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Abstract

PurposeTo investigate the effect of vermicomposted kitchen, market and tea wastes on tomato growth and yield
and assess the benefits and costs that arise.

Method A field experiment arranged in the randomized complete block design with five experimental treatments:
vermicomposted kitchen, market, tea wastes, NPK fertilizer and a control, replicated thrice was conducted. Data
were collected on plant height, number of leaves, number of branches, number of flower stalks, fruit number, fruit
weight, above-ground biomass, marketable tomato yield, soil nutrient content, pH, texture and exchangeable acid-
ity. Data obtained were analyzed using SAS version 9.4 by subjecting to one-way Analysis of Variance (ANOVA).
Biophysical crop data means were separated using Tukey’s Studentized Range (HSD) test at p=0.05 significance
level. T-test was used to determine the difference in soil nutrient content (Nitrogen (N), Phosphorus (P), Potassium
(K), and Carbon (C)) at the beginning and end of the study. The benefits and costs were analyzed using the bene-
fit-cost ratio formula.

ResultsThe three vermicomposts had a similar effect (p>0.05) in influencing most of the tomato crop variables
such as plant height, leaves number, branch number and flower stalks number. Tea waste vermicompost and kitch-
en waste vermicompost gave significantly high tomato yields of 115 t ha' and 113 t ha' at p=0.0001 as well as the
highest benefit-cost ratio of 1.4:1.

Conclusion Tea, market and kitchen wastes have a potential for use in the production of high-quality vermicompost
that can be used as a soil amendment to enhance tomato performance.

Keywords Nutrients, Earthworms, Amendment, Performance, Benefit

Introduction

Tomato is a high-value horticultural crop in Kenya
and an important vegetable worldwide (Nganga 2017;
Olanrewaju 2017). Tomato provides nutrition, income
and food security for the majority of small-holder farm-
ers in Kenya (Gacheri 2016). Global tomato produc-
tion in 2017 was approximately 182,301,395 tonnes
(FAOSTAT 2019). In Kenya, despite efforts made to
intensify tomato production, yields are on the decline;
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for instance, tomato production has decreased in recent
years from 443,200 tonnes in 2014, 402,500 tonnes
in 2015, 410,000 tonnes in 2016 and 283,000 tonnes
in 2017 (Ochilo et al. 2019; FAOSTAT 2019). Toma-
toes require N, P, K and magnesium (Mg) for proper
growth and yield (Zuba et al. 2011). Vermicompost is
high-quality soil amendment produced from the natural
conversion of biodegradable waste material by the use of
earthworms (Parekh and Mehta 2015). Vermicompost has
been observed to improve the content of plant nutrients
including NPK, magnesium (Mg), calcium (Ca), carbon
(C), glucose, fructose, L-ascorbic acid and morphologi-
cal fruit parameters such as peel firmness, circumference
and dry matter content enhancing seedling growth and
fruit quality (Xiao et al. 2016). Vermicompost has a ben-
eficial result on photosynthetic pigments of vegetables
and germination of seed (Ahirwar and Hussain 2015).
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Enhanced plant germination, percentage and vegetation
productivity have been associated with vermicompost
use (Zucco et al. 2015).

Tomato is among the major vegetables grown in
Kenya with the main production systems being under
open-field (rain-fed and irrigation) as well as in green-
houses to curb susceptibility to weather conditions
and diseases (Wachira 2012). Nutrient management in
Kenyan farms is vital in enhancing tomato production
(Nganga 2017). Inorganic and organic fertilizers are
applied to supply tomato crops with essential nutrients
required for healthy growth (Kariithi 2018). Inorganic
fertilizers such as NPK, DAP and CAN are employed in
tomato production as they exert a positive influence on
growth and yield, thus increasing tomato productivity
(Oseko and Dienya 2015; Nganga 2017). Organic farm
inputs such as cow manure and farm wastes are used
in tomato production (Wamuswa 2017). Organic farm-
ing techniques such as polyculture are also practiced by
tomato farmers in Kenya as they improve soil fertility,
thus enhancing production (Sheffy 2007). In Central
Kenya, farmers grow tomatoes using vermiliquid (100
litres per acre) obtained from vermiculture as it greatly
aids in boosting production with the earthworms being
fed on farm waste (Thomson Reuters Foundation 2018).

Cost-benefit analysis is an analytical tool for quanti-
fying the costs and benefits derived from a decision, proj-
ect or program, to determine the overall financial impact
(Nas 2016). The benefits, as well as the costs, are summed
up and the ratio between the two is obtained (Nas 2016).
Ratios above 1 are considered economically feasible. In-
organic fertilizers are expensive and not always readily
available in the market at all times while vermicompost
(organic manure) is always available to farmers at an af-
fordable cost (Kashem et al. 2015). Production of vermi-
compost is suitable in increasing farm yields (Kashem et
al. 2015). It is a beneficial enterprise with better cost-ben-
efit ratios in contrast to the deployment of chemical fertil-
izers (Devkota et al. 2014). The present study was used to
investigate how vermicomposted kitchen, market and tea
waste affect tomato productivity and the costs and benefits
that arise from vermicompost use in tomato production.

Materials and methods

Study site

The study was carried out in the University of Embu
agriculture demonstration farm in Embu County, Ken-

ya. The University lies at latitude 0.5156° S and longi-
tude 37.4560° E and is located along the Embu-Meru
highway, 3 km from Embu Town. The site lies at an
elevation of 1150 m asl (Kisaka et al. 2014). Embu has
a bi-modal rainfall pattern in which long rains are re-
ceived between March and June whereas short rains
are received between October and December (Embu
County Government 2013). Rainfall received at the
study site is averaged at 800 mm annually (Kisaka et
al. 2014). The mean annual temperature for the study
area is 20.9 °C with a mean maximum of 24.5 °C and
a mean minimum of 17.4 °C (Kisaka et al. 2014). The
soils at the study site are Humic Nitisols with moder-
ate to high fertility (Kisaka et al. 2014). The soils are
deep and well-weathered with dark red to dark reddish
brown color, with pH ranging between (4.8-5.4), less
than 2% organic carbon levels, less than 0.2% N and
less than 10 ppm P (Verde et al. 2013).

Study design, treatment application and experi-
mental layout

The experiment employed randomized complete block
design (RCBD) with the treatment plots being replicat-
ed thrice (Fig. 1).

The treatments were; 22.22 t ha! vermicomposted
kitchen waste and vermicomposted market waste, 12.22
t ha'! vermicomposted tea wastes, 648 kg ha™! inorganic
fertilizer (NPK) and control without fertilizer applica-
tion. Vermicompost and NPK were applied to supply
124 kg N ha''. Kitchen waste that was vermicomposted
comprised fresh carrot peels, cabbage and kales. Mar-
ket waste that was vermicomposted comprised fresh
banana, potato and fruit peels. Tea waste that was ver-
micomposted comprised the green tea leaves. Fifteen
plots of 2.2 m by 2 m, with spaces of 0.5 m in between
the plots were established. Tomato variety Rambo F1
(determinate) from Royal Seed Company was the crop
tested. The experiment was conducted for two seasons.
The first season was between November 2018 and
February 2019 with the second season being between
March 2019 and May 2019. Rambo F1 tomato seeds
were sown in the nursery and transplanted to the plots
after four weeks in both seasons. The land was prepared
using a hoe to a depth of 20 cm. The soil was leveled
using a rake. The tomato seedlings were transplanted at
a spacing of 60 cm by 45 cm. Weeding was done twice
a month. Spraying against diseases and pests was done
every two weeks using Difenoconazole fungicide at
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Fig. 1 Experimental layout with treatment application in RCBD

Key: KWV-Kitchen waste vermicompost, MW V-Municipal waste vermicompost, TWV-Tea waste vermicompost, [F-Inorganic fertilizer,

C-Control

rates of 0.5 liters ha' and Imidaclopride + Betacyfluth-
rine pesticide at rates of 0.2 liters ha'. Staking was done
on the fifth week of each season. Surface irrigation was
performed every two days using a hosepipe. The crop
was harvested sequentially (twice every week) at phys-
iological maturity.

Determination of soil nutrient content

Soil samples were collected from the University of
Embu Agriculture demonstration farm experimental
plots, before and after input application. The sam-
ples (< 0.5 mm) were oven-dried at 40° C. Total Ni-
trogen was determined following the micro Kjeldahl
method of Page et al. (1982). Total Phosphorus
was extracted following the procedure of Mehlich
et al. (1962) and the content was determined spec-
trophotometrically. Total Potassium was extracted
following the procedure described by Berry et al.
(1946) and the content was determined with a flame
photometer. Soil pH was determined in a 1:1 (w/v)
soil-water suspension with a Universal soil pH —
meter following the procedure described by Mehlich
et al. (1962). Soil texture was determined follow-
ing the hydrometer method of Hinga et al. (1980).
Exchangeable acidity was determined following
titrimetric method of Okalebo et al. (2002). Total

organic carbon (TOC) was done following the cal-
orimetric method of Anderson and Ingram (1993).

Tomatoes harvesting

Tomatoes were harvested following the procedure of
Arah et al. (2016) whereby, the tomatoes were harvest-
ed in a partially ripe mature stage.

Data collection

Agronomic data collected included: germination date,
weekly plant height, number of leaves, first flower-
ing date, number of flowers stalks, number of fruits
per plant, fruit weight (t ha'), number of branches per
plant, marketable yield (t ha') and above-ground dry
biomass (t ha'). Data were collected from the inner
four plants per plot. Fruits’ weight was determined us-
ing an electronic weighing balance. Dry biomass was
obtained by drying the crops in the sun. Yield and plant
dry biomass were obtained by collecting yield and bio-
mass data from four representative plants in each plot
in g m? The means for each treatment were obtained
from all the representatives of the replicates and used to
calculate the values for a hectare by extrapolation from
the representative area occupied by the four plants. The
g m? was converted to t ha'! by dividing by 100.
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Plant biomass (dry) was calculated following the
procedure of Montes et al. (2011);

dry weight (of above ground tissue) | “1

Standing biomass =
plot area

The economics was calculated by considering the
total costs (earthworms cost, transport, labor cost,
DAP cost, organic waste cost and implements costs),
and benefits that arose from substituting inorganic fer-
tilizers with vermicompost. Data obtained was orga-
nized and arranged in MS Excel. The benefit-cost ratio
formula was used according to Adhikary et al. (2016)
whereby:

Gross return 2

BCR =

= Total cost oF production. i s

Data analysis

Statistical analysis for biophysical data and benefit-cost

ratios was carried out using SAS software version 9.4
SAS, 2013. Data obtained were subjected to two-way
analysis of variance (ANOVA) using SAS proc GLM
code of the model RCBD. Significantly different treat-
ment means were separated using Tukey’s Studentized
Range (HSD) at p=0.05 significance level.

Results and discussion

Effect of vermicomposted kitchen, market and tea
wastes on soil nutrients

The texture of the soil that was used in the present
study was clay. Market waste vermicompost signifi-
cantly (p<0.05) enhanced the soil nitrogen content
compared to kitchen waste and tea waste vermicom-
posts (Table 1).

Table 1 Effect of vermicomposted kitchen, market and tea wastes on soil nutrients

Phosphorus

Potassium

Organic Car- Exchangeable acidity

Parameter Nitrogen (%) . pH
(ppm) (% me) bon (%) (cmol kg soil)

Initial 0.21° 15¢ 0.78¢ 2.26° 0.4* 4514
KWV 0.27° 502 1.77° 2.61* 0.2° 547
MWV 0.332 40° 1.7¢ 2.47° 0.27° 5.04¢
TWV 0.27° 502 1.94 2.61* 0.23° 5.28°
Standard deviation 0.08 16.2 0.46 0.19 0.096 0.34
Coefficient of

. 27.93 41.81 30.20 7.74 34.82 6.6
variation

Key: KWV-Kitchen waste vermicompost, MW V-Market waste vermicompost, TWV-Tea waste vermicompost

Vermicomposted kitchen, market and tea waste
contained 0.5% N, 0.8% N and 0.7% N, respectively
(Mochache et al. 2019). This enhanced the soil N con-
tent from 0.21% N to 0.27% (29%), 0.33% (57%) and
0.27% (29%), respectively. Vermicomposted kitchen,
market and tea wastes contained 0.81 ppm P, 0.7667
ppm P and P 0.76 ppm P, respectively (Mochache et al.
2019). This increased the soil P content from 15 ppm P
to 50 ppm P (233%), 40 ppm P (167%) and 50 ppm P
(233%), respectively. Vermicomposted kitchen, market
and tea waste had 2.74 me% K, 1.97 me% K and 2.42
me% K, respectively (Mochache et al. 2019). This in-
creased the soil K content from 0.78 me% K to 1.77
me% K (127%), 1.7 me% K (118%) and 1.95 me% K
(150%), respectively. Vermicomposted kitchen, market
and tea waste contained 15% C, 15.33% C and 15.1%

C, respectively (Mochache et al. 2019). This enhanced
the C content of the soil from 2.26% C to 2.61% C
(15%), 2.47% C (9%) and 2.61% C (15%), respectively.

Kitchen and tea waste vermicompost significantly
(p<0.05) increased the soil phosphorus content com-
pared to market waste vermicompost (Table 1). Tea
waste vermicompost significantly (p<0.05) increased
the soil potassium content compared to kitchen and
market waste vermicomposts (Table 1). Kitchen and tea
waste vermicomposts had a significant (p<0.05) effect
on the soil organic carbon content compared to market
waste vermicomposts (Table 1). Kitchen waste vermi-
compost had a significant (p<0.05) effect on the soil pH
compared to tea waste and market waste vermicomposts
(Table 1). The three vermicomposts had a neutralizing
effect on soil acidity as the pH was raised from an initial
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value of 4.51 to 5.47 by kitchen waste vermicompost,
5.28 by tea waste vermicompost and 5.04 by municipal
waste vermicompost.

T-test analysis on the soil samples treated with ver-
micompost revealed a significant difference (p<0.05)
between the initial and final soil nutrient content after

Table 2 Soil t-test analysis on vermicompost treated soils

incorporation of kitchen, market and tea waste vermi-
compost (Table 2). However, there was no significant
difference (p>0.05) in the nitrogen as well as exchange-
able acidity of soils treated with market waste vermi-
compost as illustrated in (Table 2).

Treatment
Variable t/p value
KWV MWV TWV
. t-value 3.84 1.76 3.84
Nitrogen (%)
p-value 0.006 0.069 0.006
t-value 3.51 2.78 4.02
Phosphorus (mg Kg™)
p-value 0.009 0.02 0.005
. t-value 3.58 2.77 5.24
Potassium (mg Kg')
p-value 0.008 0.02 0.002
t-value 2.69 2.04 2.64
Carbon (mg Kg')
p-value 0.02 0.486 0.023
. . t-value 4.14 1.81 5.97
Exchangeable acidity (cmol kg™ soil)
¢ p-value 0.004 0.065 0.001
q t-value 4.72 2.38 4.75
P p-value 0.003 0.03 0.003

These findings corresponded to those by Xu and
Mou (2016) who observed that vermicompost addition
to soil increased N by 66%, P by 56%, K by 204% and
organic carbon by 43%, soil pH increased from 6.8 to
7.3. Wang et al. (2017), on the other hand, reported
that vermicompost enhanced soil quality by increasing
pH from 7.23 to 7.37, ammonium nitrogen, as well as
water-soluble organic carbon, were also increased af-
ter treatment with vermicompost. A similar study by
Nurhidayati et al. (2018) also found that vermicom-
post addition increased the soil nutrient content; for in-
stance, soil N increased by 200%, P increased by 100%
and K by 127%. Similarly, a study by Mahmud et al.
(2018) showed that when vermicompost was applied to
soil, the pH increased from 5.65 to 5.77 and significant-
ly a total nitrogen increase of 114% was observed in
the vermicompost treated soils compared to the control.
The findings of this study also concurred with those of
Yadav and Garg (2015) who observed that soils amend-
ed with vermicompost had an increased N content of
1700%, P content of 1650%, K content of 800% and
C content of 1067% compared to the control. The in-
creased soil nutrient content in vermicompost applied
soils was attributed to castings produced by earthworms

in vermicompost as well as the decomposition activities
of earthworms on organic residues (Adhikary 2012).
These enhanced the soil organic matter as well as the
nutrient status by recycling nitrogen, phosphorus and
potassium (Saranraj and Stella 2012). Differences in the
effect of vermicompost on the soil parameters were at-
tributed to the different vermicompost types utilized as
well as the soil types. The differences were also attribut-
ed to be a function of different decomposition rates re-
lated to temperature, moisture and residue quality.

Kitchen waste vermicomposted had the highest C:
N ratio of 29.4 followed by tea waste vermicompost at
19.4 and market waste vermicompost had the lowest C:
N ratio of 18.7 (Table 3).

Effect of vermicomposted kitchen, market and tea
wastes on plant height

In the first season, significant differences (p<0.05) were
recorded in the 3%, 5%, 6™ 7% 8t 9t and 10" WAT (Fig.
2). In the second season, there was no significant differ-
ence (p>0.05) in the plant height in the 1* and 2" WAT

(Fig. 2).
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Table 3 C: N ratio of vermicomposted kitchen, market and tea wastes

C:N
Treatment Total Nitrogen (%) Total Organic Carbon (%) i

ratio
KWV 0.51 15 29.4
MWV 0.82 15.33 18.7
TWV 0.78 15.1 19.4

Source: Mochache et al. (2019)
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Fig. 2 Effect of vermicomposted kitchen, market and tea wastes on plant height
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This was attributed to the nitrogen content of the
treatment, whereby higher nitrogen content resulted in
rapid plant growth; for instance, it resulted in increased
plant height (Leghari et al. 2016). There was no signif-
icant difference (p>0.05) in the nitrogen content of the
three vermicomposts (Mochache et al. 2019), thus giv-
ing no significant difference (p>0.05) in the plant height
towards the end of two seasons (Fig. 2). There was no
significant difference (p>0.05) in the plant height of the
three vermicomposts compared to that of inorganic fer-
tilizer due to the high nitrogen content contained in the
NPK (17:17:17) fertilizer. The three

vermicomposts had a higher plant height than the
control throughout the study as a result of lower nitro-
gen content in the control compared to that of vermi-
compost (Table 1; Mochache et al. 2019).

The results of the present study corresponded to
those by Kashem et al. (2015), who reported that ver-

micompost application at a rate of 20 t ha' resulted
in a maximum tomato plant height of 52.7 cm which
was high compared to the control. In a similar study by
Wang et al. (2017) vermicompost gave increased plant
height of up to 90 cm compared to other fertilizer treat-
ments, as a result of its high nitrogen content. More-
over, Thuy et al. (2017) stated that application of 35
t ha! of vermicompost gave a maximum tomato plant
height of 87.5 cm in the autumn-winter season. Differ-
ences in plant height were attributed to differences in
the tomato varieties utilized in the different studies.

Effect of vermicomposted kitchen, market and tea
wastes on leaf Number

In season 1, treatments did not influence (p>0.05) the
number of tomato leaves during the 1%, 2™ and 3 WAT
(Fig. 3). However, in the remaining weeks, statistical
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differences (p<0.05) among the treatments were ob-
served, whereby market and kitchen wastes had signifi-
cantly more (p<0.05) leaves than the control (Fig. 3).
Similar trends were also observed in season 2, whereby
significant differences (p<0.05) were observed from 3
WAT (Fig. 3).

The increased number of leaves was attributed to
elevated available nitrogen in the soil contributed by
vermicompost. Nitrogen enhanced the vegetativeness
of crops by promoting leaf growth and development
(Leghari et al. 2016). As reported by Mochache et al.
(2019), there were no significant differences (p>0.05) in
the nitrogen contents of the three vermicomposts, thus
giving no significant differences (p>0.05) in the leaves
number in both seasons (Fig. 3). There were no signif-
icant differences (p>0.05) observed between the three
vermicomposts leaf number and the inorganic fertilizer
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leaf number throughout the study due to the high nitro-
gen content contained in NPK (17:17:17). Significant
differences (p<0.05) were observed in the leaf number
of the three vermicomposts compared to that of control
toward the end of both seasons as a result of low ni-
trogen content associated with the control compared to
that of vermicompost (Table 1; Mochache et al. 2019).
The results obtained conformed to a previous study by
Kashem et al. (2015), whereby application of 20 t ha!
of vermicompost showed an increase of 54 leaves per
plant compared to control treatment. In a similar study
by Eswaran and Mariselvi (2016) vermicompost treated
tomato plants yielded as high as 112 leaves per plant.
Differences in leaves numbers could be attributed to the
different tomato varieties grown in the different studies
as well as soil types.

A AT AN 2
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3 4 5 6 7

o
o
=)

Season 2

) ) Weeks after transplanting
Fig. 3 Effect of vermicomposted kitchen, market and tea wastes on leaf Number

Effect of vermicomposted kitchen, market and tea
wastes on the number of branches

In the first season, no significant difference (p>0.05) in
the branch numbers was observed in the 2™ and 5" WAT
(Fig. 4). Significant differences (p<0.05) in branch
numbers were observed among the treatments from 4
WAT in the second season (Fig. 4). Market and kitchen
waste vermicomposts had significantly more (p<0.05)
branches compared to the control from 6 WAT in the
first season (Fig. 4). In the second season, the three ver-
micomposts and inorganic fertilizers had significantly

more (p<0.05) branches compared to control in the 7
and 8" WAT (Fig. 4).

Higher number of branches in fertilized treatments
in the present study was attributed to nitrogen content
which enhances branch number as noted by Etissa et
al. (2013). Since there were no significant differences
(p>0.05) in the nitrogen contents of the three vermi-
composts as reported by Mochache et al. (2019), the
branch numbers were statistically similar (p>0.05) in
both seasons (Fig. 4). There were no significant differ-
ences (p>0.05) in the branch number observed between
the three vermicomposts and the inorganic fertilizer
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throughout the study due to the high nitrogen content
contained in NPK (17:17:17). Significant differences in
the branch number (p<0.05) between the three vermi-
composts and control were observed towards the end of
both seasons as a result of low nitrogen content associ-
ated with the control compared to that of vermicompost
(Table 1; Mochache et al 2019). These results agreed
with those of Chanda et al. (2013) who reported that
vermicompost treated tomato plants yielded 7 branches
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8 ¥ 3 ] 1
50 7 =Y 1Y
] 4 ¥
o % %
6

Season 1

per plant which were high compared to treatments with
chemical fertilizers and other organic inputs. Similarly,
Gopinathan and Prakash (2014) reported that vermi-
compost treated plants gave the highest branch num-
ber (5 branches per plant) compared to other fertilizer
treatments. Differences in branch number are attributed
to the different tomato varieties grown by the different
studies.

Season 2

Weeks after transplanting

Fig. 4 Effect of vermicomposted kitchen, market and tea wastes on the number of branches

Effect of vermicomposted kitchen, market and tea
wastes on the flower stalks number

In the first season of study, significant differences
(p<0.05) in the number of flower stalks were observed
only on 4 and 7WAT (Fig. 5). In the second season,
however, significant differences (p<0.05) were ob-
served throughout the seven weeks (Fig. 5).
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This was attributed to the increased phosphorus con-
tent of the treatments as it is associated with growth and
development of flower stalks (Malhotra et al. 2018).
Since the phosphorus contents of the three vermicom-
posts were statistically similar, (p>0.05) in the study by
Mochache et al (2019), flower stalks’ numbers in both
seasons were also statistically similar (p>0.05) as shown
in Fig. 5. There were no significant differences (p>0.05)
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Fig. 5 Effect of vermicomposted kitchen, market and tea wastes on the number of flower stalks
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in the flower stalks number observed between the three
vermicomposts and the inorganic fertilizer throughout
the study due to the high phosphorus content contained
in NPK (17:17:17). Significant differences in the flower
stalk number (p<0.05) were observed between the three
vermicomposts and control towards the end of the first
season and throughout the second season as a result of low
phosphorus content associated with the control treatment
compared to that of vermicompost treatments (Table 1;
Mochache et al. 2019).

The findings of the present study corresponded to
those by Taleshi et al. (2011) who observed that
enhanced microbial activity and uptake of nitro-
gen associated with vermicompost use resulted in
enhanced photosynthesis, nutrient as well as water
uptake that ultimately led to improved flowering.
Similarly, Zucco et al. (2015) and Mukta et al. (2016)
reported that vermicompost treated tomato plants had
more flowers compared to the control.

Effect of vermicomposted kitchen, market and tea
wastes on the fruits number

Kitchen waste and tea waste vermicompost tomato
plants had significantly higher (p<0.05) fruit number
than market waste vermicompost by 19% and 14%,
respectively, inorganic fertilizer by 32% and 29%, re-
spectively and control treatment by 131% and 125%,
respectively (Table 4). In season 2, no significant differ-
ence (p>0.05) was observed in the fruit number of the
five treatments (Table 4).

Table 4 Effect of vermicomposted wastes on fruit num-
ber

Treatment Fruit Number
Season 1 Season 2 Mean
Control 16.00¢ 2.00 9.00
NPK 28.00° 9.00 18.50
Kwv 37.00° 6.33 21.67
MWV 31.00° 9.00 20.00
TWV 36.00° 11.00 23.50
P-value 0.0001 0.2317
Lsd 4.4563 12.508

Key: KWV-Kitchen waste vermicompost, MWV-Market waste ver-

micompost, TWV-Tea waste vermicompost

Mochache et al. (2019) did not find significant dif-
ferences (p>0.05) in the potassium contents of the three
vermicomposts, thus giving no significant differenc-
es (p>0.05) in the fruit numbers in the second season
(Table 4). Tea and kitchen waste vermicomposts had a
significantly higher (p<0.05) fruit number compared
to inorganic fertilizer in the first season due to high-
er potassium content contained in the two vermicom-
posts (Mochache et al. 2019) compared to that of NPK
(17:17:17) fertilizer. Significant differences in the fruit
number (p<0.05) between the three vermicomposts and
control were observed in the first season as a result of
low potassium content associated with the control
compared to that of vermicompost treatments (Table
1; Mochache et al. 2019).

The results of the present study on more fruits in
vermicomposted treatments correspond to the findings
of Kashem et al. (2015), Eswaran and Mariselvi (2016)
as well as Rahman and Akter (2018). Kashem et al.
(2015) observed that tomato plants grown using vermi-
compost had 300% more fruits compared to the control.
Similarly, Eswaran and Mariselvi (2016) concluded that
tomatoes grown using vermicompost produced 340%
more fruits than the control. In the study by Rahman
and Akter (2018), tomatoes grown using vermicompost
produced 80% more fruits compared to the control. The
higher number of fruits in vermicomposted treatments
was attributed to the potassium content associated with
a high number of fruits as reported by Sultana et al.
(2015) and Cruz et al. (2017).

Effect of vermicomposted kitchen, market and tea
wastes on the fruit weight

Tea waste vermicompost had a significantly higher
(p<0.05) fruit weight by 21% compared to control
(Table 4). In the second season, however, there were no
significant differences (p>0.05) in the fruit weight of
the five treatments (Table 5).

This was associated with the potassium content of
the treatment playing a great role in fruit development
(Sultana et al. 2015; Cruz et al. 2017). There were no
significant differences (p>0.05) in the potassium con-
tents of the three vermicomposts (Mochache et al.
2019), thus giving no significant differences (p>0.05) in
the fruit weight (Table 5). There were no significant dif-
ferences (p>0.05) in the fruit weight observed between
tea and kitchen waste vermicomposts compared to the
inorganic fertilizer throughout the study due to the high
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potassium content contained in NPK (17:17:17). Sig-
nificant differences in the fruit weight (p<0.05) were
observed between the three vermicomposts and control
in the first season and throughout the second season as
a result of low potassium content associated with the
control compared to that of vermicompost treatments
(Table 1; Mochache et al. 2019). The findings of the
present study on higher fruit weight in vermicomposted
treatments agreed with those of Kashem et al. (2015),
Eswaran and Mariselvi (2016) and Rahman and Akter
(2018). The findings of Kashem et al. (2015) were: ver-
micompost treatment had a 3900% higher fruit weight
compared to control treatment. These findings corre-
sponded to those by Eswaran and Mariselvi (2016),
who found out that mean fruit weight obtained from
tomato plants grown in vermicompost was 439% high-
er than the control. In a similar study by Rahman and
Akter (2018), vermicompost treatment had 39% higher
tomato fruit weight compared to the control. The dif-
ferences in fruit weight among the various studies were
attributed to the different tomato varieties used as well

as the quality of vermicompost.

Table 5 Effect of vermicomposted wastes on fruit weight

Treatment Fruit weight (g)
Season 1 Season 2 Mean
Control 63.000¢ 35.77 49.39
NPK 99.33% 64.8 82.10
Kwv 98.67% 55.52 77.10
MWV 85.33° 63.00 74.17
WV 103.33¢ 66.03 84.68
P-value 0.0001 0.1016
L.s.d 16.881 36.393

Key: KWV-Kitchen waste vermicompost, MWV-Market waste ver-

micompost, TWV-Tea waste vermicompost

Effect of vermicomposted kitchen, market and tea
wastes on the above-ground dry biomass

There was no significant difference (p>0.05) in the bio-
mass of the tomato plants from all the treatments in both
seasons (Table 6). Differences in biomass yields were
attributed to the NPK content of the treatment which
is related to the overall plant growth (Chaulagain and
Lamichhane 2017). In the present study, there were no

significant differences (p>0.05) observed in the above-
ground dry biomass since vermicompost treatments
had a statistically similar (p>0.05) nutrient content
(Mochache et al. 2019) (Table 6).

Table 6 Effect of vermicomposted wastes on above
ground dry biomass

Treatment Biomass (t ha!)

Season 1 Season 2 Mean
Control 22036 5334 13685
NPK 32322 8606 20464
KwvV 47382 5757 26570
MWV 41295 6303 23799
WV 45182 7879 26531
P-value 0.0579 0.7434
L.sd 26837 0.9488

Key: KWV-Kitchen waste vermicompost, MWV-Market waste ver-

micompost, TWV-Tea waste vermicompost

There were no significant differences (p>0.05) in
the biomass of the three vermicomposts compared to
the inorganic fertilizer throughout the study due to the
high nitrogen content contained in NPK (17:17:17).
The three vermicomposts had high biomass compared
to the control throughout the study as a result of the
high nitrogen content of the vermicomposts compared
to the control (Mochache et al. 2019; Table 1).

Nitrogen was responsible for increased plant height
and increased above ground dry biomass (Popovié¢ et
al. 2017). The findings of the present study concurred
with those by Joshi and Vig (2010), who observed that
vermicompost treated tomato plants gave high biomass
by 143% compared to the control. In a similar study
by Vaidyanathan and Vijayalakshmi (2017), vermicom-
post treated tomato plants had 135% higher dry plant
biomass compared to the control. Similarly, Ahirwar
and Hussain (2015) reported increased vegetable plant
biomass in a vermicomposting study using vermicom-
posted coconut husks and rice hulls. The difference be-
tween these studies with the present study was due to
tomato varieties as well as vermicompost quality.

Effect of vermicomposted kitchen, market and tea
wastes on the marketable yield

In the present study, tea and kitchen waste vermicom-
post increased tomato marketable yields at 115 t ha’!
and 113 t ha'!, respectively compared to inorganic fer-
tilizer and the control treatment (Table 7).
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Table 7 Effect of vermicomposted wastes on marketable

yield

Treatment Marketable Yield(t ha™)
Season 1 Season 2 Mean

Control 28.11° 2.20 15.16

NPK 84.76° 21.60 53.18

KwV 112.66* 14.87 63.77

MWV 82.22° 21.60 51.91

WV 114.77* 29.30 72.04

P-value 0.0001 0.3005

Ls.d 25.933 39.878

Key: KWV-Kitchen waste vermicompost, MWV-Market waste ver-

micompost, TWV-Tea waste vermicompost

Significant differences in the number of fruits
(p<0.05) between the three vermicomposts and control
were observed in the first season as a result of low po-
tassium content associated with the control compared to
that of vermicompost treatments (Table 1). This could
be attributed to elevated available macro and micronu-
trients, improved soil structure, enhanced water storage
and ability of microbes to keep nutrients in available
forms (for instance, phosphorus) that are associated
with vermicompost application. The results of the pres-
ent study corresponded to those by Hyder et al. (2015)
and Vaidyanathan and Vijayalakshmi (2017) who ob-
tained the highest tomato fruit yield of 1.1 t ha' and
4.4 t ha' respectively, from vermicompost treated to-
mato plants. Moreover, Wang et al. (2017) reported an
increased yield of tomatoes under vermicompost com-
pared to other treatments. The findings of Tesfay et al.
(2018) indicated that tomato plants grown in treatment
of 8 t ha'! of vermicompost gave the highest marketable
yield of 33.1 tha'. The high yield of tomatoes in vermi-
composted treatment was attributed to higher nutrient
contents as well as improved soil physical, chemical
and biological properties.

Correlation analysis

Table 8 Correlation Coefficient (r) between growth pa-
rameters and nutrient content

Growth Parameters Nutrient content

Height 0.07
Leaves number 0.25
Biomass 0.34

There was a low positive correlation between the
nutrient content and plant height (0.07) (Table 8); this
implied that there was an increase in plant height with
an increase in the nutrient content of the soil; however,
the relationship between the variables was not linear.
This implied that nutrient content worked with other
parameters, for instance moisture in increasing plant
height. There was a low positive correlation between
the nutrient content and the leaves number (Table 8)
implying that there was an increase in leaves number
with the increase in nutrient content but the relation-
ship between the two variables was not strong. A me-
dium positive correlation was observed between bio-
mass and nutrient content, (Table 8) thus implying that
there was an increase in plant biomass with an increase
in the soil nutrient content; the relationship among the
two variables is thus strong. This corresponded to the
findings of Abdel-Mawgoud et al. (2007), who estab-
lished that increasing nutrient content in soil planted
with tomato crops led to increased plant height, leaves
number as well as fresh and dry plant weight. Simi-
larly, Xiukang and Yingying (2016) established that
increased fertilizer rate led to enhanced rate of tomato
leaf growth and plant height since tomato requires N,
P and K in large quantities.

Table 9 Correlation Coefficient (r) between marketable
yield and yield parameters

Yield Parameters Marketable Yield
Fruit number 0.99
Fruit weight 0.94

There was a strong positive correlation between
the fruit number and the marketable yield as well as
fruit weight and marketable yield (Table 9). This im-
plied that there was an increase in marketable yield
with an increase in fruit number and fruit weight. The
relationship between the two variables (fruit number
and fruit weight) to the marketable yield variable was
thus strong. There was a strong positive correlation
of the fruit number and fruit weight to the marketable
yield (Table 9). This corresponded to the finding of
Das et al. (2017), whereby fruit yield had a signifi-
cant positive correlation (r=0.977) to fruit number per
plant. In a similar study done by Etissa et al. (2013),
fruit yield had a strong positive correlation with the
fruit number (r=0.62) and fruit weight (1=0.42).
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Benefit-Cost Ratio of vermicompost use for toma-
to production

For season 1, both tea and kitchen waste vermicom-
posts had a significantly higher (p<0.05) benefit-cost
ratio of 1.37:1 compared to inorganic fertilizer at 0.76
and control at 0.34 (Table 7). In season 2, however, no
significant difference (p>0.05) was observed in the ben-
efit-cost ratio of the five treatments (Table 10).

Table 10 Benefit-cost ratios of vermicomposted wastes
for tomato production

Season 1 and

Treatment Season 1 Season 2 2 mean
Control 0.340° 0.020° 0.180
NPK 0.760" 0.20° 0.484
KwvV 1.3667* 0.140° 0.753
MWV 0.9933% 0.210° 0.602
TWV 1.3667* 0.280° 0.823
P-value 0.0005 0.3861

L.s.d 0.5519 0.30337

Key: KWV-Kitchen waste vermicompost, MW V-Market waste ver-

micompost, TWV-Tea waste vermicompost

This was attributed to the lower yields obtained
from all the treatments as a result of drier conditions in
the second season.

The findings obtained from the present study con-
curred with those of other vermicomposting studies,
for instance, according to Alam (2011), vermicompost
use in tomato production had the potential to yield a
high benefit-cost ratio (2.59:1). In a similar study by
Mohamed et al. (2015), vermicompost applied at a rate
of 4% in growing sweet pepper yielded a maximum
benefit-cost ratio of 1.67 in the first season and 1.74 in
the second season. Guo et al. (2015), on the other hand,
grew maize using vermicompost and obtained a bene-
fit-cost ratio of 19:1. Similarly, Adhikary et al. (2016)
applied 10 t ha' of vermicompost in tomato growth
and obtained a BCR of 1.27:1. Moreover, Mahmud et
al. (2018) also deduced that profit received from pine-
apples grown with vermicompost was slightly higher
than that from pineapple fruits grown using chemical
fertilizers. An economic advantage was realized in a
similar vermicomposting study done by Austin (2015),
whereby vermicompost treated Swiss chard yielded

greater profit margins as compared to Swiss chard from
the other treatments, the benefit-cost ratio was 13.2:1.
Additionally, Rahman and Akter (2018) utilized vermi-
composted kitchen waste that gave a benefit-cost ratio
of 0.15:1 from growing tomatoes. The high benefit-cost
ratio was attributed to the high yield obtained from the
vermicompost treated crops compared to crops of treat-
ments that contained no vermicompost.

Conclusion

This study demonstrated the effect of vermicompost
produced from kitchen, market and tea wastes (using
Eisenia fetida earthworms) on tomato growth and yield.
Based on the findings, the following conclusions can
be made: Kitchen wastes, tea waste and market wastes
vermicomposts have the same effect in influencing
most tomato growth variables including the number of
branches, plant height and leaves number. Vermicompost
treatments’ effect on tomato above-ground biomass is
similar but significantly higher compared to the control.
Tea and kitchen waste vermicomposts give increased to-
mato yields (115 t ha' and 113 t ha!, respectively) as
well as the highest benefit-cost ratio (1.37:1) and are
therefore recommended for the production of tomatoes.
The results of the present study show that tea and kitchen
vermicomposts can be recommended for the production
of tomatoes as they give increased yields. The effect is,
however, highly variable depending on water availabil-
ity. Tea waste vermicompost and kitchen waste vermi-
compost can be recommended for tomato crop growth
as they yield higher profits to the tomato crop venture.
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