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Abstract---The experiment was designed to investigate the effect of
vermicompost rates (0, 6, 8 and 10 ton fed-!) and ascorbic acid
levels (0, 100 and 200 ppm) on growth, yield and nutritional status
of tomato plants (Lycopersicum esculentum L. cv Kasel rock) grown
in saline soil of Tamia District, El-Fayoum Governorate at two
seasons 2018 and 2019. The results indicated that the addition of
vermicompost supplemented by spraying with concentrations of
ascorbic acid has a significant and clear effect on the growth
characteristics and quality and quantity of the tomato plants grown
in saline soil at two seasons 2018 and 2019. The highest values of
the various components of the tomato plants growth and yield were
obtained by adding the high rate of vermicompost (10 ton fed-!) and
spraying the high concentration of ascorbic acid (200 ppm).
Increasing the addition of vermicompost followed by spraying with
ascorbic acid increased the content of the nutrients that benefit
tomato plants (nitrogen, phosphorous and potassium), while the
sodium content of the leaves decreased. It can be concluded that
adding vermicompost with spraying tomato plants grown in saline
ground with ascorbic acid is one of the important and simple
strategies in tomato plants' resistance to soil salinity.
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Introduction

Salinity of arable land is a problem that is becoming more and more important in
many areas where irrigation is a regular agro-technical measure, and in semi-arid
and arid regions in the world where atmospheric precipitations are not sufficient
to flush the salts from the root zone (Kaya et al., 2001). Stress caused by
increased concentrations of salts effect the metabolism of plants and the final
outcome of crop production in many ways (Mittler, 2002). Increased salt
concentrations can lead to disturbances in mineral nutrition of plants, the plant
hormone imbalances, and to the formation of reactive compounds such as
different types of oxygen and other free radicals that damage cell membranes
(Gehad, 2003).

The production process of the vermicompost is faster than production of
traditional compost; as vermicompost is formed as a result of the material
rushing into earthworm gut, which soon turns into organic materials that are
more decomposed and richer in microbes and growth regulators (Adhikary, 2012).
The implementation of vermicompost in the field enhances the goodness of soils
by superior in influencing the soil physical, chemical and biological properties
such as bulk density, organic matter, available nutrients, beneficial bacterial and
fungal population. Vermicompost plays an important role in improving the growth
and productivity of all kinds of different crops (Singh et al., 2020).

Application of ascorbic acid on plants as exogenously can produce various
metabolic changes under salt stress conditions, which are very effective in
reducing the effect of salinity in different crops (Raza et al., 2006). Among the
different techniques, exogenous application of antioxidants such as ascorbic acid
are very basic and cheap techniques in agricultural field and used as a shotgun
approach to ameliorate the effect of salinity in some of the important crop
cultivars (Waseem et al., 2006 and Raafat et al., 2011). The paper aimed to study
the effect of vermicompost and ascorbic acid on growth, yield and nutritional
status of tomato plants grown in saline soil.

Materials and Methods

The experiment was designed to investigate the effect of vermicompost and
ascorbic acid rates on growth, yield and nutritional status of tomato plants
(Lycopersicum esculentum L. cv Kasel rock) grown in saline soil of Tamia District,
El-Fayoum Governorate at two seasons 2018 and 2019. Each plot was planned to
include 20 rows, and the interplant spacing was 50 cm within each row. Some
chemical characteristics of the soil are given in Table (1) using the standard
procedures outlined by Cottenie (1980).

Field experiment was arranged as factorial experiment (two ways) based on
randomized complete block design with three repetitions. First factor was rates of
vermicompost (0, 6, 8 and 10 ton fed-!). The second factor was spraying levels of
ascorbic acid (0, 100 and 200 ppm). The vermicompost was thoroughly mixed
with surface soil at the depth (0-20 cm). The vermicompost used in this
experiment was made of cattle manure, and using one species of earthworm
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(Eisenia fetida). Vermicompost was determined (Table, 2) using the standard
procedures outlined by Cottenie(1980).

Table (1)
Some chemical properties of soil used.

Soil property Value
pH (1:2.5 soil suspension) 7.50
EC (dS m'!), soil paste extract |7.90
CaCOs (%) 10.0
Soluble ions (mmol L-1)
Ccatt 38.7
Mg** 13.1
Na* 44.2
K+ 0.93
COS—— nd*
HCOs3 3.50
Cl- 54.1
SO4™" 39.3

Table (2)

Some chemical properties of vermicompost used:

Analyses Vermicompost
pH 6.90
EC (dS m}) 2.00
Moisture content (%) 15
Organic matter (%) 50.3
Organic carbon (%) 29.2
Ash (%) 49.7
C/N ratio 1:24.3
N (%) 1.20
P (%) 0.50
K (%) 0.80
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Sixty days after transplanting, random samples consisted of eight plants was
taken from each experimental plot to determine some growth parameters, ie.,
plant height, number of leaves/plant, leaf area and dry weight/plant.Fruit from
ten plants were collected from each experimental plot in the ripening stage to
determine yield and its components. The total yield was determined as the total
weight of the harvested fruit through the whole harvesting period excluding the
damaged.Fruit samples were taken from the 3rd harvest at red ripe stage from
each experimental plot to determine fruit quality parameters, i.e., 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, and total sugar
as described by A.O.A.C. (1990).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, K and Na
(A.O.A.C., 1990).

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 Snedecore and Cochran (1980).

Results and Discussion

Under saline soil conditions, the use of vermicompost at different rates along with
spraying with ascorbic acid affected the growth of tomato plants in the seasons
2018 and 2019 (Table 3). The increase in the rate of application of vermicompost
from zero to 10 ton per feddan significantly affected the growth components of
tomato plants grown in saline soil during the two consecutive planting seasons.
Also, increasing the spraying concentration of ascorbic acid from zero to 200 ppm
led to an insignificant increase in the growth components of tomato plants grown
in saline soil. However, the addition of vermicompost followed by spraying with
concentrations of ascorbic acid has a significant and clear effect on the growth
characteristics of tomato plants grown in highly saline soil. The highest values of
the various components of the tomato plants growth were obtained by adding the
high rate of vermicompost (10 ton fed-!) and spraying the high concentration of
ascorbic acid (200 ppm).

Table (3)
Effect of vermicompost and ascorbic acid rates on growth parameters of
tomato plants

Vermicompost | Ascorbic [Plant No. Leaf area Plant dry
ton fed-1 acid height cm | leaves |cm? weight
ppm g
Season (1)
0 34.8 50.5 32.0 444.6
0 100  36.0 51.0 33.1 44.8
200 36.4 51.3 33.5 #45.1
0 38.5 58.5 35.8 51.9
6 100 140.0 59.1 374 |52.7
200 40.4 59.5 37.6  |52.8
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0 449 07.6 409 |61.9
3 100 ¥46.8 68.3 42.6 163.8
200 #47.1 09.0 42.9 |64.1
0 53.0 72.2 44.1 72.8
10 100 |55.1 73.1 46.2 73.7
200 [55.4 74.1 46.5 [74.1
Season (2)
0 35.0 50.0 32.2 45.6
0 100 [36.2 51.2 33.4 46.8
200 [36.7 51.6 33.6 47.1
0 37.9 56.5 34.6 51.7
6 100 140.1 58.4 36.4 52.5
200 40.6 59.6 38.8 52.8
0 437 05.6 40.1 61.4
8 100 #45.8 07.3 42.4 63.7
200 #47.2 09.2 42.8 64.5
0 50.0 70.4 43.1 70.8
10 100 [52.1 74.1 45.2 73.2
200 [55.3 76.2 46.7 74.2
LSD o.05 2.92 0.09 3.66 0.10

Soil chemical properties improved due to the addition of vermicompost. Where the
elevated pH and soil salinity declined with the vermicompost addition as a result
of the release of organic acids from vermicompost, as well as vermicompost is
characterized by the high contents of nutrients such as nitrogen, phosphorous,
potassium and micronutrients, which lead to enhance soil fertility (Tharmaraj et
al., 2011).0n the other hand, the implementation of different types of
vermicompost assists in increasing quantitatively and qualitatively the content of
beneficial microorganisms for plants (Lazcano and Dominguez,
2011).Parthasarathi et al.,, (2007) showed that the vermicompost includes
nutrients in available forms for the plants. Ndegwa and Thompson (2001) stated
that worm-compost contains sites are rich in available nitrogen, phosphorus and
potassium, which encourages better crop growth.

Ascorbic acid is a water soluble compound and important antioxidant, which can
scavenge the free radicals produced due to salinity stress in plants. In the present
study, the growth of tomato was improved by the exogenous application of
ascorbic acid, these results are similar to those in which it has already been
described that exogenous application of ascorbic acid counteracted the salt
induced growth inhibition in plants (Al-Hakimi, and Hamada, 2001 and El Hariri
et al, 2011). Ascorbic acid is a paramount antioxidant in plants which
accumulates implants’ as an adaptive mechanism to soil salinity (Khan et al,
2011). Growth promoting effect of ascorbic acid under salinity or control
conditions may have been due to enhanced antioxidant capacity, and increase in
cell division and cell enlargement (Chen and Gallie, 2004).

As was the positive effect of adding vermicompost and ascorbic acid to the growth
of tomato plants, this clearly affected the quality and quantity of the tomato crop
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produced, as shown in Table (4), during the two planting seasons.Where the
spraying with ascorbic acid on tomato plants, in the presence of appropriate
additives of vermicompost, encouraged a large production of tomato yield and
quality of fruits grown in saline soil.Spraying with a higher concentration of
ascorbic acid (200 ppm) with the addition of a higher rate of vermicompost (10 ton
fed-1) was the best experimental treatment that gave the highest value for each of
fruit yield per plant (2.34 kg, fruit yield (17.4 to fed-!), fruit firmness ( 6.37 Ibs),
total soluble solids (3.42 %) and total sugar (1.4 %) at first season (2018), as well
as, fruit yield per plant (2.33 kg), fruit yield (16.5 ton fed-!), fruit firmness ( 6.38
Ibs), total soluble solids (3.31 %) and total sugar (1.39 %) at second season
(2019).

Table (4)
Effect of vermicompost and ascorbic acid rates on quantity and  quality of
tomato yield

Vermicompost |Ascorbic | Fruit Fruit Fruit Total Total
ton fed-! acid yield yield firmness soluble |Sugar (%)
ppm /plant |ton fed- (Ibs) solids
(Kg) ! (%)
Season (1)

0 1.16 7.23 4.71 5.86 0.87
0 100 1.17 7.87 5.00 5.58 0.88
200 1.18 8.17 5.05 5.43 0.98
0 2.10 9.52 4.83 5.74 1.11
6 100 2.14 10.0 5.04 5.45 1.13

200 2.16 10.5 5.17 5.30 1.14
0 2.18 11.0 5.41 5.04 1.18
8 100 2.21 11.6 5.63 4.63 1.23

200 2.23 12.2 5.81 4.44 1.25
0 2.32 15.7 6.01 4.08 1.31

10 100 2.33 16.5 6.20 3.63 1.34

200 2.34 17.4 6.37 3.42 1.40

Season (2)

0 1.14 7.22 4.70 5.75 0.88
0 100 1.16 7.80 5.00 5.47 0.90
200 1.18 8.11 5.04 5.32 0.97
0 1.90 9.22 4.82 5.63 1.10
6 100 1.99 10.0 5.06 5.34 1.12
200 2.12 10.6 5.18 5.31 1.13
0 2.14 11.0 5.42 5.02 1.17
8 100 2.20 11.4 5.64 4.51 1.22
200 2.23 12.0 5.82 4.43 1.24
0 2.28 14.8 6.00 4.06 1.30
10 100 2.30 15.9 6.22 3.52 1.33
200 2.33 16.5 6.38 3.31 1.39

LSD o.05 0.83 2.02 0.01 0.28 0.01
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The effect of vermicomposts on plants are not merely attributed to the quality of
nutritionalcontent but to its other important components such as hormones and
humic acids. Eswaran and Mariselvi (2016) studied performance of vermicompost
on yield components of tomato plants. The results indicated that by increasing
the addition of vermicompost to the soil, this improved fruit quality and increased
tomato yield.

vermicompost not only makes plants healthy, but it also regulates plant
development with hormones. More importantly, it contributes in soil fertility and
quality by increasing microbial activity and also prevents destruction of soil borne
pests and diseases (Dintcheva and Tringovska, 2016). Ascorbic acid is regarded
as one of the most effective compounds able to ameliorate abiotic stresses (Agami,
2014). Ascorbic acid regulates stress response as a result of a complex sequence
of biochemical reactions such as activation or suppression of key enzymatic
reactions, induction of stress responsive proteins synthesis, and the production of
various chemical defense compounds (Abd El-Rheem et al., 2018).

It has been used to counteract the adverse effects of salinity in many crop plants
(Sajid and Aftab 2009 and Bybordi 2012).Vermicompost-amended soils have
better physical anf chemical properties such as aeration,porosity pH, organic
matter and nutrientscontent enhancedconsiderably and led to improved crop
growth andyield (Lim et al., 2015 and Zhu et al., 2017).There is also presence of
nitrogen fixing and phosphorus-solubilizing bacteria (Yatoo et al, 2020),
substances like gibberellins, auxins, cytokinins and vitamins (Ravindran et al.,
2016&Amooaghaie and Golmohammadi 2017) in worm-compost which encourage
theoverall productivity of crops.

Table (S5) showed the effect of adding vermicompost at its different rates and
spraying with ascorbic acid in various concentrations on the content of nitrogen,
phosphorus, potassium and sodium inside tomato leaves at two seasons. The
results showed that increasing the addition of vermicompost followed by spraying
with ascorbic acid increased the content of the nutrients that benefit tomato
plants (nitrogen, phosphorous and potassium), while the sodium content of the
leaves decreased. Potassium concentration increased significantly when 50 and
100 mg L1 of ascorbic acid were applied as foliar spray on plants under saline
conditions.Spraying ascorbic acid by 100 mg L-1 applied as foliar spray decreased
significantly sodium content of plant under saline conditions (Khan et al., 2013).
Parthasarathi et al., (2007) showed that the vermicompost includes nutrients in
available forms for the plants. Bhattacharjee et al., (2001) indicated that the loss
of important nutrients due to the leaching process is greatly reduced with the
addition of worm-compost to the soil, due to the improvement of the worm-
compost of the soil's physical and chemical properties. Ndegwa and Thompson
(2001) stated that worm-compost contains sites are rich in available nitrogen,
phosphorus and potassium, which encourages better crop growth.
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Table (5)
Effect of vermicompost and ascorbic acid rates on nutrients content in tomato
leaves
Vermicomp | Ascorbic Nutrientscontent (%)
ost ton fed-! acid N P K Na N P K Na
ppm
Season (1) Season (2)
0 [2.47 |0.25 |1.74 |2.53 |2.46 |0.25 |1.72 |2.55
0 100 |2.48 |0.26 |1.76 |1.92 |2.47 |0.26 |1.77 |1.98

200 |2.50 |0.28 |1.77 |1.98 |2.50 |0.27 |1.78 |1.99

0 |2.84 |0.33 |2.00 [2.41 |2.84 |0.29 [1.99 [2.40
6 100 |2.87 |0.34 |2.04 |1.88 |2.86 |0.31 [2.01 [1.90
200 |2.99 |0.38 |2.07 |1.75 |2.97 |0.35 |2.05 |1.81

0 |3.24 |0.37 |2.03 |2.22 |3.20 |0.32 |2.00 [2.14
8 100 [3.31 |0.39 |2.01 |1.50 |3.31 |0.37 |2.02 |1.45
200 |3.35/0.40 |2.14 |1.44 |3.33 |0.38 |2.14 |1.42

0 |3.23 |0.41 |2.31 |1.98 |3.22 |0.39 |2.31 |1.97
100 [3.34 |0.42 |2.41 |1.45 |3.30 |0.40 |2.39 |1.46
200 |3.37 |0.45 |2.54 [1.44 |3.36 |0.41 |2.45 |1.44
LSD 0.05 0.06 |0.01 |0.02 |0.06 |0.06 |0.01 |0.02 |0.06
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