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ABSTRACT: This work was carried out in a Private Farm at Awlad Saqr District, Sharkia
Governorate, Egypt during two successive summer seasons of 2016 and 2017 to study the effect of
mineral fertilizers (NPK), organic fertilizer in the form of poultry manure (PM) and bio-fertilizer
(Nitrobein, Phosphorein and Potassiumag) each alone and their mixture on dry weight parameters,
flowering, fruit set and yield and its components of some tomato hybrids grown under high
temperature conditions. The experimental design was split plots with three replicates included 14
treatments. Two different tomato hybrids were used included. Alial23 (V;) and Rama888 (V,) were
randomly distributed in the main plots and 7 fertilization treatments [100%mineral fertilizers (T,),
100% bio-fertilizers (T,), 100% organic (T3), 100% mineral+100% organic manure + 100% bio-
fertilizer (T4), 75% mineral + 100% organic manure + 100% bio-fertilizer (Ts), 50% mineral + 100%
organic manure + 100% bio-fertilizer (T¢) and 25% mineral + 100% organic manure + 100% bio-
fertilizer (T;)] were arranged in sub plots. Results showed that dry weight of shoots per plant and total
dry in Alial23 (V,) hybrid significantly increased. While Rama888 hybrid (V,) significantly enhanced
flowering, fruit set characters, as well as yield and its components. Moreover, 100% mineral + 100%
organic manure + 100% bio-fertilizer (T,) significantly improved all dry weight parameters. Also the
same treatment significantly increased flowering, fruit set characters and yield and its components.
Furthermore, using Alial23 (V1) hybrid with mixture of 100% mineral + 100% organic fertilizer +
100% bio-fertilizer (T,) significantly enhanced all dry weight parameters. While using Rama 888
hybrid (V) with a mixture of 100% mineral + 100% organic fertilizer + 100% bio-fertilizer (T,) were
the superior interaction treatment which reflected a significant effect on all flowering and fruit set
characters, as well as yield and its components. Generally the both hybrids were recorded good results
for sowing under high temperature conditions in most cases.

Key words: Tomato hybrids, bio-fertilizer, organic fertilizer, flowering, fruit set, yield, high
temperature.

INTRODUCTION

Tomato (Solanum lycopersicum, Mill) belongs
to family Solanaceae that considered as
important vegetable crops all over the world. Its
can be used as a fresh or paste in all parts of the
world (Alofe and Somade, 1982). High
temperature above the optimal degree of crop
growth adversely affects vegetative growth and
decreases productivity. The best temperature for
growing tomato ranged between 21-24°C, and
increasing temperature higher than 28°C will
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gradually decreases the yield leading to death
level at 35°C (Abdellatif et al., 2017). Tomato
flowering optimal degree ranged between 15 -
25°C, while fruit set is between 18-20°C
(DeKoning, 1994).

Balance fertilizations in tomato crop during
all growth stages is necessary for satisfactory
growth, development and also yield. Among
different nutrients that are required for tomato
cultivation, nitrogen, and phosphorus and
potassium considered as the most important
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nutrients. Nitrogen influences the vegetative
growth through its function of building up
proteins which induces cell division and initial
meristic activity. Phosphorus is essential for root
development and utilization of water and other
nutrients by tomato plants. Potassium serves as
an enzyme activator, and assists in the transport
of assimilated results from the leaf to the plant
tissue (Jayaweera and Mikkelsen, 1991).

Nowadays, organic farming is one of the
fastest growing sectors of agriculture all over the
world. its goal is to create a balance between
combined systems of soil organisms, plants,
animals, as well as humans (Karanatsidis and
Berova, 2009). Poultry manure is one of the
best nutrients source for plants, enhanced the
nutrients in the soil, required avoid nutrient
imbalances and related animal health dangers, as
well as surface and ground water contamination
(Blay et al., 2002; Phan et al., 2002).

Bio-fertilizers enclose useful microorganisms in
a viable state, dedicated to seed or soil
application and intended to improve soil
fertility. It helps plant in growth by increasing
the number of desired bacteria and its biotic
activity in the root environment (Subba, 1999).
Moreover, biofertilizer directly enhance growth
elevation by production of phytohormons,
improving obtainability of nutrients, non-
symbiotic nitrogen fixation and enriching of
diseases resistance mechanisms (Zdor and
Anderson, 1992). Nitrogen fixing bacteria, such
as Azospirillium braselence and Azotobacter
chroccocum that fixing N and produce ammonia
for their own use and support the plant with
nitrogen, as an exchange carbon and protected
habitat (Marschner, 1995). Phosphate dissolving
bacteria, similar Bacillus megaterium that
dissolve phosphorus from organic phosphorus
complexes to make it soluble for the plant
through the production of enzymes phosphate.
As well as producing biotic compounds, such as
hormones like auxin and gibberellic acid
(Mehrvarz and Chaich, 2008). Potassium
dissolving bacteria like, Bacillus circulans, that
breakdown potassium from complex insoluble
minerals into a simple form (Alexander, 1985).

Therefore, the aim of this work was to study
the effect of mineral, organic and bio-fertilizers
each alone and their combination along with

using two different tomato hybrids on some
growth parameters, flowering and fruit set well
as yield and its components under high
temperature conditions.

MATERIALS AND METHODS

This work was carried out in a Private Farm
at Awlad Sagr District, Sharkia Governorate,
Egypt during two successive summer seasons of
2016 and 2017 to evaluate the effectiveness of
organic manure, bio-fertilizers and different
levels of the mineral fertilizers each alone and
their mixture on dry weight parameters,
flowering, fruit set and yield with its
components of some tomato hybrids grown
under high temperature conditions in clay loam
soil and flood irrigation system. Two different
tomato (Solanum lycopersicum, Mill) hybrids
were used in the experiment including Alial23
(Produced by Diamonds seeds Co. (Spain).
Imported by Technogreen Co. for seeds, Egypt)
hybrid (V;) and Rama888 (Produced by Sun
Rise seeds Co. (USA). Imported by Sand Valley
comp. for agricultural development, Egypt)
hybrid (V,). Seedling of both tomato hybrids
was brought from a Private nursery (El-Salhya
El-Jaded City, , Sharkia Governorate Egypt). This
experiment was carried out in a split plot design
with three replicates including 14 treatments,
which were combination of the two tomato
hybrids with 7 fertilizer treatments as follows:
[100% mineral fertilizers (T;), 100% bio-
fertilizers (T,), 100% organic manure (Ts),
100%mineral +100% organic manure +100%
bio-fertilizer (T,4), 75% mineral +100% organic
manure +100% bio-fertilizer (Ts), 50% mineral
+ 100% organic manure +100% bio-fertilizer
(Te) and 25% mineral +100% organic manure
+100% bio-fertilizer (T;)]. The two tomato
hybrids were randomly distributed in the main
plots and the fertilizer treatments were in the sub
plots. The used mineral fertilizers were (NPK)
in the form of ammonium nitrate (33.5% N),
calcium superphosphate (15.5% P,0s) and
potassium sulfate (48% K,0) were applied at
500 Kg/fad., (1.6 kg/plot), 400 Kg/fad (1.3 kg/
plot) and 250 Kg/fad., (0.804 kg/plot) of the
recommended dose, respectively. Bio-fertilizers
were nitrobine (Azospirillium sp. + Azotobacter
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sp., nitrogen fixing bacteria), phosphorein
(Bacillus megatherium, phosphate dissolving
bacteria) and potassiumag (Bacillus circulans,
potassium dissolving bacteria) (were brought
from Agriculture Research Centre (ARC), Giza
Egypt). 1 kg/fad., (3.5 g/plot) of each bio-
fertilizer types in recommended doses were used
one time at the beginning of the growing
seasons by dissolving 3.5 g/plot of each one in 3
liter water. Seedling roots of each plot which
received bio-fertilizers were dipped in the
dissolved bio-fertilizers for 5 minutes and then
transplanted in the irrigated ridges directly and
were added at 100% of the recommended dose.

Organic fertilizer was poultry manure (from
a private poultry farm), which was added at 10.5
ton/fad., (33.75 kg/plot), as a recommended
dose. The experiment site was plowed three
times and calcium super phosphate was added at
one time during preparing the ridges. Organic
fertilizer was added to the plots in the same way
of adding calcium super phosphate at 100 % of
the recommended dose. Seeds of the both
tomato hybrids were sown in the private nursery
on 8" April and transplanted on 8" May in the
both growing seasons. The seedlings were
transplanted at a distance of 40 cm apart. The
plot area was 13.5 m? (3 ridges with 3 m length
and 1.5 widths). Ammonium nitrate and
potassium sulfate were applied three times (first
time at 30 days after transplanting and then
added every 15 days, intervals). Both of them
were well dissolved in 5.25 liter water and 250
cm® add to every seedling at a distance of 5 cm
from its root. Tomato plants were irrigated by
flood irrigation 6 times per season. All
experiment plots were received magnesium
sulfate at 50 kg/fad., (161g/plot) which was
added with the third time of adding mineral
fertilizers, and foliar sprayed three times with
micronutrients and amino acids at 10 days after
transplanting then two times every 15 days,
intervals. In addition, tomato plants were
sprayed with fungal and insecticides, as well as
foliar spraying two times with calcium boron
during fruiting. Temperature of growing seasons
obtained from Egyptian Meteorological Station,
Sharkia Governorate was presented in Table 1.
Data obtained as daily temperature and the
average was recorded for each month separately.

This data was to know the effect of high
temperature of both growing seasons (June-
August) on the efficiency of different fertilizers
for tomato plants growth and yield.

Studied Characters
Dry weight

The different parts of three tomato plants, at
75 days after transplanting were oven dried at
70°C till constant weight, then recorded: leaves
dry weight/plant (g), roots dry weight/plant (g),
shoots dry weight/ plant (g) and total dry weight
(leaves, roots and shoots)/plant (g).

Flowering and fruit set

A random sample of three plants was taken
from each plot in 2017 season for measuring:

1. Number of flowers/plant at 60 days after
transplanting.

2. Number and percentage of fruit set of known
20 flowers marked at 55 days after
transplanting and were counted after 20 days.
The air temperature of 20 days was recorded
at 2 and 9 Post meridiem (pm) by using a
digital thermometer. The average of 20 days
was calculated too (40.1/26.9°C day/ night).

3. Number of fruits/cluster, number of fruit
clusters/plant were determined at 75 days
after transplanting.

Yield and its components

Fruits of each plot were harvested at full ripe
maturity stage, and then counted, weighted and
the following yield parameters were calculated:
Number of fruits/plant, average fruit weight (g),
yield/plant (kg), early yield (first and second
picking ton/ fad.) and total yield (ton/fad.).

Statistical Data Analyses

All the obtained data during the growth
seasons of the study were statistically analyzed
using statistics 8.1 software program to find out
the statistical significance of the experimental
results of both seasons. The differences between
means were compared using the least significant
difference (LSD) test at the probability of 5%
level according the method described by
Snedecor and Cochran (1980).
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Table 1. Recorded temperature (°C) of the both growing seasons at Sharkia Government*

Month 2016 season 2017 season

Max. temp. °C ~ Min.temp.°C  Mean Max.temp.°C Min. temp.°C Mean
May 36.2 244 30.3 37.6 25.1 30.85
June 37.8 254 31.6 39.2 26.3 32.75
July 39.6 25.6 32.6 40.2 27.4 33.8
August 36.4 24.1 30.25 38.3 26.4 32.35

* Egyptian Meteorological Station (Cairo)

RESULTS AND DISCUSSION

Dry Weight

Effect of tomato hybrids grown under
high temperature conditions

Results presented in Table 2 show the effect
of hybrids on the dry weight of different parts of
tomato plants grown under high temperature
conditions, i.e., roots, shoots, leaves, as well as
total dry weights per plant in 2016 and 2017
seasons. Its clear from the results in this table
that the dry weight of both leaves and roots per
plant were not significantly affected by the
tested hybrids in both the studied seasons. On
the other hand, dry weight of shoots per plant
and total dry weight per plant significantly
increased in Alial23 hybrid (V;) than hybrid
(V2) in both studied seasons. The variations
under high temperature might be due to the
genetic variability between those hybrids as Alia
123 is heat resistant hybrid while, Rama 888 is a
heat sensitive hybrid. This result was in
consensus with Hossain et al. (2012) and
Shamsuzzaman et al. (2017) on dry weight of
tomato genotypes.

Effect of different fertilization sources and
its rates on the dry weight of tomato plants
parts grown under high temperature
conditions

Results in Table 2 show the effect of
different fertilization sources and its rates on the
dry weight of different organs of tomato plant,
as well as total dry weight per plant, grown
under high temperature conditions during 2016
and 2017 season. It was obvious from the
recorded results that, tomato plants fertilized
with a mixture of 100% minerals +100%

organic fertilizer + 100% bio-fertilizer (T,)
significantly enhanced dry weight of leaves,
shoots, as well as total dry weight per plant in
the two studied seasons, except dry weight of
roots which didn’t reflect any significant effect
between a mixture of 100% mineral + 100%
organic fertilizer+ 100% bio-fertilizer (T,)
compared with 75% mineral +100% organic
fertilizer+ 100% bio-fertilizer (Ts) and 50%
minerals + 100% organic fertilizer + 100% bio-
fertilizer (Te) in the first season and 100%
minerals +100% bio-fertilizer +100% organic
fertilizer (T,) compared with 75% minerals
+100% bio-fertilizer +100% organic fertilizer
(Ts) in the second season, respectively. While
100% bio-fertilizer significantly gave the lowest
dry weight of all plant parts. The previous
results suggested that such enhanced might be
due to the effect of NPK, where nitrogen is basic
for photosynthesis, creation of chlorophyll and
nucleic acids and its absence or deficiency
causes stunted growth (Tisdale et al., 2003).
Beside this, nitrogen is a necessary component
of protoplasm and enzymes that the biological
catalytic agents, which speed up the biological
processes (Mengel and Kirkby, 1978). Also
phosphorus is involved in cell metabolism and is
vital for the biosynthesis of primary and secondary
metabolites in plants (Habibzadeh and
Moosavi, 2014). In addition, the K component
in the NPK fertilizer serves as an enzyme
activator, and assists in the transport of
assimilated produced from the leaf to the plant
tissue (Jayaweera and Mikkelsen, 1991).
Consequently, those elements have great role for
enhancing plant growth. Abdelhady et al.
(2017) and Mesallam et al. (2017) found that,
mineral (NPK) fertilizer improved dry weight of
tomato plants. Another reason, it might attribute
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Table 2. Effect of hybrids and different fertilization sources on the dry weight parts of tomato
plants grown under high temperature condition during 2016 and 2017 seasons.

Tomato Dry weight/ plant (g)
hybrid 2016 season 2017 season
Leaves Roots Shoots Total Leaves Roots  Shoots Total
Effect of tomato hybrids
V; 51.214a 12.166a 58.431a 121.67a 53.350a 12.435a 58.962a 124.75a
V, 51.669a 11.770a 47.805b 111.12b 53.191a 11.251a 50.466b 11491b
Effect of different fertilization sources
Fertilization
treatments
T, 55.920c 12.388ab 59.331b 127.64b 58.255b 11.211c 61.194b 130.66b
T, 36.696e 9.362d 39.138e 8520 e 42.038e 8.660d 43.910d 94.61e
Ts 44.438d 11.792bc 44.900d 100.69d 51.481c 11.853c 51.758c¢ 115.09 c
T, 66.175a 13.400a 65.996a 14557a 66.233a 14.147a 67.437a 147.82a
Ts 58.776 b 13.258a 59.038b 130.57 b 58.008b 3.252ab 59.668b 130.93b
Ts 53.513c l2.582ab 55.975c¢ 122.07c 51.933c¢ 2.047bc 53.325c¢ 117.31c
T, 44575d 10.992c 47.446d 103.01d 44.945d 11.732c¢ 45.705d 102.38d

V; : Alial23 hybrid, V,: Rama888 hybrid, T;: 100% mineral fertilizers, T,: 100% bio-fertilizers, T: 100% organic manure
T,: 100%mineral +100% organic manure +100% bio-fertilizer,Ts:75%mineral +100% organic manure +100% bio-fertilizer,
Te:50%mineral +100% organic manure +100% bio-fertilizer, T;: 25%mineral +100% organic manure +100% bio-fertilizer.
Values having the same alphabetical letter(s) in each column did not significantly different according to LSD at 5% of

probability.

that organic manures may be due to their high
contents of N and their effects on soil properties,
which maintaining soil pH near to the normal
(El-Shafie and EI-Shikha, 2003). Also the
positive effect of organic fertilizers applied to
soil may be due enriching the activity of bacteria
which support the free availability of N, P as
well as the other nutrients in the soil which
improves the absorpting of nutrients by tomato
roots (Bertand and Cleyetmarel, 2008). In
addition, this increasing might be attributed to
that organic fertilizer improve physical,
chemical and biological soil components, as
well as increasing soil organic matter cation
exchanging capacity, water holding capacity and
available nutrients and this in turn increasing
plant growth (Ramadan, 2010). Ibrahim and
Fadni (2013) and Iwuagwu et al. (2013)
reported that organic fertilizer significantly
increased dry weight of tomato parts. Also such

increment might be attributed to bacteria of the
genus Azotobacter produce auxins, cytokinins,
and GA-like substances and these growth
supplies are the main material controlling the
higher growth of tomato (Azcén and Barea,
1975). Also phytohormones (auxin, cytokinin,
gibberellin) can stimulate root development
(Wani et al.,, 2013). Moreover it has been
reported that Bacillus create compunds which
help plant growth directly or indirectly like.,
hydrogen cyanide (HCN), siderophores, indole
acetic acid (IAA), dissolving phosphorous and
antifungal activity (Shobha and Kumudini,
2012). These bacterial phytohormones might
play a vital role in increasing dry weight of
tomato. Lira-Saldivar et al. (2014), Mehta et
al. (2015) and Mahesha et al. (2018) indicated
that biofertlizer enhanced dry weight of tomato
parts. All the previous findings might helped
tomato plants to withstand the high temperature
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by supported them with nutrients that lead to
produce a strong vegetative growth and
increased dry weight of plant parts. The results
are in the line with Mesallam et al. (2017) and
Dawa et al. (2013) who found that the interaction
of biofertlizer with mineral and organic
significantly increased dry weight of plant parts.

Effect of the interaction between hybrids
and different fertilization sources on the
dry weight of tomato plant parts under
high temperature conditions

Using Alial23 (Vi) hybrid with mixture of
(T4) were the superior interaction treatments
which enhanced dry weight of shoots and total
dry weight/ plant in the both seasons. Moreover,
leaves dry weight came in the first rank in Rama
888 hybrid (Vi) with a mixture of 100%
minerals +100% bio-fertilizer + 100% organic in
the first season and Alial23 hybrid (V1) with a
mixture of 100% mineral + 100% bio-fertilizer+
100% organic fertilizer in the second season. In
addition, as compared with the other interaction
treatments Alial23 hybrid (V;) fertilized with
100% mineral + bio-fertilizer + organic fertilizer
increased roots dry weight per plant in the first
season and Rama888 hybrid (V) fertilized with
100% minerals + bio-fertilizer + organic fertilizer
in the second season (Table 3).

Flowering and Fruit Setting

Effect of tomato hybrids on flowering and
fruit setting under high temperature
conditions

As shown in Table 4, the number of flowers
per plant, number of clusters per plant, as well
as number of fruits setting (from 20 flowers) and
its percentage were significantly increased in
Rama888 hybrid (V) than Alial23 (V,) under
the average air temperature of 20 days (40.1/
26.9°C day/night), Except for the number of
fruits per cluster which didn’t reflect any
significant effect between both hybrids. This
difference might be due the genetic variation
between both tomato hybrids in heat stress
tolerance. Furthermore, it may be attributed to
the impact of high temperature on pollen
viability, flowering and fruit setting processes
are better in V, due to its resistance to heat
stress. The results are in harmony with Rahaman

et al. (2011) and Abdul Rasool and
Abeedhabeeb (2014) on flowering stage and
fruit set of tomato varieties, they showed that
tomato hybrids differed in fruit setting and
flowering characters.

Effect of different fertilization sources on
the flowering and fruit setting of tomato
plants grown under high temperature
conditions

It was interesting to note that (T, significantly
enhanced the number of flowers per plant and
number of clusters per plant. Furthermore, (T,)
and (Ts) increased number of fruits per cluster
and number of fruits setting and its percentage
(known 20 flowers) without any significant
effect between them under the average air
temperature of 20 days (40.1/26.9°C day/night).
This increment may be because of available
nitrogen and phosphorus available have a
positive influence on flower initiation (Table 4).
Nitrogen and phosphorus caused better
performance in flower initiation and fruit setting
in tomato (Balemi, 2008). Another possible
cause is the additional supply of vital nutrients
to tomato plants, enhanced their availability,
acquisition, mobilization and influx into the
plant tissues which increased both numbers of
flower and fruits cluster/plant (Shukla et al.,
2009). Alawathugoda and Dahanayake (2013)
and Mishra et al. (2016) reported that mineral
fertilizer, improved flowering and fruit set of
tomato plants. Another reason is may poultry
manure application released nutrients especially
NPK which in role increased flowering and fruit
setting under high temperature conditions,
(Hodibia and Chukwuma, 2015). Islam et al.
(2017) demonstrated that organic manure
increases flowering characters and fruits setting
of tomato. Moreover, this increase might be
related with the effective fixation of nitrogen, as
well as metabolic products of Azotobacter as
gibberellins, indole acetic acid and cytokinin
might have helped in inducing early flowering,
fruit setting, fruit picking and also improved
number of flowers and fruits per cluster this lead
to increase of the yield (Bhadoria et al., 2007).
According to the biofertlizer effect on characters
and fruits setting of tomato plants, Meena et al.
(2014) reported that bio-fertilizer significantly
improved flowering characters and fruits setting
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Table 3. Effect of the interaction between tomato hybrids and different fertilization sources on
the dry weight of tomato plant parts grown under high temperature conditions during
the 2016 and 2017 seasons.

Dry weight/ plant (g)
2016 season 2017 season
Tomato Fertilization Leaves Roots Shoots Total Leaves Roots Shoots Total
hybrids treatments
T, 55.740c 12.103bc 66.112ab 133.96c 59.245b 11527c 66.698b 137.47b
Vq x T, 39.967f 9.725de 43652e 93.34g 42535hi 8.715de 45.650efg 96.90 gh
Ts 43.075ef 11.683bc 50.600d 105.36f 52.705de 12.933abc 57.810d 123.45c
Ts 66.125a 13.775a 70.092a 149.99a 67.000a 13.943ab 72.400a 153.34a
Ts 57.967bc 13.850a 64.325bc 135.14bc 58.777b 14.277ab 64.397bc 137.45b
Te 51.425d 13.075ab 61.058c 12556d 49.100fg 12.807abc 58.360d 120.27c
Ty 44200e 10950cd 53.175d 108.33f 44.090hi 12.840abc 47.417ef 104.35¢f
V, x T, 56.100 bc 12.673ab 52550d 121.32de 57.265bc 10.895cd 55.690d 123.85¢c
T, 334259 9.000e 34.625g 77.05h  41540i 8.605e 421709 92.31h
Ts 45800e 11.900bc 39.200f 96.02g 50.257ef 10.773cd 45705fgy 106.73e
T, 66.225a 13.025ab 61.900bc 141.15b 65.467a 14.350a 62473c 142.29b
Ts 59.585b 12.667ab 53.750d 126.00d 57.240bc 12.227bc 54.940d 12441c
Te 55.600c 12.090bc 50.892d 11858e 54.767cd 11.287c 48.290e 114.34d
T, 44950e 11.033cd 41.717ef 97.70g 45.800gh 10.623cd 43.993fg 100.42fg

V1: Alial23 hybrid, VV,: Rama888 hybrid, T;: 100% mineral fertilizers, T,: 100% bio-fertilizers, T3: 100% organic manure, T:
100%mineral +100% organic manure +100% bio-fertilizer, Ts: 75%mineral +100% organic manure +100% bio-fertilizer, Ts:
50%mineral +100% organic manure +100% bio-fertilizer, T;: 25%mineral +100% organic manure +100% bio-fertilizer.
Values having the same alphabetical letter(s) in each column did not significantly different according to LSD at 5% of
probability.

Table 4. Effect of tomato hybrids and different fertilization sources on the fowering and fruit set
of tomato plants grown under high temperature conditions during 2017 season

Flowering and fruit setting (2017 season)

Tomato No. flowers/ No. fruits/ No. clusters/ No. fruits Fruits setting
hybrids plant cluster plant setting” (%)
Effect of tomato hybrids
Vi 80.443 b 4.1905 a 6.9865 b 12.850 b 64.250 b
V, 82.300 a 4.4048 a 8.2190 a 15.162 a 75.810 a
Effect of different fertilization sources
Fertilization
treatments
T, 81.000 e 4.1667 b 7.4091 b 13.483 d 67.417 d
T, 52.325f 3.5000 ¢ 4.1855 ¢ 9.333¢ 46.667 e
T3 80.075e 4.2500 b 7.7465 b 13.833 cd 69.167 cd
T, 96.500 a 5.0833 a 9.6319a 16.408 a 82.042 a
Ts 89.550 b 4.7500 ab 8.1611 b 15.533 ab 77.667 ab
Te 86.325 ¢ 4.1667 b 8.0736 b 14.983 bc 74.917 be
T, 83.825 d 4.1667 b 8.0114 b 14.467 bcd 72.333 bed

V1: Alial23 hybrid, V,: Rama888 hybrid, T;: 100% mineral fertilizers, T,: 100% bio-fertilizers, T3: 100% organic manure, T:
100%mineral +100% organic manure +100% bio-fertilizer, Ts: 75%mineral +100% organic manure +100% bio-fertilizer, Tg:
50%mineral +100% organic manure +100% bio-fertilizer, T;: 25%mineral +100% organic manure +100% bio-fertilizer.
Values having the same alphabetical letter(s) in each column did not significantly different according to LSD at 5% of
probability. * Fruits setting of known 20 flowers counted at 39.8/26.9°c day/night.
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of tomato under high temperature. Similar
results were compatible with the study of
Rajeev and Sharma (2014), Meena et al.
(2017) and Rajeev et al. (2017) on tomato
reported that the interaction of mineral, organic
and bio-fertilizer increased characters and fruits
setting of tomato. On the other hand, Omar et
al. (2018) on sweet pepper cv. Top Star showed
that, the interaction of mineral, organic and bio-
fertilizer increased characters and fruits setting.

Effect of the interaction between Hybrids
and different fertilization sources under
high temperature conditions

Results recorded in Table 5 show that using
T, mixture with Rama 888 hybrid was the
superior interaction treatment which reflected a
significant effect on the number of flowers per
plant and number of clusters per plant. In
addition T, increased number of fruits per
cluster, number and percentage of fruits setting
(from 20 flowers) under the average air
temperature of 20 days (40.1/26.9°C day/night)
followed by Ts and Te without any significant
effect between them. On the other hand, using
Alial23 tomato hybrid with 100% bio-fertilizer
(T,) has only been the lowest interaction
treatment among the whole treatments on the
above mentioned characters.

Yield and its Components

Effect of tomato hybrids grown under
high temperature conditions

It is obvious from recorded results in Table 6
that, average fruit weight, number of fruits per
plant, yield per plant early yield, as well as total
yield in Rama888 hybrid (V,) was significantly
higher than Alia 123 hybrid (V;) in the both
studied seasons. The variances between the both
hybrids might be due to their genetic variations
for heat sensitivity. Therefore the high
temperature caused a variation between them in
yield and its components. Results are in the line
with Ali et al. (2016), Bhati (2017) and
Sivakumar and Srividhya (2016) on yield and
its components of tomato genotypes.

Effect of different fertilization sources on
tomato yield and its components under
high temperature conditions

It is clear from Table 6 that, the application
of a mixture 100% mineral +100% bio-fertilizer
+ 100% organic fertilizer (T4) to tomato plants
significantly enhanced yield and its components,
i.e., average fruit weight, number of fruits per

plant, yield per plant, total yield in the both
seasons as well as early yield in the first season
compared to the other treatments. Moreover,
100% mineral +100% bio-fertilizer +100%
organic fertilizer (T,) came in the first rank
which increased early yield followed by, 75%
mineral +100% bio-fertilizer +100% organic
fertilizer (Ts) in the second season. Increasing in
the abovementioned characters might be attributed
to increasing stimulating effect of nitrogen on
the vegetative growth characters which in role
improved flowering and fruiting. Furthermore
vegetative activate more carbohydrates synthesis
which later effect on yield quality and quantity
(Bidari and Hebsur, 2011). In addition,
potassium element absorbed by plants helped to
increase photosynthesis, serving for more
proteins and carbohydrates synthesis. Improved
protein, fat and carbohydrate creation that is
transferred to fruits which can lead to increase
average fruit weight (Setyamidjaja, 1986).
Earlier studies by scientists showed that
potassium provides an vital role in fruit weight,
fruit color, dry matter and the final yield of
tomato (Anac et al., 1994). Igbal et al. (2011)
and Dhiman et al. (2018) found that mineral
(NPK) fertilizer enhanced vyield and its
components of tomato plants. In addition, higher
yield response of crops due to used organic
manure could be enhanced the physical and
biological properties of the soil which becam a
better source of nutrients to the plants (Saidu et
al., 2011; Ekwu and Nwokwu, 2012; Tiamiyu
et al., 2012). Abolusorob (2012), Geetharani
and Parthiban (2014) and Mfombep et al.
(2016) told that organic manure affected yield
and its components. For bio-fertilizers
containing treatments increases yield might be
due to increased nitrogen supply by Azotobacter
application which might be responsible for
healthy growth and improved chlorophyll
content, which in turn accelerated
photosynthetic rate and thereby increased the
supply of carbohydrate to plant (Shafi et al.,
2019). Moreover the increase in fruit yield of
tomato with inoculation of P solubilizing bacteria
might be back to increasing in P availability
through dissolving inorganic phosphate by
organic acid, breakdown of phosphate-rich
organic compounds and production of plant
growth supporting substances (Gaur and
Sunita, 1999). Abdel-Monaim et al. (2012),
showed that bio-fertilizer increased yield and
its's components. Ho (1996) and Adams et al.
(2001) told that high tomato under high temperature
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Table 5. Effect of the interaction between tomato hybrids and different fertilization sources on
the flowering and fruit set of tomato plants grown under high temperature conditions
during the 2017 season.

Tomato Fertilization Flowering and fruit settings (2017 season)
hybrid treatment No. flowers/  No. fruits/ No. clusters/  No. setting fruits Setting fruits
plant cluster plant (%)
T 80.5gh 4.16 bcd 6.977 d 125 ef 62.5 ef
T, 51.71i 3.16 e 3.877¢e 7549 375¢
T 79.15h 4.33 abcd 6.825d 12.6 ef 63 ef
Vy X Ty 94 b 5ab 8.261 bcd 15.75 abc 78.75 abc
Ts 87.2¢ 4.66 abcd 7.270 cd 14.7 bed 73.5 bed
Ts 85.95 cd 4 de 7.981 bcd 13.8 de 69 de
T, 84.6 de 4 cde 7.714 bed 13.1de 65.5 de
T 81.5fg 4.16 bcd 7.841 bcd 14.46 cd 72.33 cd
T, 52.95i 3.83 de 4494 ¢ 11.16f 55.83 f
T 81f gh 4.16 bcd 8.668 bc 14.56 bcd 72.83 bcd
V, x T, 99a 5.16a 11.003 a 17.06 a 85.33 a
Ts 91.9b 4.83 abc 9.052 b 16.36 a 81.83a
Ts 86.7 cd 4.33 abcd 8.167 bcd 16.33a 81.67 a
T, 83.05 ef 4.33 abcd 8.308 bcd 16.16 ab 80.83 ab

V1: Alial23 hybrid, V,: Rama888 hybrid, T;: 100% mineral fertilizers, T,: 100% bio-fertilizers, T3: 100% organic manure, T:
100%mineral +100% organic manure +100% bio-fertilizer, Ts: 75%mineral +100% organic manure +100% bio-fertilizer, Ts:
50%mineral +100% organic manure +100% bio-fertilizer, T;: 25%mineral +100% organic manure +100% bio-fertilizer.
Values having the same alphabetical letter(s) in each column did not significantly different according to LSD at 5% of
probability.

Table 6. Effect of tomato hybrids and different fertilization sources with its rates on the yield
and its components of tomato plants grown under high temperature conditions during
2016 and 2017 seasons

Tomato Yield and its components
hybrid 2016 season 2017 season
No. fruits/ Yield/ Early Total Awva.fruit No. Yield/ Early Total Ava. fruit
plant Plant yield yield weigh fruits  Plant yield yield weigh

(kg)  (ton/fad.) (ton/fad.) (9) /plant (kg)  (ton/fad.) (ton/fad.) (9)
Effect of tomato hybrids
V, 28.762b 2.8858b 6.1855b 18.044b 97.97b 29.33b 2.9751b 6.0212b 19.286b 99.26 b
V, 33.655a 3.4535a 7.3238a 20.547a 00.08a 35.27a 3.5092a 7.4886a 21.904a 102.46a

Effect of different fertilization sources

Fertilization
treatment

T, 28.667d 2.8465d 7.3167bc 18.029d 99.28d 30.667d 2.9160e 6.9567 bc 19.080d 101.12d
T, 15.208e 1.1462e 2.3776e 7.322e  7532e 14.708e 1.1957f 3.0990d 8.370f 78.99f
T, 28.875d 2.8509d 6.7894c 17.126d 98.72d 31.375cd 2.7678e 7.0716bc 17.673e 99.73e
T, 43.333a 4.6778a 9.2649a 26.395a 107.84a 45500a 4.8413a 89517a 28.250a 109.84a
Ts 37.250b 3.9077b 8.0568b 23.708b 104.72b 38.750b 4.1756b 8.0742ab 25.650b 107.05b
Te 32.917c 3.4423c 7.6167b 21.656c 104.48b 32.750c 3.5180c 7.1126bc 22.980c 105.15c
Ty 32.208c 3.3162c 5.8603d 20.833c 102.83c 32.375c 3.2806d 6.0183c 22.159c 104.16¢

Vy: Alial23 hybrid, V,: Rama888 hybrid, T,: 100% mineral fertilizers, T,: 100% bio-fertilizers, T3: 100% organic manure, T:

100%mineral +100% organic manure +100% bio-fertilizer, Ts: 75%mineral +100% organic manure +100% bio-fertilizer, Tg:

50%mineral +100% organic manure +100% bio-fertilizer, T;: 25%mineral +100% organic manure +100% bio-fertilizer.

Values having the same alphabetical letter(s) in each column did not significantly different according to LSD at 5% of

probability.
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produced poorer fruit yield of tomato. High
temperature decreased carbohydrates and affect
on plant biological processes that lead to lower
fruit yield. The optimal temperature for fruiting
development at night temperature is between 15
- 20°C and the day temperature at about 25°C
(Kalloo, 1985). Increasing temperature above
the optimum range especially at night increased
respiratory rate and this lead to lose
carbohydrates and give lower fruit yield. In the
current study using different fertilization sources
together including bio-fertilizers, organic and
mineral fertilizers may be compensate the
shortage of nutrients induced by high
temperature. Furthermore, using bio-fertilizers
as supportive for mineral fertilization helped the
root to absorb more nutrients under high
temperature. That’s in role enriched the
physiological process including photosynthesis
which leads to increasing carbohydrates rate and
this might enhanced fruit yield of tomato. The
obtained results are in agreement with Ahmed et
al. (2013) Meena et al. (2017) and Le et al.
(2018) they mentioned that combination of

mineral, organic and bio-fertilizer increased
yield and its components.

Effect of the interaction between hybrids
and different fertilization sources under
high temperature conditions

The results in Table 7 show that using Rama
888 hybrids (V,) with a mixture of 100%
mineral +100% organic fertilizer + 100% bio-
fertilizer fertilizer (T,) were the best interaction
treatment that significantly increased yield and
its components, i.e. Average fruit weight,
number of fruits per plant, yield per plant and
total yield in both seasons as well as early yield
in the first season which were listed in this table
compared with other interaction treatments. In
addition, the interaction between Rama888
hybrids (V,) with a mixture of 100% mineral
+100% organic fertilizer + 100% bio-fertilizer
(T4) increased early yield followed by 75%
mineral +100% organic fertilizer + 100% bio-
fertilizer (Ts) with the same hybrid without any
significant effect between them in the second
season.

Table 7. Effect of the interaction between tomato hybrids and different fertilization sources on
the yield and its components of tomato plants grown under high temperature conditions

during 2016 and 2017 seasons.

Yield and its components

2016 season 2017 season
Tomato Fertilization No.  Yield/  Early Total  Ava fruit  No. Yield  Early  Total Ava fruit
hybrid =~ treatment fruits plant  Yield yield weigh  fruits/  plant yield yield weigh
plant  (kg) (ton/fad.) (ton/fad.) ()] plant (kg)  (tonffad.) (ton/fad.) )
T 27.667e 2.7243f 7.024cd 17.465gh 98.48¢g 2900g 2.7646hi 6.691cd 18798f 100.48gh
V% T, 135839 1.0190h 1.943 f 6.324 i 75.01h 12251 09951k 2971e 6.966i 76.67
Ta 27250e 26778f 5957de 16.828h 98.32¢g 29259 26039i 6.386cd 17.127g 9898h
T, 39.167b 4.1797b 8.212b  24.974BC 106.72b 405c 4.3758c 7.839c 25809c 108.05hc
Ts 33.167c 34212d 7440bc  21.685de 103.10de 33.83de 3.5913de 6.615cd 24.045d 105.10de
Ts 30.833d 3.1740e 7.607bc  20.070ef 102.93de 305fg 3.2899fg 6.365cd 21471le 103.27 ef
T 29.667d 3.0046e 5.115¢ 18963fg 101.25ef 30.00g 3.2050fg 5281d 20.783e 102.25fg
VAS T,  29667de 29688e 7.610bc 18504fgh 10008fg 32.33ef 30673gh 7.222c 19.363f 101.75fg
T, 16.833f 1.2734g 2.812f 8.319i 7563h 17.167h 13963j 3.227e 9774h  81.30i
Ta 30500d 3.0239e 7.622bc 17.423gh 99.13g 33.50de 29317ghi 7.757c¢ 18219fg 100.47 gh
T, 47500a 5.1759a 10.317a 27.816a 10897a 5050a 53068a 10.065a 30.690a 111.63a
Ts 41.333b 4.3943b 8.674b  25731b 106.33bc 43.667b 4.7599b 9.534ab 27.254b 109.00b
Ts 35.000c 3.7107c 7.626bc 23243cd 106.03bc 35.00d 3.7460d 7.860bc 24.489cd 107.02cd
T 34.750¢ 3.6279cd 6.606cd 22.702d 10440cd 34.75d 3.3561lef 6.756cd 23535d 106.07 cd

V1: Alial23 hybrid, V,: Rama888 hybrid, T;: 100% mineral fertilizers, T,: 100% bio-fertilizers, T3: 100% organic manure, T:
100%mineral +100% organic manure +100% bio-fertilizer, Ts: 75%mineral +100% organic manure +100% bio-fertilizer, Tg:
50%mineral +100% organic manure +100% bio-fertilizer, T;: 25%mineral +100% organic manure +100% bio-fertilizer.
Values having the same alphabetical letter(s) in each column did not significantly different according to LSD at 5% of

probability.
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Conclusion

The previous study indicated that Alial23
(V1) tomato hybrid significantly increased dry
weight of shoots per plant and total dry weight,
while Rama888 (V;) tomato hybrid significantly
enhanced number of flowers per plant, number
of fruits per cluster, number of clusters per plant
as well as number of fruits setting and its
percentage (from 20 flowers) as well as yield
and its compontes.100%mineral+ 100%organic
manure +100%bio-fertilizer (T,) improved all
dry weight parameters, flowering and fruits
setting characters as well as vyield and its
components. Alial23 (V1) hybrid with a mixture
of 100% minerals + 100% organic fertilizer +
100%bio-fertilizer (T,) significantly enhanced
all dry weight parameters, while Rama 888
hybrid (V) with the same mixture enhanced all
flowering and fruit set characters, as well as
yield and its component, in most cases.
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