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Abstract

Optimizing yield and nutrients content in crop production is the high time demand of arable
farming. Vermicompost furnishes one of the most promising alternatives to costly chemical ferti-
lizer. Therefore, a greenhouse experiment was conducted at NARC, Islamabad, to investigate the
effect of different levels of vermicompost [having C/N=15/1 and 14 Plant Growth Promoting Rhi-
zobacteria (PGPR)] on growth, yield and nutrients content in hybrid tomato (National Tunnel To-
mato-04-08) under greenhouse conditions during Rabi 2015. The data revealed that different
rates (0.5 tha™, 1 tha™, 1.5 tha™ and 2 t-ha™) of vermicompost produced varied and significant
(P < 0.05) effect on the vegetative growth parameters (shoot length, root length, dry shoot weight
and dry root weight), yield parameters (number of fruits per treatment and total yield) recorded
at physiological maturity. Tomato fruit yield was the maximum (4.383 t-ha'l) at the application of
2.0 t vermicompost ha™* followed by 3.226 t-ha™ where vermicompost was applied @ 1.5 tha™. N,
P and K content in tomato fruit and plant increased significantly with the application of increasing
levels of vermicompost. The highest content of N (3.7%), P (0.67%), K (5.17%) in tomato fruit and
N (3.4%), P (0.32%), K (3.2%) in tomato plant respectively were registered with soil application of
vermicompost @ 2.0 t-ha™’. This study confirms that the vermicompost has a tremendous potential
of plant nutrients supply for sustainable crop production.
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1. Introduction

Application of excessive chemical fertilizers may affect soil health and sustainable productivity. It is imperative
to search for possible alternate organic manures that can sustain soil health and crop production. Organic ma-
nures having humic substances not only improve soil fertility by modifying soil physical and chemical proper-
ties [1], [2] but also improves the moisture holding capacity of soil, thus resulting in enhanced crop productivity
along with better quality of crop produce [3]. Although organic manures contain plant nutrients in small quanti-
ties as compared with the chemical fertilizers, the presence of PGPR strains that plays an important role in in-
creasing availability of nitrogen and phosphorus besides improving biological fixation of atmospheric nitrogen
and enhancing phosphorus availability to crop [4] and growth promoting substances like enzymes and hormones,
along with plant nutrients make them essential for improvement of soil fertility and productivity [5]. Sustaina-
bility in agriculture refers to the capacity to remain productive while maintaining the soil fertility but without
effecting soil biodiversity. Humus derived from vermicompost is most commonly used for sustainable produc-
tion [3] due to its beneficial effects on nutrient uptake and retention, pest control and productivity [6]. Among
such preparations, vermicompost has been recognized as having considerable potential for soil amendments [7].
Humus originated from vermicompost is a finely divided manure peat like material with high porosity, aeration,
drainage and water holding capacity and microbial activity and is stabilized by interaction between earthworms
and microorganisms in a non-thermophilic process [8]. Vermicompost is made up primarily of carbon (C), hy-
drogen (H) and oxygen (O) and contains nutrients such as NO3, PO,, Ca, K, Mg, S and other micronutrients
which exhibit similar effects on plant growth and yield as inorganic fertilizers when applied to soil [9]. Vermi-
compost also contains a high proportion of humic substances (humic acids, fulvic acids and humin) which pro-
vide numerous sites for chemical reaction; microbial components known to enhance plant growth and disease
suppression through the activities of bacteria (Bacillus), yeast (Sporobolomyces and Cryptococcus) and fungi
(Trichoderma), as well as chemical antagonists such as phenols and amino acids [10]. The significant increase in
soil enzyme activities such as urease, phosphomonoesterase, phosphodiesterase and arylsulphatase was reported
by [11] with vermicompost application. Several studies also report vermicompost application suppresses infec-
tion by insect pests, repel crop pests and induce biological resistance in plants against pests and diseases due to
the presence of antibiotics and actinomycetes [12]. Use of vermicompost in horticulture at large scale can solve
the management and disposal problem associated with macrophytes and also resolves the deficiency of organic
matter in such soils in addition to nutrient depletion [13]. The objective of the study was to optimize yield and
nutrients content in tomato plant under greenhouse conditions through vermicompost application.

2. Materials and Methods

The experiment was conducted with collaboration of organic farming institute at tunnel of NARC. Seedlings of
hybrid tomato (National Tunnel Tomato-04-08) were grown during 2014 and 2015 to determine the effect of
vermicompost. The vermicompost was applied at the beginning of November 2014. Field plots were 3 m long
and 2 m wide (6 m?) and vermicompost was applied at the rate of 0 tha* (control), 0.5 t-ha*, 1.0 tha?, 1.5
tha* and 2 tha. The vermicompost was incorporated into the top 15 cm of rhizosphere. The plots were ar-
ranged in a completely randomized design with 3 replications of each treatment. All the necessary cultural prac-
tices and plant protection measures were followed uniformly for all the treatments during the entire period of
experimentation

Soil and vermicompost samples were analyzed for various physic-chemical properties using standard methods
using ICARDA manual [14] (Table 1-3).

2.1. Preparation of Vermicompost

Different plant material including plat waste were collected from NARC and then mixed with cattle dung in 2:1
ratio (100 kg plant material: 50 kg of cow dung). Healthy and adult individuals of earthworm (Eisenia fetida)
were allowed to feed on mixture and converted them into vermicompost during 60 days duration [13].

2.1.1. Effect of Vermicompost on Yield of Tomato

Vermicompost significantly affected yield of tomato fruits. Results in Figure 1 showed the maximum fruit yield
4.383 t-ha ! was registered where vermicompost was applied @ 2.0 t-ha * followed by 3.226 t-ha * where vermin-
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Table 1. Physico-chemical analysis of soil.

Soil characters Unit Values
pH - 7.6
EC(11) (ds'm™) 1.6
NOs-N (mg-kg™) 3.4
K (mg-kg™) 140
Auvailable P (mg-kg™) 15
Textural Class Loam
Table 2. Physico-chemical analysis of vermicompost.
Soil characters Unit Values
pH - 7.5
EC (1:1) (ds'm™) 3.0
Total N % 2.3
K % 2
Total P % 0.3
CIN 15/1
Organic matter % 25
PGPR strains 14
Table 3. Biochemical characterization of isolated PGPR.

Sr. No Strain Name Form Catalase Amylase Protease Pectinase Pikovskaya
1 VC1 circular + - + 4+
2 VC2 spindle + + + - -
3 VC3 circular + + + - ++
4 VC4 circular + + - - +
5 VC5 circular + + + - -
6 VC6 irregular + + + - +
7 VC7 circular + + - - +
8 VC8 punctiform + + - + -
9 VC9 spindle + + - + +
10 VC10 circular + + - + -
11 VC11 circular + + - - +
12 VC12 circular + + - - +
13 VC13 circular + + - + +
14 VC14 circular + + - + +

compost was applied @ 1.5 t-ha *. It was probably due to humic acid derived from vermicompost having more rea-
dily available nutrients and growth regulating substances such as urease, phosphomonoesterase, phosphodiesterase
and arylsulphatase. Similar findings have been reported by [15] who attributed plant growth was due to more rea-
dily available nutrients and PGPR having growth regulating substances present in the vermicompost. The signifi-
cant increase in yield might be attributed to improved uptake of N, P and K from vermicompost as well as in-
creased chlorophyll production in the leaves [16]. vermicompost increase microbial populations with production of
plant-growth-influencing materials and build-up of plant resistance or tolerance to crop disease and nematode at-
tack [17]. Moreover macronutrients play important role in enhancing yield based on their role in activation of en-
zymes for chlorophyll synthesis, growth, fruit ripening and maintenance of the plant’s enzyme system [18].
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Figure 1. Effect of vermicompost application on tomato yield (t-ha ?).

2.1.2. Effect of Vermicompost on Number of Fruits/3 Plants and Diameter (cm) of Tomato Fruit

Vermicompost significantly affected number of tomato fruit. Results in Figure 2 and Figure 3 showed the
highest number of fruit yield/3 plants (97) and diameter of fruit (6.75 cm) followed by 80 and (5.96 cm) number
and diameter of fruit were registered where vermicompost was applied @ 2.0 t-ha * and 1.5 t-ha* respectively. It
was probably due to vermicompost having more readily available nutrients and growth regulating substances
such as urease, phosphomonoesterase, phosphodiesterase and arylsulphatase. These results are in consonance to
findings of [15] who attributed plant growth was due to more readily available nutrients and growth regulating
substances of PGPR present in the vermicompost. The significant increase in yield and fruit quality of L. escu-
lentum might be attributed to improved uptake of N, P and K from vermicompost as well as increased chloro-
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phyll production in the leaves [16]. Vermicompost increase microbial populations with production of plant-
growth-influencing materials and build-up of plant resistance or tolerance to crop disease and nematode attack
[17].

2.1.3. Effect of Vermicompost on Shoot and Root Length of Tomato

Vermicompost significantly affected plant growth parameters. Results in Figure 4 showed the maximum shoot
and root length were 217 cm and 37 cm where vermicompost was applied @ 2.0 t-ha * followed by 203 cm and
36 cm where vermicompost was applied @ 1.5 t-ha*. Plant growth was due to more readily available nutrients
and plant growth regulating substances of PGPR present in the vermicompost as reported by [15]. The signifi-
cant increase in growth parameters with application of vermicompost in L. esculentum was reported by [19].
Vermicompost having hormone-like activity aids in greater root initiation, increased root biomass, enhanced
plant growth [20].
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Figure 2. Effect of vermicompost on number of fruits/3 plants.
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Figure 3. Effect of vermicompost on diameter (cm) of tomato.

600 - Effect of vermicompost on root/shoot length cm
g 500 -
o
£ 400 -
<
g
g 300 217
% 200 183 2
>
8
< 100

0

control 0.5 1.0 15 2.0
vermicompost t-ha!

Figure 4. Effect of vermicompost on root/shoot length (cm).
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2.1.4. Effect of Vermicompost on Dry Shoot and Root Weight of Tomato

Vermicompost significantly affected plant growth parameters. Results in Figure 5 showed the maximum dry
shoot and root weight were 140 g and 10.7 g where vermicompost was applied @ 2.0 t-ha* followed by 125 g
and 9 g where vermicompost was applied @ 1.5 t-ha *. According to [20] vermicompost increased dry weight in
french marigold, pepper, tomato and cornflower.

2.2. Nitrogen, Phosphorus and Potassium Content in Tomato Fruit (%)

Nitrogen, Phosphorus and Potassium content in tomato fruit were significantly increased by application of ver-
micompost. Results in Figure 6 show that the highest concentration of N (3.7%) which was 76% more than
control , P (0.67%) which was 37% more than control and K (5.17%) 30% more than control were recorded in
tomato fruit at maturity with vermicompost application @ 2.0 t-ha™*. The increase in N, P and K concentration
might be due to PGPR nitrogen fixation, the enhancement of plant growth by mycrorrhizal colonization and en-
hanced uptake of phosphorous has been reported by [21]. Vermicompost contains most nutrients in plant available
forms such as phosphates, exchangeable calcium, soluble potassium and other macronutrients with huge quantity
of beneficial microorganisms, vitamins and hormones which influence growth and yield of plants [10].

2.3. Nitrogen, Phosphorus and Potassium Content in Tomato Plant (%)

Nitrogen, Phosphorus and Potassium content in tomato fruit were significantly increased by application of ver-
micompost. Results in Figure 7 show that the highest concentration of N (3.2%), P (0.32%) and K (3.4%) were
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Figure 5. Effect of vermicompost on shoot/root dry wt (g) of tomato.

6 -
5.17
4.9

xX
N4
a
= BN%
»
2 EP%
[T

mK%

Control 0.5 1 1.5 2
vermicompost t-hat

Figure 6. Effect of vermicompost on N, P and K (%) tomato fruit.
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Figure 7. Effect of vermicompost on N, P, K (%) of tomato plant.

recorded in tomato plant after 30 days of vermicompost application. Whereas N (1.94%), P (0.14%) and K
(1.8%) in control having no vermicompost were recorded. The increase in N, P and K concentration might be
due to PGPR nitrogen fixation, The enhancement of plant growth by mycrorrhizal colonization and enhanced
uptake of phosphorous has been reported by [21].

3. Conclusion

The maximum tomato fruit yield (4.383 t-ha™*) followed by (3.226 t-ha ) were registered with the application of
2.0 t vermicompost ha * and 1.5 t vermicompost ha * respectively. The highest content of N (3.7%), P (0.67%),
K (5.17%) in tomato fruit and N (3.4%), P (0.32%), K (3.2%) in tomato plant respectively were registered with
soil application of vermicompost @ 2.0 t-ha ™. It is concluded that increasing rate of vermicompost not only op-
timizes tomato yield and nutrients content but also has a tremendous potential of plant nutrients supply for sus-
tainable crop production. Nutrients supply is the result of microbial activity which is excreted through earth-
worm gut.
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