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Abstract

Two field experiments were carried out during the two successive summer seasons of 2017 and 2018 in a
private sector farm at Kafr El-Sheikh Governorate, to investigate the effect of four irrigation intervals (every
10days, 15ays, 20ays and 25days) on vegetative growth , chemical composition , fruit yield and quality of some
tomato hybrids (Alissa F1, Carmen Fland Super strain B) and also their interactions under saline soil
conditions.The study included 12 treatments which were resulted from the combinations between four irrigation
treatments (Irrigation every 10 days, 15 days, 20 days and 25 days and three tomato hybrids (Alissa F1, Carmen
Fland Super strain B). Results clearly showed that using irrigation every 10(2850 m®/fed) and 15 days (2550
md/fed) with Super strain B reflected the highest values vegetative growth aspects of tomato plants and increased
plant height, number of branches and leaves /plant and fresh and dry weight of plant as well as leaves area
,chlorophyll content, N, P, K, and proline, In addition, both fruit yield per plant and feddan as well as marketable
fruit yield were increased, while unmarketable yield was decreased as a result of interaction treatments. The
quality trait of tomato fruits i.e.., average fruit weight,length,diameter, fruit firmness,T.S.S., vitamin C and total

acidity were increased.
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Introduction

Tomato (Solanum lycopersicum Mill) is the most
popular and widely grown solanaceae vegetable crop
in Egypt. In each corner of the world, the major
producers of tomatoes were the United States, Turkey,
Egypt, India and Italy. Egypt produces 6723250 ton
yearly the average devoted for tomato planting
395571 fed with an average 16.90 ton/fed. according
to the statistics of Ministry of Agriculture 2017.
Tomatoes are popular for their culinary properties and
their health benefits. Tomatoes and tomato planting-
based products account for more than 85% of the
dietary lycopene. Consumers demand tomatoes for
many of their original characteristics. This means
maintaining the color, nutritional content and level of
antioxidant compounds present in the fresh fruits.
These fruits include vitamins A, C, E and carotenoids
such as beta- carotene and lycopene. Tomato
production is limited by many environmental such as
soil salinity, soil fertility, water quality, irrigation
method and meteorological factors like temperature,
relative humidity and wind speed. Productivity and
quality depend upon the chosen cultivar and other
factors which are related to soil characteristics and
farming practices.

The application of deficit irrigation and kaolin
suspension might be some of the options for
mitigation negative effects of drought caused by
climate change and for saving water in agricultural
production. The application of deficit irrigation aims
to save irrigation water, increase water use efficiency
and achieve optimal yields (Topucet al., 2007). By
applying the strategy of deficit irrigation, crops are
systematically exposed to moderate levels of stress
due to a lack of water for a certain period or during the

entire vegetation, which results in lowering yields, but
also to cost saving and increasing efficiency of water
use (Pereira et al., 2002). Basically, the method of
deficit is to reduce amount of applied irrigation water
to such extent to cause the adaptive response of plants
to drought, enabling them to increase the efficiency of
water use and maintain yields, while increasing the
quality of fruits (Savic, 2008). Before a decision is
made on the application of deficit irrigation regimes,
it is important toassess its impact on different cultures
on the basis of many vyears of experimental
research(Lgbadumet al., 2008).

IN Egypt, it is necessary to produce the maximum
yield and profit from unit area by using available
water efficientlybecause theexisting agricultural land
and irrigationwater arerapidly
diminishing.Consequently, it is important tofind ways
by which available watercould beeconomically
utilized. One way, to achieve thisgoal, is to reduce
thetranspiration rate. The goal of deficit irrigation is
to increase crop water use efficiency (WUE) by
reducing the number of irrigation events ( Kirda ,
2002 ). The DI process irrigates the root zone with
less water than that required for evapotranspiration
and makes use of suitable irrigation schedules, which
are usually derived from field trails (Owes and
Hachum, 2001). Egypt suffers from shortage of
water. So, rationalization of irrigation water in this
sector becomes amust.

Therefore, the main target for this present study
was to investigate the effect of four irrigation intervals
(every 10days, 15ays, 20ays and 25days) on
vegetative growth, chemical composition, fruit yield
and quality of some tomato hybrids (Alissa F1,
Carmen Fland Super strain B) and also their
interactions under saline soil conditions.

Bio-Systems Engineering, 875- 886

875



Effect of Irrigation Intervals on Growth and Productivity and Some Water Relations of

Materials and Methods

Two field experiments were carried out during
the two successive summer seasons of 2017 and 2018
in a private sector farm at Kafr EI-Sheikh
Governorate, to investigate the effect of irrigation
intervals on vegetative growth , chemical composition
, fruit yield and quality and some water relations of
some tomato hybrids (Solanum lycopersicunMill) and
also their interactions under Kafr El-Sheikh
Governorate conditions.

The soil of the experimental field was clay in
texture with pH 7.39. Soil samples were taken at 30
cm from soil surface and soil physical and chemical
properties were determined according to Jackson
(1973) and Black et al.(1982) and were illustrated at
Table (a). Moreover, maximum and minimum air
temperature (c0) and relative humidity % Kafr EI-
Sheikh region during two seasons of study. are shown
in Table (b).

Table a. Average mechanical and chemical analyses of theexperimental soil during the two seasons of growth.

Physical analysis

Chemical analysis

Cations meq/I Anions meq/|
Coarse sand 18.3% Ca* 5.40 CO3~
Fine sand 12.8% Mg* 4.54 HCO3 2.00
Silt 13.5% Na* 15.55 Cl 14.79
Clay 55.4 % K* 0.11 S04~ 8.81
Texture class clay
Soil pH (1: 2.5 soil water suspension) 7.39 Available N 23.9mg/kg
E.C, dS/m 2.56 Available P 12.6mg/kg
Organic matter 2.6% Available K 183mg/kg

Table b. Monthly air temperature and relative humidity in Kafr EI-Sheikh region during two seasons of study.

2017 2018
Tmperature °C R.H% Tmperature °C R.H%
Months Max Min Average Max Min Average
March 18.3 6.5 70 19.3 7.2 69
April 27.1 10.1 65 25.3 10.3 64
May 30.9 15.6 64 304 16.6 63
June 34.1 18.3 61 32.7 19.7 60
July 37.6 19.6 65 37.6 225 67
The area of the experimental sub plot was 1- Irrigation every 10 days (10 — days).
10.5m?.Each experimental plot included four ridges 2- lrrigation every 15 days (15 — days).
3.5 meters in long and 1 meter in width. From which, 3- lrrigation every 20 days (20 — days).
three ridges were planted and one was left as a guard 4- Irrigation every 25 days (25 — days).
between plots to prevent water movement from any The irrigation  treatments began  after

plot to adjacent one. Transplanting was done on one
side of ridge at 50 cm apart between seedlings.
Transplanting was done on 71 and 9" of March in

transplanting irrigation.
B — Tomato hybrids.
The tomato hybrids used in this experiment were: -

2017 and 2018, respectively. All agriculture practices 1- Alissa F1
were done as recommended by Ministry of 2- Carmen F1
Agriculture and land reclamation for the crop and the 3- Super strain B

studied area.

The experiment included 12 treatments which
were the combinations of four irrigation treatments
and three tomato hybrids as follow:

A-Irrigation intervals.
The irrigation intervals used in this experimental were
as follows:

In both seasons, split plot design with four
replications was used in this experiment where the
main plots were devoted to four irrigation intervals
and sub plots were occupied by three tomato hybrids.
The hybrids were distributed randomly in the sub-
plots.
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Table c. The main characteristics of Tomato hybrid Alissa, Carmen and Super Strain B hybrid.

Hybrids
Characteristics

Alissa

Carmen

Super Strain B

Growth habit

Vegetative growth

Cultivation date

Ripening date

Fruit characteristics

Determinant
Medium with moderate
cover for fruits.

Determinant
Medium with moderate
cover for fruits.

Determinant
Medium with moderate
cover for fruits.

Spring and early summer
seasons.

Spring and early summer
seasons.

Spring and early summer
seasons.

70-90 days (Medium) of
transplanting

85-90 days(medium) of
transplanting

90 days (Medium) of
transplanting

Medium long shape-
high firmness- moderate
red color-avg. fruit
weight 120-150g.

Long shape - high
firmness- moderate red
color avg. fruit weight
130-140¢g

Medium Long shape —
high firmness — moderate
red color — avg. fruit weight
140-160 g.

- Good fruit setting in

Nematode holds roots-

- Good fruit setting in high

Tolerance high temperature.

P temperature.
tomato mosaic virus

3. Data recorded:
a. Vegetative growth characteristics.

Three plants were taken from each experimental
plot as a representative sample after 70 days from
transplanting and the following data were recorded.
plant height, number of branches and leaves/plant,
fresh and dry weight per plant and Leaf area/plant.
b. Chemical composition of plant foliage:

Total chlorophyll, carbohydrates, nitrogen,
phosphorus, potassium, and proline content were
determined according to Murquard and Timpton
(1987), Cherry (1973), Pregl (1945), John (1970),
Brown and Lilleland (1964) and Bates, et al.,
(1973), respectively.

At harvest mature fruits were picked along the
harvesting season and the following data were
recorded
Total fruit yield/fed: It was calculated using plot
yield and plot area.

Fruit yield/plant: It was calculated form fruit
yield/plot and number of plants/plots.

Marketable fruit yield/fed: it was calculated as
weight of harvested fruits after discarding the
misshaped fruits.

Unmarketable yield /fed: it was calculated as weight
of infected and the misshaped fruits.

Early yield

Water use efficiency

Water use efficiency expressed as water economy,
was calculated using the following equation of Begg

and Turner (1976).
Total yield (kg/fed.)

Water economy (kg/m®) =

Total amount of applied water (m®/fed.)
d. Fruit quality
1- Physical quality: A random sample of 10 fruits at
full ripe stage from each experimental plot was taken
to determine the following properties. Average fruit
weight, length, diameter and firmness. Fruit firmness

(g/cm?) was determined by using digitalis
Penetrometer (PCE-PTR.MITPC, USA) with a
needle 8 mm in diameter.

2. Chemical quality:

Total soluble solids (T.S.S.): A random sample
of 10 fruits from each experimental plot at full ripe
stage was taken to determine the percentage of
soluble solid content by using the hand
refractometers.

Total titratable acidity (T.T. A) and L. ascorbic
acid were determined according to the method
described in A. O. A.C. (1990).

4- Statistical analysis:

The analysis of variance was carried out
according to Gomez and Gomez (1984). Treatment
means were compared by Duncan’s Multiple Rang
Test (Duncan, 1955). Statistical analysis of variance
was done using COSTAT software package.

Results and Discussion

1- Vegetative growth characteristics.

Data recorded in Table (1) show the effect of
irrigation intervals (10 days — 15 days -20 days and 25
days) and hybrids ,i.e, Alissa, Carmen and Super
strain B as well as their interaction on vegetative
growth aspects of tomato plants grown under Kafr
El-sheikh condition during the two seasons of study

Concerning the effect of irrigation intervals
data in Table (1) showed that irrigation every 10 days
followed by irrigation every 15 days( irrigation at soil
moisture content of field capacity) during the
growing season recorded the highest values of
vegetative growth and increased all measured
vegetative growth parameters without significant
differences between them expressed as number of
branches and leaves per plant, fresh and dry weight of
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plant and leaves area compared with other irrigation
treatments under study in both seasons. While, plant
height was significantly and steadily increased with
increasing the rate of irrigation water during the
growing seasons. On the other hand, the irrigation
every 25 days (irrigation at soil moisture content of
field capacity) recorded the lowest values of all
measured vegetative growth traits in both seasons of
study. This result are true in both seasons of study.
Such increments in vegetative growth traits due to
increasing the level of irrigation may be due to the role
of water in accelerating the physiological processes
and increasing the solubility and up-take of macro-
and micro- nutrients which constitute and
incorporated in the formation of protoplasmic
materials necessary for cells formation and
consequently increasing the vegetative growth of
plant. Obtained results are in agreement with those
reported by Abdalalliet al.(2012), Abd El-hadyet
al.(2017) and Malashet al.(2019) they reported that
drought stress significantly decreased most vegetative
growth characteristics.

The same data in table (1) indicated that there
were significant differences among the tested hybrids
in all vegetative growth characteristics, i.e. plant
height, number of branches and leaves, fresh and dry
weight of plant as well as plant leaves area during both
seasons of study. In this regard, super strain B and
Alissa hybrids gives the highest values of all measured
vegetative growth characteristics with no significant
differences between them except plant height in both
seasons of study. While Carmen hybrid gave the
highest values of plant height in both seasons of study
compared with other cultivars under study. Such
differences among the tested hybrids in vegetative
growth aspects maybe attributed to the genetic
differences for such hybrids. In this concern, Boagleet
al (2016), Pazzagliet al (2016), Aghaieet al (2018)
reported that there are highly variation among tomato
cultivars for all vegetative growth parameters.

As for the effect of the interaction treatments
between irrigation intervals and cultivars, the same
data in table (1) revealed that the highest values in all
measured growth traits were recorded as a result of
using irrigation every 10 days ( 2850 m?® water/fed)
followed by irrigation every 15 days ( 2550 m?®
water/fed) with cultivars super strain B and Alissa
with no significant differences between them for
number of branches and leaves /plant , fresh and dry
weight per plant and leaves area in both seasons .
While Carmen hybrid recorded the tallest plants
when irrigated every 10 days in the two seasons. On
the other hand, irrigation every 25( 2100 m® water/fed)
days recorded the lowest values for all measured
vegetative growth characteristics with all cultivars
especially Carmen hybrid in both seasons of study.

2. Chemical composition of plant foliage :-
Concerning the effect of irrigation levels on total
chlorophyll reading, proline (mg/100g dry weight),

total carbohydrates (mg/100g d.w), N%, P% and K%
of tomato plant foliage, data given in table (2)
indicated clearly that irrigated tomato plants every
10days ( irrigation at soil moisture content of field
capacity) followed by 15 days( irrigation at soil
moisture content of field capacity) during the two
seasons of growth gives the maximum values and
increased all assayed chemical constituents of plant
foliage i.e, total chlorophyll reading and macro
elements (N,P,K percentage ) without significant
differences between them except proline and
carbohydrates content in both seasons of study. On
the other hand, irrigation every 25 days (irrigation at
soil moisture content of field capacity) gives higher
proline and carbohydrates content compared with
other irrigation treatments under study and in the
same time recorded the lowest values of chlorophyll
reading and N.P.K. percentage in both seasons. In this
respect, the reduction of total chlorophyll reading and
NPK concentration in plant foliage as a result of
increasing the irrigation rate may be due the
increasing of absorbed and translocated water to the
foliage of plant parts, which in turn diluted such
concentration of macro- nutrients in foliage cells of
plants. Similar results were obtained by numerous of
investigator,Abdala  aliet al. (2012), EI-
Zawilyetal.(2019), Jiansheet al. (2019) and
Malashet al. (2019).

With regarding the effect of cultivars, the same
data in Table (2) revealed that the highest values of all
measured chemical constituents (total chlorophyll
reading , N, P and K) except proline and carbohydrate
were recorded by Super strain B and Alissa cultivars
without significant differences between them in both
seasons of study. While , Carmen cultivar recorder
the higher proline and carbohydrates content than
other cultivars ( Super strain B , and Alissa cultivars)
and the lowest values of total chlorophyll reading , N,
P and K in both seasons of study. The difference in
chemical constituents in tomato plants could may be
connected with te differences in growth rate (table,2)
and the differences in their nutrient requirements and
absorbing ability of different tested hybrids. More
ever it may be due to the genetic differences in genetic
potential for such tested hybrids. Similar results were
reported by Kim Hain et al.(2014) and Aghaieet al
(2018).
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Table 1. Effect of irrigation intervals, hybrids and their interaction on vegetative growth characteristics of tomato plants grown under Kafr-Elsheikh condition during 2017 and
2018 summer seasons.

Characters Plant height No. of No. of leaves /olant Fresh weight Dry weight ( Leaves area
(cm) branches/plant ' b (g/plant) g/plant) (cm?/ plant)
Treatments
Seasons Seasons Seasons Seasons Seasons Seasons
I'rr]tré?s‘gg” Hybrids 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018
10 days 7758a 7850a 591a 6.08a 5854a 59.75a 465.16a 481.25a 71.33a 74.33a 42825a 4325 a
15 days 7479b 7416b 575a 5.87a 57.33a 58.33a 465.83a 480.00a 705 a 735a 4252.08a 4291.66 a
20days 71.79¢c 7241c 508b 534b 53.20b 5558b 435.00b 443.75b 675b 68.65b 4079.16b 4100 b
25 days 64.08d 63.58d 5.08b 533b 51.38b 52.00c 309.16c 31291c 61.66c 63.75c 3827.50c 3854.16 c
Alisa 69.65b 70.93b 556a 5.75a 56.03a 57.31 a 431.31la 438.12a 70.06a 7293a 4246.87a 4281.25a
Carmen 74752 74.12a 496b 512b 5251b 5212 b 386.81b 405.18b 61.75b 64.18b 3853.12b 3881.25Db
SuperstrainB 7178 b 7143b 584a 6.09a 57.1a 59.8la 43825a 445.12a 71.43a 73.12a 423093a 4265.62a
Alisa 75.25 abc 76.75 bc 5.87 a 6a 5912ab 615b 477 a  4875b 73.75 a 78 a 4450 a 44875 a
10 davs Carmen 80.5a 80.75a 525a 55 a 56abc 53.75def 4235cd 445cd 6475 b 675 de 3950 bcd 4000 cd
Y Super strainB 77 ab 78 ab 6.62a 6.75a 605a 64 ab 495 a 511.25a 755 a 775 a 44475 a 44875 a
Alisa 7;(':35 7450 cd 5.87 a 6a 5825ab 565cd 485 a 4875b 73.25 a 76.25 ab 44125 a 44625 ab
15 days Carmen 76.62 ab 7450 cd 5.12 a 5.12 a 53.5abc 52.75def 418.75d 440.75cd 63 bc 66.75 ef 3925 bcd 3950 cde
Super strainB 76.50 ab 7350 cd 6.25a 65a 6025a 6575a 495(':75 511.75a 75.25 a 775 a 4418.75 a 44625 ab
Alisa 69 def 69 e 525 a 575 a b555abc 60.25bc 45325 b 4625c 7125 a 725 bc 4200 ab 4225 abc
20 days Carmen 765 ab 7625 bc 5 a 475 a 49.62c 52ef 411.25d 430d 60.5 bc 625 fg 3875 cd 3900 de
Super strain B 69.87 cde 72 de 5a 55 a b545abc 505ef 440.5bc 438.75cd 70.75 a 71.25 cd 4;?)20'5 4175 bcd
Alisa 6312 g 635f 525a 525a 51.25bc 5lef 310 ef 315e 62 bc 65 ef 3925 bcd 3950 cde
25 days Carmen 65.37 efg 65 f 45a 512a 49.75¢ 50f 29375 f 305e 58.75¢c 60 g 36625 d 3675 e
SuperstrainB 6375 fg 6225 f 55a 562 a 5:5%:5 55de 32375 e 318.75e 6425 b 6625 ef 3895 cd 3937.5 cde
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Table 2. Effect of irrigation intervals, hybrids and their interaction on chemical composition of tomato plant foliage grown under Kafr-Elsheikh condition during 2017 and
2018 summer seasons.

Chlorophyll reading Proline Carbohydrates o o o
Characters = spap ynit) (mg/100gd.w)  (g/100gmd.w) N %6 P % K%
Treatments
seasons seasons seasons Seasons seasons Seasons

I'r:trégsggn Hybrids 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018
10 days 5175a 5327a 688c 693c 116c 118c 328a 3.32a 04l17a 0429a 3.08a  310a
15 days 50.75a 5200a 7.10bc 7.16b 129b 136b 326a 3.3la 0407a 0423a 306a  3.10a
20days 4458b 4800b 7.36ab 7.39a 142a 143a 3.16b  3.23b 0375b 0386b 294b 297D
25 days 4191c 4383c 7.42a 745a 142a 145a 287c  2.95c 0316c 0327c 2.74c _ 2.77¢
Alisa 4825a 50.33a 7.42a 745a 149b 157a 334a 343a 0388a 0402a 333a  337a

Carmen 4518b 47.37b 665b 671b 093c 108c 254b  259b 0342b 0354b 221b 223D

Super strain B 4756a 50.12a 75la 754a 156a 142D 3.56 a 359a 0.406a 0.4l6a 333a 3.35a

10 days Alisa 5275a 5432a 722 cd 7.22b 130d 1329 345 pc 352ab 0427 a 0445a 346a 35 a
Carmen 50 ¢ 51 bed 6.15f 6.22e 089e 09le 264e 266d 0372a 0385a 23lb  232b

Super strain B 525 a 545 a ng 735a 131d 132d 375a 376a 0452 a 0457a 348 a 3.48a
15 days Alisa 51 b 5325ab L‘fg 742a 144c 152b 343 bc 347ab 0417a 0437a 343a 348 a
Carmen 475 d 505 cde 642 f 65d 090e 145c 26lef 270 d 0365a 0382a 229 b 232 b
SuperstrainB  50.75 bc 52.25bc 7.52abc 7.57a 152bc 092e 373 a 38a 0440 a 0450a 345a 348 a
20 days Alisa 46.25de 4825 ef 753abc 7.55a 16b 16b 335 cd 342 ab 0377a 0390a 332 a 337 a
Carmen 42759 4625 fg 7.16 de 7.2b 096e 097e 252 ef 257d 0340a 0350 a 218 b 22 b
SuperstrainB 4475 ef 495 ef 758a 7.62a l7a 172a 363 b 37a 0407a 0420a 332 a 3.35 a
Alisa 43fg 4559 757a 762a 162b 165b 312d 33bc 0330 a 0330 a 309a 312 a

25 days Carmen 405 h 4175h 687e¢ 692c 096e 098e 237 f 242d 0292 a 0300a 206b 21 b

SuperstrainB 4225 gh 4425g 765a 7.63a 173a 173a 312d 312 ¢ 0327 a 0340 a 3.07a 3.1 a
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As for the effect of the interaction treatments
between irrigation intervals and cultivars, the same
data in table (2) showed clearly that under irrigation
every 10 (2850 m?/ fed) and 15 days (2550 m¥/ fed) ,
the hybrids Super strain B and Alissa recorded the
highest values of all chemical constituents of plant
foliage ( chlorophyll reading , N,P and K ) in both
seasons of study. However , Carmen hybrid was the
lowest chemical constituents ( chlorophyll reading ,
N,P and K ) in both seasons of study. On the other
hand , irrigation every 25days (2100 m® fed)
followed by 20 days(2150 m?/ fed) plots planted with
Carmen plants recorded the highest values of proline
and carbohydrates content and recorded the lowest
values of chemical constituents (chlorophyll reading,
N,P and K) in 2017 and 2018 seasons.

3. Fruit yield and its components as wellas water
use efficiency.

Data presented in table 3 showed that total
produced fruit yield and its components expressed as
early and total fruit yield per plant , marketable and
unmarketable fruit yield as well as total fruit yield
per fedden were significantly affected as a result of
irrigation intervals treatments . In this respect, the
plants irrigated every 10 days (irrigation at soil
moisture content. of field capacity) and 15 days
(irrigation at soil moisture content. of field capacity)
during growing seasons significantly increased and
produced early and total fruit yield per plant as well as
marketable and total fruit yield /fed without
significant differences between them, However it
decreased the unmarketable fruit yield compared
with other irrigation treatments under study. In this
regard, using irrigation every 10 and 15 days exhibited
the highest values of early yield per plant, total fruit
yield for both plant and feddan as well as marketable
fruit yield compared with other tested irrigation
treatments in both seasons of study . In this respect,
irrigation every 15 days (irrigation at soil moisture
content of field capacity) recorded the highest values
of water use efficiency in both seasons compared with
other irrigation treatments under study. On the other
hand , irrigation every 25 days( irrigation at soil
moisture content of field capacity) recorded the
lowest values of fruit yield and its components except
unmarketable yield, its increased by using irrigation
every 25 days in both seasons compared with other
irrigation treatments in this study. Such increments
in total fruit yield and its components due to
increasing the amounts of irrigation applied are
connected with the enhancing effect of irrigation
water on vegetative growth of plant (tablel ) which in
turn affect on the yielding ability of plants.These
finding are in agreement with those obtained by
previouslyWahb-Allah and Al-Omran(2012) , Zhu
et al.(2012), Monte et al.(2013), Rahil et al.(2013)
and Luvaiet al.(2014) all working on tomato.

Concerning the effect of cultivars on total fruit
yield and its components as well as water use

efficiency, the same data in table (7) indicated that
total fruit yield and its components asearly and total
fruit per plant , marketable and unmarketable fruit
yield and total fruit yield and per feddan. Water use
efficiency were significantly affected and increased
by cultivar plots with Super stain B followed by Alissa
under this study in both seasons. On the other hand ,
plots cultivated with Carmen hybrid recorded the
lowest values of fruit yield and its components as
well as water use efficiency in2017 and 2018 seasons.
Such findings might be due to genetic make - up of the
cultivars.Also, such differences in fruit yield and its
components as well as water use efficiency among the
tested cultivars may be due to the differences in
vegetative growth (table 1).  Similar varietal
differences in early and fruit per plant , marketable and
unmarketable fruit yield and total fruit yield were
recorded by Bogaleet al.(2016)andCruzet al.(2019).
With respect to the effect of the interaction treatments
, data in table (3) coincided that using irrigation
every 10(2850 m¥/fed) and 15 days (2550 m®/fed)
with Super strain B reflected the highest values of
fruit yield and its components ( early and total fruit
yield per plant , total yield and marketable yield per
feddan) with no significant differences between them
in both seasons except unmarketable yield per
feddan . In addition , irrigation every 15 days with
Super strain B cv. recorded significantly the highest
values for water use efficiency in both seasons of
study. On the other hand , irrigation every 25 days(
2100 m¥ fed) with all cultivars recorded the lowest
values of fruit yield and it components (early and
total fruit yield per plant , marketable and
unmarketable fruit yield and total fruit yield per
feddan ) as well as water use efficiency in 2017 and
2018 seasons.

4.Physical fruit quality.

Regarding the effect of irrigation intervals
treatments on physical fruit quality of tomato
expressed as average fruit weight , length, diameter
and fruit firmness, data in table (4) indicated that all
foregoing physical fruit quality traits were
significantly increased as a result of using irrigation
every 10 and 15 days ( irrigation at soil moisture
content and % of field capacity, repectively)
compared with other treatments under study .More
ever, using irrigation every 10 and 15 days recorded
the highest values in all measured physical fruit
quality traits without significant differences between
them except fruit firmness in both seasons of study.
On the other hand, irrigation every 25 days( irrigation
at soil moisture content and % of field capacity)
recorded the highest values of fruit firmness and in the
same time its decreased the fruit weight and fruit
length in both seasons. While, the fruit diameter were
not significantly affected in both seasons of study.
Such improvement in physical fruit traits as a result of
using irrigation intervals treatments may be due to the
increase in photosynthetic pigments and mineral
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elements content of plant foliage (table 2) which
affected positively on plant growth( table 1) and
consequently on quality of produce fruit (table 3) as
well as the main role of water on increasing number
and size of fruit cells which in turn may affect on fruit
size and weight. In this concept similar results were
reported by Abd El-hadyetal. (2017) ,El-Zawilyet
al.(2019) ,Liuetal. (2019),Jiansheet al. (2019), Luet
al. (2019).

As for the effect of cultivars the same data in
table (8) revealed that the cultivars significantly differ
in physical fruit quality . Super strain B and Alissa
hybrids recorded higher fruit length and diameter
than Carmen hybrid in both seasons of study . On the
other hand, Carmen hybrid recorded the highest
values of fruit length and recorded the lowest values
of fruit weight and diameter in both seasons. More
ever, cultivars were not significantly affected on fruit
firmness in both seasons of study. Such findings might
be due to the genetic make- up of the cultivars. Similar
varietal differences in fruit length, diameter,weight
and firmness reported by Bogaleet al.(2016),Cruzet
al.(2019)and Valcarcelet al.(2019).

As for the effect of interaction treatments , data
in table (4) indicated that the highest values in most
measured physical fruit quality traits ( fruit length
and fruit diameter) were obtained by using irrigation
every 10 days (2850 m3/ fed) followed by 15
days(2550 m3/ fed) with super strain B and Alissa
hybrids in both seasons of study without significant
differences between them compared with other
treatments in this study. While, Carmen hybrid
recorded the highest values of fruit length with
irrigation every 10 days followed by irrigation every
15 days with no significant differences among them
in both seasons of study. On other hand, the
interaction treatments effect for fruit firmness were
not significant differ in both seasons and the
irrigation treatment with 25 days(2100 m¥/ fed)
recorded the lowest values of physicals fruit qualities
with all cultivars under study in 2017 and 2018
seasons.

5. Chemical fruit quality:-

Data presented in table (4) showed the effect of
irrigation intervals on chemical fruit quality indices
expressed as T.S.5.% , Vitamin C content and total
acidity percentage during the two seasons of study. In
this respect, irrigation every 10 days, 15 days and 20
day (irrigation at soil moisture content and % of field
capacity, respectively) recorded the highest values of
vitamin C content in both seasons of study without
significant differences among them. While, irrigation
every 10 days recorded the highest values of acidity %
in the second season compared with other irrigation
treatment under study. On the other hand, irrigation
every 25 ( irrigation at soil moisture content and % of
field capacity) followed by irrigation every 20 days
recorded the highest values of T.S.S. with no
significant differences between them in both seasons

of study. However, using irrigation every 25 recorded
the lowest values of vitamin C content and acidity in
both seasons of study. This results are in agreement
with those obtained by previouslyAbd El-hadyetal.
(2017) ,El-Zawilyet al.(2019) , Luet al. (2019) and
Jiansheet al. (2019).

With regarding the effect of cultivars the same data
in table (4) showed clearly that T.S.S % , vitamin ¢
content and total acidity % were not significantly
improved as a result of using the cultivars effect in
both seasons of study expect in the second season,
Super strain B recorded the highest values of vitamin
.C content compared with other cultivars in this study.
Such findings might be due to the genetic make -up
of the cultivars .Similar varietal differences inT.S.S
% , vitamin ¢ content and total acidity % were
reported by Bogaleet al.(2016), Cruzet al.(2019)
andValcéarcelet al.(2019).

As for the effect of the interaction treatments
between irrigation intervals and hybrids, the same data
in table (4) revealed that the highest values of vitamin
C (V.C) were recorded as a result of using irrigation
every 10 and15 days( irrigation at soil moisture
content and % of field capacity, respectively ) with
super strain B and Alissa hybrids in both seasons of
study. More ever, the irrigation every 10 days and 15
days recorded the highest values of vitamin C with
super strain B and Alissa hybrids with no significant
differences between them in both seasons. On the
other hand, irrigation every 25 days(2100 md/fed)
recorded the lowest values for vitamin C with all
hybrids under study in both seasons. However,
irrigation every 20 and 25days( irrigation at soil
moisture content and % of field capacity) gave the
highest values of T.S.S % with all hybrids under
study.
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Table 3. Effect of irrigation intervals, hybrids and their interaction on fruit yield and its components of tomato plants grown under Kafr-Elsheikh condition during 2017 and
2018 summer seasons.

Unmarketable

Characters Total yield Total yield Marketable yield yield Early yield WUE
3
Treatments (Kg/plant) (t/fed.) (t/fed.) (t/fed.) (Kg/plant) (Kg/m®)
Seasons Seasons Seasons Seasons Seasons Seasons
:r:trégsgg” Hybrids 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018
10 days 429 a 447 a 2918 a 30.12 a 2728 a 2825a 191 b 186 ¢c 192a 194a 1048b 1038b
15 days 4.28 a 443 a 2879 a 2984 a 2691 a 2794 a 188 b 191 bc 185a 187a 1128a 1148 a
20days 3.74 b 386 b 2189 b 2221 b 1961 b 2015b 227a 215a 1.25b 127b 994b 10.32b
25 days 359 b 368 c 2086 b 2138 c 1843 c 1906 b 243 a 231 a 0.853c 0867c 9.92b 1017b
Alisa 3.98 b 412 a 25.20b 2595 b 2319 b 2411 b 20l a 183c¢c 1.55a 156a 1041b 10.63b
Carmen 3.80 ¢ 393 b 2437 c 2476 c 2224 c 2272 c¢c 212a 203 b 1.31b 1.33b 10.11c 10.11¢c
Super strain B 4,14 a 418 a 2597 a 2695 a 2374 a 2472 a 224 a 223 a 153a 157a 10.70a 11.02a
Alisa 429 b 446 b 28.87 b 30.02b 27.10b 2838 b 177 a 1.63 a 2.00a 202 a 10.31c 10.35de
Carmen 4.08 cde 432 b 2829 b 291 b 26.34cd 27.19bc 194 a 191a 1.72¢ 1.75¢ 10.29c¢ 10.02 ef
10 days
Super strain B 452 a 464 a 304 a 3123 a 2840a 29.19a 20l a 204 a 2.03a 205 a 10.85b 10.76cd
Alisa 4.24 bc 439 b 2857 b 2952b 26.93c 27.89b 164 a 165 a 195 a 200 a 11.02b 11.36Db
Carmen 4.13 cd 43b 27.78b 28.96b 25.79d 27.02bc 198a 193 a 17 ¢ 171 ¢ 10.89b 11.13bc
15 days Super strain B 446 a 46la 30.04a 31.06a 28 a 2891la 204 a 214 a 19 b 1.92b 11.77a 11.94a
Alisa 3.83 ef 3.97c 2233c 23.03c 20.08e 21.12c 224 a 191 a 1.31d 133 d 10.14c 10.71cd
Carmen 3.50 ¢ 3.60 de 20.72 d 20.47d 1848f 1841f 223 a 204 a 1.05¢e 1.06e 941d 952¢g
20 days Super strain B 3.89 def 4.03 b 2262 ¢ 23.13c 2027e 20.93c¢c 236a 220 a 1.4d 1.42d 10.28c¢c 10.75cd
Alisa 3.55 ¢ 3.66 d 21.02d 21.25d 1863f 19.07f 238 a 215 a 0.88f 0.90f 10.00 ¢ 10.11ef
Carmen 351 g 349 e 2237d 2052d 18.36f 18.26f 234a 225 a 0.79f 0.80f 9.85cd 9.77fg
25 days Super strain B 3.70 fg 389 c 2085d 2237d 18.29f 19.84f 255a 253 a 0.88 f 0.90f 9.92c¢ 10.65d
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Table 4. Effect of irrigation intervals, hybrids and their interaction on physical and chemical fruit quality of tomato plants grown under Kafr El-sheikh condition during 2017
and 2018 summer seasons.

Characters  Fruit weight (g) Frug::ﬁ;]gth Frwt((éi:;neter Fruzt;‘g:nr?)ness T.S.S% V.C (mg/100g) Acidity %
Treatments 9
Seasons Seasons Seasons Seasons Seasons Seasons Seasons
I'r:tr;%f}gl‘;” Hybrids 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 20181
10 days 139.44 a 14222 a 514a 540a 522a 535a 37079 b 37083 b 470b 478b 306a 3.15a 148a 155a
15 days 13791 a 13458a 510a 538a 525a 534a 37358b 3775 b 455b 454c 297a 3.10a 142a 144b
20days 13277 a 12000b 495b 517b 513a 520a 40162 a 391.66 a 525a 53a 287a 307a 123a 135b
25 days 1573 b 310 4egc 517b  522a 5272 43497a 40956 a 540a 542a 214b 247b  1lla 12l c
Alisa 136.00 a 12989a 486b 523a 54a 540a 40205 a 39937a 492a 497a 274a 28b 137a 144a
Carmen 12187 b 11266b 516a 529a 487b 505b 39496 a 37875a 497a 503a 256a 278b 129a 133a
Superstrain B 13648 a 13812a 487b 53la 536a 54la 3887l a 4003la 502a 503a 290a 32la 127a 137a
10 days Alisa 14583 a 16333a 505 bc 53 ab 53 abc 542 bc 36495 a 370 a 459 ¢ 467 bc 34 a 307 ab 14l a 147a
Carmen 12833 ¢ 1ﬁ§'83 527a 532ab 47cd 48d 3858 a 3725a 482 bc 487 b igf 20 b 155a 162a
Super strain B ;;‘4'16 1375ab 51bc 552a 567a 58a 36162a 370 a 47 ¢ 48 bc 315 a 35 a 15a 155 a
15 days Alisa 144.16 ab 1%%'16 5bed 537 ab 552 ab 5.6 ab 399.97a 380 a 445c 445c 287ab 3ab 147 a 15 a
Carmen 1ig'66 11)3(:'75 527 a 545 a ‘Et’)'clj 532 bc 359.15a 350 a 445c 455 bc 31 ab 275bc 13 a 135 a
Superstrain B 142.9ab  160.83a 5.02 bed 5.37 ab i‘clj 515 cd 36162 a 3925 a 475c 462 bc 295ab 355 a 15 a 147 a
Alisa 1375b 153'66 487 de 517 bc 535 ab 52 bed 399.95a 380a 525ab 532a 26abc 302 ab 145a 15 a
20 days Carmen 152'83 106.66 ¢ 5.15 ab 5.2 hc ‘Z‘gg 502 cd 38245a 385a 525ab 53 a igf 317 ab 132 a 14 a
: 140.00 16083
Super strain B o be. 482 e 515 bc 532 abc 537 bc 42247 a 410a 525 ab 527 a 341 a 302ab 0925a 115 a
Alisa 11666¢ef 2125 455f 51 ¢ 542 ab 54bc 44332 a 4375a 542a 545a 211bc 232 ¢ 117a 13 a
25 days bc
Carmen 111.66 f 104.16 ¢ ‘éﬁ? 52 bc 465 d 507 cd 45247 a 3875a 537a 54a 187c 23 ¢ 0987 a 117 a
SuperstrainB  11886ef 1275 bc 455 f 522 b 532abc 535 b 409.12a 4037 a 54a 542a o0 28 bc ll8a 117 a
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