been added to the media so that the plants had more uptake
of nitrogen leading to improved growth characteristics. Pour
et al. (2013) and Anwar et al. (2005) attributed the
physiological changes observed in vermicompost treated
plants to the humic substances and increased availability of
macro and micronutrients. Atiyeh et al. (2002) and Sahni et
al. (2008) also confirmed that vermicompost contains
considerable amount of humic substances and had
improving effects on the plant nutrition. Srivastava et al.
(2012) suggested that the physical and biological properties
may be modified in the vermicompost amended soils.
Alvarez and Grigera (2005) eluded that vermicompost
represented hormone-like activity and increased root

CONCLUSION
Vermicompost supplements have shown to enhance plant
growth in several occasions and these growth enhancements
could have been attributed to an improvement of the
physical, chemical and biological properties of the growing
substrate. Generally, replacement of soil with moderate
amount of vermicompost produces beneficial effects on
plant growth probably due to the vermicompost containing
most nutrients in plant available forms such as nitrate,
phosphate, exchangeable calcium, and soluble potassium.
Vermicompost supplement must have made available a
large surface area providing many microsites for microbial
activity and for the strong retention of nutrients for plant
growth. Such changes in the physical properties of the
substrates and presences of humic substances might be
responsible for the better plant growth with the doses of
vermicompost as compared to the soil-based substrate.
However, the use of vermicompost supplements alone in a
small scale nutrient management plan led to low growth and
consequently low yield responses of rape when compared to
inorganic fertilizer treatments. This is mainly due to the low
level of nutrient supply and slow mineralization rate of the
vermicompost. There is therefore an option of using an
integrated nutrient approach that includes vermicomposts
and inorganic fertilizers. This will help reduce the adverse
effects of using chemical fertilizers alone thereby assisting
to maintain soil productivity for longer periods of time.
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