J. Environ. Sci.
Institute of Environmental Studies and Research — Ain Shams University

THE PRODUCTION OF TOMATO AND STRAWBERRY
IN ECOLOGY URBAN AGRICULTURE

[6]

Shaaban, Kh. N.%; Mohamed, M. M.%Y) and El-Behairy, O. A.®)
1) Central Laboratory for Agricultural Climate, Agricultural Research Centre,
2) Department of Horticulture, Ain, Shams University.

ABSTARCT

The urban agriculture took more attention during the last two decades not
just on global scale but also on local scale for many reasons such as food
security and safety, climate change impacts and environmental concerns. The
study was carried out on the roof of the Central Laboratory for Agriculture
Climate (CLAC), Agriculture Research Centre, Egypt, during successive two
summer seasons for tomato and two winter seasons for strawberry of (2014 -
2015). The study aimed to investigate the effect of different vermicompost
rates mixed with standard substrate perlite (perlite: vermicompost (90 :10)
(Mix.10%), perlite: vermicompost (80 :20) (Mix.20%), perlite: vermicompost
(70 :30) (Mix.30%) and perlite (100V) (Control)) and nutrient solutions
sources (chemical solution , vermi- liquid and chemical and vermi- liquid at
constant EC for each crop under the study) on the yield and quality of tomato
and strawberry under urban agriculture conditions. Physical and chemical
properties of substrates, vegetative growth, quality characteristics, yield and
N, P and K of plant contents and heavy metals contents of fruits in both
strawberry and tomato were determined.

The obtained results showed that the vegetative and yield characteristics,
chemical quality properties, N, P and K leaves contents and heavy metals
contents of tomato and strawberry fruits were affected strongly by
vermicompost rate mixed with substrate. The highest vegetative growth and
yield characteristics and N, P and K contents of tomato and strawberry were
given by chemical followed by vermi-chemical nutrient solution combined
with Mix.30% followed by Mix.20%. Vermicompost either its application or
increasing rate had a positive impact on reducing the heavy metals contents of
tomato and strawberry fruits. The use of vermi-liquid as a nutrient solution
and vermicompost as a substrate amendment had a positive impact not just on
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tomato and strawberry production (food security) via urban agriculture but
also on environmental issue and climate change adaptation.

Keywords: Green roofs, urban agriculture, vermicomposting, vermicompost,
nutrient solution, Substrate culture, Tomato, Strawberry.

INTRODUCTION

Under climate change impacts and food security needs, urban
horticulture should play a vital role in producing the food via using green roof
systems and at the same time securing the recycle of urban organic wastes for
mitigate CO, emission and save the essential nutrients. Urban horticulture
includes all horticultural crops grown for human consumption and ornamental
use. Urban horticulture is not just working on producing large variety of
vegetables, cereals, flowers, ornamental trees, aromatic vegetables and
mushrooms but also fight the climate change impacts, poverty, hungry,
malnutrition and illness while help food security, economy and social needs
(FAO 2012).

Many researchers in different countries have investigated the urban
agriculture mainly in soil cultivation on different scales and viewpoints such
as: contamination effect of trace and heavy elements in urban soils on leafy
vegetables growth and production ( Nabulo et al., 2010, Saumel et al., 2012
and McBride et al., 2014), human health risk assessment of vegetables
consumed from contaminated urban soil and foodborne pathogens ( Saumel et
al., 2012, Lagerkvist et al., 2013, Nicklett and Kadall 2013 and Swartjes et
al., 2013), The role of urban agriculture in sustainable production and food
security in urban and peri-urban areas ( Hara et al., 2013, Rego 2014,
Wertheim-Heck et al., 2014 and Bvenura and Afolayan 2015) and the
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importance of leafy vegetables on human health in poor urban and peri-urban
( Uusiku et al., 2010, Nicklett and Kadall 2013, Wertheim-Heck et al., 2014
and Bvenura and Afolayan 2015).

Abul-Soud (2015) mentioned that under Egyptian condition, urban
agriculture mainly had a strong exist via using modified soilless culture
systems on roofs (green roof) regarding to the high urbanization and
agriculture soil shortage. The use of soilless culture techniques in producing
vegetables under urban agricultural led to avoid the problems of urban soil
contamination, shortage of soil, water and natural resources beside
maximizing the production. The real advantages of using soilless culture in
urban agriculture are the using of neglect able area as rooftop as cultivation
area and the high water use efficiency. Alternating peat moss substrate by
local substrate such as vermicompost contribute in reducing the cost and
increase the sustainability of the urban agriculture systems (substrate culture).

The use of earthworms in converting and decomposing
(vermicomposting) the organic urban wastes into high enrich organic
fertilizer (vermicompost) had many objectives not just on environmental scale
but also on climate change, economic, public health, social, public awareness
and food production scales. Compared to their parent materials,
vermicompost have less soluble salts, greater cation exchange capacity, and
increased total humic acid contents (Atiyeh et al., 2002, Abul-Soud et al.,
2009, Abul-Soud et al., 2014 and Abul-Soud et al., 2015). The application of
vermicomposting outputs (vermicompost and vermi-liquid) in soil, under
greenhouse, soilless culture and green roof system have beneficial impacts on

different crops such as cucumber, sweet paper (Abul-Soud et al., 2012).
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The aims of this study were determining the ability of vermicomposting
in recycling urban organic wastes and use its output as an organic substrate to
enhance the physical and chemical properties of substrate in pot culture and

its effect on tomato and strawberry growth and yield.

MATERIALS AND METHODS

The study was carried out on the roof of the Central Laboratory for

Agriculture Climate (CLAC), Agriculture Research Centre, Egypt, during
successive two summer seasons for tomato and two winter seasons for
strawberry of (2014 - 2015).
Plant materials: Strawberry (Fragaria xananassa), cv, Festival F1 hybrid was
used in this study. Fresh transplants were planted on 15th September in both
growing autumn seasons (2013 and 2014) in pots. One plant was planted in
each pot.

Tomato ( Remas F1 ) seeds were sown in the first of June of 2014 and
2015 and both growing summer seasons, respectively, in polystyrene trays.
After the fourth true leaf stage (6 weeks), the transplants were planted in
plastic pots. One plant was planted in each pot.

The vermicomposting process: The Epigiec earthworms Lumbriscus
Rubellus (Red Worm), Eisenia Fetida (Tiger Worm), Perionyx Excavatus
(Indian Blue) and Eudrilus Eugeniae (African Night Crawler) were used in
plastic container as an indoor system of vermicomposting. Holed plastic
container (40 x 40 x 60 cm) were established as indoor system of
vermicomposting. Each holed plastic box had 250 g of epigiec earthworms to

begin the study. Worm diameter: 0.5 — 5 mm and worm length: 10 — 120 mm.
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The vermicomposting process and vermicompost and vermi-liquid
production were done according to Abul-Soud et al., 2009, 2014, 2015 (a and
b). Kitchen wastes (vegetables and fruit scraps + food wastes) + newspaper in
proportions (80: 20 %) were vermicomposting as an urban organic wastes.

Table (1): The chemical composition (%) of the different agricultural wastes.

. . macro elements %
Raw material C/N ratio N P K Ca Mg
kitchen wastes 50.23 0.59 0.44 0.56 0.98 0.62
Sh.P 169.01 0.017 0.01 0.00 0.19 0.01
the mix 76.5 0.54 0.38 0.49 0.73 0.55

Experiential set up: Growing plastic black pots were filled with 8 liters of
the substrate mixtures regarding to the different treatments. The pots were
arranged in 3 rows for tomato and 4 rows for strawberry over aluminum
tables (1 x 2 x 0.6 m); every table was contained 24 pots for tomato and 32
plants for strawberry per table (2 m3).

Nutrient solution (El-Behairy, 1994) and the fresh harvested vermi-liquid
from vermicomposting system were used for both strawberry and tomato and
both seasons in this experiment. The EC of the different nutrient solutions
were adjusted by using EC meter to the required level for each crop (2 ds m-1
for strawberry and up to 3 ds m-1 for tomato).

Table (2): The chemical composition of different sources of nutrient
solutions

Macronutrients Micronutrients Heavy metals

Nutrient source
N P| K| Ca|Mg| Fe [ Mn | Zn B Cu Pb Cd

Vermi-liquid 132 (921191 | 87 | 56 | 872|191 (029 (028]|015| nd n.d

Chemical 210 | 45| 300 | 150 | 60 6 08 | 04 (025|012 | 01 0.01

n.d = not detected
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The investigated treatments: Two factors were investigated under the study.
First, four different substrate mixtures perlite:vermicompost (90:10 V/V)
(Mix.10%), perlite: vermicompost (80 :20 V/V) (Mix.20%), perlite:
vermicompost (70 :30) (Mix.30%) and perlite (100V) (Control combined
with three nutrient solution sources treatments {(chemical solution, vermi-
liquid and chemical and vermi- liquid) (50 :50 % on base of ds m-1) } as a
second factor. The EC of different nutrient solution source were adjusted
regarding to each standard EC level for each crop (Strawberry and Tomato).
The experimental design was split blocks with 3 replicates.
The measurements:

The vegetative and yield characteristics: at the end of growing seasons of

tomato. Plant height (cm), number of leaves diameter of stem, number of
fruits, weight of fruits, total yield, yield /plant, yield /m2, leave area. At the
end of growing seasons of strawberry. Number of leaves, number of fruits,
total yield, leaves area

Chemical characteristics: Ascorbic acid (vitamin C): was determined in mg/
100g fresh weight by using the 2, 6 Di-chlorophenol method (A.O.A.C.,
1990). Total soluble solids (TSS): The percentage of TSS was determined by
using hand refractometer (A.O.A.C., 1990).

Total nitrogen was determined by Kjeldahl method according to the

procedure described by (FAO 1980). Phosphorus content was determined
using spectrophotometer according to Watanabe and Olsen (1965). Potassium
content was determined photometrically using Flame photometer as described

by Chapman and Pratt (1961). Heavy metals contents
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(Pb, Cd, Ni, Co) of fruits were estimated according to Phillips Unicum
Atomic Absorption spectrophotometer as described by Chapman and Pratt
(1961).

The physical and chemical properties of different substrates mixtures

were estimated according to Wilson (1983) and Raul (1996) as follows:-

The bulk density (B.D) is simply measured as dry weight/volume (g/cm3
or kg/l).

Total pore space (T.P.S) is the percentage pore space and the proportion
and amount of water and air that is present in pore space

Total pore space = (1 — bulk density/ true density) x 100

Water hold capacity % (W.H.C) is the amount of water present after the
substrate in a container has been saturated and allowed to drain.Water hold
capacity % = ((FW- DW)/ VB) x 100

FW (fresh weight) = weight of substrate after stop draining

DW ( dry weight) = dry weight of substrate after 24 hours at a
temperature 80 — 90 oC. Air porosity % (A.P) is the proportion of the volume
of substrate (VB) that contains air after it has been saturated with water and
allowed to drain. Collect the volume of water leached plus the volume of air
present after the substrate in a container allowed to drain.

Air porosity % = T.P.S — W.H.C.The pHs of the potting mixtures were
determined using a double distilled water suspension of each potting mixture
in the ratio of 1:10 (w: v) (Inbar et al., 1993) that had been agitated
mechanically for 2 h and filtered through Whatman no.1 fillter paper. The
same solution was measured for electrical conductivity with a conductance

meter that had been standardized with 0.01 and 0.1M KCI.
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Table (3): The physical and chemical properties of different substrates mix of

study.
Physical chemical

B.D. T.P.S. W.H.C. A.P. E.C. O.M.

Substrate | o) | %) | (%) | @) | @sm | P7 | )
Control 0.125 a0 305 595 0.34 7.4 0

Mix. 10% 0.239 85.7 36.8 48.9 0.76 7.6 7.951
Mix. 20% 0.341 78.6 43.3 35.3 1.05 7.8 11.145
Mix. 30% 0.43 74.5 48.5 26 1.21 7.9 13.257

B.D bulk density . T.P.S total pore space .W.H.C water hold capacity. A.P air
porosity.

The statistical analysis: Statistical analysis was determined by computer,
using SAS program for statistical analysis. The differences among means for
all traits were tested for significance at 5 % level according to the procedure
described by Snedicor and Cochran (1981).

RESULTS
1. Tomato: The effect of nutrient solution source and vermicompost rate
on:

1. Vegetative growth and vield characteristics: The effect of using different

nutrient solution sources had no significant effect on vegetative and yield
characteristics as presented in Table (4).

On the other hand, the obtained data (Table 4) indicated that increasing
of vermicompost rate mixed with substrate from 10 to 30 % led to
significantly increase regardly the vegetative and yield characteristics
compared to control treatment. The highest results of stem diameter, number

of leaves, number of fruits/plant and total yield of tomato were obtained by
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the vermicompost rate 30 % while the lowest values recorded by control
treatment.

Regarding to the interaction impact between different nutrient solution
sources and vermicompost rates, the reveled data showed that the use of mix
30% combined with chemical nutrient solution recorded the highest value of
stem diameter , number of leaves number of fruits/plant and total yield of
tomato. The lowest records of vegetative and yield characteristics were
observed by control substrate treatment combined with vermi-liquid as a
nutrient solution.

2. Chemical quality properties: Table (5) presented the effect of different

nutrient solution sources and vermicompost rates on chemical
characteristics of tomato. The treatment of vermi-chemical nutrient
solution presented the highest value of TSS, while there were no
significant difference among the different nutrient solution sources on total
chlorophyll content and Vit. C. The vermi-liquid treatment gave the lowest
TSS.

The highest values of total chlorophyll content, TSS and Vit.C. recorded
by vermicompost rate mix 30 % while control had the lowest results. The
vermicompost had a positive effect on the chemical characteristics of tomato
compared to the control.

The interaction among the different treatments as presented in table (5)
showed that chemical nutrient solution combined with mix 30 % treatment
had the highest significant records of TSS but non-significantly with total

chlorophyll content, and Vit. C. while the lowest results of chemical
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characteristics of tomato fruit were presented by vermi-liquid nutrient
solution combined with control substrate treatment

3. Macro elements: The use of chemical nutrient solution gave the highest

significant N, P and K % of tomato leaves (Table 6).

Also, increasing the vermicompost rate up to 30 % led to increase
significantly N, P and K % of tomato leaves. The Mix 30 % treatment
observed the highest values of N, P and K contents of tomato leaves while the
lowest results of N, P and K % recorded by control treatment.

Table (6) presented the interaction effect among the different treatments,
the obtained data showed that the use of chemical nutrient solution combined
with mix 30% recorded the highest values of N, P and K % of tomato leaves.

4. Heavy metals in the fruits: Table (7) presented that all values of Pb and

Cd concentration in tomato fruits were not detected. The treatment of
chemical nutrient solution present the highest value of Ni and Co while the
lowest values recorded by vermi-liquid. On the other hand the highest
record of Ni and Co gave by mix 30 % while the control had the lowest
results.

The interaction among the difference treatment showed that chemical
nutrition solution combined with control substrate treatment had the highest
records of Ni and Co. While the lowest result of Ni and Co recorded by
vermi-liquid and vermi-chemical combined with mix 30 % treatment.

2. Strawberry: The effect of nutrient solution source and vermicompost rate on:

1. Vegetative growth and vield characteristics: Table (8) presented the

effect of different sources of nutrient solution and substrate mixtures on

vegetative and yield characteristics of strawberry. Similar trends and
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approaches were obtained as well as tomato results. The effect of using
different solution source had no significant effect on vegetative growth and
yield characteristics
Regarding to the effect of vermicompost rate on No. of leaves, Average
leaf area and total yield/ plant of strawberry, Mix 30 % treatments recorded
the highest significant increase of vegetative growth compared with control .
On the other hand, the interaction impact between different nutrient
solution sources and substrates mixes showed that the use of chemical
nutrient solution combined with mix 30% presented the highest results of
number of leaves, number of fruits / plant and total yield of strawberry. The
lowest significant values of vegetative and yield characteristics were recorded
by vermi-liquid nutrient solution combined with control substrate treatment as
Table (8) presented.
2. Chemical guality properties: The treatment of vermi-chemical nutrient

solution presented the highest values of vitamin C , TSS , and total
chlorophyll content .On the other hand, the highest value of acidity was
presented by chemical nutrient solution (Table 9).
The obtained results of Table (9) indicated that the highest results of Vit.
C, TSS, acidity and total chlorophyll content gave by mix 30 % while control
had the lowest results. Increasing the vermicompost rate and its application
had a positive effect on the chemical quality properties of strawberry
compared to the control.
The interaction among the different treatments as presented in Table (9)
showed that vermi-chemical nutrition solution combined with mix 30 % had

the highest records of TSS and vitamin C. While using chemical nutrition
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solution combined with mix 30% recorded the highest results of by acidity
and total chlorophyll content. Moreover, the lowest chemical quality
properties were observed using vermi-liquid combined with control treatment.

3. Macro elements: Table (10) presented similar trends and approaches were

obtained as well as tomato results. The application of chemical nutrient
solution and vermicompost rate 30 % performed the highest N, P and K %
of strawberry leaves.

Otherwise, vermi-liquid and control substrate presented the lowest values
of N, P and K % of strawberry leaves.

Regarding to the interaction impact between different substrates mixes
and nutrient solution sources, the reveled data showed that the use of mix
30% combined with chemical nutrient solution recorded the highest values of
N, P and K % of strawberry leaves as .

4. Heavy metals in the fruits: Table (11) presented that all values of Pb

concentration in strawberry fruits regarding to the different treatments of
nutrient solution sources and vermicompost rates were not detected. The
treatment of chemical nutrient solution present the highest strawberry fruit
contents of Ni, Cd and Co while the lowest values recorded by vermi-
liquid. On the other hand the highest record of Cd, Ni and Co gave by mix
30 % while the control had the lowest results, moreover, the interaction
among the difference treatment showed that chemical nutrition solution
combined with control had the highest records of Cd, Ni and Co
concentration in the fruits . While the lowest result of Cd, Ni and Co
recorded by vermi-liquid nutrient solution combined with mix 30 %

treatment as Table (11) presented.
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DISCUSSION

From the overall results, data showed that using vermicompost rate
mixed with substrate had a positive impact on vegetative growth and vyield
characteristics. There are only few research studies that have examined the
responses of plants to the use or substitution of vermicompost to soil or
greenhouse container media (Wilson and Carlile 1989; Buckerfield and
Webster 1998). Atiyah et al., 2002 and Chamani et al., 2008 demonstrated
that vermicomposts have considerable potential for improving plant growth
significantly, when used as components of horticultural soil or container
media using different plant species. upon the source of the parent waste
material used in their production. Vermicompost applications increased
strawberry plant growth and yield significantly (Aracnon et al., 2004b).

The results of chemical quality properties affected by different
vermicompost rates mixtures. Photosynthetic pigments and a significant
increase in the ratio of chlorophyll relative to the control in an experiment
involving beans it was observed that addition of 8.2% w/w vermicompost /soil
induced the largest increase in chlorophyll content in the leaves of common
bean (Phaseolus vulgaris.L) plants (Fernandez-Luquefio et al., 2010) .

The use of vermi-liquid as a nutrient solution and vermicompost as a
substrate amendment had a positive impact on tomato and strawberry
production. Concerning, the combined between chemical nutrient solution with
perlite mixtures were gave highest values in N and P content with
vermicompost rate (90+10 v/v) has been observed by Datt et al., 2013 and
Sharma et al., 2008 respectively.
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N, P and K leaves contents and heavy metals contents of tomato and

strawberry fruits were affected strongly by vermicompost rate mixed with

substrate. These results coincided with that recommended on vermicompost

application for encouraging plant growth and quality through increase the

available forms of nutrients (nitrates, exchangeable P, K, Ca and Mg) for plant

uptake of strawberry (Arancon et al., 2004b).Vermicomposts are comprised of

large amounts of humic substances which release nutrients relatively slowly in

the soil that improve its physical and biological properties of soil and in turn

rise to much better plant quality(Muscolo et al., 1999). Vermicompost play a

vital role in decreasing the heavy metals by chelated them and prevent their

uptake by plants. These results recommend the use of vermicompost mixed

with substrate as soil amendment to reduce the Pb contamination.

Table 4: The effect of different sources of nutrient solution and Vermicompost rase on vegetative and vield characteristics of tomaty .

Treatments First season 2014 Second season 2015
Vermicompost rate Vermicompost rate
Nutrient solution | Control | Mini0% | Mix28% | Mix30% | Mean[B] | Control | Mix10% | Mix20% [ Mix30% | Mean(B)
Stern diamater {mm}
Chemical 8.16 be 8.66 abc 8.50 abc 10.16a 3.87A 8.64 be 9.17abc | 9.0labc | 10.77a 9.40 A
Vermi-liguid 7.75¢ 9.00 abc 8.66 abc 9.91ab | 883A 8.21l¢ 9.54a0c | 9.18abc | 10.50ab | 9.35A
Vermi-chemical 8.00¢ 8.25 bc 8.66 abc 941ab | 858A 8.48¢ 875bc | 9.17abc | 997ab | 9.09A
Mean (A} 7978 8.63B 8618 9.83A 8448 9148 9.128 10.41A
Number of leaves
Chemical 33.164d 38.75 c¢d 47,58 abc 59.00a | 44.62A 1 3514d 41.07¢cd | 50438bc | 62542 | 47.29A
Vermi-liquid 32.33d 36.25 cd 44,90 bed 53.16ab | 4166A | 34.26d 3843cd | 4759bed | 56.35ah | 44.15A
Yermi-chemical 33.16d 39.58 ¢cd 47.58 3¢ 55.16ab | 43.87A | 35.14d 4195¢d | 50.43abc | 58.46ab | 46.49A
Mean (A) 32.88D 38.19¢C 46.69 8 55.78 A 34.86D 40.48C 49498 | 59.12A
Number of fruits / plant
Chemical 10.02¢ 10.69¢ 11224 18168 | 1252A | 106lc 11.33¢ 11896 | 19.24a 13,274
Vermi-liquid 732¢c 7.87¢ 8.39 be 15.53h 9.78 A 7.75¢ 834¢ 8.89 bc 16.46 b 1036 A
Vermi-chemical 8.19¢ 9.36b 11175 16.48a | 11.30A 8.68¢ 9.95b 11846 | 17463 | 1197A
Mean (A) 8.51b 9.31h 10.26 b 16.72A 9.02B 9.86 8 10878 | 17.72A
Total viald (g / plant)
Chemical 1342.27d | 1530.27¢ | 1632.51b | 2602.14a | 1776.96A | 1422.80d | 1622.08¢ | 1730.46b | 2758.26a | 1883.57A
Vermi-liguid 825.98d 955.49¢ | 1037.33¢ | 1917.48a | 1183.08A | 87553d | 1012.81c | 1099.57c | 2032.52a | 1254.06A
Vermi-chemical | 1007.86d | 121885¢ | 1487.62b | 2200.24a | 1478.83A | 1068.33d | 1291.98¢ | 1576.87b | 2332.25a | 1567.56A
Mean {A) 1049.19C | 1225.19BC | 1375858 | 2198.43A 1112.14C | 1298.708C | 145841B | 2364.26A
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Table 5: The effect of different sources of nuirient solution and Vermicompost rate on chemical characteristics of tomats .

Treatments Flrst season 2014 Second season 2015
Vermicompost rate Yermicompost rate

Nutrient solution | control | Mix10% | Mix20% | Mix30% | Mean{8) | Control [ Mix10% [ Mix20% | Mix30% | Meanig)

Total chiorophyll content {Spad)

Chemical 4822¢ | 51.89b | 5367ab | 5564a | 52.35A | 5illc 55.00b | 56.89ab | 58.97a 55.45 A

Vermi-fiquid 4746¢ | 5033b | 53.23ab | 56.56a | 51.89A | 50.30c 53.34b | 5642ab | 59.95a 55.00 A

Vermi-chemical | 48.11c | 49.60b | 52.77b | 57.38a | 51.96A | 50.99c | 52.57bc | 55.93b 60.824a 55.07 A

Mean (A} 47.93C | 50.61BC | 53.23B | 56.53A 50.80C | 53.64BC | 56428 58.92A

T.8.8 (%)

Chemical 6.60¢ 816bc | 838bc | 1038ab | 838AB 7.00¢ 8.64 he 8.838bc | 11.00ab 8.83 AB

Vermi-liquid 6.90 ¢ 7.83 be 6.80¢c 9.20bc | 7.688B 731¢ 8.29 be 7.20¢ 9.75 be 8148

Vermi-chemical 7.10¢ 7.86bc | 10.03ab | 12.26a 931A 753¢ 833bc | 10.63ab | 1299a 9.89A

Mean (A) 6.87C 7958 8408 10.62 A 7.28C 8428 3908 1125A

Vitamin C (mg/100gf.w)

Chemical 391.08¢c | 439.29¢c | 518.03b | 614.4ba | 496.71A | 414.54c | 485.64c | 549.11b | §51.32a 520.15A

Vermi-liquid 307.03d | 349.06 ¢d | 453.80 bc | 551.53ab | 41535A | 325.45d | 370.00cd | 481.02bc | 584.62ab | 440.27A

Vermi-chemical | 364.34cd | 370.98¢d | 507.99b | 608.13a | 462.86A | 386.20cd | 393.23cd | 538.46b | 644.61a 490.62 A

Mean {A) 349.06D | 391.54C | 493.278 | 591.37A 370.00D | 415.03C | 522.87B | 626.86A

Tabie 5 : The affect of different sources of nutrient solution and Yermicompost rate on macro elaments % of tomato leaves .

Treatments First season 2014 Second season 2015
Vermicompost rate Vermicompost rate
Nutrient solution | Cantrol | Mix10% | Mix20% | Mix36% | Mean(8) | Control | Mix10% | Mix20% | Mn30% | Mean(B)
N%
Chemical 2.16bc 2.33ab 2362 2453 2334 2.29b 2473 2.50a 2603 247A

Varmi-liquid 196¢ 198¢ 209bc | 231ab 2.098 2.08¢ 210¢ 222b 24538 2218

Vermi-chemical | 2.06bc 219h 2.25h 2364 2.22A 2.18bc 232 2.39ab 2513 2.35A

Mean {A} 2.06C 2178 2238 2.38A 2.18C 2.308 2.378 2.52A

P%

Chemical 0.22 de 0.42h 0.523 0.532 043 A 0.24 de 045b 0.552 0.56a 0.45A

Vermi-liquid 0.24d 0.27 ¢ 0.32d 0435 0.328 0.26d 0.28¢ 0.34d 0.46b 0.33B

Vermi-chemical 0.20e 0.39 be 0.37¢ 0.42b 0.348 022¢e 041bc 0.39¢c 0.44% 0.368

Mean (4) 0.220 0.36C 0.40B 0.46 A 0.24D 0.38C 0.438 0.49A

K%

Chemical 2.37b 2463 2513 2.662 2484 2.51b 2.61a 2.66a 2.75a 2.63A

Vermi-liquid 1.45ab 2.11¢ 2.29de 2.36b 2.058 154ab 2.23¢ 242de 251h 2.178

Varmi-chemical 2.15¢ 233b 2.39ab 2482 2.34A 2.28¢ 2476 253 ab 2.63a 248 A

Mean {4} 199D 2.30C 2.398 248A 211D 244C 2.548 2.63A
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Table 7: The effect of different sources of nutrient salution and Vermicompost rate on the heavy metals of tomato fruits

Treatments First season 2014 Second season 2015
Vermicompost rate Vermicompost rate
Nutrient solution | Control | Mix10% | Mix 20% | Mix30% | Mean(8) | Control | Mix 10% | Mix 20% | Mix 30% | Mean(8}
Pb ppm
Chemical 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Vermi-liquid 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Vermi-chemical 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean {A) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cd ppm
Chemical 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Vermi-liquid 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Vermi-chemical 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean (A} 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ni ppm
Chemical 0.08a 0.05b 0.04 be 0.03 be 0.05 A 0.09a 0.06b 0.05 be 0.04 be 0.06 A
Vermi-liquid 0.0le 0.02d 0.02d 0.0le 0.01C 0.02e 0.03d 0.03d 0.02e 0.02C
Vermi-chemical 0.03 cd 0.04c¢ 0.03 cd 0.02d 0.038 0.04 cd 0.05¢ 0.04 cd 0.03d 0.048
Mean (A} 0.04 A 0.04 A 0.038 0.02C 0.05A 0.05A 0.048 0.03C
Co ppm
Chemical 0.31a 0.32a 0.29b 0.02e 0.24 A 0.33a 0.34a 0.31ab 0.03e 0.25A
Vermi-liquid 0.23 bc 0.15d 0.00e 0.00e 0.10C 0.25 be 0.16d 0.00e 0.00e 0.11¢C
Vermi-chemical 0.27 be 0.22cd 0.23 be 0.00e 0.18 8 0.29 be 0.23cd 0.24 be 0.00e 0.198
Mean (A} 0.27A 0.23B 0.17C 0.010 0.29 A 0.24B 0.18¢ 0.02D

Table 8: The effect of different sources of nutrient solutien and Yermicompost rate on vegetative and vield sharacteristics of strawberry

Treatments Sacond season{ 2014/2015) Second season{ 2014/2015)
Vermicompost rate Vermicompost rate
Nutrient soiution | Control | Mix10% | Mix20% | M 30 % | MeaniB) | Contral | Mix10% | Mix20% | Mix30% | Mean(8)
Number of leaves
Chemical 18.63de | 2043¢cd |22.33abc| 24.93a | 21.85A | 19.74de | 21.66¢cd | 23.67abc| 26.42a | 23.16A
Vermi-liquid 17.70e | 20.85¢cd | 23.53ab | 24.33ab | 21.60A | 1876e | 22.11cd | 24.94ab | 25.78ab | 22.89A
Vermi-chemical | 18.83de [ 19.93cde | 21.86b¢ | 24.30ab | 21.23A | 19.95de | 21.13cde | 23.17bc | 25.75ab | 22.50A
Mean {A) 18.39D | 2041C | 22.58B | 2452A 19.49D 2163C | 2393B | 25.99A
leave area cm’
Chemical 13.60 bed | 14.56 abc | 15.96abc | 18.76a | 14.52A | 14.41bed | 1543 abe | 16.91abc | 19.88a | 15.39A
Vermi-liquid 851e | 10.00de | 13.15¢d | 17.70ab | 1234A | 902e | 10.60de | 13.93cd | 18.76ab | 13.07A
Vermi-chemical | 9.75ed |12.55cde | 15.96abc| 18.45a | 14.17A | 1033 ed | 133cde | 16.91abc| 19.55a | 15.02A
Mean {A} 10.62¢C 12378 15028 | 1830A 11.25C 13118 15928 | 19.39A
Number of fruits /plant
Chemical 18.56a 21463 21.76a | 22333 | 21.02A | 1967a 22.75a 23.06a | 2366a | 22.28A
Vermi-liquid 17.33a 1813a 19.10a | 19433 | 1849A | 18.36a 19.21a 2025a | 20.60a | 19.60A
Vermi-chemical | 17.76a 1810a 19.66a | 20.76a | 19.07A | 1882 a 19.18 a 20.83a | 22.00a | 20.20A
Mean {A} 17.89A | 19.23A | 2017A | 2084A 1896 A | 2038A | 2138A | 2209A
Total yield g/plant
Chemical 344.67d | 373.33¢ | 466.00b | 545.67a | 432.41A | 36535d | 395.72c¢ | 493.96b | 578.41a | 458.36A
Vermi-liquid 340.67d | 34833 cd | 451.00b | 553.334a | 423.33A | 361.11d | 369.22cd | 478.06b | 586.53a | 448.73A
Vermi-chemical { 354.00cd | 359.67 cd | 450.67b | 555.003 | 429.83 A | 375.24cd [ 381.25¢cd | 477.71b | 588.30a | 455.62A
Mean [A) 346.45C | 360.44C | 455.89B | 551.33A 367.23C | 382.06C | 483.248 | 584.40 A
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‘Table 9: The effect of different sources of nutrient solution and Vermicompost rate on chemical quality sroperties of strawherry

Treatments First season{ 2013/2014) Second season{ 2014/2015)
Vermicompost rate Vermicompost rate
Nutrient solution | Control | Mix 10 % | Mix 20 % | Mix 30 % | Mean(8) | Control | Mix 10% | Mix20% | Mix 30 % | MeaniB)
T.5.5 (%)
Chemical 690bc | 8.20bc | 6.976bc | 5.97ab | 801A | 731bc! 869bc | 7.38bc | 10.56ab | B8.49A

Vermi-fiquid 620c | 6.87bc | 6.83bc | 9.93ab | 7.46B | 657c | 7.28bc | 7.24bc | 1053ab | 7.918
Vermi-chemical | 7.00bc | 9.55ab 8.40 be 11.62a 9.14A | 7.42bc | 10.12ab | 8.90hc 12.31a 9.65 A
Mean {A) 6.70C 8218 7.408BC | 10.51A 7.10C 8.708 7.84BC | 11.14A
Total chlorophyli content {Spad)
Chemica! 4549d | 46,19d | 47.77bc | 57.48b | 49.23A | 48224 | 4896d | 50.64bc | 60.93b 52.18A
Vermi-liquid 4312e | 45.08d | 49.36bc | 58.53b | 49.02A | 45.7Le | 47.78d | 52.32bc | 62.04b 5243 A
Vermi-chemical | 44.80d | 46.69d | 49.97bc | 60.29a | 5044 A | 47.49d | 49.49d | 52.96bc | 63.91a 53.46 A

viean {A) 44478 45998 49,03 B 58.77A 47.14B | 48.748 51928 62.29 A
Acidity (%)
Chemical 0.07b 0.04b 0.06b 0.152 0.08A 0.08b 0.05b 0.07b 0.16a 0.05A

Yermi-liquid 0.01d 0.03¢c 0.02¢ 003¢ 002C 0.02d 0.04c 0.03¢ 0.04¢ 0.03C
VYermi-chemical | 0.02¢ 0.05h 0.05b 0.06b 0.058 0.03¢ 0.06b 0.06 b 0.07b 0068
Mean (A) 0038 0.048 0.048 0.08A 0.048 0.058 0058 0.09A
Vitamin C (mg/108gf.w)
Chemical 53.44¢ | 60.58bc | 73.53ab | 81.70a | 67.31A | 56.65¢ | 6421bc | 77.94ab | 86.60a | 7135A
Vermi-liquid 50.00c | 62.46bc | 63.47bc | 83.63a | 64.89A | 53.00c | 66.21bc | 67.28bc | 88.65a 68.79 A
Vermi-chemical | 53.73¢ | 58.80bc | 73.38ab | 85.52a | 67.86A | 56.95c | 62.33bc | 77.783ab | 90.65a 7183 A
Mean (A} 523D 60.61C | 70.13B 83.62A 55.53D | 64.24C 74348 88.64 A

Table 10: The effect of different sources of nutrient solution and Vermicompost rate on N, P and i % of strawberry leaves.

Treatments First season{ 2013/2014) First season{ 2013/2014)
Vermicompost rate Vermicompost rate
Nutrient solution | Control | Mix10% [ Mix20% | Mix30% | Mean(B} | Control | Mix10% | Mix20% [ Mix30% | Mean(2)
N%
Chemical 2.00b 2.00b 2.21b 2303 213A 2.12b 2.12b 235h 2443 226A

Vermi-liquid 1.18e | 1.68d 1.85¢d 2.05b 169C | 112e 1784 1.96 cd 217h 176¢C
Vermi-chemical | 1.75d 1.89¢ 2.05b 2.21b 1988 1.86d 200¢ 2178 234% 2.098B
Mean (A} 164D 1.86C 2.048 2.19A 170D 197¢C 2168 2324
P%
Chemical 043¢cd | 0.53ab 0.60a 0.60a 054A | 045¢d | 057ab 0.63a 0.64a 057A
Vermi-liquid 0.16f 0.19f 0.18f 0.24f 0.19¢C 017f 0.20f 0.19f 0.25f 020C
Vermi-chemical | 033e | 033e 037de | 048bc | 0388 0.35e 035e 0.40 de 0.51bc 0408
Maan (A) 031D | 035¢C 0388 0.44 A 032D 0.37¢C 0418 0.45A
K%
Chemical 245a 2442 2.3%a 255a 246A 2.60a 258a 2543 2702 2.60A
Vermi-liquid 1.01e | 144d 182¢ 1.99be | 157C 1.08e 1.53d 193¢ 2.110bc 186C
Vermi-chemical | 2.26ab | 2.24ab | 224ab | 224ab 2248 | 239ab | 237ab 2.37ab 2.38ab 2388
Mean {A} 191D | 204C 2158 226A 202D 216C 2.288 240 A
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Treatments First season{ 201372014} First season{ 2013/2014)
Vermicompost rate Vermicompost rate
Nutrlent solution | Control | Mix10% | Mix20% | Mix30 % | Mean(B) | Control | Mix10% | Mix20 % | Mix30% | Mean(8)
Pb ppm
Chemical 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Vermi-liquid 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Vermi-chemical 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00
Wean (A) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cd ppm
Chemical 1.18a 0.77¢ 0.28b 1.08a 0.98A 1.25a 0.81¢ 0.93b 1143 1.03A
Vermi-liquid 034e 034e 0.56 d 0.23f 037C 0.36e 0.36e 0.594d 0247 032C
Vermi-chemical 0.74¢ 0.83¢c 0.85¢ 0.96 5 0.84 B 0.78¢ 0.87¢ 0.90¢ 101h 0.898
Mean (A} 0.75A 0.658 0.76 A 0.76 A 0.798 0.688 0.80A 0.80A
Ni_ppm
Chemical 0.11a 0.07 be 0.08b 0.07 be 0.08A 012a 0.08 be 0.09b 0.08 b 00sA
Vermi-liquid 0,05 d 0.054d 0.06 ¢cd 0.04e 0.05C 0.06d 0.06d 0.07 cd 005e 0.06C
Vermi-chemical 0.06¢cd | 0.06cd | 0.07¢ 0.09b 0078 | 0.07cd | 0.07cd 0.08¢ 0.10b 0.08 B
Mean {A) 0.07A 0.06 C 0.07A 0.07 A 0.08C 0.07¢C 0.088 0.08A
Co  ppm
Chemical 0.15a 0.09bc | 0.06cd | 0l4ab | 011A 0.163 0.10bc | 0.07¢d | 0.15ab | 0124
Vermi-liquid 0.00e 0.0le | 0.03de 0.00e 0.01C 0.0le 002e¢ | 0.04de | 00le 0.02C
Vermi-chemical 0.00e 0.05de | 0.07¢d | 0.10bc 0.068 0.0le | 0.06de | 0.08¢cd | 0.1lbc | Q078
Mean (A) 0.058 0.058 0.058 0.08A 0.068 0.06B 0.068 0.09 A
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