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Abstract. The separate and combined effect of lithovit-urea50 and bioumik was tested on
salt-stressed tomato crops. Salinity was induced using three different NaCl solutions (2, 4 and
8 dS m"). Under the salinity effect, all aspects of plant growth were inhibited. Total chlorophyll
and carotenoids reduced from mg g"' FW and 1.1 mg g! FW at 2 dS m™! to reach 1.01 mg g"' FW
and 0.66 mg g! FW at 8 dSm™! in control plants. Plants treated by the combination of both
products had the highest chlorophyll and carotenoids content with 2.24 mg g! FW and
1.34mg g' FW, 1.88 mg ¢! FW and 1.05 mg g! FW, and 1.39 mg g'! FW and 0.86 mg g'' FW
respectively at 2, 4 and 8 dS m™!. Treating plants by this combination maximized flower number,
fruit weight, yield and fruit diameter at 2 dS m™ (17 flowers, 47.93 g, 431.1 g plant™ and 3.23 cm
respectively) and 4 dS m™! (15flowers, 36.45 g, 291.85 g plant! and 2.8 cm respectively). The
separate application of bioumik minimized cell electrolyte leakage at 2 dS m™ (8.82%) compared
to control (11.43%). Additionally, plants treated by lithovit-urea and bioumik had the highest
relative water content with 107.3%, 96.5% and 91.2% respectively at 2, 4 and 8 dSm™. N, Ca
and Mg in roots were significantly the highest at 2 dS m! (4.5%, 2.6% and 0.5% respectively),
at 4 dSm™ (3.74%, 2.49% and 0.48% respectively) and at 8 dS m™' (3.21%, 2.61% and 0.32%
respectively). K content in roots was maximized following the separate application of bioumik
with 3.21% at 2 dS m™! and 2.55% at 8 dS m!. Conclusively, lithovit-urea and bioumik helped
plants in tolerating salt-stress with an optimal effect obtained after their combination.
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INTRODUCTION

Tomato crop is one of the most important horticultural crops with a total production
volume of 180 million tons and a cultivated area of 5 million ha. China, USA and India
are the top producers worldwide with 36.6, 12.8 and 11.7 million tons produced
annually, respectively (FAOSTAT, 2021). This crop is considered as moderately
sensitive to salinity tolerating a nutrient solution not exceeding 2.4 to 4 dS m™'. Above
this level, all aspects of plant growth and production is affected (Cuartero & Fernandez-
Muiioz, 1998; Bustomi et al., 2014). Salinity inhibits the development of roots and aerial
parts and causes a drastic reduction in the yielding capacity of stressed tomato plants.
The primary adverse effect caused by salinity is the osmotic stress due to the
hyperaccumulation of sodium in the root zone and plant parts. This stress inhibits water
and vital nutrient movement in the plant and causes subsequent alteration in
physiological and metabolic processes including photosynthesis and cell division
(Shimul et al., 2014; Zhang et al., 2016; Zhang et al., 2017). Plants have developed
various means to withstand salinity such as the endogenous accumulation of organic
solutes including sucrose, sorbitol, and mannitol (Flowers & Colmer, 2015) and,
enzymatic (ascorbate peroxidase, peroxidase, catalase) and non-enzymatic (glutathione
and glutathione reductase) antioxidants (Blokhina et al., 2003). In the same context,
researchers have tried to apply exogenously different compounds, similar to those
accumulated naturally in stressed-plants, as a method to improve the salt-tolerance of
the crop. In previous studies, foliar spraying of osmoprotectans (glycine betaine),
auxin-like substances (acetyl salicylic acid), nutrient-rich fertilizers (monopotassium-
phosphate) and sugar alcohols was highly efficient (Gul et al., 2017; Sajyan et al., 2018,
2019a, 2019b, 2019c; Issa et al., 2020). Such implementation counteracted the negative
impacts of salinity through an improvement in nutrient content, photosynthetic pigments
and plant physiology. Consequently, the use of these components maximized the
vegetative growth and yielding capacity of stressed plants compared to the non-treated
ones.

Other methods adopted included the use of biostimulants as priming material or
through direct application on plants. In the agricultural industry, the manufacturing of
biostimulants is a witnessing a rapid growth as an efficient tool of yield promoters as
well as pre-stress conditioners (Yakhin et al., 2017). The application of plant derived
protein hydrolysate increased vegetative performance and boosted the photosynthetic
apparatus of salt-stress lettuce crops (Lucini et al., 2015). Similar ameliorative effects
were reported following the use of licorice root extract on Phaseolus vulgaris under
salinity stress (Rady et al., 2019). Furthermore, the use of Moringa oleifera extracts
enhanced hormones and nutrient content in stressed sorghum, and promoted enzymatic
and non-enzymatic antioxidants (Desoky et al., 2018).

Other groups of biostimulants including small sized-biofertilizers are bein g Lately
tested on crops subjected to salinity. Such components include lithovit-standard and
lithovit-guano 25 which were previously sprayed on tomato, eggplant and pepper under
saline conditions, and alleviated the negative effect induced by this abiotic stress
(Sajyan et al., 2019d, 2019¢; Issa et al., 2020; Sajyan et al., 2020). Products such as
lithovit-urea50, a nitrogenous rich fertilizer, were not previously tested under
environmental stress. However, previous studies implemented this product in mushroom
production mainly Pleurotus ostreatus. As a result, lithovit-urea50 applied at different
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timing maximized production and qualitative attributes of the produced mushroom
(Naim et al., 2020; Sassine et al., 2021). Bioumik is another similar product that has been
less applied on vegetables under abiotic stress. Bioumik is a balanced biological method
combining microorganisms and micronutrients (iron, zinc, manganese, magnesium,
molybdenum, and calcium) of humic and folic acid compounds with amino acids.
Accordingly, soil fertility is enhanced and the ability of the plant to absorb vital elements
is ameliorated with this product (Biozar, 2021).

Based on their composition, lithovit-urea50 and bioumik seemed to be highly
beneficial when applied to tomato crops irrigated with saline solutions. The current trial
aimed to study for the first time the separate and combined effect of lithovit-urea50 and
bioumik on the performance of salt-stressed tomato crop.

MATERIALS AND METHODS

Treatments and measurements

Tomato seeds (var. Sila) were sterilized in 0.1% sodium hypochlorite for 30 min,
washed with distilled water and sown in plastic trays. After 30 days, uniform seedlings
having 3 to 4 true leaves were transplanted in pots containing a mixture of peat and soil.
Plants were kept in open-field conditions with a temperature 20 + 5 °C and a relative
humidity of 70% during the growing period which lasted 100 days (from May to August/
2020). Two products were applied through foliar spraying: lithovit-urea (5 g L") and
bioumik (5 g L™"). These products were applied in a separate or a combined form on salt-
stressed tomato irrigated by three different NaCl solutions (2, 4 and 8 dS m™). Lithovit-
urea is manufactured by Tribodyn/Germany and has the following composition: 33%
CaCO0;3, 21% N total nitrogen, 18.5% CaO, 6.5% SiO,, 1.2% MgO, 0.5% Fe and 0.01%
Mn. Bioumik is manufactured by Biozar/Iran and has the following composition: 5% Fe,
3% Zn, 0.36% Ca, 2% Mn, 0.36% Mg, 3% K, 0.1% Mo, 10% humic acids. Products
were applied three times during plant growth cycle at 15, 30 and 45 days after
transplantation (DAT). Salinity was induced using three different NaCl solutions with
different EC levels; 2, 4 and 8 dS m™'. Saline irrigation started at 20 DAT with an interval
of 2 days. The EC of the saline solution was continuously monitored. At each salinity
level, enough drainage was allowed until obtaining an ECyaer drainage = ECirrigation solution-
Adjustment of ECyater drainage Was done using the corresponding saline solution. The
experiment was arranged as randomized completely block design with three replications.
Two experimental factors with different levels were studied; ‘Salinity’ including three
levels (three NaCl solutions: 2, 4 and 8 dS m™") and product application including 4 levels
(control: no application, lithovit-urea, bioumik and lithovit-urea + bioumik).

During the growth cycle, several measurements were taken to study the effect of
salinity and treatments. Vegetative traits included, plant height, leaf number, stem
diameter and weight of plants parts. For the determination of fresh weights plants were
removed from pots, washed to removed adherent soil, then, separated into roots, stems
and leaves. First, fresh weight of different part was measured using a digital balance.
Afterwards, plant parts were oven dried at 70 °C until a constant weight was obtained.
Additionally, photosynthetic pigments including chlorophyll content and carotenoids
were also determined in leaves as described by Sassine et al. (2020). Cell electrolyte
leakage and relative water content were measured also on leaves as described by Sajyan
et al. (2020). Nutrient content in roots and shoots were measured on ash of roots and
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shoots ground, heated to 550 °C and dissolved in diluted HCI with a few drops of nitric
acid as described by Cottenie et al. (1982). Relative water content in leaves was
measured as described by Mata & Lamattina (2001). Fruit traits included flower number,
cluster number, fruit number, fruit fresh weight, yield and fruit diameter.

Statistical analysis

Data was subjected to analysis of variance using Statistical Package for Social
Sciences (SPSS) software version 25® software. Means were compared by Duncan’s
multiple range tests at P <0.05.

RESULTS

Vegetative traits

Vegetative growth on stressed tomato was inhibited under the effect of salinity.
Plant height, leaf number and stem diameter were the lowest at 8 dS m™ in all plants
(Table 1). Treating plants with

lithovit-urea, bioumik and their Table 1. Vegetative traits of tomato as affected by
combination helped in reducing the salinity and treatments

adverse effect of salinity. In PH LN SD
specific, spraying plants with a (cm) (cm)

combination of both products 2 dS m’!/ Control 48.10de 10.00d 1.00c
2 dS m'!/ lithovit-urea 56.90c 11.75b 1.30ab

. . 2 dS m!/ bioumik 61.53b  15.25a 1.20abc
diameter with 7048 em and 141 em, =5 4gpinovie. 70482 12006 141

48.63 cm and 1.2 cm respectively at urea+bioumik

2and 4 dS m. A separate application 4 431/ Control ~ 40.15h  10.00d 1.07¢
of bioumik maximized leaf number 4 S m/ lithovit-urea 47.65de 11.25bc 1.10bc

maximized plant height and stem

under all EC levels. 4 dS m’'/ bioumik 44.55fg 11.75b 1.20abc
Fresh and dry weights of plants 4 dS m'/lithovit- 48.63d  10.00d 1.20abc
parts (Table2) was similarly urea+bioumik

inhibited with salinity and improved 8 dS m"!/ Control 32501 8.75e 0.80d
by different treatments. It was 8 dS m'!/ lithovit-urea 46.40ef 10.00d 1.10bc
8 dS m'!/ bioumik 44.00g 10.25cd 1.10bc
8 dS m/lithovit- 43.25g 9.75de 1.20abc
urea+bioumik

observed that spraying tomato with
a combination of bioumik and

lithovit-urea maximized fresh and -

d ioh £ d Means (n =9) followed by the same letter within each
ry weight of roots, stems an column are not significantly different according to
leaves almost under all EC levels. Duncan’s multiple range tests. PH —plant height;

For instance, fresh weights of roots LN — leaf number; SD — stem diameter.

of plants treated by the combination

significantly higher significantly compared to control at all EC levels. This ameliorative
effect was similarly observed with a less extent in the remaining treatments compared to
control at all EC levels. For instance, spraying plants by both products separately or in
combination doubled fresh weight of leaves compared to control at 4 and 8 dS m™.
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Table 2. Vegetative traits of tomato as affected by salinity and treatments
FWR DWR FWS DWS FWL DWL
(2) (2) (2 (2) (2) (2)

2 dS m’'/ Control 6.83de  1.70de 27.47c  6.62bcd 57.33f  12.30d
2 dS m’/ lithovit-urea 8.00bc  2.00bc 34.37a 7.62a 95.67ab  13.67cd
2 dS m!/ bioumik 8.65b 2.15ab  33.53a  7.52ab  96.30ab 14.30bc
2 dS m'/lithovit-urea+bioumik 10.23a  2.30a 36.00a  6.76abcd 100.33a 16.39a
4 dS m’'/ Control 6.00fg  1.66de  20.87ef 5.79d 40.47g  10.10e
4 dS m’/ lithovit-urea 7.06de  1.83cd 24.20d 6.48cd 84.33de 13.33cd
4 dS m’!/ bioumik 745cd  1.89cd 24.33d 6.0lcd 93.33b  14.30bc
4 dS m'/lithovit-urea+bioumik 8.27b 2.20ab  30.63b 6.77abc 91.67bc 15.73ab
8 dS m'!/ Control 5.40¢g 1.70de  19.50f 5.88cd  40.00g 10.07¢
8 dS m!/ lithovit-urea 6.00fg  1.66de 24.33d 6.35cd 80.20e  14.00bcd
8 dS m’!/ bioumik 6.06fg  1.58e 23.20de 6.08cd  87.17cd 13.40cd

8 dS m'!/lithovit-ureatbioumik  6.60ef  1.76de  28.60bc 6.57cd  85.67d  15.00abc
Means (n = 9) followed by the same letter within each column are not significantly different according to
Duncan’s multiple range tests. FWR — fresh weight of roots; DWR — dry weight of roots; FWS — fresh
weight of stems; DWS — dry weight of stems; FWL — fresh weight of leaves; DWL — dry weight of leaves.

Photosynthetic pigments, cell electrolyte leakage and relative water content

Under salinity effect, photosynthetic pigments including chlorophyll a, b and
carotenoids were significantly reduced (Table 3). In control plants, total chlorophyll and
carotenoids reduced from 1.6 mg g' FW and 1.1 mg g' FW, respectively at 2 dS m’
to a reach minimum of 1.01 mg g”' FW and 0.66 mg g FW, respectively at 8 dS m™'.

Table 3. Photosynthetic pigments of tomato as affected by salinity and treatments

Chla Chlb T Chl Car

(mgg'FW) (mgg'FW)  (mgg'FW) (mgg'FW)
2 dS m'!/ Control 0.98de 0.62¢ 1.60c 1.10b
2 dS m'!/ lithovit-urea 1.21bc 0.71b 1.92b 1.11b
2 dS m'!/ bioumik 1.31ab 0.66bc 1.97b 1.22ab
2 dS m''/lithovit-urea+bioumik 1.42a 0.82a 2.24a 1.34a
4 dS m’'/ Control 0.87ef 0.41e 1.28de 0.80de
4 dS m’Y/ lithovit-urea 1.15bcd 0.52d 1.67¢ 0.85d
4 dS m’'/ bioumik 1.11cd 0.51d 1.62¢ 0.90cd
4 dS m''/lithovit-urea+bioumik 1.22bc 0.66bc 1.88b 1.05bc
8 dS m''/ Control 0.69f 0.32f 1.01f 0.66¢
8 dS m'!/ lithovit-urea 0.90e 0.43¢ 1.33de 0.80de
8 dS m'!/ bioumik 0.85ef 0.32f 1.17ef 0.85d
8 dS m/lithovit-urea+bioumik 0.86ef 0.53d 1.39d 0.86d

Means (n = 3) followed by the same letter within each column are not significantly different according to
Duncan’s tests. Chl a — chlorophyll a; Chl b — chlorophyll b; T Chl — total chlorophyll; Car — carotenoids.

Reductions caused by salinity were lowered following the application of different
products in separate or combined form. These treatments increased significantly the
content in photosynthetic pigments of stressed tomato compared to control at all EC
levels. A maximum ameliorative effect was detected after spraying bioumik and
lithovit-urea in combination. Plants treated by this combination had significantly higher
total chlorophyll and carotenoids content compared to all the remaining treatments
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including control at all EC levels with 2.24 mg g FW and 1.34 mg g' FW, 1.88 mg g’
FW and 1.05 mg g' FW, and 1.39 mg ¢! FW and 0.86 mg g FW respectively at 2, 4 and
8 dS m™". On the contrary, cell electrolyte leakage was improved by increasing in salinity
peaking in control plants at 8 dS m™ (35.43%) (Table 4). The separate application of
bioumik minimized cell electrolyte

leakage at 2 dS m™ (8.82%) compared Table 4. Cell electrolyte leakage and relative
to control (11.43%). Additionally, the water content of tomato as affected by salinity and

application of bioumik and lithovit- treatments
urea in combination minimized this CEL (%) RWC (%)
trait at 4 and 8 dS m™' with 13.4% and g gg mi; S%ntr(')l 514‘9‘3@ ?(1)1923%
26.6% tively. Finally, although mr //ithovit-urea — 9.49¢ :
/0 TESPECIVETY. A 1y, 8RIOUBR 5 4S m!/ bioumik 882 100.53b
relative water content was lowered R
. .. . 2 dS m/lithovit- 8.89¢g 107.30a
with salinity, however, treating urea+bioumik
p.lan.ts by both products. improved 4 dS m’'/ Control 19 43¢ 80.87¢
significantly  such  trait. ~ When 4 4S m/ lithovit-urea  15.23de  89.47de
comparing between treatments, it was 4 dS m!/ bioumik 17.47cd  87.43def
obvious that the combination of both 4 dS m'/lithovit- 13.40ef  96.50bc
products was optimal on this trait ureat+bioumik
at all EC levels. Plants treated by 8 dS m™'/ Control 35.43a 82.60fg
lithovit-urea and bioumik had 8 dS m’!/ lithovit-urea ~ 28.40b 84.40efg
e
the highest relative water content ggg m_lﬁ lk'nl:)un'nk 522(7)2 g?ggdgf
with 107.3%, 96.5% and 91.2% m Jthovit- - 2le
ureatbioumik

: -1
respectively at 2, 4 and 8 .dS m”. In Means (n = 3) followed by the same letter within each
g.ene.ral, all. treatments l.nduced. a column are not significantly different according to
significant improvement in relative Duncan’s multiple range tests. CEL — cell electrolyte
water content except at 8 dS m™. leakage; RWC — relative water content.

Nutrient content in roots and shoots

As shown in Table 5, the increase in salt-stress from 2 to 8 dSm™ caused a
significant reduction in nutrient content including N, P, K, Ca and Mg in both treated
and non-treated plants. On the other hand, a significant increase almost in all
macronutrients content was observed following the application of different treatments.
The increase peaked following foliar spraying of the combination of lithovit-urea and
bioumik. For instance, N, Ca and Mg in roots were significantly the highest at 2 dS m™
(4.5%, 2.6% and 0.5% respectively), at 4 dS m™ (3.74%, 2.49% and 0.48% respectively)
and at 8 dS m™ (3.21%, 2.61% and 0.32% respectively). Additionally, K content in roots
was maximized following the separate application of bioumik with 3.21% and 2.55%
respectively at 2 and 8 dS m™'. P content in roots was significantly improved by product
application only at 8 dSm™ following the application of bioumik alone or in
combination with lithovit-urea. When comparing between both products applied in a
separate form, it was observed that application of bioumik was slightly better than
lithovit-urea. N, K, Ca and Mg content in roots of plants treated by bioumik were higher
than those of plants treated by lithovit-urea. The application of different treatments
reduced significantly Na accumulation in roots. Na content was minimized following
bioumik application at 2 (0.28%) and 4 dS m™ (0.31%), and lithovit-urea application
at 8 dS m™ (0.45%).
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Table 5. Nutrient content in roots of tomato as affected by salinity and treatments
N (%) P (%) K(®%) Ca(%) Na(%) Mg (%)

2 dS m'!/ Control 3.02d 0.63ab 3.04ab 2.21de 0.61c 0.22de
2 dS m’Y/ lithovit-urea 4.00b 0.66a 3.07ab  2.42abcd 0.32g 0.44abc
2 dS m’'/ bioumik 4.42a  0.59abcd 3.21a 2.45abc  0.28g 0.46ab
2 dS m'Ylithovit-urea+bioumik 4.50a  0.50def 2.98bc  2.60a 0.30g 0.50a

4 dS m''/ Control 2.55¢ 0.51cdef 2.59ef 2.11e 0.82b 0.16e

4 dS m’'/ lithovit-urea 322d 0.50def 2.57ef 2.37bcd  0.51def  0.32cd
4 dS m’!/ bioumik 3.66c  0.56bcde 2.75de 2.45abc  0.31g 0.34bcd
4 dS mlithovit-urea+bioumik 3.74c  0.5lcdef 2.8lcd 2.49ab 0.44f 0.48a

8 dS m''/ Control 1.70g  0.45f 2.50f 1.60f 0.96a 0.16¢

8 dS m'!/ lithovit-urea 2.20f  0.49ef 2.52f 2.03e 0.45ef 0.23de
8 dS m'!/ bioumik 3.00d 0.60abc  2.55ef 2.24cde  0.60cd 0.29de

8 dS m'Y/lithovit-urea+bioumik 3.21d  0.55bcde 2.47f 2.6la 0.54cde  0.32cd

Means (n = 3) followed by the same letter within each column are not significantly different according to
Duncan’s multiple range tests.

The content of nutrient in shoots (Table 6) was similarly influenced by salinity and
product application. N and Ca in shoots were significantly the highest after the
application of a combination of lithovit-urea and bioumik at 2 dS m™ (4.5% and 3.1%
respectively) and at 4 dSm™ (4.31% and 2.8% respectively). P content did not
significantly improve following the application of any treatment at all EC levels.

Table 6. Nutrient content in shoots of tomato as affected by salinity and treatments
N (%) P (%) K(%) Ca(%) Na(%) Mg (%)

2 dS m''/ Control 3.44d 0.88a 4.72bc  2.50de 041c 0.40cd
2 dS m’!/ lithovit-urea 425bc 0.81a 4.74bc  3.00ab 0.31de  0.58b
2 dS m'!/ bioumik 440ab 0.91a 4.85ab  2.95ab 0.25¢ 0.60ab
2 dS m/lithovit-urea+bioumik 4.54a 0.79ab  5.00a 3.10a 0.26¢e 0.70a
4 dS m''/ Control 3.0le 0.66bc  4.50c 2.40e 0.56b 0.32de
4 dS m’Y/ lithovit-urea 4.00c 0.79ab  4.57c 2.66cd 0.35¢cd 0.43cd
4 dS m’'/ bioumik 425bc  0.79ab  4.70bc  2.77bc 0.40c 0.50bc
4 dS m/lithovit-urea+bioumik 4.31ab  0.80ab  4.60bc  2.80bc 0.30de 0.50bc
8 dS m''/ Control 2.00f 0.55¢ 3.37e 1.90f 0.66a 0.28e¢
8 dS m'!/ lithovit-urea 3.19de  0.59c¢ 3.72d 2.30e 0.52b 0.40cd
8 dS m'!/ bioumik 3.43d 0.61c 3.80d 2.40e 0.50b 0.45¢

8 dS m™/lithovit-urea+bioumik 3.40d 0.57¢ 3.60d 2.43e 0.53b 0.41cd

Means (n = 3) followed by the same letter within each column are not significantly different according to
Duncan’s multiple range tests.

K content responded differently according to EC level; it was maximized by the
combination of both products at 2dS m" (5%) and by the separate application of
bioumik at 4 (4.7%) and 8 dSm™ (3.8%). Mg was affected similarly by product
application. Finally, Na content was significantly reduced compared to control following
the application of all treatments. It was the lowest in plants sprayed by bioumik at 2
(0.25%) and 8 dS m™ (0.5%) and by the combination at 4 dS m™ (0.3%).
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Fruit traits

As shown in Table 7, salinity caused a significant reduction in fruit traits. In control
plants, number of flowers, number of fruits, fruit weight, yield and fruit diameter were
reduced from 11 flowers, 6fruits, 29.37 g, 176.12 g plant and 2.21 cm, respectively at
2 dS m to reach a minimum of 9 flowers, 4.25 clusters, 25.38 g, 107.95 g plant’ and
2.02 cm respectively at 8 dS m™'. All treatments applied helped in reducing the adverse
effect caused by salinity on these traits. For instance, the number of clusters was
increased by 1 to 2 clusters in treated plants compared to control at all EC levels.
Additionally, the application of lithovit-urea and bioumik in combination maximized
flower number, fruit weight, yield and fruit diameter at 2 dS m™ (Table 7). Fruit number
was maximized by the application of bioumik at 2 (8.25 fruits), 4 (8 fruits) and 8 dS m'
(7.25fruits).

Table 7. Fruit traits of tomato as affected by salinity and treatments

FW Yield FD
N HNEN (gplant!) (cm)
2 dS m'!/ Control 3.00bc 11.00fg 6.00de 29.37ef 176.12¢ef 2.21g
2 dS m’'/ lithovit-urea 5.00a  14.00cd 7.00cd 40.48b  284.10c  2.70bc
2 dS m’!/ bioumik 475a  16.00ab 8.25ab  41.95b  345.25b  3.08a
2 dS m'Ylithovit-urea+bioumik 5.00a  17.00a  9.00a 47.93a 431.10a 3.23a
4 dS m’'/ Control 3.25bc 10.00gh 5.00ef  28.40f 141.85fg  2.30fg
4 dS m’/ lithovit-urea 4.00ab 12.00ef 6.00de  31.00e 186.00e 2.60cd
4 dS m'!/ bioumik 4.00ab 14.00cd 8.00abc 35.00cd 280.13¢  2.50de
4 dS m'Y/lithovit-urea+bioumik 4.75a  15.00bc  8.00abc 36.45¢ 291.85¢ 2.80b
8 dS m'!/ Control 2.50c  9.00h 4.25¢ 25.38¢g 107.95g  2.02h
8 dS m'!/ lithovit-urea 4.00ab 12.00ef 7.00cd  30.63e 214.53de  2.31fg
8 dS m'!/ bioumik 4.00ab 12.00ef 7.25bc  33.48d  241.35d  2.50de

8 dS m'/lithovit-urea+bioumik 4.00ab  13.00de  6.00de  34.23d  205.93de  2.40ef
Means (n = 9) followed by the same letter within each column are not significantly different according to
Duncan’s multiple range tests. CN — cluster number; F1 N — flower number; Fr N — fruit number; FW — fruit
weight; FD — fruit diameter.

DISCUSSION

Increasing in salinity had inhibitory effects on all traits. It caused a significant
reduction in plant height, leaf number and stem diameter. In previous studies, similar
inhibitory effects caused by saline conditions were reported (Sajyan et al., 2018;
Mahmoud et al. 2020). As mentioned, such effect is due primarly to an osmotic stress
upcoming from salt accumulation in the roots, reducing shoot growth rate and inhibiting
cell division and expansion (Liang et al., 1996). High Na+ content in plants reduces the
absorption of fundamental nutrient including K, Ca, Mg and others. On pepper crop, an
increase in salinity up to 6 dSm™ caused a reduction in nutrient uptake and, an
accumulation in Na content up to two-fold (Sajyan et al., 2020). Abdeldym et al. (2020)
reported an inhibition in water movement reducing fresh weights of plants and increasing
dry matter. In the current study, comparable negative results were observed including
reduction, in fresh weights of plant parts and in macronutrients accumulation (Table 2,
5 and 6).
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On the other hand, lithovit-urea50 and bioumik applied separately or in
combination induced tolerance of tomato to salinity especially when comparing to
non-treated plants. Regarding the separate effect of these products, it was observed that
bioumik was better than lithovit-urea. Plants treated with the former product had more
or less higher values for almost all the studied traits with some exceptions. In fact, both
products include in their composition many nutrients such as nitrogen and others.
However, bioumik contains humic, folic and amino acids which are not found in
lithovit-urea50.

In fact, bioumik was less applied previously on crops. Therefore, the exact
mechanism behind the ameliorative effect is still poorly understood. However, based on
the current results, it was observed that the separate use of this product rich in humic,
fulvic and amino acids and in nutrients was significantly efficient. Foliar spray of humic
acid to leaves promoted growth in cucumber (Canellas et al., 2015; De Hita et al., 2020).
According to these reports, an increase in hormonal concentration mainly auxins in roots
and shoots was associated with the application of humic substances which might
enhanced the rate of growth in all plant parts including roots, leaves and stems. These
results were translated in the current study following the application of bioumik
especially when observing fresh and dry weights of plant parts. Additionally, increasing
in humic substances in plant parts was associated with a decrease in abscisic acid (ABA)
contributing also in the stimulation of plant growth. ABA is well known to be associated
with leaf senescence and inhibition in shoot growth (Ghanem et al., 2008; Vysotskaya
et al., 2018). Other reports also coupled the application of humic substances with an
increase in nutrient content (N, K, Ca, Mg, and P absorption) and a decrease in toxic
elements including Na in maize and garden cress under salt stress (Elmongy et al., 2018;
Kaya et al., 2018). Bioumik containing both organic substances (fulvic and humic acids)
and nutrients maximized all nutrient content in roots and shoots of tomato crop subjected
to salinity (Table 5 and 6) especially when combined to lithovit-urea50.

Furthermore, the application of bioumik caused a significant increment in
photosynthetic pigments which were inhibited by salinity. The possible reason behind
this effect is the combination of organic acids with nutrient in plant foliage and roots.
This combination was maximized when bioumik and lithovit-urea50 were combined. In
other terms, organic acids found in bioumik might have cause reduction in pH, and a
release for cationic element such as Fe required for photosynthesis (Latif & Mohamed,
2016). Similar effects were observed in many previous studies (Akladious & Mohamed,
2018; Kaya et al., 2018). In this way, the enrichment in organic acids increased
salt-tolerance of crops through an increase in rubisco enzyme (Latif & Mohamed, 2016).
The already discussed effect was boosted after the addition of lithovit-urea50 containing
vital elements required for chlorophyll formation such as Fe and Mg. The combination
of bioumik with lithovit-urea50 boosted the immunity system of tomato plants by
minimizing sodium accumulation starting from roots to shoots, and by maximizing
nutrient uptake. This combination also boosted relative water content in leaves reflecting
a better water movement in the plant under salt-stress compared to non-treated plants.
This stimulatory effect was translated by an increase in weight, size and number of
tomato fruits. Consequently, yielding capacity of tomato crop was maximized. Basically,
as mentioned in previous sections, the presence of organic acids and nutrients (found in
both products) promoted fruit set and growth through a decrease in ABA which cause
fruit abscission under salinity. The presence of vital elements in both products such as
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calcium and phosphorus ensured good conditions for fruit set and for fruit growth.
Similar stimulatory effects were observed following the implementation of
lithovit-urea50 in mushroom production at different timings; yields produced were
maximized at all flushes. Additionally, the accumulation of nutrient and amino acids was
promoted after the use of this product (Naim et al., 2020; Sassine et al., 2021).

The implementation of these products helped plants in withstanding salinity by
ensuring a balanced nutritional status coupled with a protected cell membrane reducing
electrolyte leakage from cells. In this way, Na uptake was inhibited under saline
conditions, and photosynthetic machinery of the plants was re-established.

CONCLUSIONS

From the current study, it was revealed the combination of bioumik with lithovit-
urea50 maximized almost all the studied traits including vegetative, physiological and
reproductive attributes of tomato crops compared to non-treated plants. Additionally, in
this combination an adjuvant rather than antagonistic effect was evidenced between
lithovit-urea50 and bioumik.
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