
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by: [EBSCOHost EJS Content Distribution]
On: 25 February 2009
Access details: Access Details: [subscription number 902156990]
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

Journal of Plant Nutrition
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597277

Fruit Characteristics of Bell Pepper Cultivated in Sheep Manure Vermicompost
Substituted Soil
María Angela Oliva Llaven a; Jose Luis Guzman Jimenez b; Blanca Irene Cabrera Coro b; Reiner Rincón-
Rosales b; Joaquín Montes Molina b; Luc Dendooven c; Federico A. Gutiérrez-Miceli b

a Facultad de Medicina Veterinaria y Zootecnia, Universidad Autónoma de Chiapas, Chiapas, México b

Instituto Tecnológico de Tuxtla Gutiérrez, Chiapas, México c Cinvestav, Dept. Biotechnology and
Bioengineering, Av. Instituto Politécnico Nacional, México City, México

Online Publication Date: 01 September 2008

To cite this Article Llaven, María Angela Oliva, Jimenez, Jose Luis Guzman, Coro, Blanca Irene Cabrera, Rincón-Rosales, Reiner,
Molina, Joaquín Montes, Dendooven, Luc and Gutiérrez-Miceli, Federico A.(2008)'Fruit Characteristics of Bell Pepper Cultivated in
Sheep Manure Vermicompost Substituted Soil',Journal of Plant Nutrition,31:9,1585 — 1598

To link to this Article: DOI: 10.1080/01904160802244738

URL: http://dx.doi.org/10.1080/01904160802244738

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597277
http://dx.doi.org/10.1080/01904160802244738
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Journal of Plant Nutrition, 31: 1585–1598, 2008

Copyright © Taylor & Francis Group, LLC

ISSN: 0190-4167 print / 1532-4087 online

DOI: 10.1080/01904160802244738

Fruit Characteristics of Bell Pepper Cultivated in
Sheep Manure Vermicompost Substituted Soil

Marı́a Angela Oliva Llaven,1 Jose Luis Guzman Jimenez,2

Blanca Irene Cabrera Coro,2 Reiner Rincón-Rosales,2

Joaquı́n Montes Molina,2 Luc Dendooven,3

and Federico A. Gutiérrez-Miceli2

1Facultad de Medicina Veterinaria y Zootecnia, Universidad Autónoma de Chiapas,
Chiapas, México
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ABSTRACT

The effects of earthworm-processed sheep manure (vermicompost) on growth, produc-
tivity, and characteristics of bell pepper fruits (Capsicum annum) (cv ‘Ancho supremo’)
were investigated in a greenhouse experiment. Six treatments were applied combining
vermicompost and soil in 0:1, 1:1, 1:2, 1:3, 1:4, and 1:5 (v/v) ratios. Plant characteristics
were measured 21 and 90 days after transplanting. Addition of vermicompost increased
plant size significantly with 8 cm in the 1:3 vermicompost: soil treatment compared to
the unamended soil after 21 days, but no significant differences were found after 90 days.
Seven more flowers were found in the 1:2 vermicompost: soil treatment and four in the
1:3 vermicompost: soil treatment compared to the unamended soil after 90 days. The
number of marketable fruits per plant was significantly 1.5 and 1.9 times greater in the
1:2 and 1:3 vermicompost: soil treatments compared to plants cultivated in unamended
soil after 90 days. The addition of vermicompost to soil increased soluble solids in pep-
per fruits > 2 Brix compared to fruits from plants cultivated in unamended soil while
their pH was significantly lower. The nitrogen (N) content of the pepper fruits was sig-
nificantly higher in the 1:4 vermicompost: soil mixture compared to the other treatments,
whereas the fruits obtained from plants cultivated in the 1:3 and 1:4 vermicompost: soil
treatments had higher titratable acidity values than in those from other treatments. It
was found that amounts and characteristics of pepper fruits from plants cultivated in soil
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1586 M. A. Oliva Llaven et al.

supplemented with vermicompost were generally better than those from plants grown
in soil only.

Keywords: chemical composition; soil supplement

INTRODUCTION

Peppers (Capsicum annum L) belong to the family Solanaceae and there are
many varieties that form part of the Mexican diet. Bell pepper cultivars are
consumed as fresh vegetables, dehydrated for spices and from some cultivars
ascorbic acid and provitamin A are obtained (Simonne et al., 1997). The veg-
etable needs good light conditions, temperatures, high humidity, and minerals
for cultivation (Maroto, 1989).

Large amounts of organic wastes, such as biosolids, animal manures, and
household wastes, are produced in Mexico. These organic wastes could easily be
used in horticulture, the production of vegetables, in agriculture or to restore soil
fertility (Krogman et al., 1997; Benton and Wester, 1998). They have a large
nutrient value, mainly as nitrogen (N), phosphorous (P), and potassium (K)
(Elliot and Dempsey, 1991). However, organic wastes in Mexico often contain
pathogens so they are incinerated or dumped in landfills (Franco-Hernández
et al., 2003), which can cause air-pollution and contaminate surface and ground
water (Cardoso and Ramı́rez, 2002).

Thermophilic composting is a biological aerobic decomposition of organic
residues in which labile organic matter is degraded to carbon dioxide (CO2),
H2O, ammonia (NH3), inorganic nutrients, and stable organic material contain-
ing humic-like substances is formed (Senesi, 1989). Compost is homogenous,
retains most of the original nutrients, and has reduced amounts of pathogens
and organic contaminants with respect to the starting material (Ndegwa et al.,
2000). However, thermophilic composting is generally a time-consuming
process, which requires frequent mixing with possible losses of nutrients, i.e.,
NH3. There is increasing interest to vermicompost organic wastes. Vermicom-
post is the product of a non-thermophilic biodegradation of organic materials
through interactions between earthworms and microorganisms (Arancon et al.,
2004). Certain species of earthworms fragment organic material residuals
rapidly into much finer particles by passing them through a grinding gizzard
(Ndegwa and Thompson, 2001). Additionally, earthworms reduce numbers of
human pathogens, an effect obtained in traditional composting by increases in
temperature (Contreras-Ramos et al., 2004), but vermicomposting is generally
faster.

There is a growing tendency to use vermicompost in the production of
diverse vegetables (Atiyeh et al., 1999; Arancon et al., 2004). Vermicomposting
is increasingly being applied to organic wastes in Mexico, but little is known how
this product could be used in agriculture practices and how it might affect plant
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Bell Pepper Cultivated in Vermicompost Substituted Soil 1587

growth and fruit characteristics. Therefore, we investigated how supplementing
soil with vermicomposted sheep manure affected growth of bell pepper plants,
soluble and insoluble solids, and carbohydrate concentration in the fruit and
yield characteristics in a greenhouse experiment. The objective of the study
was to investigate the effect of different application rates of sheep manure
derived vermicompost on characteristics of pepper plants and their fruits.

MATERIALS AND METHODS

Raw Materials and Treatments

Sheep manure was composted thermophilically for two months while mechan-
ically turning it over every 15 days. The composted sheep manure, adjusted to
80% moisture content, was placed in indoor beds. Earthworms (Eisenia fetida)
were added (25 g earthworms kg−1 of sheep manure or 2.5 kg earthworms m−2

for bed) and left to vermicompost for two months. The obtained vermicompost
was then characterized.

Six vermicompost: soil mixtures with ratios of 0:1, 1:1, 1:2, 1:3, 1:4, and 1:5
were prepared (Table 1). The 0:1 vermicompost: soil mixture served as control.
The soil used in this experiment was classified as a well-drained calcareous silt
loam with total nitrogen (N) content 3.1 g kg−1 and concentrations of 35.4 mg
nitrate (NO−

3 )-N kg−1 and 2.50 mg ammonium (NH+
4 )-N kg−1.

Table 1
Chemical characteristics of different mixture in which soil was substituted with different
amounts of sheep manure vermicompost.

Treatment WHCa Organic C ECb

(vermicompost:soil) pH (g kg−1) (dS m−1)

1:0 8.6 Ac 723 A 233 A 2.8 A
1:1 8.3 A 709 A 180 B 2.2 B
1:2 8.4 A 667 B 167 C 2.0 BC
1:3 8.4 A 634 BC 145 D 1.8 CD
1:4 8.3 A 646 B 138 D 1.8 CD
1:5 8.4 A 602 C 128 E 1.6 D
0:1 8.4 A 501 D 124 E 1.3 E
LSD (P<0.05) d 0.3 41 7 0.2

aWHC: Water holding capacity.
bEC: Electrolytic conductivity.
cValues with a different letter are significantly different (P < 0.05).
d LSD: Least Significant Difference (P < 0.05).
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1588 M. A. Oliva Llaven et al.

Chemical, Biological, and Physical Characterization of the Soil:
Vermicompost Mixtures

The water holding capacity (WHC) of the vermicompost: soil mixtures were
determined by adding nine 100 g sub-samples from each of the mixtures to
PVC-columns fitted with fine mesh cloth at the bottom. The samples were
water logged for 48 h and allowed to drain. The samples were weighed before
and after drying in an oven at 60◦C for four days (Atiyeh et al., 2001). The
water holding capacity (WHC) (% volume) was calculated as: [(wet weight –
dry weight)/volume] × 100 (Inbar et al., 1993).

The germination index for cress (Lepidium sativum) was determined by
placing a layer of vermicompost in a Petri dish and covering it with a filter
paper. Water was added until the filter paper was completely submerged and
seeds of cress were placed on the filter paper. The number of seeds germinating
was measured after incubating the covered Petri dishes in the dark at 28◦C for
4 days (Mathur et al., 1993a; 1993b).

The pH was measured in 1:2.5 (v/v) soil-H2O suspension of each of
the soil:vermicompost mixtures (n = 9) using a 716 DMS Titrino pH me-
ter (Metrohm Ltd.CH.-9101 Herisau, Switzerland) fitted with a glass elec-
trode (Thomas, 1996). Total carbon (C) was determined by oxidation with
potassium dichromate and titration of excess dichromate with ammonium fer-
rosulfate (Kalembasa and Jenkinson, 1973). Total N was measured by the
Kjeldhal method using concentrated sulfuric acid (H2SO4), potassium sul-
fate (K2SO4), and mercury oxide (HgO) to digest the sample (Bremner,
1996) and soil particle size distribution by the hydrometer method as de-
scribed by Gee and Bauder (1986). The concentration of NH+

4 was deter-
mined by distillation with magnesium oxide (MgO) (Bremner and Keeney,
1966) and nitrite (NO−

2 ) and NO−
3 colorimetrically (APHA AWWA WPCF,

1989).
Cation exchange capacity (CEC) was measured with the barium acetate

method (pH 8.1) (Sumner and Miller, 1996). Production of CO2 was determined
over a four-day period (Bartha and Pramer, 1965) by trapping evolved CO2 in
1M sodium hydroxide (NaOH) and determining the residual NaOH by titration
with 0.1 M hydrochloric acid (HCl) (Jenkinson and Powlson, 1976). Electrolytic
conductivity (EC) was determined in the effluent and in a saturated solution
extract of the vermicompost (Rhoades et al., 1989).

A dry sub-sample of 1 g was treated with 20 mL 0.1 M NaOH (1:20 w/v),
shaken for 4 h, centrifuged at 8000 × g for 15 min, and the supernatants divided
into two equal parts. An aliquot of supernatant was analyzed for oxidizable total
C and this part was considered as the total extractable C (EXC); the other aliquot
was adjusted to pH 2 by adding 95% H2SO4, incubated at 4◦C for 24 h and
then centrifuged at 8000 × g for 15 min. The supernatant was considered the
fulvic (FA) fraction and the coagulated precipitate the humic (HA) fraction.
The former was analyzed for total C subtracted from the C content of EXC
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Bell Pepper Cultivated in Vermicompost Substituted Soil 1589

fraction to calculate the C content of the HA fraction (Garcı́a et al., 1993;
Sánchez-Monedero et al., 1996).

The sheep manure and sheep manure vermicompost were analyzed for
total and fecal coliforms (Escherichia coli, Salmonella sp., and Shigella spp.)
(Appendix F, G, I; USEPA, 1999). Salmonella and Shigella were determined by
serial dilution. A sub-sample of 10 g biosolid was added to 90 mL 1% peptone
solution under sterile conditions and 10−1, 10−2, and 10−3 dilutions were made
with sterile 0.8% sodium chloride (NaCl) solution. A 100 µL aliquot was plated
on two selective media Salmonella-Shigella agar and sulfite-bismuth agar. The
second medium is highly specific for Salmonella. The colonies were identified
by form and color (Appendix G; USEPA, 1999). For the measurement of total
and fecal coliforms (E. coli), a 100 µL aliquot of each serial dilution was
incubated in lactose broth at 35◦C for 24 h and total coliforms were counted.
The fecal coliforms were differentiated from the rest of the coliforms by
incubating a 100 µL aliquot of each serial dilution in E. coli medium at 44◦C.
Gas production in each assay was considered as positive after 48 h. Results were
confirmed by plating on eosin methylene blue (EMB) agar, incubating for 24 h,
and examining for typical coliform colonies (Appendix F, G, I; USEPA, 1999).

Cultivation of Pepper Plants and Growth Parameters

Pepper seeds (C. annum cv. ‘Ancho supremo’) were sown in plastic pots (7.5
cm diameter, three per pot), each containing 50 g Canadian sphagnum peat
moss potting material. After sowing, the pots were placed in a greenhouse until
the seeds germinated. The 180 pepper plantlets were transplanted to cylindrical
black plastic bags (length 35 cm, diameter 25 cm, one plantlet per bag) filled
with the different vermicompost: soil mixtures. Six treatments with different
mixtures of vermicompost and soil were used (Table 1). Plants were grown under
black knitted shade cloth (60%) without temperature control and grouped in
plots 7 m long and 2.1 m wide each containing 30 plants spaced at a distance
of 70 cm. The plots were separated 1.8 m from each other. The center eight
plants were analyzed for growth and sampled for fruits to determine yields. The
plots were arranged in a randomized complete block design in triplicate. All
treatments were drip irrigated with tap water ranging from 1 to 2 dm3 per plant
per day depending of soil conditions and crop maturity.

Height and stem diameter of pepper plants were measured and the numbers
of leaves and flowers counted 21 and 90 days after transplanting. After 90 days,
pepper fruits were harvested at the green mature stage and weighed (Aran-
con et al., 2004). Fruits were separated into marketable and non-marketable
(cracked, damaged, and infected) and only marketable ones were used to cal-
culate yields (Atiyeh et al., 1999).

The results reported here were the mean of measurements of eight plants
in triplicate at day 21 and/or day 90.
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1590 M. A. Oliva Llaven et al.

Chemical Analyses of Pepper Fruits

All marketable pepper fruits from each treatment were cut into small slices
and pooled. A 10 g sub-sample was pressed through cheese cloth to extract the
juice, which was analyzed for pH, soluble solids and titratable acidity. A 5 mL
pepper juice aliquot was added to 100 mL distilled water and pH was measured.
The soluble solids were determined on a portable refractometer 300003 (Sper
Scientific Ltd., Scottsdale, Arizona, USA) standardized with distilled water.
The titratable acidity was determined by adding a 5 mL pepper juice aliquot
to 100 mL distilled water and adjusting pH to 8.2 using 0.1 N NaOH. Acidity
was expressed as mg citric acid 100 mL−1 juice (Wang and Lin, 2002). Total
N was determined in 0.1 g (dry weight) sub-samples by the Kjeldhal method
using concentrated H2SO4, K2SO4, and HgO to digest the sample.

Statistical Analyses

Pepper growth, yield data, and pepper fruit characteristics were subjected to
a one-way analysis of variance to test for significant difference between the
treatments using PROC GLM (SAS statistical package, SAS Institute, 1989).

RESULTS AND DISCUSSION

Characteristics of Vermicompost and Planting Media

The pH of the sheep-manure vermicompost was 8.6 and greater than values
reported for vermicompost derived from other organic sources (Table 1). Ver-
micompost derived from cattle manure had pH 6.0 (Jordao et al., 2002) and 6.7
(Alves et al., 2001), whereas that derived from pig manure had pH 5.3 (Atiyeh
et al., 2002a) and 5.7 (Atiyeh et al., 2001). Vermicompost derived from sewage
sludge had pH 7.2 (Masciandaro et al., 2000). These differences in pH are pre-
sumably related to difference in the raw material used for vermicomposting
(Alves et al., 2001).

The vermicompost had an organic C content of 233 g kg−1, an electrical
conductivity (EC) of 8 mS cm−1, a 1.7 humic-to-fulvic acid ratio (HA/FA), total
N content 11.8 g kg−1, cation exchange capacity 43 cmolc kg−1, a respiration
rate of 152 mg CO2-C kg−1 compost-C day−1, a NO−

3 content of 234 mg N
kg−1 , a NO−

2 content of 2.17 mg N kg−1, and a NH+
4 content of 9.14 mg N kg−1.

The vermicompost gave a germination index for cress (L. sativum) of 95%.
Concentrations of NH+

4 and NO−
2 were low whereas NO−

3 concentrations
were high indicating that ammonification and nitrification were not inhibited.
These values also indicated that stable compost was obtained, because NH+

4
concentration has to be lower than 0.04% in mature compost (Bernal et al.,
1998). In addition, the NH+

4 /NO−
3 ratio of the vermicompost was 0.04 and

lower than the 0.16 recommended for mature compost (Bernal et al., 1998).
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The sheep manure had large amounts of Escherichia coli (9.5 × 10 7

CFU kg −1 dry manure), Salmonella plus Shigella (2.3 × 10 7 CFU kg −1 dry
manure), and total coliforms (7.6 × 10 8 CFU kg −1 dry manure). After 60
days of vermicomposting, no E. coli, Shigella, Salmonella, or total coliforms
were detectable. Similar results were reported for vermicomposting of biosolids
supplemented with cow manure and oat straw (Contreras-Ramos et al., 2004).
The reduction of the number of the human pathogens might be related to the
activity of the haemolytic system from earthworms, which has antibacterial
properties and has been reported to kill pathogens (Pierre et al., 1982).

Addition of sheep manure vermicompost to soil did not change the pH of the
mixtures (Table 1). Atiyeh et al. (2001), however, reported that addition of pig
manure vermicompost with pH 5.7 to Metro-Mix 360 progressively decreased
pH with increased application rates of vermicompost. The stability of the pH
in our mixtures could be due to the buffer capacity of the soil used (Goh and
Haynes, 1977) and more importantly the pH values of vermicompost and soil
were similar, 8.6 and 8.4.

The WHC of sheep manure vermicompost was similar to that of pig
manure vermicompost (Atiyeh et al., 2001). The WHC of the vermicompost-
soil mixtures increased with increased application of vermicompost and was
significantly greater than in the unamended soil. The WHC in the 1:1 mixture
was 1.4-times greater than in the control soil. These differences could be
related to a higher proportion of hydrophilic/hydrophobic groups of the humic
substances in the sheep manure vermicompost compared to those found in soil
(Jordao et al., 2002).

Total C in the vermicompost was 233 g kg−1 dry matter (Table 1). This
was lower than the 310 g kg−1 dry matter reported elsewhere for sewage sludge
vermicompost (Masciandaro et al., 2000) and the 273.8 g kg−1 for pig manure
vermicompost (Atiyeh et al., 2001), although it was greater than 199 g kg−1

reported for compost of sewage sludge (Masciandaro et al., 2002).
The EC of the vermicompost was only 2.8 dS m−1(Table 1) and lower than

values generally reported. Masciandaro et al. (2000) reported an EC of 4.7 dS
m−1 for vermicompost derived from sewage sludge and Atiyeh et al. (2001) a
value of 3.2 dS m−1 for pig manure vermicompost. The EC of the vermicom-
post depends on the raw materials used for vermicomposting and is related to
their ion concentration (Atiyeh et al., 2002b). The EC in vermicompost: soil
mixtures were significantly greater than in the unamended soil and increased
with increasing application rates of vermicompost. Atiyeh et al. (2001) reported
the same for pig manure-vermicompost substituted into Metro-Mix 360.

Growth and Yield Parameters

The addition of vermicompost increased plant sizes significantly in the 1:3
vermicompost: soil mixture after 21 days, but not after 90 days (P < 0.05)
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1592 M. A. Oliva Llaven et al.

(Tables 2 and 3). After 21 days, plants were 6 cm taller in the 1:3 vermicom-
post: soil treatment compared to the other mixtures and 8 cm compared to the
unamended soil. The stems were 0.2 cm thicker in the 1:3 vermicompost: soil
treatment compared to the other treatments. After 90 days, plants were 0.23
cm thicker in the 1:3 vermicompost: soil treatment compared to the control
treatment.

Arancon et al. (2004) reported that height of pepper plants var. Califor-
nia did not differ significantly when cultivated in potting mixtures containing
100%, 80%, 60%, 40%, 20%, 10%, or 0% Metro-Mix 360 substituted with
0%, 20%, 40%, 60%, 80%, or 100% (by volume) of food waste vermicom-
post 21 and 41 days after transplanting. The differences between the results in
this study and the ones reported by Arancon et al. (2004) might be due to the
pepper variety (Martı́nez et al., 1999) and/or the composition and nutritional
value of the vermicompost. Arancon et al. (2005) reported that soils amended
with cattle manure vermicompost at a rate of 10000 kg ha−1, produced pepper
plants with significantly larger shoot dry weights than those in soils treated
with inorganic fertilizers. However, they did not find differences between food
waste vermicompost, cow manure vermicompost, paper waste vermicompost,
biosolids vermicompost, and yard waste compost.

The number of leaves and flowers was not affected by addition of vermi-
compost compared to the unamended soil after 21 days (Table 2). However
after 90 days, the pepper plants grown in the 1:1, 1:2, and 1:3 vermicompost:
soil mixtures produced more flowers compared to the other treatments with
most found in the 1:3 treatment, i.e., seven more flowers compared to the una-
mended soil (Table 3). Arancon et al. (2004) found no significant effect on the
number of flowers in pepper plants cv ‘California 41’ days after transplanting.

Table 2
Growth characteristics of bell pepper (Capsicum annum) cv. ‘Ancho supremo’ plants
cultivated in different mixtures of soil and sheep manure vermicompost obtained 21
days after transplanting.

Treatment Plant height Stem diameter Number of Number of
(vermicompost:soil) (cm) leaves flowers

1:1 39 Ba 0.6 B 48 A 14 A
1:2 39 B 0.6 B 48 A 14 A
1:3 45 A 0.8 A 40 AB 9 B
1:4 39 B 0.6 B 35 B 11 AB
1:5 39 B 0.6 B 38 AB 11 AB
0:1 37 B 0.6 B 40 AB 12 AB
LSD (P<0.05)b 4 0.1 10 3

aValues with a different letter are significantly different (P < 0.05).
bLSD : Least significant difference at P < 0.05.
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Table 3
Growth characteristics of bell pepper (Capsicum annum) cv. ‘Ancho supremo’ plants
cultivated in different mixtures of soil and sheep manure vermicompost obtained 90
days after transplanting

Treatment Plant height Stem diameter Number of Number of
(vermicompost:soil) (cm) flowers fruits

1:1 64 Aa 0.8 B 2.5 C 2.5 DE
1:2 69 A 0.8 B 5.8 B 4.6 B
1:3 71 A 1.1 A 9.3 A 5.7 A
1:4 67 A 0.8 B 2.0 C 2.3 E
1:5 65 A 0.8 B 2.0 C 3.2 C
0:1 65 A 0.9 B 2.0 C 3.0 CD
LSD (P<0.05)b 7 0.1 0.5 0.5

aValues with a different letter are significantly different (P<0.05).
bLSD: Least significant difference at P<0.05.

However, 32 days after transplanting, the pepper plants grown in the 80% ver-
micompost/20% Metro Mix 360 had more flowers than those cultivated in 100%
Metro Mix 360.

The number of fruits was significantly larger in the 1:2 and 1:3 vermicom-
post: soil treatment compared to the unamended soil after 90 days (Table 3).
Arancon et al. (2005) reported positive effects of vermicompost on the yield of
peppers in field experiments and attributed this partly to an increased microbial
biomass and activity, and the addition of macronutrients such as phosphorus.
However, they suggested that the major contribution might have been the ad-
dition of plant growth regulators, such as humic acids and plant growth hor-
mones adsorbed onto the humic acids. Plant growth regulators, such as auxins,
gibberellins, cytokinins, abscisic acid, and ethylene, are signal molecules that
regulate many processes of plant development including fruit development, i.e.,
formation of mature fruit or viable mature seeds (Ozga and Reinecke, 2003).

Chemical Analysis of Bell Pepper Fruits

The addition of vermicompost increased soluble solids in pepper fruits com-
pared to those in the control treatment (Table 4). Soluble solids and carbohydrate
content in strawberry fruits were positively correlated and sugar and organic
acids are important for the sensory quality of fruits, i.e., fruits with low sugar
and acid content taste flat (Wang and Lin, 2002). Additionally, for post-harvest
purposes, pepper fruits with higher soluble solids content are more suitable in
the drying process (Adegoke et al., 1996). The N content of the pepper fruits
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Table 4
Chemical characterization of bell pepper (Capsicum annum) cv. ‘Ancho supremo’ fruits
from plants cultivated in different mixtures of soil and sheep manure vermicompost

Solids
Treatment Soluble Insoluble Titratable acidity Total N
(vermicompost:soil) pH ——(◦Brix)——— (µg citric acid 100 g−1) (g kg−1)

1:1 6.2 Ba 8.5 A 5.8 A 1.4 C 17.4 B
1:2 6.1 B 8.1 A 5.5 A 1.2 C 17.4 B
1:3 6.2 B 8.2 A 6.3 A 6.4 A 17.3 B
1:4 6.1 B 8.4 A 5.5 A 7.0 A 19.6 A
1:5 6.1 B 8.6 A 5.6 A 3.9 B 16.8 B
0:1 7.1 A 6.1 B 5.6 A 4.0 B 16.9 B
LSD (P<0.05)b 0.5 1.0 1.1 0.8 1.9

aValues with a different letter are significantly different (P < 0.05).
bLSD: Least significant difference at P < 0.05.

significantly increased in the 1.4 vermicompost: soil treatment compared to
the other treatments. Increases in N content are normally related to increased
protein content (Bajaj et al., 1979).

The pH of the fruits was significantly lower when cultivated in vermicom-
post: soil mixtures compared to the unamended soil. Citric acid is the primary
organic acid found in most fruits (Wang and Lin, 2002). Pepper fruits with low
pH value indicate more citric acid, which is beneficial for human consump-
tion (Wang and Lin, 2002). Additionally, fruit with low pH is more suitable
for ripening while it also improves shelf life (Hernández-Pérez et al., 2005).
The 1:3 and 1:4 vermicompost: soil treatments induced a significant increase in
titratable acidity compared to the control treatment and an increase in titratable
acidity is positively correlated to organic acid level (malic + citric) in fruits
(Wang and Lin, 2002).

The positive effect of vermicompost on growth, yield, and characteristics
of peppers, tomatoes, and strawberries might be related to humic acids and
other plant growth regulators, improvement of physical structure of soil and the
presence of microorganisms (Arancon et al., 2003a; 2003b). Pepper fruits from
plants grown in soil mixed with sheep manure vermicompost gave better post
harvest conservation characteristics as they contained more soluble solids, pH
was lower and the titratable acidity was higher (Villareal, 1982).

CONCLUSIONS

It was found that development and number of flowers and fruits of pepper plants
grown in soil supplemented with sheep manure vermicompost increased, con-
firming the positive effects obtained with other soil supplements, such as food
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waste vermicompost, cow manure vermicompost, paper waste vermicompost,
biosolids vermicompost, and yard waste compost. Fruit characteristics were
also better so the utilization of vermicompost as soil supplement might be pro-
moted as an alternative to the use of agrochemicals to increase crop production.
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