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Abstract

This experiment was carried out at the Experimental Farm of Faculty of Agriculture, Cairo University, Giza, during the two
successive seasons of 2016 and 2017. The experiment was to study the effect of three water regime, 5 m?® (50%), 7.5 m® (75%)
or 10 m® (100%) /daily/ Fed, of the water holding capacity of two cultivars ‘Strain-B’ and ‘Super Marmande’, each with eight
treatments, (i.e. grafting tomato onto Strain-B hybrid, Solanum pimpinellifolium L, Edkawy cultivar or Datura Stramonium
rootstocks as well as using biochar, hydrogel amendment or inoculation with arbuscular mycorrhizal fungi as compared with
control treatment. A randomize complete block design with three factors was used for analysis all data with three replications
for each parameter. The results indicated that drought stress (DS) treatments (75% and 50% of water requirements) caused
significant reduction in tomato plant height, fruit weight, fruit length, fruit diameter and total yield of tomato as well as
chlorophyll readings and NPK content in tomato fruits, whereas, TSS%, vitamin C, lycopene content and ABA concentration
was significantly higher in drought stress treatments than normal irrigation treatment. On the other hand, all agricultural
treatments that used enhanced growth, fruit quality, total yield and chemical composition of tomato as compared with
control. In this respect, using Datura Stramonium as a rootstock was the best treatment in improving growth and yield of

tomato.
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Introduction

Tomato (Solanum lycopersicum L.) is one of the
most popular and widely used vegetable crops in the world.
The fruits of S. lycopersicum have valuable nutritional
components with antioxidant activity like vitamin C,
carotenoid pigments and phenolic compounds.
Temperature and light intensity exert a direct influence
on the quality attributes of tomato fruit (Dorais et al.,,
2008). On the other hand, the effects of various
environmental stresses are known to affect the
antioxidant content of tomatoes (Dumas et al., 2003).

Drought is the single most critical problem to world
food security. Because the world’s water supply is
limiting, future food demand for rapidly increasing
population pressures is likely to further aggravate the
effects of drought (Somerville and Briscoe, 2001).
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Investigations carried out in the past provide considerable
insights into the mechanism of drought tolerance in plants
at molecular level (Hasegawa et al., 2000).There are
three main mechanisms reduce crop yield by soil water
deficit such as reduction canopy absorption of
photosynthetically active radiation, decreasing radiation
use efficiency and reduction harvest index (Earl and Davis,
2003). The reproducibility of drought stress treatments is
very cumbersome, which significantly Impedes research
on plant drought tolerance. A slow pace in revealing
drought tolerance mechanisms has hampered both
traditional breeding efforts and use of modern genetics
approaches in the improvement of drought tolerance of
crop plants (Xiong et al., 2006). Reduction the adverse
effect of the drought is to develop crop cultivars that are
more tolerant to such stresses. This is carried out with
tremendous efforts particularly with plant breeding.
However, classical breeding is slow and time consuming
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but recent advances of practical selection tools like genetic
markers would accelerate the process so far.

Grafting is a special method of adapting plants to
counteract environmental stresses is by elite commercial
cultivars onto selected rootstocks (Lee and Oda, 2003).
Grafting is nowadays regarded as a rapid alternative tool
to the relatively slow breeding methodology aimed at
enhancing environmental stress tolerance of fruit
vegetables (Flores et al., 2010). More than 50 years ago
in many parts of the world. Grafting is already used for
in vegetable production. Grafting is not associated with
the input of agrochemicals to the crops and is, therefore,
considered to be an environment-friendly operation of
substantial and sustainable relevance to integrated and
organic crop management systems (Rivard and Louws,
2008). Nowadays, grafting is used to reduce infections
by soilborne pathogens and to enhance the tolerance
against various abiotic stresses. Among those are saline
soils (Collaetal., 2010), soil-pH (alkalinity) stress, nutrient
deficiency, and toxicity of heavy metals (Savvas et al.,
2010). Other abiotic conditions for the application of
rootstocks are thermal stress, drought and flooding, and
persistent organic pollutants.

Recently, biochar amendments have large-scale
agricultural, economic and environmental benefits (Kumar
etal., 2017). It is a highly porous, fine-grained charcoal
that can hold carbon combusted under low oxygen at
relatively high temperatures (Fazal and Bano, 2016). Like
bioethanol, Different types of biomass and the thermo
chemical conditions are used to pyrolyze it significantly
to influence the quality of biochar and its potential uses
(Chen et al., 2011). The porous structure of biochar
particles enhances the water-retaining capacity and
nutrient retention of soil, as well microbial accumulation.
Moreover, the improved water retention capacity means
that there is a more excellent capability of the soil to hold
water against dry-wet cycles in the natural environment,
which can favor the maintenance of a stable microbial
activity (Liang et al., 2014). The application of biochar
has been increasingly improve soil fertility and increasingly
discussed as a mitigation strategy for sequestering
recalcitrant carbon into agricultural soils (Glaser et al.,
2002; Lehmann 2006, 2007a, b). biochar contains
significantly higher phosphorus amounts, and have larger
stocks of soil organic matter (Glaser et al., 2001).

Mycorrhiza is a symbiotic association between a
group of soil fungi called Arbuscular mycorrhizal fungi
(AMF) and plants. The successful association between
plants and AMF constitutes a strategy to improve the
nutritional status of both associates, which reduces the
use of fertilizers specially phosphorus nutrition (Almagrabi
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and Abdelmoneim, 2012). The AMF take carbohydrates
compounds from their plant host, while the plants benefit
from the association by the increased nutrients uptake,
which improve tolerance to abiotic stress (drought or
salinity), as well as enhanced plant disease control
(Linderman, 1994; Song et al., 2011).

Synthetic polymers in the form of crystals or tiny
beads available under several trade names such as super
absorbent polymers, root watering crystals and drought
crystals are collectively known as hydrogels. They have
enormous capacity to absorb water when it comes by
and make it available to plants over time. The addition of
hydrogel at the rate of 2 g/kg increased the water holding
capacity of coarse sand from 171 to 402% (Johnson 1984).
Further, hydrogel addition improved water storage
properties of porous soils and resulted in the delay and
onset of permanent wilting percentages under intense
evaporation. An increase in water holding capacity due
to hydrogel significantly reduced the irrigation requirement
of many plants (Taylor and Halfacre 1986). So, the
objective of this study was to determine the role of
grafting, biochar, hydrogel amendments as well as
arbuscular mycorrhizal fungi in improving water stress
tolerance of tomato.

Materials and Methods

This investigation was carried out at the Experimental
farm of Faculty of Agriculture, Cairo University, Giza,
during the two successive seasons of 2016 and 2017.
The experiment was to study the effect of three water
regime, 5 m? (50%), 7.5 m?® (75%) or 10 m® (100%) /
daily/ Fed, of the water holding capacity of two cultivars
‘Strain-B’ (Ferry-Morse Seed Co., USA), ‘Super
Marmande’ (Abundance Co., France), each with eight
treatments, (i.e. grafting tomato onto Strain-B hybrid,
Solanum pimpinellifolium L, Edkawy cultivar or Datura
Stramonium rootstocks as well as using biochar (at rate
of 500 Kg/fed), hydrogel amendment (at rate of 1g/Kg
of soil) or inoculation with arbuscular mycorrhizal fungi
(using 500 g/ fed) as compared with control treatment.
The soil of the experimental area was loamy clay in texture
with 7.89, EC 1.65 (mmohs/cm) and contained 42 ppm
N, 22 ppm P, 187 ppm K. A randomize complete block
design with three factors was used for analysis all data
with three replications for each parameter.

Seeds were sown on the July 12 and 15 in 2016 and
2017, respectively. For preparations of scions and
rootstocks, seeds were sown, separately, in 209 whole
trays filled with peat moss. One seed of each cultivar
was sown in each hole of the trays and then they were
thoroughly irrigated. Grafting started when the second
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true leaf of the rootstock and the first true leaf of the
scion were established. The grafting cut for rootstock
was made in a downward direction and the scion was
cut in an upward direction at an angle about 402% to the
perpendicular axis, and deep enough to allow the fusion
of as many vascular bundles as possible. After the grafting
is completed, especially designed clips are placed to fix
the graft position. Grafted plants were kept under clear
polyethylene plastic cover for about 5 days to heal and
establish the joining surface. Partial shading was applied
during the daytime to avoid excessive heat build-up. The
grafting method used here is described in details by Lee
and Oda (2003). Seedling was transplanted in both sides
of row, 1mwide and 40 m long, on 26™ of August in 2016
and on 28" of August in 2017. The distance between
plants in the same row was 25 cm. Water was supplied
daily to maintain the soil moisture level close to field
capacity during the first one week of plant growth after
that plants were allowed to irrigate with 100%,70%.50%
of the water holding capacity of the control. AM fungus,
hydrogel, biochar added on surface of the soil directly
after transplanting near to seedlings of two tomato
cultivars Supper Marmand and Strain B.  Soil preparation
and all cultural practices were done as recommended
for production of tomato (Hassan, 1988). The treatments
of this experiment were 48 treatments arranged in
randomized complete-blocks with three replicates. The
area of experimental plot was 2.5 m? (2.5 m lengths X 1
m width).

Plant height, the mean of three plants of each plot, at
90 days from transplanting and number of days to fruit
set were recorded and also three fruits from each plot
randomly sampled at the second harvest to estimate fruit
characteristics (mean fruit weight, fruit length, fruit
diameter, fruit firmness and fruit TSS%, by using Zeiss
laboratory refractometer), also total yield was calculated
in the end of season growth. NPK contents of tomato
fruits (nitrogen content was determined by micro-Kjeldahl
method as explained by Hesse, 1971, phosphorus content
determined by using spectrophotometer according to
Taussky and Shorr, 1952, potassium content was
determined by using absorption flame-photometer
according to the method described by Brown and Lilliland,
1946), Chlorophyll readings in leaves (was determined
on the second fully expanded leaf using CM-1000
chlorophyll meter (Spectrum, USA) according to the
manufacturer’s instructions), Vitamin C content (was
determined by the titration method (AOAC, 1980)),
Lycopene content (was measured in the supernatant using
a spectrophotometer Shimadzu UV-1208 (Shimadzu Co.,
Kyoto, Japan) at a wave-length of 505 nm as described
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by Adsule and Dan, 1979) and ABA concentrations in
leaves (by ELISA method after extraction with hot water
(Loveys and Van Dijk, 1988). leaf samples were takes
for analysis by GCMS (Green et al., 1997) were recoded.
The treatment means were compared by least significant
difference (L.S.D.) test as given by Snedecor and
Cochran (1976) by used Assistat program.

Results and Discussion

Effect of water regime, cultivars, agricultural
practices and their interactions on tomato plant
height

Data in table 1 showed that drought stress (DS)
treatments (75% and 50% of water requirements) caused
significant reduction in tomato plant height in both
seasons, as compared with normal irrigation, NI, (100%
of water requirements). Generally, the lowest values of
plant height were recorded with 50% DS treatment.
These results may be attributed to shortage availability
of nutrients that occurs because of water stress or may
be due to the reduction canopy absorption of
photosynthetically active radiation and decreasing
radiation use efficiency in the case of water deficient
(Earl and Davis, 2003).

With regard to the effect of tomato cultivar on plant
height, data indicated that plant height was significantly
higher in Super Marmand (SM) than Strain-B (SB) in
both seasons. These results may be comeback to the
genetic differences between the cultivars.

As compared with control, plant height in the two
seasons was significantly higher with using the all
agricultural treatments. The highest values of tomato plant
height were achieved with using Datura stramonium as
a rootstock followed by grafting onto SB hybrid and
inoculation by mycorrhiza in both seasons respectively.
These results may be attributed to the spread of Datura
stramonium rootstock roots or hypha of mycorrhiza that
increasing the absorption of water and nutrients from the
soil. In this respect, Savvas et al., (2010) reported that
grafting was used to decrease the drought stress. Also,
Linderman, 1994; Song et al., (2011) remarked that
mycorrhiza take carbohydrates compounds from their
plant host, while the plants benefit from the association
by the increased nutrients uptake, which improve
tolerance to abiotic stress (drought).

The interaction between cultivars and water regime
on plant height was significant in both seasons (Table 1).
‘SM’ cultivar exceeded ‘SB’ cultivar in plant height in all
water regime treatments in both seasons.

With regard to the interaction between water regime
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Table 1: Effect of water regime, cultivars, agricultural practices and their interactions on tomato plant
height (cm), 90 days after transplanting in the seasons of 2016 and 2017.

Water Treatments Cultivar Mean Cultivar Mean
regime SB SM SB SM
Season 2016 Season 2017
100% G. SB hybrid 7713 8143 | 7928 | 7323 84.70 78.97
G.S.pimpinellifolium 62.43 7623 | 69.33 | 5860 79.33 68.96
G Edkawy 7277 8153 | 7715 | 69.00 85.10 77.05
G. D. stramonium 8150 8853 | 8502 | 77.20 9147 84.33
Biochar 70.33 8117 | 7575 | 66.47 84.37 75.42
Hydrogel 7367 7987 | 7565 | 66.30 8240 74.35
Mycorrhiza 73.87 8053 | 76.68 | 6947 8353 76.08
Control 46.33 5540 | 5087 | 4227 58.73 5050
Mean 69.67 7768 | 7371 | 6531 80.92 7311
5% G. SB hybrid 74.20 79.40 | 7680 | 70.30 8247 76.38
G.S.pimpinellifolium 61.73 7173 | 66.73 | 5753 74.70 66.11
G Edkawy 69.37 7760 | 7348 | 6553 80.83 7318
G. D. stramonium 79.40 87.70 | 8355 | 7553 90.30 82.92
Biochar 7013 7723 | 7368 | 66.33 80.83 7358
Hydrogel 69.87 7763 | 7487 | 66.27 80.97 73.62
Mycorrhiza 70.70 7950 | 7562 | 6697 82.70 75.25
Control 45.30 50.77 | 4803 | 4153 53.67 47.60
Mean 67.68 7560 | 7159 | 63.75 78.59 71.16
50% G. SB hybrid 60.20 7040 | 6530 | 64.13 75.23 69.68
G.S.pimpinellifolium 56.10 65.60 | 60.85 | 50.37 70.33 60.35
G Edkawy 60.13 7060 | 6537 | 54.23 75.37 64.80
G. D. stramonium 7140 80.70 | 76.05 | 65.60 85.89 75.75
Biochar 65.47 7083 | 6815 | 59.20 75.43 67.32
Hydrogel 60.13 7287 | 6650 | 54.30 77.60 65.95
Mycorrhiza 62.40 7153 | 66.97 | 5653 76.60 66.57
Control 40.63 5010 | 4537 | 3813 55.33 46.73
Mean 59.56 69.08 | 64.32 | 5531 7397 64.64
G. SB hybrid 7051 7708 | 7379 | 69.22 80.80 75.01
G.S.pimpinellifolium 60.09 7119 | 6564 | 5550 74.79 65.14
G Edkawy 67.42 7658 | 7200 | 6292 80.43 71.68
G. D. stramonium 7743 8564 | 8154 | 7278 89.22 81.00
Biochar 68.64 7641 | 7253 | 64.00 80.21 7211
Hydrogel 67.89 7679 | 7234 | 6229 80.32 7131
Mycorrhiza 68.99 7719 | 7309 | 64.32 80.94 72.63
Control 44.09 5209 | 4809 | 4064 55.91 48.28
Mean 65.63 7412 61.46 77.83
LSD value at 0.05:
Water: 0.33 Cultivars: 0.27 Treatments; 0.54 Interaction: 1.33
Water: 0.23 Cultivars: 0.19 Treatments: 0.38 Interaction: 0.93

and agricultural treatments, it was evident from the data
of the two seasons that all agricultural treatments gave
significant increment in plant height as compared with
control in all water regime treatments. Generally, grafting
on Datura stramonium gave the highest plant height with

all water regime treatments in both seasons.

The interaction between cultivars and cultural
treatments showed that all cultural treatments increased
plant height of tomato in SB and SM cultivars in both
seasons.
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Table 2: Effect of water regime, cultivars, agricultural practices and their interactions on number of days
to fruit set of tomato in the seasons of 2016 and 2017.

Water Treatments Cultivar Mean Cultivar Mean
regime SB SM SB SM
Season 2016 Season 2017
100% G. SB hybrid 50.33 4433 | 4733 | 4867 44.67 46.67
G.S.pimpinellifolium 53.00 4967 | 5133 | 5033 50.67 505
G Edkawy 48.33 4567 | 47.00 | 47.00 4567 46.34
G. D. stramonium 46.67 4367 | 4517 | 45.00 4233 43.62
Biochar 50.33 50.00 | 50.16 | 50.67 46.00 48.34
Hydrogel 48.67 4980 | 4923 | 51.33 43.00 4717
Mycorrhiza 48.67 4767 | 4817 | 51.00 45.00 48.00
Control 54.67 5167 | 5317 | 5333 51.00 52.17
Mean 50.08 4781 | 4895 | 49.67 46.04 47.86
5% G. SB hybrid 50.33 4833 | 4933 | 50.33 45,67 48.00
G.S.pimpinellifolium 56.67 5100 | 5383 | 5133 52.33 51.83
G Edkawy 51.33 4633 | 4883 | 4833 47.00 4767
G. D. stramonium 48.33 4433 | 4633 | 4800 4500 46.50
Biochar 51.67 50.00 | 50.84 | 5100 51.33 5117
Hydrogel 51.33 5100 | 5117 | 5167 51.00 51.33
Mycorrhiza 50.67 4933 | 50.00 | 5200 50.67 5134
Control 56.00 52.00 54 55.67 53.33 5450
Mean 52.04 4904 | 5054 | 51.03 4954 50.29
50% G. SB hybrid 64.33 5133 | 57.83 | 6100 52.67 56.83
G.S.pimpinellifolium 66.67 5467 | 6067 | 54.33 54.67 5450
G Edkawy 62.67 4933 | 56.00 | 59.33 49.67 5450
G. D. stramonium 61.33 4567 | 5350 | 58.00 46.00 52.00
Biochar 65.67 5233 | 59.00 | 6167 52.33 56.99
Hydrogel 66.33 5133 | 5883 | 6233 51.67 57.83
Mycorrhiza 66.67 5300 | 59.83 | 62.00 53.33 57.66
Control 70.67 59.33 | 65.00 | 67.00 59.67 63.33
Mean 65.54 5212 | 5883 | 60.71 52.50 56.61
G. SB hybrid 55.00 4800 | 5150 | 5333 4767 48.83
G.S.pimpinellifolium 58.78 51.78 | 5528 | 52.00 52.56 52.28
G Edkawy 5411 4711 | 5061 | 5155 47.44 4783
G. D. stramonium 5211 4456 | 4833 | 50.33 44.44 4572
Biochar 55.89 50.78 | 5333 | 54.44 49.89 5050
Hydrogel 55.44 5056 | 5300 | 55.11 48.56 50.17
Mycorrhiza 55.33 5000 | 5267 | 55.00 49.67 50.67
Control 60.33 5433 | 57.33 | 58.66 54.67 55.00
Mean 55.87 49.64 52.80 49.36
LSD value at 0.05:
Water: 0.32 Cultivars: 0.26 Treatments: 0.52 Interaction: 1.3
Water: 0.27 Cultivars: 0.22 Treatments; 0.44 Interaction: 1.08

The interaction between water regime, tomato
cultivars and agricultural practices on plant height gave
similar trend of the agricultural practices effects. In this
respect, all agricultural practices significantly improved
plant height of the two cultivars in the three different

water regimes in both seasons as compared with control.

Effect of water regime, cultivars, agricultural
practices and their interactions on number of days
to fruit set of tomato

As shown in table 2, the results in both seasons
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Table 3: Effect of water regime, cultivars, agricultural practices and their interactions on fruit weight (g)
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in the seasons of 2016 and 2017.

Water Treatments Cultivar Mean Cultivar Mean
regime SB SM SB SM
Season 2016 Season 2017
100% G. SB hybrid 79.23 10253 | 90.88 | 74.17 106.53 90.35
G.S.pimpinellifolium 75.80 94.77 | 8529 | 7183 9353 82.68
G Edkawy 88.13 9790 | 9302 | 87.17 103.23 95.20
G. D. stramonium 89.73 10920 | 9946 | 93.90 10753 100.72
Biochar 86.83 94.80 | 90.82 | 8190 99.13 90.52
Hydrogel 87.23 9557 | 9140 | 8050 99.40 89.95
Mycorrhiza 84.73 9887 | 91.80 | 77.30 10150 89.40
Control 7857 9123 | 8490 | 69.10 94,57 81.83
Mean 83.78 9811 | 9094 | 7948 100.68 90.07
5% G. SB hybrid 69.50 101.20 | 8535 | 7157 96.87 84.22
G.S.pimpinellifolium 67.17 8887 | 7802 | 68.13 89.10 78.62
G Edkawy 8250 9720 | 8985 | 7873 9153 88.98
G. D. stramonium 84.73 10020 | 9247 | 8347 10353 8348
Biochar 7157 9047 | 84.02 | 79.17 84.80 81.98
Hydrogel 75.17 9473 | 8495 | 7957 89.57 84.57
Mycorrhiza 71.63 9450 | 8307 | 77.07 92.53 84.80
Control 64.20 8990 | 7705 | 7290 84.90 7890
Mean 74.05 9463 | 8434 | 76.33 91.60 83.97
50% G. SB hybrid 67.63 8820 | 7792 | 6230 88.53 75.42
G.S.pimpinellifolium 66.70 7650 | 7160 | 62.03 76.83 69.43
G Edkawy 82.10 89.73 | 87.23 | 7443 90.07 82.25
G. D. stramonium 8243 0183 | 8998 | 7543 92.17 83.80
Biochar 70.87 7740 | 7413 | 65.60 77.07 7133
Hydrogel 66.53 69.87 | 6820 | 6187 70.20 66.03
Mycorrhiza 66.90 8057 | 7373 | 6223 80.23 71.23
Control 58.87 7520 | 6703 | 54.20 7553 64.87
Mean 71.30 8116 | 76.23 | 64.76 81.33 73.04
G. SB hybrid 7212 9731 | 8472 | 69.34 9731 83.33
G.S.pimpinellifolium 69.89 86.71 | 7830 | 67.33 86.49 76.91
G Edkawy 84.24 9494 | 8959 | 80.01 94.94 87.48
G. D. stramonium 85.63 10041 | 9302 | 84.27 101.07 92.67
Biochar 78.42 8756 | 8299 | 7556 87.00 81.28
Hydrogel 76.31 86.72 | 8152 | 7398 86.39 80.18
Mycorrhiza 7442 9131 | 8287 | 7220 9142 8181
Control 67.21 85.44 | 76.33 | 6540 85.00 75.20
Mean 76.03 91.30 7352 91.20
LSD value at 0.05:
Water: 0.86 Cultivars: 0.70 Treatments: 1.4 Interaction: 3.44
Water: 0.66 Cultivars: 0.54 Treatments: 1.08 Interaction: 2.65

indicated that DS treatments (75% and 50% of water
requirements) significantly increased the number of days
for fruit set in tomato, as compared with NI (100% of
water requirements). The highest number of days to fruit
set was observed with 50% of water requirements in

both seasons. This result may be due to the lack of
elements transportation or to the reduction in
photosynthesis rate as a result to water stress Earl and
Davis, (2003); Xiong et al., (2006).

Regarding cultivars effect, fruits of SB cultivar
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Table 4: Effect of water regime, cultivars, agricultural practices and their interactions on fruit length (cm)

in the seasons of 2016 and 2017.

Water Treatments Cultivar Mean Cultivar Mean
regime SB SM SB SM
Season 2016 Season 2017
100% G. SB hybrid 5.00 3.73 4.37 4.80 393 4.36
G.S.pimpinellifolium 490 3.80 435 4.70 3.60 415
G Edkawy 513 4.80 497 493 460 4.77
G. D. stramonium 493 4.80 4.86 5.73 460 4.73
Biochar 5.83 3.80 482 5.63 3.60 462
Hydrogel 5.07 420 463 487 400 487
Mycorrhiza 5.80 423 5.02 5.60 403 482
Control 550 357 453 4.30 3.37 3.83
Mean 527 412 469 507 352 451
5% G. SB hybrid 423 3.10 367 403 290 347
G.S.pimpinellifolium 5.60 353 407 413 333 3.87
G Edkawy 433 4.80 4.38 440 3.60 418
G. D. stramonium 497 413 455 4.77 3.80 397
Biochar 433 400 4.16 413 393 403
Hydrogel 457 373 415 437 353 395
Mycorrhiza 417 410 413 397 390 393
Control 3.87 3.83 3.85 367 3.63 3.6
Mean 4.38 3.78 408 418 358 3.88
50% G. SB hybrid 3.00 3.03 3.02 3.00 2.80 290
G.S.pimpinellifolium 227 253 240 313 207 2.60
G Edkawy 3.00 3.33 3.16 313 2.80 297
G. D. stramonium 343 3.27 3.22 360 3.07 333
Biochar 3.10 287 298 290 3.07 298
Hydrogel 317 313 3.28 323 3.00 312
Mycorrhiza 343 367 355 323 353 3.38
Control 267 200 233 253 290 272
Mean 301 298 299 3.09 2.70 3.00
G. SB hybrid 408 3.29 3.68 3.88 314 351
G.S.pimpinellifolium 392 356 374 372 3.36 354
G Edkawy 415 371 393 417 3.78 397
G. D. stramonium 4.77 402 4.39 4.70 3.82 4.26
Biochar 442 355 3.99 422 353 3.88
Hydrogel 427 3.69 398 444 351 398
Mycorrhiza 447 400 423 427 382 404
Control 3.68 313 341 350 3.30 340
Mean 4.22 3.63 411 3.87
LSD value at 0.05:
Water: 0.17 Cultivars: 0.14 Treatments: 0.27 Interaction: 0.67
Water: 0.15 Cultivars: 0.12 Treatments: 0.2 Interaction: 0.60

needed number of days significantly higher than SM
cultivar to fruit set in both seasons. These results return

to the genetic differences between cultivars.

With regard to the effect of cultural treatments, using
all agricultural treatments in both seasons significantly
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decreased the number of days to fruit set as compared
with control. Overall, grafting on Datura stramonium
had the lowest number of days to fruit set, followed by
grafting on Edkawy, in both seasons. These results
attributed to the grafting technique that encourages the



2662

Mohamed A. Badawy et al.

Table 5: Effect of water regime, cultivars, agricultural practices and their interactions on fruit diameter
(cm) in the seasons of 2016 and 2017.

Water Treatments Cultivar Mean Cultivar Mean
regime SB SM SB SM
Season 2016 Season 2017
100% G. SB hybrid 4.70 6.70 5.70 4.30 6.30 5.30
G.S.pimpinellifolium 427 6.57 542 3.87 6.17 5.02
G Edkawy 567 707 6.40 527 6.47 6.00
G. D. stramonium 5.80 713 6.47 5.40 6.73 593
Biochar 5.10 6.43 577 4.70 6.03 537
Hydrogel 5.73 6.27 6.00 533 5.87 5.60
Mycorrhiza 547 6.30 5.88 5.07 590 5.48
Control 400 6.23 512 3.60 5.83 4.72
Mean 5.09 6.58 5.83 469 6.16 543
5% G. SB hybrid 453 6.70 5.62 413 6.30 522
G.S.pimpinellifolium 437 5.80 5.08 397 540 468
G Edkawy 527 6.60 593 487 6.20 553
G. D. stramonium 533 6.87 6.20 4.93 6.67 5.80
Biochar 487 533 5.10 447 493 4.70
Hydrogel 430 557 493 390 5.17 453
Mycorrhiza 473 5.83 5.28 433 543 488
Control 467 533 5.00 4.27 493 460
Mean 4.76 6.03 5.39 4.36 5.63 4.99
50% G. SB hybrid 4.37 4.37 4.37 397 397 397
G.S.pimpinellifolium 413 433 423 373 393 383
G Edkawy 400 433 417 3.60 393 377
G. D. stramonium 4.67 4.67 4.67 4.27 4.27 4.27
Biochar 400 433 417 3.60 393 377
Hydrogel 443 427 435 403 3.87 395
Mycorrhiza 433 420 427 393 3.80 3.87
Control 423 3.33 3.78 3.83 393 3.38
Mean 4.27 423 4.25 3.87 3.83 3.85
G. SB hybrid 453 592 523 413 452 483
G.S.pimpinellifolium 4.26 557 491 486 5.17 451
G Edkawy 498 6.02 550 458 5.62 5.10
G. D. stramonium 527 6.20 5.73 487 5.80 533
Biochar 4,66 537 501 4.26 497 461
Hydrogel 482 5.37 5.09 442 497 469
Mycorrhiza 484 5.44 5.14 444 5.04 474
Control 4.30 497 463 3.90 457 423
Mean 471 5.61 431 521
LSD value at 0.05:
Water: 0.21 Cultivars: 0.17 Treatments; 0.34 Interaction: 0.82
Water: 0.23 Cultivars: 0.19 Treatments: 0.36 Interaction: 0.83

earliness in fruit set as reported by Lee and Oda, (2003);

Flores et al., (2010).

Regarding the interaction between cultivars and water
regime on number of days to fruit set, SM cultivar was
significantly faster than SB cultivar to reaching fruit set

in all water regime treatments in both seasons.

The interaction between water regime and agricultural
treatments in the two seasons revealed that all agricultural
treatments significantly reduced the number of days to
fruit set as compared with control in all water regime
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Table 6: Effect of water regime, cultivars, agricultural practices and their interactions on fruit firmness
(Kg/cm?) in the seasons of 2016 and 2017.

Water Treatments Cultivar Mean Cultivar Mean
regime SB SM SB SM
Season 2016 Season 2017
100% G. SB hybrid 217 149 183 257 1.89 223
G.S.pimpinellifolium 198 172 185 2.38 212 225
G Edkawy 223 163 193 263 203 233
G. D. stramonium 253 167 215 293 207 250
Biochar 163 183 173 203 2.23 213
Hydrogel 170 187 178 210 227 219
Mycorrhiza 1.08 190 149 220 2.30 225
Control 119 187 153 159 227 193
Mean 181 174 178 2.30 214 2.22
5% G. SB hybrid 313 208 2.60 3.03 248 2.75
G.S.pimpinellifolium 2.73 213 243 313 253 2.83
G Edkawy 262 273 267 297 313 3.05
G. D. stramonium 2.70 230 250 3.10 2.70 290
Biochar 2.30 200 215 2.70 240 255
Hydrogel 197 243 220 237 283 2.60
Mycorrhiza 180 207 185 148 247 198
Control 170 210 190 210 250 2.30
Mean 236 2.22 2.29 261 2.63 262
50% G. SB hybrid 367 3.63 3.6 407 353 3.80
G.S.pimpinellifolium 373 400 3.87 313 340 327
G Edkawy 357 433 3.95 3.02 3.73 3.37
G. D. stramonium 413 5.00 457 353 450 402
Biochar 350 377 3.64 290 317 3.04
Hydrogel 3.83 397 3.90 323 3.07 3.15
Mycorrhiza 337 367 352 340 397 3.69
Control 3.00 392 3.46 277 3.10 294
Mean 3.60 392 3.76 3.65 355 3.60
G. SB hybrid 299 240 264 3.22 263 293
G.S.pimpinellifolium 2.81 261 271 2.88 2.68 2.78
G Edkawy 2.80 2.89 2.85 2.87 2.96 292
G. D. stramonium 312 299 3.06 3.18 3.09 314
Biochar 247 253 250 254 2.60 257
Hydrogel 230 2.75 252 2.56 291 2.73
Mycorrhiza 2.08 254 230 2.36 291 2.64
Control 196 263 217 215 262 2.38
Mean 2.56 2.66 272 2.80
LSD value at 0.05:
Water: 0.17 Cultivars: NS Treatments: 0.20 Interaction: 0.46
Water: 0.11 Cultivars: NS Treatments: 0.19 Interaction: 0.48

treatments. Mostly, grafting on Datura stramonium was
the earlier treatment in fruit set with all water regime
treatments in both seasons.

Also, as compared with control, all agricultural
treatments significantly decreased the number of days to
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tomato fruit set in SB and SM cultivars in both seasons.

Similar trend of the tripartite interaction was noticed

on number of days to fruit set. As compared with control,
all agricultural practices caused earliness in fruit set of
the two cultivars in the three different water regimes in
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Table 7: Effect of water regime, cultivars, agricultural practices and their interactions on fruit T.S.S% in

the seasons of 2016 and 2017.

Water Treatments Cultivar Mean Cultivar Mean
regime SB SM SB SM
Season 2016 Season 2017
100% G. SB hybrid 423 433 4.28 493 503 498
G.S.pimpinellifolium 433 440 437 5.03 5.10 5.07
G Edkawy 4.80 5.10 495 543 577 5.60
G. D. stramonium 450 507 4.79 5.20 5.80 550
Biochar 463 487 455 533 557 5.45
Hydrogel 450 477 464 5.20 547 533
Mycorrhiza 400 533 467 4.70 6.00 5.37
Control 400 420 410 4.70 550 5.10
Mean 4.37 4.76 457 501 553 5.30
5% G. SB hybrid 493 513 503 5.63 5.89 5.80
G.S.pimpinellifolium 433 5.27 480 5.03 5.08 542
G Edkawy 5.00 5.83 542 5.70 6.23 5.96
G. D. stramonium 493 5.10 502 5.63 5.83 5.73
Biochar 450 533 492 5.20 6.03 5.62
Hydrogel 467 497 482 6.03 5.67 5.85
Mycorrhiza 467 5.30 498 5.37 6.03 5.70
Control 4.77 4.80 4.78 490 577 5.34
Mean 5.30 522 5.26 5.44 5.82 5.63
50% G. SB hybrid 5.30 5.73 5.15 6.00 6.03 6.20
G.S.pimpinellifolium 5.63 533 5.48 6.33 597 6.18
G Edkawy 543 7.00 6.22 6.60 7.70 7.15
G. D. stramonium 5.90 553 5.68 6.13 6.53 6.33
Biochar 5.90 547 5.68 6.60 6.17 6.38
Hydrogel 555 523 5.39 6.20 593 6.07
Mycorrhiza 5.07 5.67 5.37 5.77 6.37 6.07
Control 507 5.30 5.20 5.40 6.00 5.70
Mean 5.48 5.66 557 6.12 6.34 6.22
G. SB hybrid 482 5.06 494 552 5.65 559
G.S.pimpinellifolium 477 494 486 547 5.64 5.56
G Edkawy 507 597 552 591 6.57 6.24
G. D. stramonium 511 523 517 5.65 6.05 585
Biochar 501 522 512 571 592 5.82
Hydrogel 511 4.99 5.05 5.81 5.69 5.75
Mycorrhiza 458 543 5.01 5.28 6.13 571
Control 461 4.76 468 5.00 5.75 5.38
Mean 4.89 5.20 559 590
LSD value at 0.05:
Water: 0.20 Cultivars: 0.17 Treatments: 0.33 Interaction: 0.82
Water: 0.26 Cultivars: 0.16 Treatments; 0.34 Interaction: 0.81

both seasons.

Effect of water regime, cultivars, agricultural

practices and their

characteristics of tomato
Dataintables 3, 4,5, 6 and 7 indicated that the weight,

interactions

on fruit

length and diameter of tomato fruits significantly
decreased with DS treatments (75% and 50% of water
requirements) in both seasons, as compared with NI
(100% of water requirements). On the contrary, firmness
and TSS% of tomato fruits was significantly higher with
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Table 8: Effect of water regime, cultivars, agricultural practices and their interactions on total yield (kg /
m2) in the seasons of 2016 and 2017.

Water Treatments Cultivar Mean Cultivar Mean
regime SB SM SB SM
Season 2016 Season 2017
100% G. SB hybrid 11.96 1358 | 1277 | 1276 14.89 13.83
G.S.pimpinellifolium 1057 1197 | 1127 | 1337 1261 1299
G Edkawy 12.68 1397 | 1332 | 1348 14.15 13.82
G. D. stramonium 1319 1406 | 1362 | 1299 16.29 14.64
Biochar 11.63 1228 | 1196 | 1143 14.74 13.08
Hydrogel 1290 1301 | 1296 | 1372 14.14 1393
Mycorrhiza 1194 1455 | 1324 | 1274 1532 1403
Control 7.75 9.11 843 750 9.75 8.63
Mean 1157 1281 | 1390 | 1224 13.98 13.07
5% G. SB hybrid 11.03 1289 | 1196 | 1155 1345 125
G.S.pimpinellifolium 1011 1061 | 1036 | 10.37 1141 10.89
G Edkawy 11.23 1215 | 1169 | 10.08 12.75 1141
G. D. stramonium 12.95 1329 | 1312 | 1174 13.75 12.75
Biochar 11.06 1204 | 1155 | 1043 1254 11.49
Hydrogel 11.49 1214 | 1182 | 1100 13.00 12.18
Mycorrhiza 11.84 1232 | 1208 | 1124 13.35 12.29
Control 6.72 7.75 723 6.50 8.25 7.38
Mean 10.80 11.65 | 1123 | 10.36 12.31 11.34
50% G. SB hybrid 10.68 10.69 | 10.69 9.55 11.00 10.28
G.S.pimpinellifolium 8.15 845 8.30 8.37 950 8.94
G Edkawy 9.25 10.15 9.70 8.08 10.75 9.42
G. D. stramonium 10.85 1149 | 1117 9.74 11.85 10.79
Biochar 9.15 10.24 9.69 843 10.50 9.47
Hydrogel 9.50 10.34 9.92 9.00 11.00 10.00
Mycorrhiza 9.84 1052 | 10.18 9.24 1155 10.39
Control 572 6.75 6.32 6.00 7.00 6.50
Mean 9.14 9.82 9.48 855 10.39 9.50
G. SB hybrid 10.05 1238 | 1121 | 1129 1311 122
G.S.pimpinellifolium 961 10.34 9.98 10.70 11.17 1094
G Edkawy 11.05 1209 | 1157 | 1055 1255 1155
G. D. stramonium 1224 1249 | 1237 | 1149 13.96 12.73
Biochar 10.94 1152 | 1123 | 10.09 12.59 11.34
Hydrogel 11.18 1138 | 1128 | 1124 1271 11.98
Mycorrhiza 11.08 1246 | 1177 | 1107 1341 1224
Control 6.73 7.87 712 6.66 8.33 7.49
Mean 10.30 up 10.38 12.23
LSD value at 0.05:
Water: 0.25 Cultivars: 0.20 Treatments: 0.40 Interaction: 0.99
Water: 0.21 Cultivars: 0.17 Treatments:; 0.34 Interaction: 0.84

DS treatments than NI treatment in both seasons. Overall,
the highest values of weight, length and diameter were
achieved with using NI treatment in both seasons,
whereas the best fruit firmness and fruit TSS% were
recorded with using 50% of irrigation requirements in

both seasons.
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In this regard, the reduction in weight, length and

diameter of tomato fruits may be attributed to the reduction
in elements translocation and photosynthesis rate that
caused poor growth in fruits as a result to water shortage.
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Table 9: Effect of water regime, cultivars, agricultural
fruits in the seasons of 2016 and 2017.

Badawy et al.

| practices and their interactions on N% of tomato

Water Treatments Cultivar Mean Cultivar Mean
regime SB SM SB SM
Season 2016 Season 2017
100% G. SB hybrid 3.37 3.35 3.36 321 312 317
G.S.pimpinellifolium 319 3.14 3.17 2.96 351 323
G Edkawy 351 3.22 3.36 3.15 3.16 3.16
G. D. stramonium 431 4.36 433 4.46 415 431
Biochar 359 358 358 443 3.60 402
Hydrogel 358 333 345 417 332 375
Mycorrhiza 3.96 423 410 3.76 411 393
Control 2.60 314 287 319 227 273
Mean 352 354 353 367 340 353
5% G. SB hybrid 312 291 301 3.06 3.06 3.06
G.S.pimpinellifolium 293 2.63 2.78 2.56 298 2.77
G Edkawy 324 273 298 3.05 207 2.56
G. D. stramonium 367 381 3.74 360 3.92 3.76
Biochar 2.76 3.20 298 272 344 3.08
Hydrogel 293 3.03 298 290 294 292
Mycorrhiza 332 352 342 321 329 325
Control 2.30 252 241 263 201 2.82
Mean 3.03 3.04 3.04 297 2.96 2.96
50% G. SB hybrid 2.66 263 2.65 240 258 249
G.S.pimpinellifolium 2.35 311 2.64 221 199 210
G Edkawy 272 2.36 254 252 202 2271
G. D. stramonium 354 3.22 3.38 352 301 3.26
Biochar 267 242 254 252 2.65 258
Hydrogel 2.85 242 264 2.76 223 250
Mycorrhiza 3.16 325 321 2.85 294 2.89
Control 198 2.25 212 192 245 219
Mean 2.74 271 272 259 248 253
G. SB hybrid 3.05 2.96 301 2.89 292 291
G.S.pimpinellifolium 2.82 2.96 2.89 258 283 2.70
G Edkawy 3.15 277 2.96 290 242 2.66
G. D. stramonium 384 3.80 3.82 3.86 3.69 3.78
Biochar 3.02 3.07 3.05 3.30 323 3.26
Hydrogel 312 293 3.02 3.28 2.83 3.05
Mycorrhiza 348 367 358 327 345 3.36
Control 229 264 247 258 2.25 241
Mean 3.10 3.10 3.08 295
LSD value at 0.05:
Water: 0.14 Cultivars: NS Treatments: 0.23 Interaction: 0.56
Water: 0.13 Cultivars: 0.11 Treatments: 0.22 Interaction: 0.54

In contradiction, water content in the fruits were
decreased as a result to water stress that increased the
thickness of skin in fruit, so fruit firmness was increased.

Data in the same tables appeared that SM cultivar
had higher values of fruit weight, fruit diameter and fruit

TSS% than SB cultivar in both seasons, while fruit length
was higher in SB cultivar than SM cultivar in both seasons,
whilst there no significant differences were observed
between the two cultivars on fruit firmness in both
seasons. This result may come back to the genetic
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Table 10: Effect of water regime, cultivars, agricultural practices and their interactions on P% of tomato

fruits in the seasons of 2016 and 2017.

Water Treatments Cultivar Mean Cultivar Mean
regime SB SM SB SM
Season 2016 Season 2017
100% G. SB hybrid 117 0.66 0.89 112 084 0.98
G.S.pimpinellifolium 082 0.59 0.69 092 0.69 0.80
G Edkawy 091 0.70 081 0.98 0.70 084
G. D. stramonium 133 1.08 120 158 120 139
Biochar 0.77 0.72 0.75 081 0.73 0.77
Hydrogel 0.77 0.65 0.70 0.79 0.69 0.74
Mycorrhiza 0.77 0.84 081 083 0.85 0.84
Control 0.57 0.58 0.58 061 053 0.57
Mean 0.89 0.73 0.81 0.96 0.78 0.87
5% G. SB hybrid 081 0.60 0.74 0.83 0.70 0.77
G.S.pimpinellifolium 0.73 0.55 0.66 0.77 0.65 0.71
G Edkawy 0.69 0.65 0.67 084 0.71 0.78
G. D. stramonium 0.97 0.89 0.93 0.95 0.96 0.96
Biochar 0.62 0.55 0.59 0.71 0.62 0.66
Hydrogel 0.75 063 0.70 0.79 063 0.71
Mycorrhiza 0.77 0.73 0.75 0.82 0.73 0.78
Control 053 053 053 051 047 049
Mean 0.73 0.64 0.69 0.78 0.69 0.73
50% G. SB hybrid 0.77 053 0.65 0.78 0.67 0.72
G.S.pimpinellifolium 0.56 051 053 0.62 0.62 0.62
G Edkawy 0.67 0.58 0.63 0.68 064 0.66
G. D. stramonium 0.87 0.52 0.70 0.89 0.84 0.87
Biochar 0.57 054 0.56 0.66 053 0.59
Hydrogel 067 057 0.62 0.76 0.55 0.65
Mycorrhiza 0.74 057 0.66 0.77 0.58 0.68
Control 0.50 0.50 0.50 0.50 051 0.50
Mean 0.67 0.54 0.61 0.71 0.62 0.66
G. SB hybrid 0.92 0.60 0.76 091 0.74 0.82
G.S.pimpinellifolium 0.70 0.55 063 0.77 0.65 0.71
G Edkawy 0.76 0.64 0.70 0.84 0.69 0.76
G. D. stramonium 1.06 0.83 0.94 114 1.00 1.07
Biochar 0.65 0.60 0.63 0.73 0.63 0.68
Hydrogel 0.73 061 0.67 0.78 0.62 0.70
Mycorrhiza 0.76 0.71 0.74 081 0.72 0.77
Control 053 054 053 054 0.50 0.52
Mean 0.76 064 081 0.69
LSD value at 0.05:
Water: 0.045 Cultivars: 0.036 Treatments: 0.07 Interaction: 0.18
Water: 0.028 Cultivars: 0.023 Treatments: 0.04 Interaction: 0.11

differences between cultivars.

With regard to the effect of the agricultural practices
on fruit quality, data indicated that all agricultural
treatments increased fruit weight as compared with
control in both seasons. Generally, the highest value of
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fruit weight was recorded with using grafting on Datura
stramonium followed by grafting on Edkawy in both
seasons. On the other hand, except using grafting on SB
hybrid in both seasons as well as grafting on Solanum
pimpinellifolium in the second season, all cultural
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Table 11: Effect of water regime, cultivars, agricultur
fruits in the seasons of 2016 and 2017.

Badawy et al.

al practices and their interactions on K% of tomato

Water Treatments Cultivar Mean Cultivar Mean
regime SB SM SB SM
Season 2016 Season 2017
100% G. SB hybrid 297 194 254 2.82 217 249
G.S.pimpinellifolium 2.67 120 194 231 140 185
G Edkawy 367 162 2.65 2.75 2.22 249
G. D. stramonium 404 2.25 314 3.80 220 3.00
Biochar 313 154 467 3.02 137 219
Hydrogel 3.06 129 218 2.82 184 233
Mycorrhiza 335 145 24 350 2.09 2.79
Control 2.38 0.77 158 2.25 0.77 151
Mean 3.15 151 2.33 2.87 176 231
5% G. SB hybrid 272 159 2.16 253 149 201
G.S.pimpinellifolium 240 118 179 2.38 126 182
G Edkawy 2.79 158 219 264 156 210
G. D. stramonium 3.62 214 2.88 343 218 281
Biochar 2.56 124 190 2.70 130 200
Hydrogel 3.02 124 213 2.68 129 198
Mycorrhiza 258 143 2.00 2.73 183 2.28
Control 150 0.52 101 209 0.28 118
Mean 250 1.36 193 2.63 121 192
50% G. SB hybrid 267 119 193 2.36 147 192
G.S.pimpinellifolium 2.32 113 173 227 1.02 165
G Edkawy 251 137 194 245 134 1.89
G. D. stramonium 349 191 2.70 3.24 217 271
Biochar 252 1.06 179 267 110 1.89
Hydrogel 212 107 159 248 180 214
Mycorrhiza 258 143 2.00 2.62 145 2.04
Control 127 0.10 137 132 0.13 0.725
Mean 258 115 129 248 131 1.89
G. SB hybrid 2.79 157 218 257 171 164
G.S.pimpinellifolium 246 117 181 2.32 123 178
G Edkawy 299 152 2.26 261 171 2.16
G. D. stramonium 3.72 2.10 291 349 2.18 2.84
Biochar 2.74 128 201 2.80 1.26 203
Hydrogel 2.89 120 2.05 2.66 164 215
Mycorrhiza 2.68 137 2.03 295 179 237
Control 172 0.46 1.09 1.89 040 115
Mean 2.75 134 2.66 149
LSD value at 0.05:
Water: 0.087 Cultivars: 0.071 Treatments; 0.14 Interaction: 0.35
Water: 0.10 Cultivars: 0.08 Treatments: 0.16 Interaction: 0.20

treatments caused significant increment in fruit length in
both seasons as compared with control. In the respect of
fruit diameter, except the grafted tomato on Solanum
pimpinellifolium, all cultural treatments gave significant
increase in fruit diameter in both seasons as compared

with control. Also, except using mycorrhiza in the first
season or biochar in the second season, all treatments in
both seasons caused significant positive effect on fruit
firmness as compared with control. Moreover, grafted
tomato on both of Edkawy and Datura stramonium
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Table 12: Effect of water regime, cultivars, agricultural practices and their interactions on chlorophyll
readings of tomato leaves in the seasons of 2016 and 2017.

Water Treatments Cultivar Mean Cultivar Mean
regime SB SM SB SM
Season 2016 Season 2017
100% G. SB hybrid 36.47 3702 | 36.74 | 36.17 36.68 36.43
G.S.pimpinellifolium 34.83 3400 | 3442 | 3433 34.33 34.33
G Edkawy 2897 3587 | 3242 | 2843 35.67 32.05
G. D. stramonium 35.67 3797 | 3682 | 3467 37.63 36.15
Biochar 3167 3300 | 3233 | 3200 3333 3267
Hydrogel 32.00 3417 | 3308 | 3267 34.50 3358
Mycorrhiza 34.20 3567 | 3493 | 3433 36.00 35.17
Control 28.23 3123 | 29.73 | 2833 3120 29.77
Mean 32.75 3486 | 338l | 3262 34.92 33.77
5% G. SB hybrid 3110 3417 | 3263 | 3143 34.53 3298
G.S.pimpinellifolium 28.93 3113 | 3003 | 29.20 3147 30.33
G Edkawy 30.00 3310 | 3155 | 3033 3353 3193
G. D. stramonium 3340 3487 | 3413 | 3353 35.20 34.37
Biochar 31.00 3067 | 3083 | 3133 31.00 3117
Hydrogel 3157 3200 | 3178 | 3193 3213 32.03
Mycorrhiza 3247 3310 | 3278 | 3280 3343 3312
Control 28.00 3043 | 2922 | 2830 3143 29.87
Mean 30.81 3243 | 3162 | 3111 32.84 3197
50% G. SB hybrid 28.33 2863 | 2848 | 2863 29.27 28.95
G.S.pimpinellifolium 26.90 27157 | 27123 | 2723 28.27 21.75
G Edkawy 2857 2827 | 2842 | 2857 28.93 28.75
G. D. stramonium 3133 3267 | 3200 | 3200 32.80 3240
Biochar 28.20 2800 | 2810 | 2853 28.33 2843
Hydrogel 28.80 2933 | 2907 | 29.13 30.33 29.73
Mycorrhiza 30.10 3100 | 3055 | 30.77 3133 31.05
Control 27.00 2133 | 2117 | 2167 28.33 28.00
Mean 28.65 2910 | 2888 | 29.07 29.70 29.38
G. SB hybrid 3197 3327 | 3262 | 3208 3349 3279
G.S.pimpinellifolium 30.22 3090 | 3056 | 30.26 31.36 30.81
G. Edkawy 29.18 3241 | 3079 | 29.11 3271 3091
G. D. stramonium 3347 3517 | 3432 | 3340 35.21 34.31
Biochar 30.29 3056 | 3042 | 30.62 30.89 30.76
Hydrogel 30.79 3183 | 3131 | 3124 3232 3178
Mycorrhiza 32.26 3326 | 3276 | 3263 3359 3311
Control 27.74 2967 | 2871 | 2810 30.32 2921
Mean 30.74 3213 30.93 3249
LSD value at 0.05:
Water: 0.26 Cultivars: 0.21 Treatments: 0.42 Interaction: 1.0199
Water: 0.24 Cultivars: 0.19 Treatments: 0.39 Interaction: 0.98

rootstocks as well as using biochar or hydrogel in both
seasons gave significant increment in TSS% of tomato
fruits as compared with control. The enhancement in fruit
quality with using all agricultural practices may be
attributed to the ability of these treatments to keep the
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water for plant absorption. In this respect, Liang et al.,
(2014) found that using biochar enhances the water-
retaining capacity and nutrient retention of soil that
increase the absorption of nutrients by plant and increase
fruit quality. Also, Almagrabi and Abdelmoneim, (2012)
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Table 13: Effect of water regime, cultivars, agricultural practices and their interactions on vitamin C (mg/
100g FW) in tomato fruits in the seasons of 2016 and 2017.

Water Treatments Cultivar Mean Cultivar Mean
regime SB SM SB SM
Season 2016 Season 2017
100% G. SB hybrid 2317 2057 | 2187 | 2420 21.23 22.72
G.S.pimpinellifolium 22.00 2050 | 2125 | 2360 21.00 22.30
G Edkawy 2293 2183 | 2238 | 2393 22.73 2333
G. D. stramonium 1847 1640 | 1743 | 1927 16.73 18.00
Biochar 21.70 1853 | 2012 | 2377 19.67 2172
Hydrogel 2210 1813 | 2012 | 2320 18.17 20.68
Mycorrhiza 2227 1950 | 2088 | 2353 19.20 21.37
Control 24.60 2383 | 2422 | 271.33 24.20 26.00
Mean 2215 1991 | 2103 | 2360 2043 2201
5% G. SB hybrid 26.07 2483 | 2545 | 25.30 24.77 25.03
G.S.pimpinellifolium 2450 2353 | 2402 | 2367 2383 25.18
G Edkawy 26.10 2413 | 2512 | 26.63 2327 25.43
G. D. stramonium 24.40 2123 | 2282 | 2570 22.27 2398
Biochar 2553 2323 | 2438 | 2450 2313 25.83
Hydrogel 24.83 2343 | 2413 | 2540 2293 25.33
Mycorrhiza 2447 2447 | 2447 | 2347 23.70 25.73
Control 29.10 2613 | 2762 | 3010 24.67 27.38
Mean 25.63 2387 | 2495 | 2559 2370 24.65
50% G. SB hybrid 26.50 2567 | 2608 | 26.77 25.47 26.12
G.S.pimpinellifolium 25.10 2520 | 2485 | 2653 25.27 25.90
G Edkawy 26.40 2613 | 2627 | 2760 2550 26.55
G. D. stramonium 24.30 2300 | 2365 | 2780 2350 25.65
Biochar 26.10 2490 | 2522 | 2853 2370 24.10
Hydrogel 2543 2497 | 2490 | 27.73 24.23 24.82
Mycorrhiza 2547 2547 | 2497 | 2177 2517 24.32
Control 29.17 2747 | 2832 | 3010 25.03 26.98
Mean 2571 2535 | 2553 | 2785 24.54 26.18
G. SB hybrid 25.24 2369 | 2447 | 2542 2382 24.62
G.S.pimpinellifolium 2387 2308 | 2347 | 2460 23.37 23.98
G Edkawy 25.14 2403 | 2459 | 26.06 23.83 24.94
G. D. stramonium 22.39 2021 | 2130 | 24.26 20.83 254
Biochar 24,61 2222 | 2342 | 2560 2217 23.88
Hydrogel 2412 2218 | 2315 | 2544 21.78 2361
Mycorrhiza 24.07 2314 | 2361 | 2492 22.69 2381
Control 27.62 2581 | 26.72 | 29.07 24.63 26.85
Mean 24.63 23.05 25.67 22.89
LSD value at 0.05:
Water: 0.20 Cultivars: 0.16 Treatments: 0.33 Interaction: 0.80
Water: 0.32 Cultivars: 0.26 Treatments: 0.53 Interaction: 1.30

reported that the successful association between plants
and AMF constitutes a strategy to improve the nutritional
status of both associates. Moreover, hydrogel addition
improved water storage properties of porous soils that
resulted significant increment in plant growth and fruit

quality (Taylor and Halfacre 1986).

Respecting the interaction between water regime and
cultivars on fruit characteristics, fruit weight of SM cultivar
was significantly higher than SB cultivar in both seasons
in all water regime treatments. On the other hand, there



Tomato (Solanum lycopersicum L.) tolerance of water stress conditions by using some agricultural practices

2671

Table 14: Effect of water regime, cultivars, agricultural practices and their interactions on lycopene

content (mg/100g FW) in fruits in the seasons of 2016 and 2017.

Water Treatments Cultivar Mean Cultivar Mean
regime SB SM SB SM
Season 2016 Season 2017
100% G. SB hybrid 187 153 170 199 160 179
G.S.pimpinellifolium 178 127 153 190 145 168
G Edkawy 192 196 194 183 136 159
G. D. stramonium 171 172 172 204 182 193
Biochar 198 173 1.86 210 1.86 198
Hydrogel 192 162 181 2.04 101 152
Mycorrhiza 194 177 185 2.06 107 165
Control 243 217 2.30 255 207 231
Mean 194 172 183 2.06 1.53 179
5% G. SB hybrid 2.25 1.89 207 245 193 219
G.S.pimpinellifolium 211 1.86 2.00 231 187 2.09
G Edkawy 2.22 208 215 242 201 2.22
G. D. stramonium 1.86 1.88 187 2.06 1.88 197
Biochar 2.24 190 207 244 193 218
Hydrogel 215 171 188 2.35 182 2.09
Mycorrhiza 219 199 2.09 239 197 218
Control 255 2.26 241 2.75 2.26 251
Mean 2.20 194 207 240 195 217
50% G. SB hybrid 254 2.36 245 2.84 2.36 2.60
G.S.pimpinellifolium 240 222 231 2.70 222 246
G Edkawy 247 253 250 277 253 2.65
G. D. stramonium 1.89 202 1.96 219 202 211
Biochar 233 210 2.26 263 218 241
Hydrogel 2.28 220 224 258 2271 242
Mycorrhiza 231 2.16 221 261 210 2.36
Control 2.85 2.74 2.79 3.15 2.74 294
Mean 2.38 2.30 2.34 2.68 2.30 249
G. SB hybrid 2.22 2.06 214 243 2.06 2.24
G.S.pimpinellifolium 210 198 2.04 230 198 214
G Edkawy 221 2.16 219 2.34 2.16 2.25
G. D. stramonium 182 187 185 210 187 199
Biochar 218 192 205 2.39 192 2.16
Hydrogel 212 193 202 232 193 213
Mycorrhiza 215 195 2.05 2.35 195 215
Control 261 2.39 250 2.82 2.39 2.60
Mean 217 193 2.38 203
LSD value at 0.05:
Water: 0.01 Cultivars: 0.01 Treatments: 0.03 Interaction: 0.06
Water: 0.02 Cultivars: 0.01 Treatments: 0.02 Interaction: 0.07

no significant difference were noticed on fruit length and
fruit diameter between SM and SB cultivars with DS
treatments in both seasons, while, in the case of NI
treatment, fruit length was higher in SB cultivar than SM

cultivar in both seasons vice versa in fruit diameter that

were higher in SM cultivar than SB cultivar in both
seasons. There no significant differences on fruit firmness
and TSS% were recorded between SB and SM cultivars
in all water regime treatments in both seasons.

With respect of the interaction between water regime
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Table 15: Effect of water regime, cultivars, agricultural practices and their interactions on ABA (n mol /g

FW) of tomato leaves in the seasons of 2016 and 2017.

Water Treatments Cultivar Mean Cultivar Mean
regime SB SM SB SM
Season 2016 Season 2017
100% G. SB hybrid 0.77 0.87 0.82 1.09 119 114
G.S.pimpinellifolium 057 0.70 063 0.89 1.02 0.95
G Edkawy 0.83 0.60 0.72 115 0.92 1.04
G. D. stramonium 0.83 1.00 0.92 0.92 0.95 0.93
Biochar 0.80 0.52 0.66 112 084 0.98
Hydrogel 0.50 0.37 044 0.82 0.69 0.76
Mycorrhiza 0.70 063 0.69 1.02 0.95 101
Control 048 0.60 054 0.80 0.92 0.86
Mean 0.69 0.67 0.68 0.97 094 0.96
5% G. SB hybrid 0.87 0.77 0.82 119 1.09 114
G.S.pimpinellifolium 0.80 0.90 0.85 112 122 117
G Edkawy 0.82 113 0.98 114 145 130
G. D. stramonium 1.03 135 119 1.06 135 121
Biochar 0.73 0.77 0.75 1.05 1.09 107
Hydrogel 067 0.90 0.78 0.99 122 110
Mycorrhiza 0.82 0.68 0.73 114 1.00 1.05
Control 0.80 0.63 0.72 112 0.95 1.04
Mean 0.82 0.88 0.85 114 1.02 1.08
50% G. SB hybrid 1.80 127 153 212 159 185
G.S.pimpinellifolium 147 127 137 179 159 1.69
G Edkawy 183 093 138 215 125 170
G. D. stramonium 147 212 179 1.80 2.70 2.25
Biochar 120 190 155 152 2.22 187
Hydrogel 1.00 097 098 132 129 130
Mycorrhiza 0.99 110 1.05 131 142 137
Control 0.83 0.80 0.82 115 112 114
Mean 132 129 135 164 157 167
G. SB hybrid 114 097 1.06 1.46 129 138
G.S.pimpinellifolium 094 0.96 0.95 126 128 127
G Edkawy 116 0.89 1.02 148 121 134
G. D. stramonium 111 149 130 126 166 1.46
Biochar 091 1.06 0.99 123 138 131
Hydrogel 0.72 0.75 0.73 104 107 1.05
Mycorrhiza 084 081 0.82 116 113 114
Control 0.71 0.68 0.69 1.03 1.00 101
Mean 1.08 0.92 144 1.25
LSD value at 0.05:
Water: 0.18 Cultivars: NS Treatments: 0.31 Interaction: 0.75
Water: 0.19 Cultivars: NS Treatments: 0.30 Interaction: 0.75

and agricultural treatments, all agricultural treatments,
except grafting on Solanum pimpinellifolium rootstock
at 100 % and 75 % of irrigation level in both seasons,
significantly enhanced fruit weight in all water regime
treatments in both seasons as compared with control.

Generally, grafted tomato on Datura stramonium had
highest values of fruit weight in all water regime
treatments in both seasons. On the other hand, all
agricultural treatment only in the second season, except
grafting on Solanum pimpinellifolium or SB hybrid,
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caused significant increment in tomato fruit length as
compared with control at NI (100%), whereas at 75%
irrigation level only grafting on Datura stramonium in
the first season significantly increased fruit length as
compared with control, whilst at 50% irrigation level all
agricultural treatments in the first season, except using
biochar, as well as grafting on Datura stramonium and
mycorrhiza treatments in the second season gave
significant enhancement in fruit length as compared with
control. In the respect of fruit diameter, grafted tomato
on Datura stramonium in all water regime treatments,
grafted tomato on Edkawy in both of 100 % or 75 %
irrigation levels and using hydrogel in NI (100%) caused
significant increase in fruit diameter in both seasons as
compared with control. Tomato fruit firmness values in
all water regime treatments were significantly higher than
control when grafted on Datura stramonium in both
seasons. Also, grafted tomato on SB hybrid in the first
season as well as grafted tomato on both of Solanum
pimpinellifolium or Edkawy rootstocks with using 75%
of water requirements were significantly firm than control
in both seasons, while grafted tomato on Edkawy
rootstock in the first season as well as grafted tomato on
SB hybrid or using mycorrhiza in the second season
caused significant excess in fruit firmness as compared
with control when irrigated with 50% of water
requirements. TSS% of tomato fruits was significantly
higher than control when tomato grafted on Edkawy
rootstock when irrigated with 100% and 50% of water
requirements only in the first season.

As compared with control, all agricultural treatments,
except grafted tomato of both SB and SM cultivars on
Solanum pimpinellifolium in the two seasons as well as
using biochar or hydrogel with SM cultivar in both seasons,
significantly increased fruit weight. Also, using grafting
on Datura stramonium with SB and SM cultivars gave
the highest values of fruit length, fruit diameter and fruit
firmness in both seasons as compared with control. The
highest values of TSS% were recorded when SM cultivar
in the first season and SB cultivar in the second season
were grafted on Edcawy rootstock.

The tripartite interaction between water regime,
tomato cultivars and agricultural practices on weight,
length, diameter, firmness and TSS% gave similar trend
of the agricultural practices effects.

Effect of water regime, cultivars, agricultural
practices and their interactions on total yield of
tomato

Data in Table 8 showed that DS treatments caused
significant reduction in total yield of tomato in both

2673

seasons, as compared with NI. Overall, the treatment
50% of water irrigation gave lowest total yield of tomato
in both seasons. These results may comeback to the
reduction in photosynthesis rate or reduction in nutrients
transportation under drought conditions that decreased
the fruit weight and then reflected in total yield.

Respecting the effect of tomato cultivar on total yield,
total yield in both seasons was significantly higher in Super
Marmand (SM) than Strain-B (SB). This result may be
due to the genetic differences between cultivars.

All agricultural treatments significantly increased total
yield of tomato in the two seasons as compared with
control. The highest total yield of tomato was noticed
with using Datura stramonium as a rootstock followed
by inoculation by mycorrhiza in both seasons. The
enhancement in total yield with using all agricultural
practices may be attributed to the ability of these
treatments to keep the water for plant absorption and
increasing fruit weight.

Data in the same table revealed that the interaction
between cultivars and water regime on total yield was
significant in both seasons. In this respect, ‘SM’ cultivar
was superior on ‘SB’ cultivar in total yield in all water
regime treatments in both seasons.

Regarding the interaction between water regime and
agricultural treatments, it was obviously from the data of
the two seasons that all agricultural treatments gave
significant increment in total yield as compared with
control in all water regime treatments. Grafting on Datura
stramonium gave the highest total yield with all water
regime treatments in both seasons.

The interaction between cultivars and agricultural
treatments showed that all agricultural treatments gave
significant increase in total yield of SB and SM cultivars
in both seasons.

Also, the interaction between water regime, tomato
cultivars and agricultural practices on total yield appeared
similar trend of the agricultural practices effects. In this
respect, all agricultural practices significantly enhanced
total yield of the two cultivars in the three different water
regimes in both seasons as compared with control.

Effect of water regime, cultivars, agricultural
practices and their interactions on nitrogen,
phosphorus and potassium content of tomato fruits

As shown in tables 9, 10 and 11 DS treatments
caused significant reduction in translocation of N, P and
K to tomato fruits in both seasons as compared with NI
treatment. These results may be due to the less absorption
of water rate in the case of drought that decreased the
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elements translocation to fruits.

On the other hand, tomato cultivars had a significant
effect on fruit contents of N, P and K in both seasons,
except in the case of N content in the first season. In this
regard, nitrogen, phosphorus and potassium content in
SB fruits were significantly higher than detected in SM
fruits in both seasons.

Regarding effect of agricultural treatments on N, P
and k content in tomato fruits, it was clear that all
agricultural practices gave significant increment of N, P
and K contents in fruits in both seasons, as compared
with control treatment. Overall, grafting on Datura
stramonium had the highest values of N, P and K
percentages in both seasons. Grafting, mycorrhiza, biochar
or hydrogel treatments helped the plants to absorbing
water that increased the nutrients concentration in the
fruits.

The interaction between agricultural practices and
cultivars revealed significant effect in N, P and K
percentages in tomato fruits. It was clear that the highest
N, P and K percentages was recorded in SB fruits in all
water regime treatments in both seasons, except in the
case of N% at 100% and 75% of water requirements in
the first season that revealed increasing of N% in SM
cultivar than SB cultivar.

Regarding the interaction between water regime and
agricultural treatments, N% in NI treatment significantly
increased when the plants grafted on Datura stramonium
or treated by biochar, hydrogel and mycorrhiza in both
seasons, whereas at the treatment of 75% of water regime
all treatments, except grafting on Solanum
pimpinellifolium, in the first season and grafting on
Datura stramonium in the second season as well as
using grafting on Datura stramonium or using mycorrhiza
in both seasons when using 50% of water requirements
gave significant excess in N% of tomato fruits. On the
other hand, grafting on Solanum pimpinellifolium, using
biochar and hydrogel at 100 or 75% of water requirements
as well as grafting on Edkawy rootstock at 75%
treatment in the first season did not show any significant
differences on P%, whereas only grafting on Datura
stramonium in the first season and all agricultural
practices, except using biochar, at 50% of water regime
treatment significantly increased P%.

Furthermore, using all agricultural treatments in all
water regime treatments gave a significant increment in
K% in both seasons, as compared with control.

The interaction among tomato cultivars and
agricultural treatments revealed that N% in fruits did not
affected significantly by using the treatments of grafting
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on Solanum pimpinellifolium in both seasons and grafting
on SB hybrid or Edkawy rootstocks in the second season
when the SB cultivar was used, whereas, in SM cultivar,
using grafting on Datura stramonium or mycorrhiza
treatment in the first season and using all agricultural
practices, except grafting on Edkawy, in the second
season gave significant increment in N% as compared
with control. Regarding P %, except grafting on Solanum
pimpinellifolium or biochar treatment in the first season,
all agricultural treatments significantly increased P% in
SB cultivar in both seasons, while using all agricultural
treatments in the second season as well as grafting on
Datura stramonium or using mycorrhiza in the first
season in SM cultivar gave significant increase in P% as
compared with control.

Also, all agricultural treatments gave positive effects
on K% in both of SB and SM cultivars in the two seasons
as compared with control.

The interaction between water regime, tomato
cultivars and agricultural practices on N, P and K%
showed similar trend of the agricultural practices effects.
Generally, all agricultural practices gave positive effects
on N, P and K% of tomato fruits of the two cultivars in
the three different water regimes in both seasons as
compared with control.

Effect of water regime, cultivars, agricultural
practices and their interactions on chlorophyll
readings of tomato leaves

Data in table 12 showed that decreasing water
quantities to 75 or 50% of normal irrigation rate caused
significant reduction in chlorophyll readings of tomato
leaves in both seasons. Generally, the lowest chlorophyll
readings of tomato leaves in both seasons were recorded
when water requirements were reduced to 50%. These
results may be because of the reduction in water
absorption that decreased nutrients entry in the plants.

Regarding the effect of tomato cultivar on chlorophyll
readings of tomato leaves, chlorophyll readings were
significantly higher in SM cultivar than SB cultivar in both
seasons.

Values of chlorophyll readings of tomato leaves were
significantly higher than control when the all agricultural
treatments were used in both seasons. The highest value
of chlorophyll readings were remarked with using Datura
stramonium as a rootstock followed by inoculation by
mycorrhiza in both seasons. These results attributed to
the ability of all agricultural treatments to supporting the
plants for water absorption and also increasing nutrients
translocation inside plants.

The interaction between cultivars and water regime
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on chlorophyll readings were significant in both seasons.
In this respect, chlorophyll readings of tomato leaves in
‘SM” cultivar were higher than ‘SB’ cultivar in all water
regime treatments in both seasons.

Also, all agricultural treatments gave significant
increment in chlorophyll readings as compared with
control when interacted with all water regime treatments,
tomato cultivars or both of them in the two seasons.

Effect of water regime, cultivars, agricultural
practices and their interactions on vitamin C and
lycopene content of tomato fruits

As shown in tables 13, 14 both of vitamin C and
lycopene content significantly increased with decreasing
water quantities to 75 or 50% of normal irrigation rate in
both seasons. Overall, the highest values of vitamin C
and lycopene content in both seasons were noticed in the
treatment of 50% water irrigation.

On the other hand, the effect of tomato cultivar on
vitamin C and lycopene content were significantly higher
in SB cultivar than SM cultivar in both seasons. This
result may be due to the genetic differences between
cultivars.

Vitamin C and lycopene content were significantly
higher in control treatment than all agricultural treatments
that used in both seasons. Also, the lowest value of
vitamin C and lycopene content were recorded when
tomato grafted on Datura stramonium rootstock in both
seasons. These results were also true when all
agricultural treatments interacted with water regime
treatments or tomato cultivars as well as in the case of
tripartite interaction. These results may be attributed to
the increasing of water absorption with using all agriculture
treatments as compared with control.

The shown data revealed that interaction between
cultivars and water regime on vitamin C and lycopene
content were significant in both seasons. In this regard,
vitamin C and lycopene content in SB cultivar were higher
than SM cultivar in all water regime treatments in both
seasons.

Effect of water regime, cultivars, agricultural
practices and their interactions on ABA
concentration of tomato leaves

As shown in table 15, ABA concentration of tomato
leaves was significantly higher in DS treatments than NI
treatment in both seasons. Generally, using 50% of water
requirements gave the highest concentration of ABA in
tomato leaves in both seasons. These results confirm the
theory of ABA production under drought stress (Earl and
Davis, 2003).
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On the other hand, there no significant differences
were detected between the two cultivars of tomato on
ABA concentration in leaves in both seasons. These
results were also true in all water regime treatments.

With regard to the effect of the agricultural practices
on ABA concentration of tomato leaves, data indicated
that grafted tomato on Datura stramonium, Edkawy and
SB hybrid rootstocks significantly induced ABA
production in tomato leaves in both seasons as compared
with control.

Concerning the effect of the interaction between
water regime and agricultural treatments, data shown
that at only grafting on Datura stramonium treatment at
level 50% of water irrigation had a significant increment
of ABA concentration in tomato leaves in both seasons
as compared with control.

On the other hand, the interaction between
agricultural treatments and tomato cultivars revealed that
grafting SM cultivar on Datura stramonium rootstock
only in the first season significantly increased ABA
concentration in leaves as compared with control
treatment.

With regard to the interaction between water regime,
tomato cultivars and agricultural practices, ABA induction
increased in tomato leaves with using all agricultural
treatments as compared with control in both cultivars at
all water regime treatments in both seasons.

Conclusion

Using grafting technique especially onto Datura
stramonium rootstock, hydrogel, biochar and mycorrhiza
decrease the negative effects of drought stress in tomato
growth and yield.
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