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ABSTRACT

Agricultural utilization of desert marginal soils at El Fayoum Governorate edges is of
importance to support the local farmer incomes. particularly under the best and suitable
management practices of land and available water resources. A newly reclaimed soil
encompassing by Eocene limestone at the eastern edge of Tamia district was a matter of concern
in this work. It is a sandy clay loam in texture, moderately saline, non-sodic, and calcareous in
nature with a subsurface diagnostic horizon of calcigypsic one, and classified as Typic
Calcigypsids, fine loamy, mixed, heperthermic, moderately deep. According to a parametric
system, it could be evaluated as moderately suitable (S2wsls2s3n), with soil limitations of
wetness, soil depth, salinity/alkalinity and CaCOj; content, with an intensity degree for each, lies
in the range of slight to moderate (rating = 90-80).

The soils of this area are generally suffering from a very low productivity may be due to
their high contents of CaCOs, low organic matter as well as a relatively high soil pH and soluble
salts that might be reflected on nutrients availability and soil physical and chemical properties.
Therefore, a field experiment was conducted on a newly reclaimed soil at the area of study during
the two successive cultivation seasons of 2010-2011 and 2011-2012 using of tomato plants
(Lycopersicon esculentum, c.v. 1077 hybrid) as test crop. Plots were distributed in a randomized
complete blocks with three replicates and irrigated with the only available source in the area
(mixture of the Nile water and drainage water at a ratio of 1:1) .Treatments applied were planned
in an attempted to improve soil properties with a minimat risk of chemical pollution as follow :
vermicompost (cattle manure added to earthworms) as an organic manure was applied to the soil
plots at four rates (0, 10, 15 and 20 m’ fed) and elemental sulphur (i.e., agrochemical soil
amendment) at four rates (i.e., 0, 50, 150 and 250 kg S fed'l), while the rates of ascorbic acid
were 0, 150 and 300 mgL™', in form of few drops of Tween-20 added to the spraying solution as a
surfactant.

Data showed considerable responses for either vermicompost, elemental sulphur or
ascorbic acid especially at their highest rates (20 m® vermicompost/feddan + 250 kg sulphur
/feddan + 300 mg L™ ascorbic acid/feddan) together were their positive response on the vegetative
growth and flowering parameters of tomato plants, i.e., plant height, number of leaves/plant,
thickness of stem/plant at soil surface, number of branches/plant, leaf area, number of
inflorescences/plant, number of flowers/inflorescence, dry weight/plant, and chlorophyll a & b
contents. Data also, showed great increases in essential nutrients uptake by tomato plants such as
N, P, K, Fe, Mn and Zn due a role of vermicompost in improving: a) Soil hydro-physical and
chemical properties, b) Released organic constituents of active groups such as fulvic and humic
acids which have the ability to retain the essential plant nutrients in available chelate forms) and
¢) Soil biological conditions that enhancing mineralization of the released organic nutrients in
available forms. On the other hand, it could be deduced that application of S as a soil amendment
at a rate of 250 kg/fed is important to sustain soil productivity and to obtain economically best
crop yield attributes under such a calcareous soil for avoiding direct restrictive effect of CaCO3; on
the nutrients released and their mobility towards plant roots.
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INTRODUCTION

The newly reclaimed desert soils of El Fayoum region, Egypt and their sustainable
techniques for agricultural utilization have become an urgent and essential to overcome food
security demands of the nation. In this accord, the scope of soil reclamation implies the use of
both induction and deduction, particularly when limited land resources have to be allocated to
alternative means and areas. So that, the national agricultural policy of local Government stressed
the importance of maximizing soil productivity by providing grown plants with their nutritional
requirements without having undesirable impact the environment as well as the problem of
chemical residues in the export market commodities. To fulfill this aim, an assessment of relative
soil potentiality is a must, especially under the adverse conditions of salinity stress, however, a
general reduction in plant growth and yield due to salinity stress is widely documented (El Saidi,
1997).

Also, soil survey data of the newly reclaimed soils at the desert areas, especially those
calcareous in nature, pointed to a considerable decrease in their productivity. This is mainly due
to high CaCOs content and low organic matter content, which represented the main factors for
widespread occurrence of essential plant nutrients deficiency, particularly phosphorus and some
micronutrients for grown crops (Takker and Walker, 1993). Also, high levels of soil pH due to
the occurrence of high CaCOj; content and low organic matter exert negative influence on the
availability of these micronutrients (Basyouny, 2005).

The use of organic manure as a soil amendment (i.e., Vermicomposting) to avail suitable
environments for planting the newly reclaimed desert soils under the severe conditions of the
Egyptian desert, i.e., the limited water resources, the inadequate moisture retention and the low
fertility of the soils has become an accepted practice. Such supper absorbent material is
associated quickly with irrigation water to form a gel, and in turn increases soil capacity to retain
more pronounced water content. Water retained in this way is available to plants for some
considerable time as required, in addition to it leads to alleviate the effect of salinity stress may
be due to reduce the osmotic potential. Both chemical and biological properties of the
conditioned soil are also improved. Moreover, nutrients uptake, water and fertilizers use
efficiency by plants are beneficially increased, consequently plant growth and yield tendency to
increase (El Hady et al., 2003).

Vermicomposting is the digestion of organic materials by earthworms (Eisenia fetida)
which produce excreta known as casts. Edwards (1995) reported that in a Rothamsted study with
25 types of vegetables, fruits or ornamentals, earthworm casts (EW) performed better than
compost or commercial potting mixture amendments. It was suggested that the higher crop
performance of the cast treatment was due to: better soil physical structure; presence of plant
growth hormones; higher levels of soil enzymes; and greater microbial populations. The
beneficial effects of earthworm cast utilization in other horticulture settings have also been
reported ( [Tomati et al., 1987] , Hidalgo, 1999 and [Saciragic and Dzelilovic, 1986] ).

Earthworm cast amendment has been shown to increase plant dry weight ( [Edwards,
1995] and Lui et al., 1991) and plant N uptake (Tomati et al., 1994). The beneficial effect of
EW has been observed in both horticultural plants ( [Tomati et al., 1987] , Hidalgo, 1999 and
[Saciragic and Dzelilovic, 1986] ) and in agronomic crops (Pashanasi et al., 1996).

Many authors such as El-Foly (2004) mentioned that said the organic manures fertilizers are
very important for providing the plants with their nutritional requirements without having
undesirable impact on the environment. For many years, organic fertilizers have been used
basically as a mean of alleviation of the problem of chemical residues in the export market
commodities.

Moreover, Foyer and Halliwell (1976) reported that ascorbic acid is an important
antioxidant defense in plant cells (to protect them by scavenging the reactive oxygen species
ascorbic acid proved to be enhancing substance for cell divisions and protects plant cells against
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free radicals which are responsible for plant senescence, besides its effect on countracting
drought, salinity and diseases stresses as well as its auxinic action consequently, enhancing
growth characters (Elade, 1992). It also stimulates respiration activities, cell division and many
enzymes activities (Rautenkranz et al, 1994). In this respect, AL-Qubaie (2002) stated that
ascorbic acid has an auxinic action and synergistic that effect on the biosynthesis of carbohydrate
and controlling the incidence of most fungi on plants which making them in vigorous states and
positively reflects on plant yield. Besides, the induced effect of ascorbic acid on 0il% may be due
to that vitamin is recognized to be coenzyme involved in specific biochemical reactions in plants
such as oxidative and non-oxidative decarboxylations. The widespread uses of these natural and
safety substances (i.e., antioxidants of ascorbic acid) for enhancing growth and productively of
many crops are confirmed the aforementioned scientific opinions. Since ascorbic acid has
synergistic effect on growth, flowering, yield and chemical composition under favourable and
unfavourable environmental conditions, i.e., salinity (Ali; 2002 on tomato plants and Rady; 2006
on sunflowers plants).

Tomato (Lycopersicon esculentum, c.v. 1077 hybrid) is one of the important widespread crops
in the world, and is considered moderately sensitive to salt stress, since it can tolerate a
pronounced salinity level. However, salt tolerance of tomato plants increased when the
application of salinity was delayed, and fruit quality could be improved, while yield was not
significantly reduced when 4 dS/m saline water was applied 16 days after transplanting (Shuqin
et al., 2007).

Many studies were carried out to investigate the beneficial effects of some materials as soil
amendments, such as elemental sulphur, Ahmed (2009) reported that sulphur fertilization
significantly affected plant height, chlorophyll and number of green leaves/plant, which implies a
better photosynthetic activity in comparison with plants grown without S. They found also that the
blending of elemental sulphur with urea slowed down its transformation and reduced
volatilization of NH; to 20% of urea-N. Awad et al. (2000), Mostafa (2000) and Negm et al.
(2002 a and b) clearified the importance of sulphur mixed with some organic wastes for
improving the properties of calcareous soil and its productivity of grown plants due to increasing
the efficiency of nutrients availability and mobility.

Technical choices of applying sulphur rates in combination with organic manures through
enough periods may be one of the most important investigations in the newly reclaimed
calcareous soils of Egypt. The beneficial effects could be achieved through improving some soil
physical and chemical properties, i.e., soil water stable aggregates, permeability, available
moisture retention, bulk density, organic matter, soil pH and available nutrient contents. These
favourable conditions are actually reflected on increasing use efficiency of water and nutrients
uptake by plant, consequently leads to increase the vegetative growth and crop production
(Awadalla et al., 2003 and Fathi ez al., 2005).

Accordingly, the present work was planned for studying the effect of different rates of
vermicomposting (organic manure), elemental sulphur (agrochemical soil amendment) and
exogenous application of ascorbic acid on growth parameters, yield and some chemical
constituents of tomato plants (Lycopersicon esculentum, c.v. 1077 hybrid), grown under a salinity
calcareous reclaimed soils at El Fayoum Governorate during both 2010/2011 and 2011/2012
cultivation seasons. Using tomato as an indicator plant is considered one of the most important
crops growing in such Governorate for local consumption and exportation.

MATERIALS AND METHODS:

a. Materials:

The current work was executed on a newly reclaimed saline calcareous soil at the eastern
rim of Tamia district, Fayoum Governorate. Some physical and chemical characteristics of the
studied soil as profile mean values are given in Table (1).



Table 1: Some physical and chemical properties of the experimental soil (as profile mean values).

Soil characteristics Value Soil characteristics Value
Particle size distribution %: Soluble cations (soil paste, m molcL™):
Sand 48.83 | Ca*t 28.70
Silt 23.65 | Mg* 13.10
Clay 27.52 Na* 36.20
Textural class SCL* K" 0.93
Soil chemical properties: Soluble anoions (soil paste, m molcL™):
Soil pH (1.25 soil water suspension) 8.32 COoy* 0.00
CaCO; % 24.90 HCOy 3.50
Gypsum % 5.67 Cr 46.50
Organic matter % 0.48 SO 28.93
ECe (dS/m, soil paste extract) 7.95 ESP 7.46
Available macronutrients (mgke™): DTPA-extractable micronutrients (mgke”):
N 34.97 Fe 4.30
P 4.71 Mn 0.75
K 32450 | Zn 0.72

* Sandy clay loam

b. Experimental work:

A field experiment was conducted on the chosen soil site, where Tomato seeds
(Lycopersicon esculentum, cv. 1077 hybrid) were sown in the nursery on July 9, 2010 and July 6,
2011. Thirty days after seed sowing seedlings were transplanted to the experimental field. The
experimental plot was 480 m?, each plot was planned to include 20 rows (20 m long and 1.20 m
width), and the interplant spacings were 50 cm within each row (about 11000 plants/fed). The
investigated soil plots were irrigated with available irrigation water source (mixture of the Nile
water and drainage water at a ratio of 1:1) in randomized complete block design, with three
replicates. Chemical analysis of irrigation water source were done according to Black e al.
(1965) and presented in Table (2. The agricultural management practices were conducted as
usual, where vermicompost (cattle manure added to earthworms) as an organic manure was
applied to plots at four rates (0, 10, 15 and 20 m’ fed™") and elemental sulphur (i.e., agrochemical
soil amendment) was added to the soil plots at four rates (i.e., 0, 50, 150 and 250 kg S fed™), the
elemental sulphur and vermicompost were thoroughly mixed with soil at the depth (0-25 cm)
during soil preparation processes. Ascorbic acid was foliar sprayed at three rates 0, 150 and 300
mgL, after 40 and 65 days from transplanting. Few drops of Tween-20 added to the spraying
solution as a surfactant. both vermicompost, ascorbic acid and sulphur were added either solely or
in combined treatments. The main chemical characteristics and nutrients status of the applied
vermicompost (dry weight basis) were also determined according the procedures described by
Black et al. (1965) Soltanpour and Schwab (1977) and Page et at. (1982), and the obtained
data are presented in Table (3).

The applied fertilizers were added as ammonium nitrate (33.5 % N), superphosphate (15 %
P»0s) and potassium sulfate (48 % K,0), at the rates of 100 kg N, 40 kg P,Os and 48 kg K,O/
fed. P and K fertilizers were entirely added at transplanting, while N was applied in two equal
doses (28 and 56 days after transplanting).



Table 2: Water characteristics of the used irrigation water.

Water characteristics Value
Water pH 7.32
ECiw (dSm™) 1.35
Total dissolved salts (mgL'l) 864.00
Soluble ions (m molc L-1):
Ca™ 2.13
Mg™ 1.92
Na® 9.25
K 0.60
COs5™ 0.00
HCO:s. 5.03
Cr 6.72
S04~ 2.15
Sodium adsorption ratio  (SAR) 6.50
Residual sodium carbonate (RSC) 0.98
*Irrigation water suitability degree C282

*According to the water salinity and sodicity classes undertaken by Ayers and Westcot (1985)

Table 3 : The main chemical characteristics of applied vermicompost (dry weight basis).

Character Value
Weight of 1 m’ (kg) 798.45
pH (1:10 water suspension) 7.22
Moisture % 8.35
EC (dS/m, 1:10 water extract) 1.79
Organic matter % 34.75
Organic carbon % 20.20
C/N ratio 12.02
Total macro and micronutrients %
N P K Fe Mn Zn Cu
1.68 1.02 2.53 1.33 0.2328 0.1296 0.1274
Available macro and micronutrients (mg kg™')
N P K Fe Mn Zn Cu
768 273 587 194 72 51 35

c. Data of tomato plant parameters recorded:

1. Vegetative growth and flowering characters :60 days after transplanting, random samples
consisted of eight plants was taken from each experimental plot to determine some growth
and flowering parameters, i.e., plant height, number of leaves/plant, thickness of stem/plant at
soil surface, number of branches/plant, leaf area, number of inflorescences/plant, number of
flowers/inflorescence, dry weight/plant, and the chlorophyll a & b contents (Hiscox and
Isrealstam, 1979).

2. Yield potential: Fruit from nine plants were collected from each experimental plot in the
ripening stage to determine yield and its components, i.e., number of fruit/plant, and fruit
yield/plant. The total yield was determined as the total weight of the harvested fruit through
the whole harvesting period excluding the damaged.

3. Chemical analysis: Leaves were taken from the fourth upper of tomato stem of eight randomly
collected plants after 90 days from transplanting, washed with distilled water, dried with
paper towels, then dried at 70 °C and wet digested (Van Schouwenberg, 1968) for the
determination of N, P (A.O.A.C., 1990), K, Na (Wilde et al., 1985) and Cl (Higinbotham et
al., 1967).

4. Fruit samples: These samples were taken from the 3™ harvest at red ripe stage from each
experimental plot to determine fruit quality parameters, i.e., average weight of fruit, firmness
using fruit pressure tester with a probe diameter of 0.8 cm and values were expressed in
pounds, total soluble solids (TSS) using hand held Brix meter, titratable acidity, vitamin C
and total sugar) as described by A.O.A.C. (1990).
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d. Statistical analysis:

The obtained data of plant parameters were subjected to the statistical analysis, where the
least significant difference test (L.S.D.) at 0.05 level was used to verify the differences between
treatments according to Snedccor and Cochran (1980).

RESULTS AND DISCUSSION

The soil site under consideration is mainly encompassing the eastern desert rim of El
Fayoum depression and developed on the Eocene limestone, as the source of soil parent
materials, under climatic conditions of long hot rainless summer and short mild winter.

On basis of soil properties and the concentrations of available nutrients and according to the
deficiency and sufficiency limits given by (Lindsay and Norvell, 1978 and Page et al, 1982),
soil organic matter content is relatively low, may be due to the mineral nature of soil deposits and
the prevailing hot and arid climatic conditions. Values of pH and ESP (i.e., < 8.5 and < 15,
respectively), value of soil ECe (i.e., >4 dS/m), could be classified as moderately saline and non-
sodic soil. The recorded available contents of N, P, Mn and Zn, in general, lie at the low levels,
with exception of K and Fe contents which lie at the high and medium levels, respectively.

L Soil taxonomy and evaluation:

Taxonomic unit of the current experimental soil is identified and named according to the
results of soil morphological and physio-chemical characteristics at the family level according to
Soil Survey Staff (1999) as Typic Calcigypsids, fine loamy, mixed, hyperthermic and
moderately deep. Also, according to a parametric system undertaken by Sys and Verheye (1978),
the intensity degrees of soil limitations and suitability categories for the studied soil were
estimated the soil texture, wetness, soil depth, salinity/alkalinity and CaCOj; content are the most
effective limitations for soil productivity.

The relative high CaCOs content is also one of the more effective limitation for soil
productivity, due to its restrictive effect on nutrients availability and mobility towards plant roots
and in turn their uptake.

II. Effect of treatments on nutrients availability:

Data presented in Tables (4 and 5) showed that the beneficial effect of the applied
treatments of organic matter (vermicompost) and elemental sulphur as solely or combined was
commonly achieved by lowering soil pH, and in turn encouraging the availability of plant
essential nutrients, especially phosphorus and micronutrients may be as a result of forming
organo-metalic compounds of chelate metals of micronutrients(Fe, Mn and Zn). This could be an
effective practice of nutrient management by reducing inorganic rate or nutrient losses. These
results are in agreement with those obtained by many investigators on different field crops, such
as Abou Zied et al. (2005), Basyouny (2005) and Ashmaye et al. (2008). With regard to the
interactive effect of applied poultry manure and ascorbic acid, results again revealed a trend of
slightly increases, but without significant differences. It is evident also that the amounts of
available nutrients in the soil differed according to the soil type, plant physiological stage and
their contents in the applied organic manure, which are more related to its natural source.
Furthermore, the treated soil with organic manure resulted in more released of active organic
acids, which are responsible for most of nutrients availability in soil. This result is in harmony
with Hala et al., (2002) showed that vermicomposting is good supplemental sources of readily
available P and K, as well as for N.

The superiority of combined effects of applied organic matter elemental sulphur and
ascorbic acid treatments for the noticeable reduction in the values of soil pH and ECe and vs a
pronounced increase in soil available nutrient contents and biological conditions that enhancing
nutrients uptake by plants could be interpreted as follows:

i. The integrated role of applied vermicomposting plus elemental sulphur were more pronounced
for nutrients availability in the soil, may be the released active organic acids during microbial
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activity that enhancing the solubilization of nutrient from the native and added sources. Such

prevailing conditions enhancing the slow release of nutrients during the decomposition and

mineralization processes as well as minimizing their possible lose by leaching throughout the

studied relatively coarse texture soil (Mohammed, 2004).

ii. The application of vermicomposting plus elemental sulphur tends to accelerate, due to soil
microbial activity, the released active organic and inorganic acids (H,SO,) that led to
decrease soil pH as well as they have used to chelate metals of Fe, Mn, Zn and Cu. These
chelated metal cations are not sensitive to the restriction or the adverseable effects of alkaline
side, consequently they are found as strategic storehouse in organo-metalic compounds that
are more suitable for uptake by plant roots.

The aforementioned results are in agreement with Kaplan ef al. (2005) who reported that a
potential strategy to enhance nutrients availability is the lowering soil pH, this can be achieved
through application of acid-producing fertilizers like sulphur-containing material.

Regarding composted the beneficial effect of applied vermicompost, data given in Tables

(3, 5 and 6) denote that it is mainly attributed to its high contents of essential macro and

micronutrients, beside its beneficial effects on soil physico-chemical properties through lowering

soil pH and maintaining a suitable air-moisture regime. These favourable condition leads to
enhance the microbial activity in soil, which accelerate the decomposition of organic matter and
maximize soil content of nutrients. These findings are in agreement with those of Sarker et al.

(1992) who found that, the organic manure provided a substantial modification of physical

properties, especially soil aeration which affected solubility, adsorption and availability of

nutrients.

Table 4: Effects of applied vermicompost, elemental sulphur and ascorbic acid on the concentration

of some soil available macro-nutrients contents (the average of the two successive growing

seasons).
Vermicompost Applied-S Concentration of soil macronutrients (mg/kg soil)
m’/fed. (kg/fed)
N | P | K
Ascorbic acid (mgL™)
0 150 300 0 150 300 0 150 300
0 0 40.45 | 40.80 | 40.93 | 3.92 | 398 | 4.07 | 278.17 | 278.87 278.88
50 4235 | 4295 | 4321 | 413 | 440 | 4.65 | 28536 | 286.48 287.49
150 45.70 | 46.40 | 46.67 | 4.24 | 4.63 495 | 291.53 294.89 292.62
250 48.25 | 49.26 | 49.36 | 5.02 | 5.51 595 | 299.17 | 302.41 301.85
0 45.75 | 46.16 | 46.35 | 4.96 | 5.55 5.70 | 322.53 323.49 323.08
10 50 49.08 | 49.83 | 50.01 | 5.07 | 5.78 | 6.00 | 346.77 | 347.93 348.28
150 55.25 | 56.20 | 5735 | 5.15 | 6.05 | 6.10 | 364.80 | 366.91 367.38
250 62.85 | 63.93 | 64.09 | 6.22 | 7.29 | 7.38 | 384.12 | 386.54 387.06
0 52.34 | 52.86 | 53.09 | 570 | 6.57 | 6.92 | 342.75 | 344.56 345.06
15 50 58.70 | 59.60 | 59.80 | 6.17 | 7.07 | 7.31 | 357.92 | 358.62 360.51
150 64.10 | 65.11 | 65.45 | 835 | 939 | 851 | 37543 376.95 378.22
250 70.15 | 71.28 | 71.50 | 8.10 | 9.19 | 9.40 | 404.19 | 405.97 406.59
0 59.12 | 59.75 | 60.05 | 7.28 | 8.06 | 8.27 | 361.05 | 362.94 363.88
20 50 65.97 | 66.95 | 67.20 | 7.80 | 8.89 | 9.02 | 376.04 | 377.12 378.71
150 70.14 | 71.27 | 71.60 | 820 | 9.36 | 9.57 | 406.79 | 408.21 409.15
250 77.45 | 78.68 | 79.02 | 9.55 | 10.80 | 11.01 | 431.55 | 433.57 434.85
OM 0.0577 0.0300 0.4468
S 0.0486 0.0266 0.3440
AC 0.0973 0.0533 0.6880
L.S.D. at 0.05 OM*S 0.0819 0.0425 0.4483
OM*AC N.S N.S N.S
S*AC N.S N.S N.S
OM*S*AC N.S N.S N.S




Table 5: Effects of applied vermicompost, elemental sulphur and ascorbic acid on the concentration
of available micro-nutrient contents (the average of the two successive growing seasons).

Vermicompost Applied-S Concentration of soil micronutrients (mg/kg soil)
m’/fed. (kg/fed)
Fe | Mn | Zn
Ascorbic acid (mgL™")
0 0 150 300 0 150 | 300 0 150 300
0 504 | 511 515 | 1.98 | 2.00 |2.01| 0.76 | 0.77 0.78
50 532 | 544 | 548 |2.05| 2.10 | 2.13 | 0.80 | 0.82 0.83
150 539 | 557 | 5.62 | 211 | 220 |2.24| 0.85 | 0.87 0.89
250 620 | 642 | 648 | 223 | 2.35 | 238 0.92 | 095 | 0.0.96
0 5.31 546 | 5.53 |3.01| 3.06 |3.09 | 0.91 0.94 0.96
10 50 6.26 | 644 | 6.50 |3.24 | 3.33 | 3.37| 0.96 1.02 1.05
150 7.05 7.30 7.45 | 3.39| 3.51 |3.55] 1.03 1.11 1.14
250 730 | 7.60 | 7.78 |3.55] 3.60 |3.76 | 1.09 1.21 1.25
0 570 | 589 | 596 |3.59| 3.68 |3.70 | 1.23 1.30 1.33
15 50 6.65 692 | 7.00 |3.66| 3.79 |3.83 | 1.29 1.39 1.42
150 725 | 759 | 7.67 |3.72| 3.88 |3.93| 1.34 1.45 1.51
250 8.00 | 8.41 852 |3.95| 414 |4.18| 143 1.58 1.62
0 6.15 6.41 6.50 |3.95| 4.07 |4.11 | 1.56 1.66 1.69
20 50 7.45 779 | 7.94 |4.07| 424 | 427 | 1.61 1.75 1.77
150 790 | 835 | 8.54 |4.20| 439 | 443 | 1.67 1.84 1.87
250 872 | 928 | 9.52 |4.64| 488 |493| 1.78 1.99 2.02
oM 0.0173 0.0100 0.0058
S 0.0138 0.0049 0.0015
L.S.D. at 0.05 AC 0.0275 0.0097 0.0031
OM*S 0.0116 0.0041 0.0039
OM*AC N.S N.S N.S
OM*S*AC N.S N.S N.S

II1. Response of plant characters to applied treatments:
a. Vegetative growth and flowering parameters:

Vegetative growth and flowering parameters of tomato plants, i.e., plant height, number of
leaves/plant, thickness of stem/plant at soil surface, number of branches/plant, leaf area, number
of inflorescences/plant, number of flowers/inflorescence, dry weight/plant, and the chlorophyll a
& b contents were greatly affected by the application of vermicompost, elemental sulphur and
ascorbic acid as solely or as combined treatments. However, these plant parameters exhibited
relatively more response at the highest rates, as shown in Tables (6 and 7).

Since vegetative growth represents a part of the total biological yield of any crop, its
parameters play an important determinant role of the economic yield. Data of the studied tomato
growth parameters showed increases with applied treatments with a superiority towards the
combined treatment of (vermicompost + elemental sulphur + ascorbic acid). It is evident that
impact of the applied treatments of vermicompost on the dry matter productions was more
attributed to the leaves areca and number. The obtained increases in the total dry matter
accumulations can be explained on basis of the fact that grater leaves area and number
contributed to more photosynthesis and better carbohydrates yield. These findings are in harmony
with those obtained by Duncan (1971) who obviously cleared the importance of canopy structure
in light interception, vegetative growth and yield.

In conformity with the obtained data recorded in Tables (6 and 7), the values of growth
parameters under study substantially increased by increasing either applied vermicompost,
elemental sulphur or ascorbic acid rates of 20 m® fed™, 250 kg fed™! and 300 mg L™, respectively.
In addition, soil application of vermicompost and sulphur to tomato plants increased the
availability of macro and micro nutrients Tables ( 4 and 5), and this was reflected on nutrients
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uptake, plant growth and flowering parameters. These findings are in line with those of Cox (1993)
who stated that vermicomposting resulted in greater plant biomass production due to a slower rate
of nitrogen mineralization that was more synchronized with the plant requirements.

The mechanism of organic manure on stimulating growth may be similar to that of plant
growth regulators as vermicomposting include auxins or function as auxins and thus affect plant
metabolism in a positive manner. On the other hand, it is clear from the obtained results of this
study that, application of vermicomposting to soil in combination with foliar spray with ascorbic
acid and elemental sulphur produced plants having vigorous growth as a result of the
enhancement of creation more number of leaves (Table 6), consequently encouragement of leaf
photosynthetic pigments. Some photosynthates, among them osmotic solutes, total soluble sugar
and the nutritional status (Tables 9, 10 and 11) enable plants to overcoming the adverse
conditions of the newly reclaimed soils. That was true, since these osmotic substances are
important for sustenance cell turger that leading to maintenance of metabolic activities, among
them the activity of antioxidant defense in plant cells. Thus, it could be recommended that
ascorbic acid as a natural and safety antioxidant should be widespread uses, due to it has
synergistic effect on growth, yield and its chemical composition under either favourable or
unfavourable environmental conditions (Ali, 2002 and Rady, 2006). In this respect, Foyer and
Halliwell (1976) and Elade (1992) reported that ascorbic acid is an important antioxidant to
protect sustenance cell turger by scavenging the reactive oxygen species ascorbic acid. However,
ascorbic acid proved to be enhancing substance for cell divisions and protects plant cells against
free radicals, which are responsible for plant senescence, besides its effect on counteracting
drought, salinity and diseases stresses as well as its auxinic action. It also stimulates respiration
activities, cell division and many enzymes activities (Rautenkranz et al., 1994).

Chlorophyll a and b contents were significantly higher in plants amended with
vermicomposting, elemental sulphur and ascorbic acid. This is testimony for the longer source
activity of nutrients uptake by crop. This enhanced the current photosynthesis for developing
vegetative growth parameters that leading to the development of dry matter production per plant.
That was true, since the applied treatments led to an enrichment soil media in both organic and
mineral substances essential to plant growth and activating the bio-chemical processes in plants,
i.e., respiration, photosynthesis and chlorophyll content, which increased the pea green pod and
green seed yields and their quantity parameters (Hegazi, 2004).

In general, combine of the vermicomposting, elemental sulphur and ascorbic acid had a
greatly positive effect on vegetative growth and flowering parameters of tomato plants as
compared to the applied the previous materials alone. (Osman and Ewees, 2008; Rady and
Migawer, 2010 and Rady, 2011).



Table 6: Vegetative growth and flowering parameters of tomato as influenced by applied
vermicompost, elemental sulphur and ascorbic acid (the average of the two successive growing

seasons).
Treatment . . Mean of leaf area (cm®)
Vermicompost Applied-S Plant height (cm) Leaves Nos./plant Thickness of stem (cm) Branch Nos./plant
m’ /fed. (kg/fed)
Ascorbic acid (mgL™")
0 150 300 0 150 300 0 150 300 0 150 300 0 150 300
0 3593 | 37.03 | 37.44 52.75 53.20 | 53.52 | 1.34 1.35 1..36 12.21 12.58 | 12.77 | 31.97 | 33.07 | 33.48
0 50 36.85 | 38.09 | 38.43 54.87 55.40 | 55.85 1.42 1.43 1.45 14.67 15.16 | 15.40 | 33.54 | 34.78 | 35.12
250 37.81 | 39.34 | 39.79 58.30 5891 | 59.40 | 1.48 1.50 1.52 15.86 16.51 | 16.78 | 35.92 | 37.45 | 37.90
450 40.63 | 42.40 | 42.83 64.18 65.00 | 65.55 1.55 1.57 1.60 16.80 17.67 | 17.96 | 37.10 | 38.87 | 39.37
0 39.61 | 41.15 | 41.39 60.76 61.27 | 61.65 1.40 1.42 1.44 15.19 15.84 | 16.07 | 35.84 | 37.38 | 37.62
50 4328 | 45.21 | 45.49 63.62 6434 | 64.78 | 1.44 1.47 1.50 16.95 17.76 | 18.04 | 40.12 | 42.05 | 42.33
10 250 4883 | 5130 | 51.61 | 6824 | 6920 | 69.78 | 1.50 | 1.53 | 1.56 | 1820 | 1921 | 19.52 | 44,97 | 47.44 | 47.75
450 5552 | 58.66 | 59.01 73.54 74.85 | 75.54 | 1.58 1.60 1.65 20.05 21.34 | 21.69 | 50.18 | 53.32 | 53.67
0 46.00 | 47.79 | 48.06 69.87 70.59 | 71.07 | 1.43 1.45 1.48 17.46 18.33 | 18.61 | 40.84 | 42.63 | 42.90
50 51.64 | 53.84 | 54.21 74.77 75.74 | 76.33 1.48 1.51 1.54 19.50 20.57 | 20.93 | 46.12 | 48.32 | 48.69
15 250 56.33 | 59.11 | 59.52 80.27 81.49 | 82.23 1.55 1.58 1.62 20.95 22.29 | 22.67 | 52.90 | 55.68 | 56.09
450 61.17 | 64.67 | 6538 87.02 88.49 | 89.64 | 1.61 1.64 1.69 23.01 24.68 | 25.11 | 58.18 | 61.68 | 62.39
0 54.03 | 56.09 | 56.40 74.45 75.36 | 76.05 1.55 1.58 1.61 19.86 20.96 | 21.27 | 44.12 | 46.18 | 46.49
20 50 60.34 | 62.85 | 63.27 79.85 81.08 | 82.17 | 1.62 1.66 1.69 22.73 24.05 | 24.43 | 47.00 | 49.51 | 4993
250 67.23 | 7035 | 70.81 86.88 88.74 | 89.70 | 1.70 1.74 1.78 24.45 26.06 | 26.45 | 59.54 | 62.66 | 63.12
450 76.16 | 80.06 | 80.68 93.02 9596 | 97.94 | 1.84 1.88 1.93 26.51 28.47 | 28.91 | 68.05 | 71.95 | 72.57
oM 1.7293 0.0577 0.0053 0.1482 2.1511
S 1.4578 0.0486 0.0042 0.1161 1.8287
AC 2.9157 0.0973 0.0084 0.2323 3.6574
OM*S 1.2292 0.0409 0.0039 0.1035 1.5346
L.S.D. at 0.05 OM*AC NS N.S N.S N.S N. S
N.S N.S N.S N. S
S*AC N.S
OM*S*AC N.S N.S N.§ N.§ N.§
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Table 7: Vegetative growth and flowering parameters of tomato as influenced by applied
vermicompost, elemental sulphur and ascorbic acid (the average of the two successive
growing seasons).

Treatments Inflorescence Nos./plant, Flower Nos./ Dry weight/ Chlorophyll
inflorescence plant (g) (a&b)*
Vermicompost Applied-S Ascorbic acid (mgL™")
m’/fed. (kg/fed) 0 150 300 0 150 | 300 0 150 300 0 150 300
0 1673 | 17.93 | 18.33 | 2.90 | 3.28 | 3.47 | 43.56 | 43.91 | 44.10 | 0.67 | 0.68 | 0.69
50 17.32 | 18.66 | 19.00 | 3.45 | 3.95 | 4.19 | 46.13 | 47.60 | 47.84 | 0.69 | 0.71 0.73
0 250 19.25 | 20.88 | 21.32 | 3.84 | 450 | 4.75 | 50.89 | 51.52 | 51.79 | 0.72 | 0.74 | 0.76
450 21.05 | 2292 | 2442 | 4.05 | 493 | 521 | 52.72 | 53.58 | 53.72 | 0.74 | 0.76 | 0.79
0 19.23 | 20.88 | 21.11 | 3.34 | 3.99 | 422 | 50.84 | 51.47 | 51.70 | 0.77 | 0.79 | 0.82
50 2145 | 23.26 | 24.60 | 3.80 | 4.61 | 489 | 52.72 | 53.51 | 53.79 | 0.84 | 0.87 | 0.90
10 250 24.87 | 26.89 | 28.24 | 4.25 | 526 | 5.57 | 55.45 | 56.44 | 56.75 | 0.92 | 0.95 1.01
450 28.56 | 31.85 | 33.28 | 523 | 6.52 | 6.85 | 5896 | 61.23 | 61.58 | 1.18 1.21 1.25
0 2295 | 24.82 | 25.10 | 3.84 | 4.71 | 499 | 60.90 | 62.76 | 63.03 | 1.07 1.11 1.14
50 26.15 | 28.22 | 28.60 | 4.20 | 5.27 | 5.62 | 65.23 | 67.28 | 67.70 | 1.22 1.26 1.30
15 250 28.09 | 32.45 | 33.84 | 5.30 | 6.62 | 7.02 | 70.68 | 73.00 | 74.38 | 1.26 1.30 133
450 32.05 | 3573 | 36.20 | 6.55 | 8.19 | 8.62 | 76.02 | 78.68 | 79.12 | 1.33 1.38 1.41
0 2647 | 28.42 | 28.89 | 4.25 | 5.35 | 5.66 | 71.68 | 72.64 | 73.09 | 1.20 1.24 1.27
50 30.00 | 32.15 | 32.76 | 5.83 | 7.15 | 7.51 | 77.54 | 79.86 | 80.24 | 1.27 1.31 1.35
20 250 3471 | 3735 | 37.75 | 6.12 | 7.70 | 8.07 | 8321 | 84.82 | 85.23 | 1.35 1.39 1.43
450 39.45 | 4343 | 4391 | 7.10 | 898 | 945 | 89.02 | 90.98 | 91.43 | 1.43 1.48 1.52
OM 0.0577 0.0489 0.0577 0.0073
S 0.0486 0.0395 0.0486 0.0031
AC 0.0973 0.0790 0.0973 0.0062
L.S.D. at 0.05 OM*S 0.0409 0.0345 0.0409 0.0041
OM*AC N.S N.S N.S N.S
S*AC N.S N.S N.S N.S
OM*S*AC N.S N.S N.S N.S

b. Tomato fruit yield and quality:

Data in Tables (8 and 9) revealed that there was a positive effective role of the applied
vermicomposting, elemental sulphur and ascorbic acid on both tomato yield and its quality under
the conditions studied experimental soil. Such relative increases could be attributed to
significantly higher increments in dry weights and number of flowers per plant, which positively
reflected on the higher number of tomato fruit and yield per plant and feddan. This was expected,
since favourable conditions of soil properties was obtained as a result of applied vermicompost.
The greatest values of tomato yield and its quality were associated with tomato plants received
the vermicompost, elemental sulphur and ascorbic acid at the rates of 20 m’ fed™', 250 kg fed™'
and 300 mg L', respectively compared to the initial state of soil (control ). On the contrary, the
relatively low total yield of tomato was obtained by plants received the vermicompost, elemental
sulphur and ascorbic acid at the rates of 10 m’ fed™, 50 kg fed™ and150 mg L™, respectively . This
is in harmony with the findings of Gomaa (1997) and McMullan et al. (1998) who pointed out
that total yield was highly correlated with the development of vegetative growth as well as dry
matter accumulation. The increase in total yield of tomato result by applied vermicompost may
be more attributed to organic materials derived such as active organic acids, which enhances soil
aggregation, soil aeration and increases water holding capacity as well as encouraging the
availability, mobility and uptake of essential nutrients by growing plants, and in turn offers good
environmental conditions for the root system of tomato plants (Abou El- Magd et al., 2005). In
addition, the applied vermicompost is rich in essential nutrient contents that slow release nutrients
all over the growth stages along the growing season. These beneficial conditions create better
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nutrients absorption and favorable the vegetative growth and development of root system, which
may lead to increases in dry matter accumulation. Consequently, better total yield of tomato
would be obtained by applying vermicomposting and the application of ascorbic acid at a suitable
rate to alleviate the possible fears of chemical pollution for such vegetable crop and
environmental risks. AL-Qubaie (2002) stated that ascorbic acid has an auxinic action and
synergistic effect on the biosynthesis of carbohydrate and controlling the incidence of most fungi
on plants which making them in vigorous states and positively reflects on crop yield.

Thus, the positive role of the combined treatments may be more attributed to efficiency of
either nutrients released or uptake and enhancing dry matter yield, fruit yield and quality of tomato.
These results are also in line with those obtained by Aly (2003) who stated that the pronounced
bacterial activity, due to the applied organic and inorganic soil amendments are capable to produce
some hormones which induces the proliferation of roots and root hair that increase nutrient absorbing
surfaces as well as produce organic acids, which solublize inorganic and organic forms of mineral
elements.

Table 8: Tomato yield as influenced by the levels of vermicompost, elemental sulphur and ascorbic
acid (the average of the two successive growing seasons).

Fruit yield parameters
Treatment
Fruit yield/ plant (kg) Fruit yield (ton/fed)
Vermicompost m*/fed.
Applied-3 Ascorbic acid (mgL™")
(kg/fed) o | 150 [ 300 o 150 | 300
0 1.15 | 1.16 | 1.17 | 834 8.98 9.28
0 50 1.53 | 1.55 | 1.57 | 11.75 | 12.05 | 12.50
250 1.79 | 1.81 | 1.83 | 14.81 15.15 | 15.64
450 1.90 | 1.93 | 1.96 | 17.96 | 18.20 | 18.69
0 2.32 234 | 2.36 10.63 11.05 11.60
50 249 | 251 | 2.54 | 1235 | 12.80 | 13.39
10 250 2.70 272 | 2.75 14.90 15.53 16.08
450 294 | 297 |3.00 | 18.10 | 18.75 | 19.41
0 2.38 | 241 | 243 | 12.10 | 12.71 13.35
15 50 2.57 | 2.60 | 262 | 1598 | 16.88 | 17.52
250 2.74 | 2.77 | 279 | 17.20 | 18.05 | 18.94
450 3.00 | 3.04 3.07 | 2024 | 21.29 | 22.20
0 2.54 | 2.55 | 2.56 | 16.86 | 17.63 | 18.58
20 50 276 | 2.79 | 2.81 | 19.95 | 21.99 | 23.01
250 295 | 299 | 3.02 | 24.84 | 2590 | 2685
450 321 | 326 | 329 | 30.54 | 31.62 | 32.89
oM 0.9099 2.0653
S 0.8287 1.0108
L.S.D.at 0.05 AC 1.6575 2.0216
OM*S 0.6851 1.0007
OM*AC N. S N.S
S*AC N. S N.S
OM*S*AC N. S N. S
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Table 9: Fruit quality parameters of tomato as influenced by the levels of applied vermicompost,
elemental sulphur and ascorbic acid (the average of the two successive growing seasons).

Treatment Fruit quality parameters
Vermicompost | Applied-S . Total soluble Citric acid % Total sugar %
il (llizr/fed) Fruit firmness (Ibs) | (1460, (TSS) ¢
Ascorbic acid (mgL™)
0 | 150 |300| 0 | 150|300 o | 150 | 300 0 | 150 | 300
0 5.82 1 6.00 | 6.16 | 6.97 | 6.69 | 6.54 | 0.30 | 0.31 | 0.32 | 0.98 | 0.99 | 1.01
0 50 6.17 | 6.40 | 6.53 | 6.59 | 6.28 | 6.12 1 0.32 033 | 034 | 1.14 | 1.16 | L.18
250 6.50 | 6.76 | 7.00 | 6.15 | 5.83 | 5.68 | 0.36 | 0.38 | 0.40 | 134 | 137 | 1.40
450 6.88 | 7.16 | 7.36 | 5.67 | 5.34 | 5.17 | 0.38 | 0.41 | 042 | 140 | 1.44 | 1.47
0 594 | 6.15| 6.28 | 6.85 | 6.56 | 6.40 | 0.34 | 036 | 037 | 1.12 | 1.14 | 1.15
50 632659675645 |6.14]597]0.36|038] 040 | 1.35 | 138 1.40
10 250 6.73 | 7.03 | 7.31 | 5.97 | 565|547 1039|042 | 044 | 1.63 | 1.69 | 1.72
450 712 | 744767550516 [495]042(045] 047 | 195 | 1.88]1.92
0 6.52 | 6.74 ] 6.92 | 6.05 | 574 | 555 (039|041 | 043 [ 1.19 | 1.22 | 1.24
50 693 |726]741]563)528]|500]042(044] 046 | 145149152
15 250 738 | 7.78 | 8.03 | 5.17 | 4.81 | 4.60 | 0.45 | 0.48 | 0.50 | 1.75 | 1.80 | 1.83
450 7.85|8.32 (856 | 4.68 429|408 048|051 ]| 053 |2.12 218|222
0 7.02 | 730|748 | 5.09 | 474 | 453 | 044 | 046 | 048 | 1.30 | 1.33 | 1.36
50 743 | 7.81 | 8.04 | 4.64|430|4.11 047 |050] 052 | 1.57 | 1.62 ] 1.65
20 250 7.94 | 838 | 8.65| 4.11 3.723.50 | 0.51 | 0.54 | 0.56 | 1.90 | 1.97 | 2.01
450 8.45|896]921]352[310]285]055]058] 0.61 |226][232]236
OM 0.0058 0.2817 0.0135 0.0167
S 0.0049 0.1470 0.0031 0.0077
AC 0.0097 0.2940 0.0062 0.0154
L.S.D.at 0.05 OM*S 0.0041 0.1280 0.0031 0.0045
OM*AC N. S N.S N.S N. S
S*AC N. S N.S N.S N. S
OM*S*AC N. S N.S N.S N. S

IV. N, P, K, Fe, Mn and Zn uptake by tomato plants as affected by applied treatments:

Data given in Tables ( 10 and 11 ) indicated a positive significant effect on the nutritional
status of tomato plants due to the relatively high nutrient contents in their tissues as a result of
increasing applied rates of vermicompost, which may combined with elemental sulphur as
agrochemical soil amendment and ascorbic acid levels as antioxidant defense in plant cells. The
increases in some essential nutrients are in agreement with the results of Devlin and Witham
(1985), who reported that the nutrient increases of N, P, K, Ca, Zn, Mn, Fe and Cu in tomato
leaves may be due to the effect of Zn on biosynthesis of auxin (IAA), which promote rooting
process, and consequently the amounts of mineral elements absorbed as well as their
translocation to the different parts of plant. Furthermore, the responsibility for enhancing plant
growth may be attributed to the effect of micronutrients on physiological processes such as
chlorophyll content and activity of enzymes (Amberger, 1979 and Nour et al., 1984). Such
favourable condition affects different physiological and metabolic functions of plant organs,
consequently contents of endogenous gibberellins (Abed et al., 1987b). Increasing the measured
growth characters (plant height, number of leaves plant™ and dry weight plant”, etc...) was also
achieved due to the micronutrients to be easily absorbed by the plant roots from soil media.
Increasing No. of leaves plant” (Table 7) may be attributed to the stimulating effect of the
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released micronutrients on plant growth and their role in electron transmission from water to
chlorophyll and producing oxygen gas in the photosynthesis.

However, the greatest values of the studied nutrients in the tissues of tomato were
associated with plants supplied by vermicompost at the rate of 20 m*fed' in combination with
elemental sulphur at a level of 250 kg fed'and ascorbic acid at level of 300 mg L. The elements
uptake by tomato plants are more related to the released available nutrients and their easily mobility
towards the plant roots. Such surpassed effect of the applied treatments, especially at the combined
ones, is more associated with ameliorated soil pH due to the added S as well as to the relatively high
contents released active organic substances that enhancing more released nutrients or their
solubilization from both native and added sources, besides the favourable biological conditions that
are keeping them in available forms for extended period and their mobility for uptake by plant roots.
These findings are in harmony with those outlined by Hala ez al., (2002) found that vermicompost is
an efficient source of plant nutrients and that they are less likely to produce salinity stress in container
as compared to compost and synthetic fertilizers. So, the combined treatments at the highest rates of
vermicompost, and sulphur combined with ascorbic acid may exhibited a superior effect due to
possible improving of soil physico-chemical properties that positively affect the nutrients availability
as well as maintaining a suitable soil moisture regime and positive effect on the biological activity in
soil. Also, such favourable effect could extends to reduce soil pH, mainly due to the integrated action
of the released active organic acids and S-transformation to H,SO,, respectively, besides the possible
released phosphate ions by sulfate ions (El-Tapey and Hassan, 2002). It is noteworthy to mention
that the nutrient contents in plant tissues were, in general, extending parallel close to the
corresponding available nutrient contents in the studied soil, as shown in Tables (5 and 6). Also, such
favourable effect of both applied S and vermicompost as combined treatments may attributed to the
reduction in soil pH which improved the solubility and availability of nutrients for plant roots which
was positively reflected on the nutrient contents in plant tissues (Rady, 2011). In this concern,
Abdallah et al. (2010) showed that S deficiency for field-grown oilseed rape can reduce nitrogen use
efficiency (NUE: ratio of harvested N to N fertilization) and that N deficiency can also reduce sulphur
use efficiency (SUE). Also, it had a great extent favourable effect on the mobilization of the released
nutrients that could be explained by many aspects, i.e., increasing the released macronutrient contents
through the decomposition of the native sources, reduction of nutrient fixation and forming the stable
complexes with humic substances supplied and keeping them in available forms for extended period
and mineralization processes as well as minimizing their possible lose by leaching process through
such a relatively coarse textured soil (Shanmugam and Veeraputhran, 2001).

Actually, the quality of tomato production is usually evaluated according to the purpose of
which final product is used, i.e., either fruit or quality. In addition, the environmental conditions
and agro-management practices, including nutrition status as related to the applied nutrient
sources, are of the greatly effective factors through influencing biochemical or physiological
processes. Thus, the content of organic constituents, which is accumulated or stored in tissues of
plants, should be related to photosynthetic activity of plants and translocation rate of
photosynthesis to the indicated plant parts (Mengle and Kirkby, 1987). This may suggest a close
combination between growth and nutritional status parameters with tomato yield and its quality.
If this is true, the selection for a practical source and soil used could be suggested depending on
the economical point of view. Also, there was a similar trend for the parameters of bulb quality
in the used soil types. This behavior suggests that applying vermicompost, elemental sulphur and
ascorbic acid may represents the more suitable agro-management practice due to their effect to
produce higher values of fruit firmness Ibs, total soluble solids%, ascorbic acid, citric acid % and
total sugar % as well as nutrient contents in tomato tissues. This is possibly due to improving
both plant growth and its nutritional status, which are more related to nutrients availability in soil.

14



Table 10: Macro nutrient contents in tomato plants leaves as influenced by the levels of applied

vermicompost, elemental sulphur and ascorbic acid (the average of the two successive
growing seasons).

Vermicompost Applied-S The concentrations of macronutrients %
m’/fed. (kg/fed)
N | P | K
Ascorbic acid (mgL™")
0 150 | 300 0 150 300 0 150 300
0 0 2.58 259 | 2.60 0.27 0.28 0.30 1.85 1.87 1.88
50 2.86 2.88 | 2.90 0.33 0.35 0.37 1.96 1.98 1.99
150 2.93 296 | 2.99 0.35 0.37 0.39 2.04 2.08 2.10
250 3.05 3.09| 3.14 0.36 0.38 0.40 2.10 2.14 2.17
0 2.95 298 | 3.00 0.35 0.36 0.37 2.01 2.05 2.09
10 50 3.12 3.18 | 3.21 0.40 0.43 0.44 2.10 2.16 2.19
150 3.37 345 | 3.49 0.44 0.46 0.47 2.20 2.28 2.31
250 3.41 3.53 | 3.57 0.50 0.53 0.55 2.26 2.39 2.43
0 3.35 342 | 346 039 | 041 0.43 2.15 2.22 2.25
15 50 3.42 3.51 | 3.56 0.44 0.46 0.47 2.30 2.40 2.44
150 3.55 3.65| 3.72 0.49 0.51 0.53 2.38 2.49 2.55
250 3.70 3.86 | 3.89 0.56 0.58 0.61 2.46 2.61 2.65
0 3.34 3.45 | 3.48 0.43 0.45 0.47 2.51 2.62 2.65
20 50 4.42 4.56 | 4.60 0.48 0.51 0.54 3.05 3.19 3.22
150 4.51 4.68 | 4.72 0.54 0.57 0.61 4.00 4.18 4.22
250 4.70 491 | 4.96 0.61 0.64 0.69 4.20 4.41 4.45
oM 0.0349 0.0077 0.0294
S 0.0320 0.0044 0.0228
L.S.D. at 0.05 AC 0.0640 0.0088 0.0456
OM*S 0.0245 0.0038 0.0192
OM*AC N.S N.S N.S
S*AC N.S N.S N.S
OM*S*AC N.S N.S N.S
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Table 11: Micro nutrient contents in tomato plants leaves as influenced by the different levels of
applied vermicompost, elemental sulphur and ascorbic acid (the average of the two
successive growing seasons).

Vermicompost Applied-S The concentrations of micronutrients (mg kg™ dry matter of leaves)
m’/fed. (kg/fed)
Fe Mn | Zn
Ascorbic acid (mgL™")
0 150 300 0 150 300 0 150 300
0 0 95.61 96.68 96.74 42.05 42.31 42.40 30.78 31.09 31.17
50 115.01 116.13 | 117.18 52.43 52.78 52.92 34.90 35.27 35.41
150 128.10 129.28 | 130.33 60.74 61.19 61.38 39.29 39.76 39.65
250 137.45 138.72 | 139.74 68.72 69.28 69.53 46.56 47.14 47.38
0 125.05 126.20 | 127.29 53.42 53.76 53.85 40.08 40.46 40.54
10 50 136.02 137.26 | 138.26 59.65 60.06 60.21 46.07 46.52 46.67
150 145.47 146.82 | 147.90 67.25 67.83 68.01 50.92 51.53 51.70
250 153.90 155.24 | 156.39 72.95 73.69 73.86 61.07 61.81 61.96
0 140.75 142.90 | 144.01 66.23 66.67 66.78 47.16 47.63 47.75
15 50 152.58 152.74 | 154.85 74.15 74.67 74.84 54.20 54.76 554.94
150 164.85 165.01 | 168.23 80.54 81.19 81.32 61.85 62.53 62.66
250 174.30 176.70 | 177.80 87.30 88.06 88.29 68.75 69.53 69.77
0 156.50 158.66 | 159.85 73.65 74.21 74.36 53.25 53.86 54.06
20 50 167.10 169.44 | 170.52 82.12 82.78 82.97 61.10 61.82 61.95
150 180.20 182.64 | 183.78 89.20 90.00 9.21 69.47 70.30 70.46
250 200.80 203.31 | 204.46 98.65 99.64 99.93 76.23 77.25 77.54
OM 0.4468 0.0999 0.0816
S 0.1538 0.0973 0.0688
AC 0.3077 0.1946 0.1376
L.S.D. at 0.05 OM*S 0.1294 0.0819 0.0709
OM*AC N.S N.S N.S
S*AC N.S N.S N.S
OM*S*AC N.S N.S N.S

Finally, it could be concluded that the effective role of the used vermicompost, elemental
sulphur and ascorbic acid was not only positive effect on soil fertility status but also was
positively reflected on tomato yield and its quality. Also, such applied organic and inorganic soil
amendments had a long-term positive agronomic value due to its capacity to gradually liberate
available plant nutrients. The integrated supply of nutrients through organic and inorganic
sources could be an effective practice of nutrient management by using organic substances and
elemental sulphur. Moreover, this approach is not only a source of suitable farmers income for
due to increasing plant production in calcareous soils in nature, but also alleviate the potential
hazardous of soil salinity conditions.

Also, the applied vermicompost leads to improvement in tomato quality and alleviated the
possible fears of nitrogenous fertilizer as a chemical pollution for tomato as a fresh fruit
vegetable. That means its application participate in solving for the problems of chemical residues
in the export market commodities. From the economical point of view, the use of vermicompost
decreases the amounts of used chemical fertilizers, that leads to higher yield and better quality of
tomato with a relatively lower cost.

In addition, under the current experimental conditions, it could be concluded that the work
within hand granted evidence to the effective role of applied vermicompost at the rate of 20 m’
fed™ in combination with elemental sulphur at the rate of 250 kg fed and ascorbic acid as foliar
spray at the rate of 300 mg L™, Such combined treatment achieved the greatest values, from the
economical point of view, for growth parameters, yield and its quality of tomato plants and
decreases production costs. This treatment also overcomes the adverse conditions of the newly
reclaimed calcareous soils.
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