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Abstract

A 3 x 3 factorial pot experiment was conducted to determine the effects of different kinds of
vermicompost on soil chemical properties of an acid soil and its influence on the growth and yield of tomato
var. Diamante max.There were nine treatment combinations from three types of amendments: (A;=Urea,
Ag,=Vermicompost 1, A;=Vermicompost 2) and three levels of nitrogen: (B, = 0 kg ha™B, = 45 kg ha™*, B; = 90
kg ha™*) which were laid out in Randomized Complete Block Design (RCBD) with three replications. Results of
the study showed that addition of two different kinds of vermicompost at a rate of 45 and 90 kg ha 'significantly
(P < 0.05) increased the chemical properties acid soil such as soil organic matter, total N, extractable P,
exchangeable K and Mg compared to soils in untreated pots. However, the addition of two types of
vermicompost resulted in the decrease on soil pH. Growth and yield of tomato were also significantly increased
with application of vermicompostsat rates of 45 and 90 kg ha™.In addition, application of 45 and 90 kg ha™ urea
also increased some of the chemical properties of acid soil and the growth and yield of tomato. The result of the
experiment revealed that addition of vermicomposts had positive effects on the soil chemical properties and on
the growth and yield of tomato.
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INTRODUCTION

Tomato (Solanum lycopersicum) locally known as “kamatis” is one of the most popular and most
consumed vegetable in the world and in the Philippines (Gutierrez-Miceli et al, 2007). It is a solanaceous crop
that can be eaten fresh which is tasty and easily digestible and its bright color stimulates appetite. It is consumed
as salad with other leafy vegetables in sandwiches, and as stewed, fried, and baked singly or in combination
with other vegetables (PCAARD, 1980). At the same time, essential ingredient for pizza, pasta, hamburger, hot
dogs, and other foods. It is also rich in nutrients and calories and good source of Fe and vitamin A, B, C. Most
importantly, itis extensively cultivated in Claveria, Misamis Oriental, which is considered as the “tomato bowl”
of Northern Mindanao (Mercado et al., 2010).
One of the cultural management practices employed in increasing the yield of vegetable crop is the use of
fertilizer. Fertilizer application is considered the most common and conventional farm practices of augmenting
and overcoming the limitation of infertile soil to supply the adequate nutrients for the growth and development
of the plants (Zamora, 2007). It has been known that the mineral nutrition of tomato from the application of
organic fertilizers and manures can increase tomato yield and nutrient uptake by several folds compared with no
fertilization (Azarmi et al, 2008). However, tomato plants prefer soil that has a neutral pH which is generally
between 6.4 and 7.0. Hence, several studies stated that application of organic fertilizer can bring the soil to the
pH within the optimal range so that the plants can uptake nutrients appropriately. The use of organic fertilizer
such as thermophilic composts has been recognized generally as an effective means for improving soil
aggregation, structure and fertility, increasing microbial diversity and populations, improving the moisture
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holding capacity of soils, increasing the soil cation exchange capacity (CEC) and increasing crop yields (Zink
and Allen, 1998). Furthermore, the long term benefits of using compost include improved soil structure, soil
organic matter, increased water use efficiency and crop yield (Chan et al. 2008).

Vermicompost is a good example, which is any organic material subjected to earthworm (vermi) and its cast
(vermicast) that ingests organic matter, fragmenting, grinding into finely divided peatlike material under aerobic
and mesophilic condition (Recycled Organic Units, 2000). It is a rich natural fertilizer that can be used as a soil
conditioner and containing N, P, K and several micronutrients essential for plant growth (Ball et al., 1992).
Moreover, several experiments have demonstrated that vermicompost can suppress Pythium, Rhizoctonia and
Verticillium plant diseases (Chaoui et al., 2002) and plant parasitic nematodes (Arancon et al., 2002).Previous
studies also showed that vermicompost application resulted to improved growth and increased nitrogen and
phosphorus uptake and yield of crops (Arancon et al., 2004). On the other hand, one experiment demonstrated
that addition of 5,10 and 15 t ha™vermicompost in soil had significant positive effects on uptake of element
nutrients such as P,K, Fe and Zn (Azarmi et al., 2008).Greenhouse experiments also have shown that
vermicompost contains plant growth hormones which may be responsible in part for germination, growth and
yield of plants (Atiyeh et al., 2002).In the study of Arancon et al. (2006) demonstrated that vermicompost
contain plant growth hormones and humic acids, which are probably responsible for most of the increase
germination, growth and yield of plants in response to application and substitution independent of the nutrients
it contain. Differently, Gutierrez—Miceli et al (2007) reported that tomatoes grown in soil mixed with sheep
manure, vermicompost revealed to be ideal for juice production because of soluble solids greater than 4.5 °Brix
and pH less than 4.4. In addition, Atiyeh et al. (2000) reported also increasing rates of germination, growth and
yield of tomato plants, grown in a range of concentrations of soilless commercial container media MetroMix360
that was substituted with a corresponding range of concentration of pig waste vermicompost. Therefore, the
study aims to determine the effects of different kinds of vermicompost on soil chemical properties of an acid
soil planted with tomato and at the same time evaluate the influence of vermicompost on the growth and yield of
tomato.

MATERIALS AND METHODS
Site description, soil sample collection and analysis

The soil samples were collected from the Claveria, Misamis Oriental, Philippines (8°38°39”N,
124°55°49”) which is located at 980 meters above mean sea level (amsl). The soils in the area are primarily
derived from pyroclastic materials (Mounts Mat-I, Balatukan, Sumagaya) that are deep and well drained
(Mercado et al., 2010). Claveria soils represent most of acid uplands in Southeast Asia physically (Mercado,
2007) and socio-economically (Bertumeu, 2005). At the soil series level, they are classified as Adtuyon clay
containing 71% clay, 23% silt and 6% sand.
Soil samples from 0 — 20 cm layer were collected from a field grown to corn and previously planted with
tomato. The soil has a pH of 5.84 categorized as moderately acidic.Soil samples wereair — dried, pulverized,
mixed and passed through a 10 mm wire screen to remove small stones, gravel and other fragments. For the
analysis, about 1 kg composite soil sample was set aside from the bulk sample. It was air-dried, pulverized and
passed through a 2 mm mesh sieve. This served as the initial composite sample analyzed for soil pH following
the potentiometric method using 1: 2.5 soil-water ratios (PCARRD, 1980),organic matter (%) using the
modified Walkley-Black method (Nelson and Sommers, 1982), total nitrogen following the Kjeldahl method
(USDA, 2004), extractable P and exchangeable bases using 1 N NH,OAc neutralized to pH 7 (USDA-NRCS,
1996); and then exchangeable bases (K, Ca, Na, and Mg)were quantified by atomic absorption
spectrophotometer (AAS) (Westerman, 1990).

Production and chemical analysis of vermicompost

Two types of vermicompost substrates were done with a ratio of 50:50 (Corn cobs and cow manure)
and 70:30 (sunflower and cow manure) in weight basis. The cow manures and corn cobs were collected from a
farm at Claveria, Misamis Oriental, at the same time the wild sunflower (Tithonia diversifolia) plants were
collected at nearby roadside as these growing luxuriantly in Claveria. These substrates were shredded by a
mechanical chopper to which has a suitable size for vermicomposting processes. The fresh substrates of about
500 kg were placed in a 1.5m x 12 x 0.3m plot with wooden driver under the shed and watering was allowed
regularly to achieve at 80% moisture content. Throughout vermicomposting processes, observation and
monitoring was done to avoid disturbance and to facilitate cast formation. After 1 to 1.5 months, vermicasts
were harvested by scrapping the surface and mixed them thoroughly. Samples were taken and set aside used for
amendments and chemical analysis.

For the vermicompost analysis, subsamples were air — dried and set aside for pH, OM and total N, P,
exchangeable K, Mg and Ca content determination. The pH, OM and total N were determined with the same
methods of soil analysis. Extractable P and exchangeable K, Mg and Ca were determined by dry ashing 0.5¢g
(ODW) of vermicomposts in a muffle furnace set at 550°C. The ash was soaked overnight in 3 ml concentrated
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HCI to solubilize the inorganic P in vermicomposts and allowed to stand overnight. The acid treated ash was
transferred to 100 ml volumetric flask made to volume to 100 ml with 0.1 N HCI. The solution was passed
through a Whatman no. 42 filter paper. Total P was measured using ascorbic acid method by Murphy and Riley
(1962). For exchangeable K, Mg and Ca analysis, the extract was submitted to Central Analytical Service
Laboratory (CASL) at the Philippine Rootcrops Research and Training Center(PhilRootcrops) for quantification
using Atomic Absorption Spectrophotometer (AAS).

Experimental design and layout

A 3 x 3 factorial experiment was laid out in a randomized complete block design (RCBD) with three
replications. There were nine treatment combinations from three types of amendments and three levels of
nitrogen application, making a total of 27 pots. Two sets of 27 pots and each were prepared for the whole study.
The first set of 27 pots was the source of the soil data. Growth and yield parameters were collected from the
other set of 27 pots. The pots were placed in an open field at PhilRootcrops Experimental Area to expose the
plants under natural environmental condition.

The treatments are as follows;

Factor A = Amendments

A; = Urea

A, = Vermicompost 1 (50% Sunflower + 50% Cow manure)
Az = Vermicompost 2 (70% Corn cobs + 30% Cow manure)

Factor B = Levels of nitrogen
B, =0kg N ha*

B, =45kg N ha™

B;=90 kg N ha™

Seed germination

Tomato seeds (var. Diamante max) were sown in a seed box filled with previously sterilized mixture of
1/3 rice hull, 1/3 garden soil and 1/3 compost. It was placed in a shaded area to facilitate care, acquire favorable
condition and to avoid unnecessary disturbance. Irrigation of seedlings was done after sowing and throughout
the growth of the seedlings. One week before transplanting, the seedlings were hardened by exposing them to
sunlight and by gradual water withdrawal.

Potting of soil medium

The experiment was conducted using clay pots with a diameter of 20 cm and 25 cm height. Each pot
was filled up with 5 kg soil on oven dry weight basis. Before potting, a representative sample was taken and air-
dried to determine the moisture content.

Fertilizer calculation and application

The amount of urea as a source of nitrogen as well as in solophos and muriate of potash was calculated
based from the fertilizer recommendation for tomato which is 90 kg N ha™, 120 kg P,Osha™ and 60 kg K,O ha™
(PCARRD, 1975).0n the other hand, the amount of vermicomposts was also calculated base from the organic
fertilizer recommendation of about 15 tons ha™. The result of the analysis, about 0.5g of urea, 0.12g of
vermicompost 1 and 0.28g of vermicompost 2 (for the 90kg N ha™) at the same time 0.25g, 0.06g, 0.14g of urea,
vermicompostl and vermicompost 2 (for the 45kg N ha™) respectively was applied basally to the soil prior to
planting. Moreover, a blanket application also of 1.5g Solophos and 0.25g Muriate of potash in all treatments
were thoroughly done prior to planting.

Transplanting
Three weeks after emergence with the first true leaf having emerged; one healthy seedling from the
seedling tray was transplanted to each pot. Watering of the seedlings was done right after transplanting.

Soil analysis after harvest

Right after the termination of the study, subsamples from each pot was collected, air dried, sieved and
analyzed for pH, OM, N, P and exchangeable bases using the previously described methods. The analyses of
pH, OM, N and P were done at the Soil Research Testing and Plant Analysis Laboratory (SRTPAL) of the
Department of Agronomy and Soil Science, Visayas State University, Baybay, Leyte. Exchangeable bases on
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the other hand, were analyzed at the PhilRootcrops Central Analytical Laboratory using Atomic Absorption
Spectrometry (AAS).

Statistical Analysis

Data were subjected to Analysis of Variance with the use of Crop Stat program. Interaction effects
found significant, trend analysis was done for the nitrogen levels in each amendment or source of organic
fertilizer. However, if only the source of organic fertilizer is found significant, the Least Significant Difference
(LSD) was used to compare the means.

Meteorological Data

Data on daily rainfall (mm) and weekly average temperature (°C) throughout the conduct of the study
was taken from the records of the Philippine Atmospheric Geophysical Astronomical Services Administration
(PAGASA) Agro-meteorological station at the Visayas State University, Visca, Baybay, City, Leyte.

Data gathered for Tomato

a. Horticultural characteristics

1. Plant height (cm). This was obtained by measuring the plants in each pot from the ground level up to the tip
of the longest leaf.

2. Dry matter yield (g plant™).This was obtained by taking the dry weight of the shoots and roots after oven
drying in a forced draft oven set at 70°C for four days until the weight was constant.

b. Yield and Yield Components

1. Total number of fruits per plant. This was determined by counting the total number of fruits harvested per
plant.

2. Number and weight of marketable and non-marketable fruits per plant. This was recorded by counting and
weighing all the marketable and non-marketable fruits per plant.

3. Fruit yield (kg plant™). All harvested fruits (marketable and non-marketable) per treatment from the first
harvest only was weighed and expressed in kg plant™.

RESULTS AND DISCUSSION

The total weekly rainfall and average daily temperature °C (minimum and maximum) were recorded
during the conduct of the study. The average weekly rainfall ranges from 2.2 to 323.6 mm while the average
daily temperature °C (minimum and maximum) ranges from 22.11 to 30.57 °C. The climatic condition at two
weeks after transplanting probably affects the growth performance of tomato. However, a mixture of strong
wind and heavy rain was documented with the occurrence of typhoon. The plants were also tending to fall down
with destroyed branches and root exposure. The growth performance recovery was started at three weeks after
transplanting in which the climatic condition was already favorable for the temperature requirement of tomato.

Effects of vermicompost on soil chemical properties

Fertilizer source and levels had varying effects as observed in the study. The addition of
vermicomposts in the soil changed the soil pH (Table 3). The decrease in pH content in this study was observed
in soils treated with vermicompost at increasing rates ranging from 45 kg ha™ to 90 kg ha™. In relation with
other studies, Atiyeh et al. (2001) reported that the increase of vermicompostrate in the soil resulted in the
decrease in soil pH. The result explains that the production of NH,*, CO, and organic acids during microbial
metabolism in vermicompost may contribute to the decrease in soil pH (Albanell et al., 1988).
Soil organic matter is one of the important component of the soil. It affects many chemical, physical and
biological properties of the soil (Agriscope, 1988). Likewise, there was significant increase in organic matter
(OM < 0.05) after application of 45 to 90 kg ha™vermicompost in Vermil and Vermi2 as compared to control
pots (Table 3.). These findings revealed that there was continuous decomposition of organic matter which could
be attributed to the addition of vermicomposts. Pascual et al. (1997) reported also that the addition of organic
materials to the soil could increase biomass C, basal respiration, biomass ratio of C to total organic C, and
metabolic quotients indicating the activity of soil microorganisms. In addition, the increase in soil organic
matter resulted in decrease K fixation and subsequently increases K availability in the soil (Olk and Cassman,
1993).
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Table 1. Chemical analysis of soil and venmicompost before planting.

Chemical properties Soil Wenmicompost 1 Wenmicompost 2
rH 5.84 695 681
Organic matter (%a) 338 4.54 348
Total mitroger (%6 014 184 078
Extractable P{mglkg!) 208 313 210
Exchangeable E{mgkg1) 36 0856 0387
Exchangeable Mg {mgks1) x5 035 021
Exchangeable Ca (mgkg!) 573.8 003 .3 104

Table 2. Armount of fertilizer matenal applied per plant

Fertilizer material (g pot 1)

I lewvels (kg ha™1)
- . - . Miuriate of
W A% 2
Urea ermicompost 1 ermicompost Solophos potash
O O O O 1.5 025
45 025 006 0.14 1.5 025
o0 Q.50 0.12 029 1.5 Q025

Tablzs 3. Effacts of inorganic and organic ameandments on pH, OM, total M, axtractabla P, and
exchangsabls basas (K, Mg, and Ca) of the soil after harvest.

Trestments | Levels | »H | oo | 7000 | o | pm) | orm | oo
Ur=a 0 562a| 348a| 0.14b 22.51b T8.67a 10633 | 894 T7Ta
45 571la| 346a| 0.19b 5900 h 68.07a 15.17a | 959272

ad 579a | 3 48a| 0.32a 243 62 a 61.53a | 41.17a | 985.00a

Nermi 1 0 54Za | 341e| 0.12b 170.04b TE.2Th 22 80b | 264 E6a
45 5572 3294 | 0.15b 252472 | 100872 | 36.680b | B67.10a

ad 555a | 4.25a| 0.23a 283 73a | 104935 | 70002 | 915.60a

Nermi 2 0 5.56a | 3.50c| 0.13b T.62b 2077k 24.47h | T6T7.03a
45 5493 | 4.01b 0.19a 261.36a 2717k 12 23b | 3E4.37a

ad 557a | 4.27a| 0.20a 29869z | 11790 | 5030z | 964 702

CW {3%5) .37 .10 0.06 21.96 21.94 216 205.56

Adeaws wirh similar letfers are ot signpfoauly dfferax o 526 LEDE

Results showed that total N concentration in soil was significantly (P < 0.05) affected by the two
different types of vermicompost (Table 3.). The soils treated with Vermi 1 andVermi 2 at the rate of 45 to 90 kg
ha®’ had more total N compared to soils with no application of vermicompost.Vermicompost might have
produced more residual N in soil than those in control pots.This result was similar with the findings of Nethra et
al (1999), which indicated that addition of vermicompost increased the nitrogen content of the soil. The marked
decrease in total N in soils without vermicompost application in comparison with vermicompost treated soils
may have been due to larger amounts of total C and N that could have provided a larger source of N for
mineralization (Arancon et al., 2006).

149



In contribution, soils treated with Vermil and Vermi2 at the rate of 45 to 90 kg ha™ have more P (P < 0.05)
content as compared to control pots (Table 3). This implied that the continuous inputs of P to the soil were
probably due to the slow release of P from vermicomposts which was facilitated by the activity of soil
microorganisms (Arancon et al., 2006). Marinari et al. (2000) reported a similar increase in soil P after
application of organic amendments. The soil available K was also increased significantly (P < 0.05) with
increasing the levels of vermicompost (Table 3). Application of two different types of vermicompost at a rate of
45 and 90 kg ha™* increased available K respectively in comparison to control pots. This is attributed also from
the selective feeding of earthworm on organically rich substances which breakdown during passage through
thegun, biological grinding, together with enzymatic influence on finer soil particles, were likely responsible for
increasing the different forms of K (Rao et al., 1996). Orozco et al. (1996) stated that vermicompost contains
most nutrients in plant available forms such as phosphates, exchangeable calcium and soluble which could also
contribute relative information to the increase in potassium content. On the other hand, there was also
significant increase in the Mg content of the soils treated with two different types of vermicompost at 45 to 90
kg ha* in comparison to control pots (Table 3).

Horticultural Characteristics of Tomato

Highly significant effects of organic amendments (Vermi 1 and Vermi 2) and urea application were
observed onthe plant height of tomato at three to eight weeks after transplanting (Fig.1). However, Vasanthi et
al. (1999) reported that application of vermicompost is a good source of nutrient for plant growth and
development, thus reducing the need of chemical fertilizer. The plant height was greatly affected by the
treatments at different growth period. It was observed that the plants applied with vermicompost 1 and 2 have
faster growth from fifth to eight weeks after transplanting compared to plants treated with urea. The result might
due to the slow availability of nutrients in vermicompost, in spite of this, significant increasein the plant height
of tomato was still evident with increasing time.
Application of 45 to 90 kg urea significantly increases the fruit yield of tomato.The increase was observed with
application of vermicompostl and 2.Similar results were noted by Maynard (1995) reported that tomato yields
in field soils amended with compost were significantly greater than those in the untreated plots.

Weekly plant height (cm)

20
80
70

%tFFEEEElﬁi

week]l week2 weekld weekd weekS week® weekT weekB

Figura 1. Waakly plant height of tomato as affecied by inodEanic apd oopamic. (Urea, Vemmicompost 1
{(30% Sunflowsr = 0% Cow manwre) and Vemicompost 2 (70% Com cobs =+ 30% Cow
manwg), Traatment meaas with common leffers ave net sienjfoouly differanr af 5% L3D
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Figur= 3. Tomato fruit visld appliad with varying levels of vermicompost 1{50% Sunflowar =
5096 Cow manurs)

Fizur= 4. Tomato fruit yisld appliad with varying levals of vermicompost 2 {(70% Com cobs
- 30% Cow manurs)

Figure 2. Tomato fruit vield applied with varving lavals of N (0 ke N ha™, 45 kg N ha™ and
90 ke N ha).
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Yield and yield components of Tomato

The yield of vermicompost treated plants was found to be 132.99 g plant “in Vermi 1 and 115.23 g
plant %in Vermi2. The results in Vermi 1 was 75% more than the plants in control pots and was near to
inorganic fertilizer treated plants (urea) as shown in Table 4. This finding was supported by the study of
Arancon et al (2003) wherein addition of different types of vermicompost increased tomato yields. Likewise, the
results of this study seemed to reveal that amendment of organic fertilizer was suitable because of its significant
effect on the growth and yield of tomato.

Tabla4. Effacts of inorganic and organic amendments and N levels on the viald of tomato.

Total fruit vield of tomato (g plant™)
N lavals (kg'ha)
Urza Vermi 1 Vermil
i 19 53¢ 17.21b 17.56b
43 194 07b 108.35ab 104 34ab
g 242.48s 132992 113.23a

Meaws with similar letters are not signjfoauiy different o 5% LD

CONCLUSIONS

Two types of vermicompost (Vermil and Vermi2) significantly increased the different soil chemical
properties of upland acid soil such as percent OM, total N, extractable P and exchangeable K and Mg.
Application of two types of vermicompost also significantly increased the growth and yield of tomato.
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