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ABSTRACT
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An experiment was conducted to determine the effects of vermicompost on the growth, yield and nutrient contents

of cucumber grown under the glasshouse conditions. This experiment was performed in completely randomized design
with five replications. The base medium (control) was selected to be a mixture of 75% farm soil with 25% sand that
had been substituted with 0, 10, 20, 30, 40, 50 and 60% by volume of cow manure vermicompost. The highest leaf
area, stem numbers, stem and root dry weight, fruit yield, and chlorophyll content were resulted from substitution of
base medium with10 and 20% vermicompost that were significantly different from control (P<0.05). Further, increase
in the vermicompost content of the base medium, reduced the stem height, leaf area, stem dry weight, root dry weight,
and chlorophyll content. Plant yield was the lowest in the 50% and 60% vermicompost medium. Shoot macro and
micro-nutrient content such as nitrogen, phosphorus, potassium, calcium, iron, zinc, manganese, and copper increased
significantly in response to the increase in vermicompost ratio from O to 60%, therefore, the lowest and the highest of
these nutrient contents were observed in the control and 60% vermicompost, respectively, and even in some cases,

nutrients content reached the toxic levels.
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INTRODUCTION

The organic manure is a handy, low-cost source
of nutrition compare to the inorganic fertilizers. The
commercial values (Haque, 2000). Low cost crop
production can be achieved via application of organic
compounds instead of high valuable inorganic fertilizers.
Ability of some species of earthworm to consume and
breakdownawiderange of organicresidues suchassewage
sludge, animal wastes, crop residues and industrial waste
have been already reported (Edwards, 1985; Dominguez
et al., 1997; Kaushik and Garg, 2003). Organic farming
system relies on large-scale application of animal wastes,
compost, crop rotation, crop residues, green manure,
vermicompost, biofertilizers VAM, bio pesticides, and

biological control (Kannan et al., 2005). Utilization of high
yielding varieties, high quality chemical fertilizers, as well
as pesticides application have enabled Iran to become
a self-sufficient country in food grains production. The
enhancement of plant productivity via increasing the
chemical fertilizers and chemical pesticides might cause
crucial harm effects on health and environment (Alam et
al., 2007). Application of vermicompost in large-scale for
vegetable production could settle the problem of wastes
disposal and solve the shortage of organic matter in soil
(Kannan et al., 2005).

Vermicompost is a good source of different macro and
micronutrients, particularly Nitrogen (N), Phosphorus
(P), Potassium (K), and Sulfur (S). Earthworms have been
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described as being one of the main and dominant soil fauna
of class oligochaeta in Phylum annelida and are known
for their role in soil formation (Kale, 1998). Earthworms
ingest a large amount of organic matter and excrete it as
cast and this cast include several enzymes and abounding
in plant nutrients, useful bacteria and mycorrhizae (Reddy
and Reddi, 2002). Various greenhouse and field studies
have examined the effects of a variety of vermicomposts
on a lot of crops including cereals and legumes (Kaushik
and Garg, 2003), vegetables (Wilson and Carlile, 1989;
Tomati et al., 1990; Subler et al., 1998), ornamental and
flowering plants (Atiyeh et al., 2000), and field crops
(Arancon et al., 2004). Nath and Singh (2009) reported
that treatments of vermiwash (extract from different
animal, agro and kitchen wastes (increased growth and
productivity of okra, beans, and radish. Application of
vermicompost increases the total microbial population
of N-fixing bacteria and actinomycetes. The increase
in microbial activity causes improve in soil P and N
availability (Alam, 2007).

Vermicompost have been widely applied in traditional
agriculture and horticulture and its beneficial effects
have been proven on soil biota and soil structure. It is
obvious that organic farming is not a destination, but
it is an imperative. The excessive use agrochemicals
and fertilizers in green revolution have increased
environmental pollution and thus threatened the fragile
ecosystems. Organic farming conserves soil fertility
and has soil erosion through implementation of proper
conservation principles. The purpose of this study was
to investigate the effects of cow manure vermicompost
products, as an organic compound, on cucumber

productivity.

MATERIAL AND METHODS

An experiment was conducted to evaluate the
effect of the vermicompost of cow manure origin, on
the nutrients status, growth, and yield of cucumber
grown under glasshouse conditions in the University
of Mohaghegh Ardabili, Iran. This experiment was
conducted in completely randomized design with five
replications. The base medium (control treatment) was a

mixture of 75% farm soil and 25% sand. The treatment
media was vermicompost (Zarrin Kood Company,
Gorgan; Iran) incorporated at six rates (10, 20, 30, 40,
50 and 60% (v)) treatment. Cucumber seeds were placed
into the germinator, and then two seeds were planted
in the seedling plastic pots of 500 g in the cultivation
environments with 0, 10, 20, 30, 40, 50 and 60%, of
vermicompost while the medium of the base cultivation
consisted of three soil portions (supplied from Now
Shahr, Iran) and one sand portion (Control). Prior to
seed cultivation, the cultivation medium was Physico-
biochemically evaluated (Tables 1 and 2).

Once the plants produced their third real leaf, they
were planted into the 20 kg pots, containing the base
medium of soil and sand with different vermicompost
levels. In order to measure the leaves area, in the end of
the growth period, the leaves were separated from stems
and were measured their surface area with leaf area
meter. The chlorophyll index of the leaves was measured
by SPAD chlorophyll-meter. Dry weight of roots and
stems were measured after drying in oven (78 and 80°C,

respectively) for 24 and 48 hours.

The basic medium and different vermicompost
treatments were air-dried and passed through a 2-mm
sieve for analysis before plant cultivation. Electrical
conductivity (EC) and pH of the treatments were
measured by EC and pH meters in saturated paste
extract. Organic matter content was determined by the
Walkley-Black method. The available macro-nutrients
and micronutrient in different medium were extracted by
the following methods: Phosphorus by Olsen’s procedure,
exchangeable Potassium, Calcium and Magnesium
by ammonium acetate, and the micronutrients by
DTPA (Diethylenetriamine pentaacetic acid). Nitrogen,
phosphorus, potassium, Calcium and Magnesium in
dried samples of shoots were determined by Kjeldahl
method, spectrophotometric method, flame emission
method and EDTA titrimetric
method respectively (Jones, 2001). The micronutrient

spectrophotometric

concentration was analyzed using atomic absorption
spectroscopy after dry ashes at 550°C for five hours
(Jones, 2001).
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Table 1. Measured quantities of chemical properties of the elements existing before plant cultivation in different cultivation
environments

Treatment Organic carbon (%) N (%) P (mg*kg?) K (mg*kg™) Ca (meqg*l) Mg (meq*I?)

Control 1.7 0.063 29.03 210 9.2 4.63
A% 2.1 0.25 31.33 620 21 6.79
V2 2.6 0.39 33.88 1,285 28 14.65
V3 2.7 0.45 40.4 1,850 28.7 15.35
\Z4 3.1 0.56 46.54 2,700 29.5 16.12
V5 3.6 0.65 53.52 4,002 30.4 17.32
Vé 4.5 0.75 59.6 5,250 32 19.6
Vermicompost 8.3 1.8 69.7 340 20 22

V1 - 10% vermicompost, V2 - 20% vermicompost, V3 - 30% vermicompost, V4 - 40% vermicompost, V5 - 50% vermicompost and V6 - 60% vermi-
compost

Table 2. Measured quantities of chemical properties of the elements existing before plant cultivation in different cultivation
environments

Treatment Fe (mg*kg?) Mn (mg*kg™) Zn (mg*kg™) Cu (mg*kg?) pH EC (mmho*cm?)
Control 4.99 2.24 0.76 1.6 7.94 1.6
A% 7.54 2.59 1.23 1.78 7.8 2
V2 10.15 3.17 2.2 1.95 7.68 2.2
V3 12.22 4.4 3.63 2.08 7.63 2.3
\Z3 14.25 5.14 3.1 2.15 7.6 4
V5 17.2 8.49 3.93 2.22 7.56 4.8
Vé 19.49 12.84 4.72 2.34 7.55 5.6
Vermicompost 26.54 18.25 8.75 2.55 7.84 7.2

V1 - 10% vermicompost, V2 - 20% vermicompost, V3 - 30% vermicompost, V4 - 40% vermicompost, V5 - 50% vermicompost and V6 - 60% vermi-
compost. EC - electrical conductivity

STATISTICAL ANALYSIS area, shoot dry weight, chlorophyll index, and fruit yield

P<0.01; Table 3).
Data analysis was done using SAS V9.2 software ( able 3)

(SAS Institute Inc., Cary, NC, USA). Mean comparison of
treatments were done using Duncan’s multiple range test
at 1 and 5 % levels.

Plant height
The

vermicompost resulted

results showed that the application of

in a significant increase in

RESULTS AND DISCUSSION

Growth and yield

Results indicated that application of vermicompost
showed a significant effect on the plant height, leaf

cucumber plant height. The plants in 20% vermicompost
beds, showed the greatest height (2.3 m), which did not
show a significant different with the height of the plants
grown in 10% vermicompost bed (2.15 m). There was no
significant difference with the plant height of the control
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and plants in 30% vermicompost containing bed. The
results showed that the application of vermicompost at
high levels (more than 30%) reduced the plant height and
the shortest plants were observed in the treatment with
60% vermicompost (Table 4). Hameeda et al. (2007) and
Chamani et al. (2008) reported similar results on sorghum

and petunia, respectively.

Leaf area

The largest leaf area was observed in the plants
that grow in the cultivation bed treated with 20%
vermicompost (5,679 cm?) which was not significantly
different from the plants grown in the treatment with
10% vermicompost (5,662 cm?). Additionally the leaf
area of the treated plants with 30% vermicompost
(4,640 cm?, was not significantly different from the
leaf area of the control plants (4,590 cm?). The leaves
area drastically decreased in treatment with 40, 50 and

60% vermicompost and the lowest leaf area (580 cm?)

was observed in the plants of the cultivation bed with
60% vermicompost (Table 4). Similar results have been
reported by Arancon et al. (2006).

Root dry weight

The mean comparison of results showed that the
highestrootdryweight (27 g) was produced in plants grown
in the cultivation medium containing 20%vermicompost,
which was not significantly different from plants
cultivated in 10% containing vermicompost (25.8 g).
There was a decrease in the root dry weight at higher
proportions of vermicompost added to the cultivation
bed and the lowest root dry weight was produced in
60% vermicompost treatment (Table 4). Zaller (2007) has
reported similar results. Sainz et al. (1998) after studying
the effect of increasing vermicompost levels (0, 10, 50 and
100%) and urban wastewaters on growth and nutrition
of clover and cucumber, reported that application of

vermicompost in the soil significantly increased the dry

Table 3. Analysis of variance of vermicompost effect on growth and yield of greenhouse cucumber

Source of

Root dry Stem dry

variation df Plant height Leaf area weight weight Chlorophyll Fruit yield
Treatment 6 2.6** 21,750,947.1** 186.92** 96,952.24** 733.13** 10.31**
Error 28 0.044 222,057.4 14.456 1,749.88 82.22 0.25
CV (%) - 3.14 12.93 19.9 17.41 20.7 19.6
**Significant at P<0.01

Table 4. Mean comparison of vermicompost effect on growth and yield of greenhouse cucumber

Vermicompost Plant height Leaf area Root dry weight  Stem dry weight Chlorophyll Fruit yield
levels (%) (m) (cm?) (g) index (SPAD) (kg/plant)
0 25 4,590° 17.6< 2710 20.94¢ 5.6

10 2.16° 5,6222 25.8%® 3932 45.8» 4.76b¢
20 2.3 5,670° 416° 55.1° 9.2

30 1.9v 4,640° 21b¢ 260° 55.8° 5.9°

40 1.7¢ 3,320¢ 17.2« 182.2¢ 49 .22 4.5b¢

50 1.44 1,650¢ 14.8¢ 137.5¢ 46.4° 2.8¢

60 0.8¢ 580¢ 9.6¢ 69.6° 34.8° 1.054
Numbers with the same letter, have no significant difference
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and fresh weight of clover and cucumber. Adinarayana and
Kumar (2006) showed that application of vermicompost
in the soil resulted in Zn uptake incensement. Based
on the results of this study and similar findings of other
above-mentioned experiments, it can be concluded that
application of organic matters such as vermicompost
enhances root growth through improving the soil texture

and increasing the capacity of soil to hold moisture.

Stem dry weight

The highest stem dry weight (416 g) was observed
in the plants grown in the cultivation bed treated with
20% vermicompost that was not significantly different
with 10% vermicompost treatment (393 g). The control
and 30% vermicompost treatments were ranked next and
their stem dry weights were 271 g and 260 g respectively.
There was a decrease in the stem dry weight related to
the higher levels of vermicompost, where the lowest
stem dry weight was in the 60% vermicompost treatment
(Table 4). Arancon et al. (2006) studied the effects of the
adding 5-15 ton. ha? vermicompost onto strawberry,
and found out that vermicompost application increased
the dry weight of stems as well as the aerial parts. Same
results were reported by Hameeda et al. (2007). Subler
et al. (1998) reported that a soil containing up to 10%
of added pig vermicompost significantly increased
biomass of tomato. Bachman and Metzger (2007) in an
investigation focused on the effect of vermicompost
application in seed beds of seasonal plants, such as
tomato and pepper argued that the fresh and dry weight
of aerial parts and leaf area of the plants grown on beds

containing vermicompost increased by 40%.

Chlorophyll index

The results showed that application of vermicompost,
in the cultivation medium increased chlorophyll index
significantly. The highest chlorophyll index (55.68 SPAD)
was observed in 30% vermicompost treated plants which
did not show a significant different with 10%, 20%, 40%
vermicompost treatments. In respect of this trait, the
treatments with 50% and 60% vermicompost did not
have a serious discrepancy (Table 4).

Fruit yield

The highest fruit yield (9.2 kg per plant) was obtained
in plants grown in the cultivation bed treated with 20%
vermicompost. The fruit yield of plants treated with 30%
vermicompost was significantly decreased and 60%
vermicompost treatment produced the lowest fruit yield
(1.05 kg per plant). Higher percentages of vermicompost,
reduced fruit yield. This can be due to the increase in
electrical conductivity and decrease in drainage of the
cultivation bed (Table 4). The findings of this research is
consistent with findings of Alam et al. (2007), Azarmi et
al. (2008) and Suthar (2009).

Nutrition status

Based on analysis of data variance (Tables 5 and 6),
application of vermicompost significantly affected the
content of plant nutrients content, including N, P, K, Mg,
Ca, Fe, Zn, Cu, and Mn.

Nitrogen

Results showed that adding vermicompost to the soil
has increased the content of N in aerial part of cucumber.
The lowest content of N was obtained in control (soil
+ sand), and increasing vermicompost levels in the sail,
significantly increased the percentage of N in aerial
part of the plant. The highest value for this element
was obtained in the soil containing 60% vermicompost
(Table 7). Arancon et al. (2004) in an experiment on the
influences of vermicompost, produced from food waste
and paper waste, on field strawberries showed that
vermicompost in addition to increasing yield of the crop,
increased the absorption of N. Senthilkumar et al. (2004)
reported that vermicompost led to a significant increase
of N concentration in the leaves. In their experiment,
N concentration of tomato that grown in culture media
containing 10, 25, 50 and 100% vermicompost was
significantly higher than tomato grown in culture media
containing 0 and 5% vermicompost.

Phosphorus

Based on the results, increased proportion of

vermicompost in seed bed has led to the increased
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Table 5. Analysis of Variance of effect of vermicompost on content elements of cucumber shoots

Source of Variation df N P K Mg Ca
Treatment 6 19.84** 0.19** 16.34* 8.55** 42.48**
Error 28 0.152 0.005 0.273 0.29 1.61
CV (%) - 8.51 12.81 8.89 12.90 6.68

**Significant at P<0.01

Table 6. Analysis of Variance of effect of vermicompost on content elements of cucumber shoots

Source of Variation df Fe Cu Zn Mn
Treatment 6 1,807.3** 956.7** 1,620.4** 2,023.65**
Error 28 92.45 32.46 76.8 56.25
CV (%) - 5.54 14.1 13.3 11.2

**Significant at P<0.01

Table 7. Mean comparison of effect of vermicompost on content elements of cucumber shoots

Vermicompost

levels (%) N (%) P (%) K (%) Mg (%) Ca (%)
0 1.46f 0.25¢ 3.34f 0.27¢ 1.144
10 2.78¢ 0.41¢ 4.5¢ 0.37¢ 1.26¢
20 4.014 0.53¢ 5.04¢ 0.42¢ 1.46¢
30 4.78¢ 0.56¢ 5.744 0.54° 1.67°
40 5.34° 0.66° 6.44¢ 0.57° 1.76°
50 6.667 0.69° 7.38° 0.66° 1.77°
60 6.96° 0.867 8.682 0.72 1.922

Numbers with the same letter have no significant difference.

amount of P in plant aerial part. The highest and lowest
amount of P in aerial parts of cucumber was obtained in
60% vermicompost treatment and control, respectively.
The amount of P in aerial parts of cucumber was not
significantly different in cultivation bed treated with
the 20 and 30% of vermicompost (Table 7). Arancon et
al. (2004) reported that vermicompost increased the
absorption of P. Edwards and Burrows (1988) showed
that vermicomposts supply nutrients such as N, available
P, K, Ca and Mg for plant. Senthilkumar et al. (2004)

reported that amounts of available N, P and K were higher
in blocks containing vermicompost.

Potassium

Mean comparison of the treatments showed that
plants grown on control (without vermicompost) had
lowest K content in their aerial part; however, increasing
amount of vermicompost in the soil increased the K
content. There was not a significant difference between
10 and 20% vermicompost treatments, and the highest
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amount of K was observed in 60% vermicompost
treatment (Table 7). Kumari and Ushakumari (2002) by
examining the application of vermicompost on vyield
and uptake of nutrients in cowpea demonstrated that
application of enriched vermicompost increased the plant
uptake of K and Mg and other micronutrients compared
to the control. The Increase in plant uptake of nutrients
by application of vermicompost may be due to its high

available nutrient content.

Magnesium

The results revealed that increasing proportion of
vermicompost in soil increased Mg content of the plant
aerial part. The highest amount of Mg was obtained in
treatment with 60% vermicompost, which did not show a
significant difference with 50% vermicompost treatment
(Table 7). Kumari and Ushakumari (2002) indicated that
application of vermicompost increased the plant Mg

uptake and other micronutrients compare to control.

Calcium

The lowest Ca content was obtained in shoot of the
plants grown in control bed. The results showed that
increase in vermicompost levels in seed bed, led to the
increased amount of Ca in cucumber shoot, although the
amount of calcium in 10% treatment was not significantly
different with control. In addition, plants grown on
soil containing 30, 40 and 50% vermicompost did not
significantly differ in terms of Ca content of shoot. The
highest amount of Ca was obtained in 60% vermicompost
treatment (Table 7). Kumari and Ushakumari (2002)
demonstrated that application of enriched vermicompost
increased the plant uptake of Ca and micronutrients

compared with control.

Iron

The results showed that the highest level of Fe
in cucumber shoot belonged to 60% vermicompost
treatment, which had no significant difference with the
levels of 40% and 50% (Table 8), while the lowest Fe
content was obtained in plants grown in control bed.

Increasing proportion of vermicompost in soil increased
Fe content in plant shoots, though the amount of Fe in
10% treatment was not significantly different compare to
control. However, the difference between 10% and 20%
vermicompost treatments was significant. Adinarayana
and Kumar (2006) were reported similar results.

Copper

Plants grown on control bed had the lowest copper
(Cu) content in their aerial parts. Increasing the proportion
of vermicompost from O to 60% in soil, enhanced the Cu
contentin plant shoots, nevertheless, treatments of 30,40
and 50% vermicompost were not significantly different.
The highest Cu content was found in aerial parts of the
plant grown on 60% vermicompost treatment (Table 8).

Zinc

Based on the results of Table 8, plants grown on
control bed had the lowest Zn content in their aerial parts.
Increase in the vermicompost level from O to 60% in soil,
led to the increase in Zn content, though 10 and 20%
vermicompost treatments did not indicate a significant
difference. Likewise, there was not a significant difference
between 20, 30 and 40% treatments. Adinarayana and
Kumar (2006) showed that application of vermicompost
to the soil increased plant Zn uptake (Table 8). Adding
vermicompost to the land and accordingly the increase
in Fe and Zn plant uptake is due to mineralization of
organic matters, decreased pH of soil by organic acids,
and increase in formation of micronutrient complexes.
Although the higher proportions of vermicompost in
the soil means a higher amount of nutrients, reduction
of pH soil and causes increased water holding capacity
for a longer period in such soils but leads to increased
electrical conductivity (EC) of the cultivation medium,
which in turn results in decreased growth and yield of the
plants (Adinarayana and Kumar, 2006).

Manganese

Plants grown on control bed (without vermicompost)
had the lowest Mn content. Increasing proportion of
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Table 8. Mean comparison of effect of vermicompost on content elements of cucumber shoots

Vermicompost levels (%) Fe (mg*kg?) Cu (mg*kg™?) Zn (mg*kg™) Mn (mg*kg?)
0 141.2¢ 17.67¢ 38.06f 38.19¢
10 153.6° 27.414 50.9¢ 47.5¢
20 175.72° 36° 59.88de 58.38¢
30 178.26° 47° 66.06< 68.96¢
40 183.42% 48.2% 75b¢ 77.46
50 187.5% 51.4% 81.6* 84.82*
60 193.62 55.16* 89.9¢6° 93.7a
Numbers with the same letter, have no significant difference

vermicompost in soil from O to 60% increased the Mn REFERENCES

content of plants. There was not a significant difference
between 30 and 40%; 40 and 50%, as well as 50 and 60%
treatments and the highest value of Mn was detected in
60% vermicompost treatment (Table 8).

CONCLUSIONS

indicated that the
application of vermicompost of cow manure, instead
of the soil, at 10% and 20% to the cultivation bed that
consists of 75% soil and 25% sand, caused an increase

The results of this research

in the growth indexes such as the plant height, root and
stem dry weight, leaf chlorophyll content, and fruit yield
of greenhouse cucumber. Furthermore, vermicompost
significantly affected the content of plant nutrients such
as N, P, K, Mg, Ca, Fe, Zn, Cu, and Mn. Taken together,
results of this research and other above-mentioned
findings, indicated that application of organic materials,
such as vermicomposts, cause the improvement of soil
fertility as well as the increase in the soil capacity to keep
humidity, therefore the root growth improves. Using
annually 29% volume of vermicompost to the soil, causes
an adequate increase in the activities of the soil enzymes
which give to the plant development, N, and P efficiency.
Thus applying the proper rates of vermicompost,
increases the cucumber yield, improve the soil properties,
and reinforce the soil biologically.
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