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ABSTRACT

Two field experiments were carried out at the Agric. Experimental Station,
Faculty of Agric., Mansoura University, Egypt during the two growing seasons of
2007-2008 and 2008-2009, aiming to evaluate botanically two newly tomato
genotypes grown under shading and wastewater of El-Delta company of fertilizers and
Talkha electricity generate mixed with sewage of the vicinity villages, at Dakahlia
Governorate, Egypt. The data indicated that Cheyenne (e 448) genotypes recoded an
increase in all growth characters studied compared with Gs 12 at different growth
stages in both growing seasons. However, in both genotypes, Plant height, numbers
of intemodes, leaves and branches on the main stem, as well as, fresh and dry weight
of the shoot system were increased significantly due to wastewater application at 50%
level whereas decreased insignificantly at 100% level. Shading agent seemed to have
a stimulating effect on different growth characters of the two tomato genotypes under
the present investigation compared with the control

The interaction treatments indicated that shading enabled the developing
tomato plants to withstand, wastewater at 100% level .The "S" or sigmoide growth
curve was detected in both tomato genotypes studied during the two tomato growing
seasons. The highest rate of Increase was detected between the 1% and 2 sampling
date.

Genotype (2) bloomed earfier than genotype (1); by about 7-10 days in the first
and second seasons respectively and showed shorter growing period and eardier
maturation than genotype.(1). overall all treatments examined. However, irrigation
with Wastewater at 50% level increased whereas shading enlowered the period
elapsed from fransplanting to flowering in both tomato genotypes. Simitarly,
wastewater at 100% level delaying flowering but only with genotype (1) by about 15-
19 days and at 100% hasten following by about 12-15 days in the first and second
seasons respectively. Shading with wastewater at 100% has no significant effect in
this respect .

INTRODUCTION

Tomato (Lycopersicon escufantum, L. Mill; Solanaceae) is one of the
most important vegetable and industrial crop in Egypt. The commercial
plantation of tomato are gradually concentrated in the vicinity of cities nearest
the industrial factories in the presence of polluted wastewater. Water.
availability is thought to be the most critical limiting factor for photosynthesis
and hence for agriculture productivity.

Response of plants to wastewater stress is influenced by the degree of
stress, plant genotypes and its growth stage as well as the environmental
conditions. _ _

Cn the other hand, competition for cultivated area and available fresh
irigation water especially in favor of summer crops, in Egypt has shifted
interest towards increases efficiencies “of the limited land use and growth
resources utilization through intercropping. Tomate has tap root system
whereas maize has a fibrous one. Consequently, there is a complementarily
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in the economic use of soil, water and nutrients by the two crops during their
intercropping. In addition, maize height may produce shading demands for
tomato and minimize its flowers abscission noticed through summer season.
The present investigation was detected to study the ability of using the
waste water of El-Delta company of fertilizers and Talkha electricity
generation mixed with the sewage of the vicinity villages at Dakahlia, El-
Dakahlia Governorate, Egypt as a common source of irrigation and nutrients
for cuitivation of two newly tomato genotypes grown. in an intercropping
pattern with maize. A comparative morphlogical characters were studied.

MATERIALS AND METHODS

Two field experiments were carried out at the Agric Exp. Station,
Faculty Agric., Mansoura Univ.,, Egypt during the two growing summer .
season of 2007/2008 and 2008/2009 aiming to evaluate morphologrcaily two
tomato genotypes grown under wastewater of Ei-Delta company of fertilizers-
and Talkha electricity generation mixed with sewage of the vicinity villages, at
Dakahlia Governorate, Egypt. Tomato seeds were performance were grown
either alone or in association with maize. The fresh water was obtained from
river Nile and used as a control. Tomato (Lycopercicon esculantum, Mill,
Solanacea) genotypes 448 and G512 Sigma Comp. {(imperted from Hofland)
were evaluated in the present investigation. Zea mays, L Poaceae Cv.
Bachaier 13 was used in an intercropping pattern as a shading agent for
tomato growth. Corn grains were obtained from Agric. Res. Center (ARC),
ministry of Agric. Egypt. Table (1) shows the identification characteristics of
the tomato and corn genotypes and their sources used in the present
investigation.

Table (1): Identification characteristics and sources of the tomato and
corn genotypes used in the present investigation during the

two growing summer seasons of 2007 and 2008.

Genotype Identifications characters Sourca
Tomato, {Type . Cheyenne is an eary determinate hybrid tomato of the bush type, fod  Holland
Cultivar production in the open field,
K1): Plant: The plants are medium vigorous with medium intemnodes.
ICheyenne Fruit: Finm, deep globe fruit with a medium greenback. Average fruit weight of 150]
£ 448) FI gams Aftractive red colour at maturity.
thybrid: esistance: Verticillium dahliae + V. alboartum (VaVd) fusarium oxysporum f.sp.
ycopersici (foly.z) races 1 and 2, tomato Mosaic Virus (ToMV;.).
Tolerance: Tomato Yelow Leaf Cud Virus (TYLGV).

emarks: Thanks fo its eardiness and TYLCV tolerance it can be sown very early]
r:I the fall, The plant is bushy and covers the fruit well,

Tomato, ype: Very early determinate hybrid for the fresh market, but also for paste and  Holland
ultivar (2juice industry, suitable for open field culture, either flat or low tunnels.

L GS 12 FtPlant: Medium — large vigorous plant, providing good fruit caver.

‘hybrid: ruit: Produces firm, globe, 4 10 5 locular fruit with green shoulder. Flavour i
] xcellent, with average weight of 140 grams, has a very good red color wi
olerance to cracking & Blotchy ripening.

esistance: Fusarium oxysporum f.sp. lycopersici (fo/1) race 1, Verticilium dahiia
V. alboartum (Vava).

emarks: Recommended to increase the dose of nitrogen fertilizer before frut
etting and as soon as plant makes a baiance between generative and vegetativ
rowth. Adaptable variety that can grow under different environmental conditions
asons.

ingfe cross, large plant height, medium maturity (62-64 days to mid tasseling an. Egyptian*
115-120 days to harvesting, leaves stil green up to harvesting, high vielding|  Agric.
fumber of rows ear 18, ear length 25-28 cm shelting % 84-86%). Company

iCorn,
Eachaler
3
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Soil samples and analyses:
_ Before the experimental design, twenty surface samples (10-20 cm
depth) were taken at 10 different location, air dried, mixed thoroughly and
kept in plastic bags for analysis.
The mechanical and the chemical analysis of the soil used were carried
out in the two growing seasons as described by Jackson (1973) and Page et
al., (1982) and presented in Table (2).

Table (2): The physiochemical properties of the experimental soil used
during the two growing seasons of 2007 and 2008.

1. Mec!\anicai.Analysis ) ] H (1:25 Soil
Season Soil Fraction % Organic | Caleium | FU Lol | ture
Csoaa':{sie :;rl:z St | Clay Matter |carbonate suspension)
2007 240 [ 2146|2711 {4909 0099 2.18 7.80 Clayey
2008 2.38 22.00 | 25.00 | 50.62 | 0.90 2.16 7.85
2. Chemical Analysis
EC dsm” soil paste CATIONS (meq/L) ANIONS {meg/L)
extractat25C° [ Ca [Mg | Na' | K [HCO,;[COy | SO, | CU
2007 1.11 511 | 4.06 {11.00] 0.37 | 1.99 - 7.86 | 10.69
2008 1.15 5.03 | 4.00 | 11.16§ 0.33 | 1.75 - 7.57 | 11.20
3. Nutrients Analysis
mg/100 g soil
N P K
2007 27 8.5 352.72
2008 30 85 346.33

Experimental design:

Farm yard manure has been added during soil preparation at dose
40m’ffed. The experimental comprised 12 treatments which represents
combination of two tomato genotypes, three wastewater irrigation levels and
2 intercropping pattern. A split —split plot design with three replication was
used in both seasons. The fomato genotypes were arranged in the main
plots where irrigation levels and cropping pattern were assigned at random in
the sub and sub sub plots respectively.

Each experimental unit area was 9 m’ contained two rows 4.5 m in
length and one meter width, water irrigation tested were: fresh water from the
river Nile (control), 50% wastewater + 50% fresh water and 100% waste
water which denoted 1y, |; and |; respectively. The chemical analysis of the
fresh water and wastewater according to (Jackson, 1973) are presented in
Table (3). :
The cropping patterns recorded different shade densities were:

1- Pure stands of tomato {control); 0% shading density; tomato plants grown
under full day tight intesity; S1.

2- One side of the ridge tomato altered with maize on the other side; 50%
shading density of the full day light; S2.
Light intensity was measured by lux-meter just over the tomato plants

during their growth and calculated as % of the full day light.
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Table (3): Physio-chemical characteristics of the irrigation water used
(fresh water, 50% wastewater and 100% waste water) in mg/l

as specified.
Physio-chemical Frash 50% waste 100% waste
character water |y water |z water I3
Ec dsm™ 0.31 5.50 11.56
pH 7.9 8.1 8.2
Total dissolved Solids (TDS) 2.00 409 1000
Total solids (15) 605 1150 2489
Total suspended solids {TSS) 250 400 950
a 20.20 30.71 60.33
Mg” 10.00 40.51 90.62
Cations K 5.20 11.10 20.20°
Na’ 10.61 20.41 40.91
NH3-N" 0.09 3.1 6.90
HCOy 8.60 20.71 3827
COs™ 0.00 16.22 40.00_
. Cl 25.00 50.00 100.67
Anions  |pg - 0.42 1.52 1.99
NO3-N' 0.11 3.60 7.22
Q4 11.97 15.79 30.81

In both seasons, seeds of the two tested tomato genotypes were
sown on 15" March in foam pots, under the greenhouse condition and the
seedling, 30 days in age, were transplanted at 30 cm apart. At the same time
of tomato sowing, maize grains were hand planted at the rate of 4 grains per
hill, 0.30 cm apart. Thinning of corn seedling was took place after two weeks
from sowing to leave one seedling / hill on the other side of the same ridges.
Fertilization, and other agricultural practices for tomato cultivation were
uniformly applied according to the recommendations of vegetables research
institute center ARC. Egypt.

Morphological observation:

A random sample of the two tomato plant genotypes were taken from
every experimental unit at 35 and 70 days from *ransplanting to measuring
the following data. 1-Main stem height; cm, 2- Number of internodes on the .
main stem, 3-Fresh and Dry weight at 70-C of the shoot per plant (gm), 4-
Number of branches on the main stem, 5- Leaf number, 6- Number of
clusters /plant 7- Leaf area /plant, were recorded.

Leafy area was measured by disk method (Johanson 1967). Using the
following formuia:

Leaf area /plant (cm%plant) = Leaf dry weight (g) x disk area (cm?)
Disk dry weight (g)

For dry weight determination, four tomato plants from each treatment
were dried, after taking their fresh weight, in hot air oven at 70-C for two days
and weighted up to a constant.

Statistical analysis:

The analysis of variance was done in the present investigation as

regular two way classification out-lined by Gomez and Gomez (1984).
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RESULTS AND DISSCUSION

|. Vegetative growth parameters:

Comparing the two leasted tomato genotypes, data tabulated in Tables
(4-10) show a significant differences among them regarding their growth
parameters studied at different growth stages in both seasons, Cheyenne (e
448) F1 hybrid was the most vigorous growth comparing to Gs 12 F1 hybrid.
Therefore, genotypes (1} recorded an increase in all growth parameters
studied and reached to the level of significant at 0.06%. The increase in plant
height of genotypes (1) more than the other (2) are mainly due to the
increase in both number and length of the interncds. The superiority of
genotypes (1) growth might be attributed to the heredity factor and genetical
composition of the genotype used.

Regarding the effect of wastewater levels, data presented in the same
tables indicate that, all growth parameters studied of the two tested tomato
genotypes represented by plant height, numbers of internodes, leaves and
branches on the main stem, as well as, fresh and dry weight of the shoot
system were increased at 50% level whereas decreased at 100% level of the
wastewater used. These results are true throughout the experimentat period
during the two growing seasons. However, such decreases were insignificant
difference at 0.05% level in the two growing seasons. The noticed increase
at 50% wastewater level may be due to the presence of excess NH,-N in the
waste water used (Table 3). In the this context, (Tantawy (2000) concluded
that N is an indispensable elementary constituent of numerous organic
compounds of general importance; amino acids, protein, and nucleic acids
and its needed for formation of protoplasm and new cells as well as its
encouragement for cell elongation. The decreases recorded at the 100%
level of wastewater may be ascribed to the high osmotic pressure of it and
the soil solution in addition to the presence of salinity (Table 3 ), which
restricted the absorption of water by tomato roots and /or to the toxic effecis
of certain ions especially that of NH;-N and their effects on photosynthetic
rates, translocation and migration of metabolic substances to the different
plant organs. Beside, water stress has been shown to reduce the
photosynthesis, net assimilation rate, of DNA, RNA and protein whereas,
increased photorespiration rate in many plant species. All these factor might
lead to disturbance in metabolic activities, cell division and elongations and
the activities of the mitochondria and chloroplasts were reduced. These
explanation, were supported by Helaly (1984), Helaly et al, (1985 a&b),
Ghallab and Nesiem (1999) and Ghallab and El-Ghadban (2003 &2004).
Hayward and Long (1943) noticed that water stress caused by high osmotic
potential decreased activities of meristematic and cambial cells and led to
maturation of small cell size. El-Dodo (1976) found that water stress was a
direct effect on the reduction in dry weight content of all sesame organs
which was accumulative of reduce plant size, reduced number of roots and
leaves as well as total leaf area. He added that, reduction of growth under
water stress reflects metabolic insufficiency resulting from relative
unavailability of water and minerals. El-Shafey ef al., (2003) stated that when
plants are subjected to water stress certain physiological response including
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wilting and stomatal closure usually enhanced rates of leaf senescence and
therefore, decreased assimilation rate and plant growth. They added that, all
these processes might he attributed to hormonal changes in addition to other
factors such as minerals deficiencies and dehydration. The relation between
the onset of water stress and the elevation of ABA level in maize leaf tissues
has been previously demonstrated (Beardsell and Cohen, 1975). It seems
that, ABA present in stressed leaves may move from the mesophyl to the
grad cells in response to stress and this induce stomatal closure. Moreover, it
was reported that N toxicities are characterized by poor growth rate, the
leaves remain small of the stem have a spicndly appearance (Mutung, 2004).

The effect of alkaline water stress on phosphorus deficiency was
previously reported (Helaly et al, 1985-b). Tantawy, (2000) on tomato- stated
that, phosphorus is a part of the molecular structure of several vitally
important compounds, notably nucleic acids (DNA; the two forms of m RNA
and t RNA). He added that, phosphorus plays an indispensable role in the
enzyme system necessary for the energy transform in photosynthetic and
respiration, it is also a constituent of cell nucleus and essential for division
and for the development of the meristematic tissues.

As for the effect of intercropping, pattern as a shading agent on
tomatoes growth, it is quite clear from the data presented in the same Tables
(4-10) that shading seemes to have a stimulating effect on different growth
characters of, both tomato genotypes under the present investigation
compared with the control; pure tomato cultivation stand under full light
intensity. Stem height, numbers of internodes, leaves and branches and leaf
area/ plant as well as, fresh and dry weight of the shoot were increased under
shadding by maize cultivation intercropped with tomato. These results are
true throughout the experimental period during both growing seasons. The
_promoting effects of shading on tomato growth might be due to a retardation
in the conversion of celis to their differentiation pi.ase and /for its effects on
increasing GA level (Salisbury and Ross, 1992).

These results are true. in both tomato genotypes examined and grown
in the two growing seasons throughout the experimental period. In other
words, increasing light intensity to 100% of full day light as a results of pure
tomato cultivation caused a reduction in shoot height and all other growth
parameters studied under the investigation. Moreover, it is clear from the
same tables that the 2 sample was more affected than the 12 in both
genotypes. In addition, the values recorded with genotype (1) were
significantly higher than those of genotype (2). Therefore, it may be assumed

that the increase in plant height and growth vigour resulting from shading by

intercropping with maize is hindered if shade density exceeds to 100% of full
day light. The increasing effects of shading on tomato growth represented by
the dry matter accumulation incicated to an increase in different plant parts.
These increases could be considered as a reliable index to the
photosynthetic efficiency of the plant. The early decrease in dry matter
accumuiation in genotype (2) ptants compared with genotype (1) especially
under shading may be due to a relatively low rate of photosynthesis and most
of anabolic processes while respiration and transiocation of various materials
to reproductive organs may proceed at normal rates. On the other harnd, the
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decrease in dry matter accumulation in the control plants; pure cultivation
without shading is actually due to senescence which is usually accompanied
with loss and withering of plant organs as well as to the active transport of
elaborated materials to the fruit under full light intensity. In this context, it was
found that, light intensity may enhance the photosynthetic, activities and
sugar content. At the same time, it decreased water content within the plant
tissues (Hutung, 2004). Therefore, plant development was shifted more
rabidly towards maturity and senescence under full day light and this might
be responsibie for the inferiority of its shoot length. It could be mentioned that
shading enabled the developing tomate plants to withstand, to some extent
the unfavorable effect of high temperature and light intensily recorded in
summer seasons.

(Salisbury and Ross, 1992) reported that the dry matter accumulation
was essentially proportional to the light intensity in several plant species.

Results in the present investigation show also that, plant height,
number of stem, leaves, internodes and branches, as well as fresh and dry
weights were increased consistently with advancing in age. The "S" or
sigmoid growth curve was observed in both tomato genotypes studied, smce
the highest rate of such increase was detected between the 1% and the 2™
sampling date indicating a rapid growth during this period. The continous
increase in growth with advancing age may be assumed to the progressing
building up of a new tissues from leaves and branches as well as an
accumulation of some metabolites during their growth period. Moreover, the
rate of building up the new tissues exceeded that of both catabolism and
translocation of various nutrients towards other organs. However, the decline
in dry weight content observed at maturity might be attributed to the loss of
dead leaves and branches as well as to the relatively low rate of metabolic
processes during such growth period.

With ranged to the effect of mteractxon treatments between the several
factors under the present investigation, genotypes, wastewater irrigation level
and cropping pattern, on tomato, the data, in general, did not reflect any
significant effects on the different plant growth characters studied in the two
growing seasons. However, growth of genotype (2) seem to have been
more affected with wastewater level interacted with cropping pattern than
genotype (1} which tolerant wastewaier stress especially under shading
condition. The general effect of high level of wastewater stress at 100% was
dwarfing and stunting in genotype (2} of tomato. It seems that plants of
genotype (2) were growing slowly and were inferior in size, and unhealthy in
general appearance compared with genotype (1) at the same corresponding
level. Moreover, genotype (2) stem were thin and the rate of the leaf
production and leaf size were much reduced. Plants showed obvious
changes in colour if compared to the control or genotype (1). The leaves
became dull coloured, often bluish, green and frequently coated with a waxy
deposit and epidermal hairs especiaily in plants growth under full light
intensity. The data also show that shading of both tomato genotypes with the
superiority of genotype (1) resulted in plants having greater branches and
leaves when irrigated with fresh water (control) as well as that irrigated with
wastewater at 50%. The lowest values were recorded in shaded plants
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irrigated with 100% wastewater throughout most estimated dates in the two
growing seasons. However, the differences between control values and that
obtained-at 100% wastewater was insignificant in both tomato genotypes.

It couid be concluded that shading tomato by cultivated it under an
intercropping pattern of maize, counteracted the harmfull effects of
waslewater stress at high level on decreasing various growth parameters
depending on the genotypes examined compared with the corresponding
control, The best vigorous vegetative growth in both tomato genotypes
stuctied, was recorded in plants grown under shading and irrigated with 50%
waslewater with the superiority of genotype (1). Eisa, (1998) reported that
watur stress substantially induces loss of turger which affecis on the rate of
cell expansion and uitimate cell size, consequently decreased growth rat,
ster elongation, leaf expansion and stomatal operture.

The superiority of genotype (1} than genotype (2) may be due to, as
indicated by the result obtained in the present investigation, an accumulation
of 1A.A associated with high levels of cytokinens as well as sugars in the shoot
of cultivar (1} plant compared with those of genotype (2) as showed by Helaly
et a', (2009). These results induced cuitivar (1) to keep better performance
against water stress and toxicities and gives some sort of resistance against
wiltir g. Such mechanism is well know as osmotic adjustment which can be
accomplished by creating more negative osmotic potentials through the
accumulation of the organic osmolytes (sugars and others) within the root cell
as #n adaptable mechanism against either biotic or biotic stress (Hatung,
20041). Sugar as osmolytes enable plants to keep better water relation under
stresis conditions by increasing the ability of their roots to extract more water
from even the saline soil {Hanafy Ahmed et al,, 2002).

The beneficial effects of shading against wilting showed an increase in
tomato growth which may be due its effects on increasing cells number and
size as well as water absorption (Helaly et al, 1985 a&b). Bakry (1973) on
pea plant reported that shading increased the amount of metabolic
syniesized per unit period, nutrient absorption and total carbohydrates. The
influs:nce od Zn as an activator of several oxidative enzymes (Hatung, 2004)
biosynthesis of Auxins (Jeffrey, 1987) increasing photosynthesis capacily and
net @ssimilation metabolites were recorded. Similarly, the beneficial effect of
the wastewater is not far to seek. |t contained, in addition to the three major
element NPK, some other essential elements like S, Ca, Mg and Cl which
might have contributed towards the improvement of growth specially the
shoct fresh weight and leaf number which are so important for good yield.

The -oles of NPK and other nutrients were previously reported (Salisbury and

Ross, 1992).
2-Flowering:

Data in Table {11) indicate that number of days from transplanting to
the beginning of flowering were considerably affected by the genofypes that
invesligated. Generally genotype (2) bloomed earlier than genotype (1); more
resistance by about 7-10 days in the first and second seasons respectively
overall the wastewater levels and the intercropping pattern treatments.
Therefore, genotype (2) showed shorter growing period and earfier
maturation than genotype (1). This may be due to the differences in their
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ability to tolerant the environmental conditions under stresses. 1t miy be
emphasized that the kind as well as the amount of the fertilizer to be aplied
depends, to large extent, on the type of the genotype grown and mode of its
application. Wastewater used as common resource of nutrients and water
indicated that the judicions supply of nutrients can play an indispensable role
in the realization of the full genetic potential of the growing genotypes.

Wastewater at 50% level intercropping pattern, overall, as a sthading
agent, increased the period elapsed from transplanting to flowering since;
control plants in both genotypes started to bloom earlier than did in other
treatments. This may be due to a stimulation effect of the relatively slight
wastewater (riched in NH,-N) level in irrigation water and its effects on ¢rowth
vigour. Similarly, wastewater at 100% level had a delaying effect on flowering
date. (1) which amounting to 15-19 days in the first and second seasons
respectively. The delaying in flowering may be due to the high growth vigour
noticed in genotype 1 and indicating that this genotype has an ablity to
tolerance high levels of wastewater examined. The reverse of this trend was
true in genotype (2) which started to bloom earlier under wastewater at 100%
level than did in the others. The difference was about 12-15 days in both
seasons respectively. This might be caused by retardation of vegutative
growth which consequently reflected in a decrease of flower prodiction.
Helaly et al,, (2009) mentioned that the checking of vegetative growth Jue to
stress may hasten maturation and final harvesting dates especially with crops
having indeterminate growth habits such as potatoes, tomatces, melon
......... etc. Moreover, data in the present investigation indicate: that
wastewater, in general, proved a good source o f nutrients especially under
shading condition. its application improved the performance of both
vegetative and reproductive organs. This improvement may be ascrised to
the regular supply of some essential nutrients from the irrigating wastewater.

The data indicate also that shading significantly enlowered the number
of days from transplanting tomato up to flowering. This was true during the
two growing seasons. As it has been mentioned before, shading decieased
number of leaves and branches, consequently, it can be stated that tomato
plants under full light intensity were more efficient in building the reproductive
organs as compared with shading. Unlike these results, Bakry (1973) found
that pea plants grown under high light intensity produce their {lowers
somewhat earlier as compared with shaded ones. Similarly Goma (1956) on
tomato recorded that shading retarded flowering. The hasten effects of
shading on tomato flowering noticed in the present investigation esjecially
under 100% wastewater may be due to the role of it on encouraging the
meristimatic activities to create a strong and healthy tomato plants which
intern push the plants towards building its several organs early.
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Table (4): Plant height of the two tomato genotypes (C) as affected by
irrigation with waste water levels, (I} shading by an
intercropping pattern (S) and their interactions throughout
the experimental period of the two growing seasons 2007-

2008 and 2008-2009. ]
_ Characters Plant height {cm)
Growth stagel 35 days 70 days
ITreatments 2007 2008 2007 2008 -
Tomato pure 51.5 54.6 85.8 16.8
F'(‘::so':,;‘::lt)e’ Tomato + corn | 66.8 | 703 | 110.8 | 235
Mean 59.15 | 62.75 | 98.30 20.15
Tomato pure 68.5 70.0 95.7 28.5
cVi 50% Tomato + corn 78 80.3 110.9 30.2
Mean 73.25 | 75.15 103.3 29.35
Tomato pure 51.5 56.3 79.8 15.9
100% Tomato + corn 73.2 75.6 110.8 25.9
Mean 62.35 | 65.95 95.3 20.9
Tomato pure 39.7 41.1 85.7 10.1
F‘E{.’;':I:‘r’;t)e' Tomato + com | 604 | 656 | 1109 | 14.8
Mean 50.05 | 53.35 | 103.3 12.45
Tomato pure 625 | 67.8 | 90.2 16.6
Ccv2 50% Tomato+corn | 737 78.2 104.7 20.4
Mean 68.1 73.0 97.45 18.5
Tomato pure 49.5 528 56.2 9.5
100% Tomato + corn 68.8 71.8 104.9 16.2
Mean 59.15 | 62.35 80.55° 12.85
Cv1 57.16 60.3 871 1 204
Moan Tomato pure e o 15556 153.93 | 807 | 12.06
Tomato + Cvi 72.66 51.4 110.8 26.53
corn Cv2 | 6763 | 71.86 106.8 17.13
A-Cultivars 0.083 | 0.0726 | 3.269 0.0726
LSD 0.05% B-Wastewater 0.076 | 0.108 4.237 0.108
C-Intercropping 0,165 | 0.083 | 6.454 0.083
A x B *irdr rkh * d
. A x C ek ik N.S ek
Interaction AXBXC wEx e N.S il
B x c kR dedk Tk ik
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Table (5): Number of internodes of the two tomato genotypes (C) as

affected by irrigation with waste water levels, (I} shading by
an intercropping pattern (S) and their interactions
throughout the experimental period of the two growing
seasons 2007-2008 and 2008-2009.

Characters Number of internodes
— Growth stage 35days 70 days
Treatments 2007 | 2008 ;| 2007 2008
Fresh Tomato pure 10.7 11.9 14.6 16.8
water Tomato + corn 20.0 21.8 25.7 23.5
{Control) Mean 15.35 | 16.86 §| 20.15 | 20.15
Tomato pure 20.5 23.2 26.8 28.5
] Vi 50% Tomato + corn 28.5 30.0 29.5 30.2
Mean 24.5 26.6 | 28.05 | 29.35
Tomato pure 10.4 11.2 14.3 15.9
100% Tomato + corn 22.5 24.5 23.3 25.9
Mean 1645 | 17.85{ 18.8 20.9
Fresh Tomato pure 7.2 8.2 9.8 10.1
water Tomate + corn 13.9 15.5 11.8 14.8
{Control) Mean 10.55 | 11.85| 10.8 12.45
Tomato pure 16.3 18.8 13.9 16.6
cv2 50% Tomato + corn 225 | 2011 16.7 20.4
Mean 18.9 ;1945 153 18.5
Tomate pure 8.9 7.4 9.2 o5
100% Tomato + ¢comn 15.8 17.2 10.5 13.2
Mean 1115 | 123 9.85 12.85
Tomato Cv1 | 1387 | 1543 | 185 22.4
Mean pure Cv2 | 9.67 | 14471 10.97 | 12.07
Tomato+ | Cv1l | 23.67 [ 2543 | 26.17 | 26.53
corn Cv2 | 174 17.6 13 17.13
A-Cultivars 0.102 |1 0.083 | 0.083 | 0.072
LSD 0.05% B-Wastewater 7.929 | 0.768 | 0.0543 | 0.108
C-Intercropping ] 1.0190 | 0.165 | 0.165 | 0.082
A x B i Jodr *k i
. A x c i o i Yk
Interaction AXBXC — o e =
B x c ke ik ik E
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Table (6): Number of branches of the two tomato genotypes (C) as
affected by irrigation with waste water levels, (I) shading by

an intercropping pattern

(8) and

their

interactions

throughout the experimental period of the two growing
seasons 2007-2008 and 2008-2009.

Characters Number of branches
Growth stage 35 days 70 days
Treatments 2007 2008 2007 2008
Eresh Tomato pure 6.5 7.6 11.7 12.63
water Tomato + corn 11.3 156.33 18.33 19.7
(Control) Mean 17.8_ | 11.465 | 15.015 | 16.165
Tomato pure 15.633 19.3 20.33 234
cwi 50% Tomato + corn 24.766 28.5 30.1 '32.33
Mean 20.1995 | 23.9 25.215 | 27.865
Tomato pure 7.43 9.63 13.366 14.47
100% Tomato + corn 13.7 18.73 | 20.266 | 236
Mean 10565 | 14.18 | 16.816 | 19.035
Eresh Tomato pure 5.766 6.23 8.733 9.5
water Tomato + corn 104 12.53 16.466 19.33
(Control) Mean 8.083 | 9.38 | 12.5995 | 14.415
Tomato pure 15.4 16.667 | 18.33 21.7
cvz 50% Tomatc + corn 22.33 25.5 24 .466 27.7
Mean 18.865 | 21.084 | 21.398 24.7
Tomato pure 6.6 8.4 10.333 11.66
100% Tomato + corn 14.3 17.4 21.633 24.23
Mean 10.45 10.4 15.983 | 17.945
Tomato Cv1 9854 | 12177 | 15132 16.83
Mean pure Cv2 9.255 1043 | 12464 14.29
TJomato+ | ©vl | 16587 | 20.85 | 22.899 | 25.21
corn Cv2 | 15677 i 18.48 20.86 23.75
A-Cultivars 0.130 0.076 0.146 0.099
LSD 0.05% B-Wastewater 0.123 0.229 0.111 0.169
C-intercropping 0.149 0.499 0.186 0.373
A x B £ 13 Wi Wi ik
. A x c * ok N.S ET s
Interaction - AXBXC pt oy NS vy
B x c ok *x E T3 Tk
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Table (7): Fresh weight of the two tomato genotypes (C) as affected by
irrigation with waste water levels, (I} shading by an
intercropping pattern {S) and their interactions throughout
the experimental period of the two growing seasons 2007-

2008 and 2008-2009.
Characters Fresh weight
Growth stage 35 days 70 days
Treatments 2007 2008 2007 2008
Tomato pure | 120.266 | 122.00 | 146.66 | 151.00
Fresh Tomato +
water corn 132 135.26 | 153.266 | 157.33
(Control) Mean 252.27 | 128.63 | 149.96 | 154.17
Tomato pure 125.8 | 129.46 | 162.366 | 159.53
50% Tomato+ | 766 | 15043 | 149.33 | 16613
CcvV1 | corn
Mean 273.46 | 139.95 | 155.85 162.83
Tomato pure | 123.466 | 125.40 | 156.266 | 15566
100% T°$arf1° * 133.4 | 136.86 | 118.73 | 161.366
Mean 256.87 | 131.13 | 137.488 | 158.51
Tomato pure 95.5 §7.00 | 12566 | 12133
Fresh Tomato +
water 106.66 | 108.46 | 125.33 130.30
{Control) corn
Mean 20216 | 102,73 | 125.50 125.82-
Tomato pure 105.33 | 110.76 § 138.73 127 33
CV2 | 50% T°::;i;° + 1187 |121.76 | 1203 | 14033
Mean 112.015 | 116.26 | 129.52 133.83
Tomato pure 99.66 99.33 | 129.766 | 123 66
100% | . T°$:1° * 109.0 | 112.33 | 110.934 | 136 53
Mean 104.33 | 105.83 | 120.35 130.10
Tomato | Cv1 | 123.18 | 12562 | 155.10 | 155.40
Mean pure Cv2 | 100.16 ; 102.36 | 131.39 124.11
Tomato | Cvl | 137.69 | 140.85 | 140.44 161.61
+corn { Cv2| 111.45 | 11418 | 118.85 135.72
A-Cultivars 0.780C 0.336 0.381 0.901
LSD 0.05% B-Wasgewater 0.668 | 0.5490 | 0406 1,235
Intercropping 0.831 1.543 0.581 0.957
AXB N.S i b N.3
Interaction AXC - - - i
AXBXC . b ** N.3
B x c *ir *x L 2 ] N.:S
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Table (8): Dry weight of the two tomato genotypes (C) as affected by
irrigation with waste water levels, (I} shading by an
intercropping pattern (S) and their interactions throughout
the experimental period of the two growing seasons 2007-
2008 and 2008-2009.

Characters [ Dry weight
Growth stag 35 days 70 days
Treatments 2007 | 2008 2007 2008

Tomato pure 11.96 | 12.77 | 16.123 | 16.15
Tomato+corn | 21.73 | 23.53 | 25.55 | 27.93

Fresh water

{Control)
Mean 16.85 | 1815 | 20.34 | 22.04
Tomato pure 23.63 |25.966| 27.83 | 29.87
CV1 50% Tomato +corn | 33.93 | 36.76 | 36.936 | 40.33
Mean 28.78 | 31.36 | 32.38 35.1

Tomato pure 12.73 | 14.466 | 17.823 | 19.446

100% Tomato + corn | 23.82 |26.326 | 27.433 | 30.33

Mean 18.28 | 20.40 | 22.63 | 24.89
Tomato pure 9.82 | 10.33 | 11.853 | 13.646

Tomato +corn |18.746| 18.75 | 20.86 | 21.86

Fresh water

{Control)
Mean 14.28 | 14.54 | 16.41 17.75
Tomato pure 2153 12234 | 23.776 | 2493
cv2 50% Tomato + corn 3093 | 32.63 | 35433 | 37.23
Mean 26.23 | 27.49 | 29.60 | 31.08

Tomato pure 10.73 | 13.63 | 14466 | 16.22
100% Tomato + corn | 20.87 | 22.37 | 24.466 | 26.366
Mean 15.8 18 '19.47 | 21.29
Tomato Cvl | 16.11 j17.734| 2026 | 21.82
pure Cv2 | 1403 | 1543 | 16.70 18.27

Mean Tomato + | Cv1 | 26.49 | 28.87 | 29.97 | 32.86
corn Cv2 | 1118 | 2458 | 26.95 | 28.49
A-Cultivars 0.044 | 0.048 | 0.065 0.050
LSD 0.05% B-Wastewater 0.055 | 0.077 | 0.068 0.041
C-Intercropping | 0.094 | 0.131 | 0.187 | 0.123
A x B N.S *k *k i
Interaction ARS - - - -
AXBXC N.S i o **
B x c L 2 3 i el ¥
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Table (9): Leaf area of the two tomato genotypes (C) as affected by
irrigation with waste water levels, (I} shading by an
intercropping pattern (S) and their interactions throughout
the experimental period of the two growing seasons 2007-

2008 and 2008-2009.
Characters Leaf area
Growth stage 35 days 70 days
Treatments 2007 2008 2007 2008
F Tomato pure 2801 2803 2905 2908
h wate
{Control) |  Tomato +com 2811 | 261367 | 2013.67 | 2917.3
Mean 2806 2808.34 2909.34 | 2912.67
Tomato pure 2817 2819.67 2923 2925
L eV 50% Tomato + corn 2828 2833 292567 | 2032
Mean 2822.5 2826.34 | 2924.34 2928.5
Tomato pure 2806 2806.33 2906 291267
100% Tomato +com | 2822.33 | 2822.67 | 2927 | 2931.7
Mean 2814.17 2814.5 2916.5 292217
. . Tomato pure 2577 2683 2705 2707 €7
emtraly | Tomato + com 2581 | 258567 | 2716.67 | 2717.33
Mean 2579 2584.34 2710.84 2712.5
Tomato pure 2584.33 | 2586.67 | 2721.67 2725
cvz 50% Tomato + corn 2593.67 2596 2732.67 2738
Mean 2589 2591.34 | 272717 2731.5
Tomato pure 2584.67 ; 2584.67 | 2707.33 | 2711.67
100% Tomato + corn 2585.67 | 2587.67 2713 2717.33
Mean 2585.17 2586.17 2710.17 2714.5
Tomato Cv1 2808 2809.67 | 2911.33 | 2815.22
Mean pure Cv2 2582 2584.78 | 2711.33 | 2714.78
Tomato + Cv1 2820.44 282311 2922.11 2927
com Cv2 | 2586.78 | 2589.78 | 272078 | 242422
A-Cultivars 112 1.06 1.1 0.78
LSD 0.05% B-Wastewator 1.06 1.86 1.47 2.08
C-Intercropplng 0.48 243 1.87 2.04
A X B L - W -
A X C i Lid N_S iy
interaction AXBXC -~ — — -
BXC - N.S - NS -
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Table (10): Number of leaves of the two tomato genotypes (C) as
affected by irrigation with waste water levels, () shading
by an intercropping pattern (S) and their interactions
throughout the experimental period of the two growing
seasons 2007-2008 and 2008-2008.

Characters ! Number of leaves
Growth stage] 35 days 70 days
[Treatments 2007 2008 2007 2008
Tomato pure 324 | 30.77 32.5 30.50
F’;gﬂ:,’;‘f’ Tomato+corn | 41.7 | 39.87 | 453 | 44.30
Mean 37.05 | 35.32 389 374
Tomato pure 43.73 | 40.80 48.83 46.67
cV1 50% Tomato + corn 54.6 | 51.73 | 5853 | 56.63
Mean 49.17 | 46.27 | 53.68 §1.65
Tomato pure 35.63 | 32.67 38.3 33.80
100% Tomato + corn 43.47 | 4067 | 4763 | 46.63
Mean 39.55 | 36.67 41.97 40.22
Tomato pure 2773 | 2560 30.27 29.73
F;gi':‘::gf)‘" Tomato+corn | 41.70 | 30.70 | 4573 | 43.60
Mean 34.72 | 28.15 38 36.67
Tomato pure 39.37 | 33.67 | 4947 45.87
cv2 50% Tomato + corn 47.6 | 41.70 55.77 52.60
Mean 43.49 | 3769 | 5262 ;| 49.24
Tomato pure 30.20 | 28.40 3347 33.37
100% Tomato + corn 3927 | 3263 | 4937 45.63
Mean 34.74 | 3052 | 4142 39.5
Tomato pure Cv1l | 37.25 | 34.75 39_.21 36.99
Mean Cv2 | 3243 | 2922 | 37.74 36.32
Tomato + Cv1l | 46.59 | 44.09 | 50.49 49.19
corn Cv2z | 4286 | 35.01 53.29 47.28
A-Cuitivars 0.091 | 0.106 | 0.111 0.095
I.SD 0.05% B-Wastewater 0.157 | 0.164 | 0.179 0.126
C-Intercropping 0.041 | 0.104 | 0.228 0.0958
) A x B i ik e i
. A x c i *h L L) i
interaction AXBXC s ros rors rers
B x c - *k ik i drir
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Table {11): Number of days from transplanting to the beginning of
flowering as affected by irrigation with waste water levels, (I)
shading by an intercropping pattern (S) and their
interactions throughout the experimental period of the two
growing seasons 2007-2008 and 2008-2009.

Characters Number of days from
Growth stage transplanting to tt'!e beginning of
Treatments flowering
2007 2008
Fresh water Tomato pure 45 40
{Control) Tomato + com 40 35
Mean 42.5 37.5
Tomato pure 40 ) 36
‘oV1 -50% Tomato + corn 35 30
Mean 37.5 33
Tomato pure 60 64
100% Tomato + corn 56 58
Mean 58 61
Tomato pure 38 30
F;%zr:‘::oait;a r Tomato + com 33 28
Mean 35.5 29
Tomato pure 31 26
CcvV2 50% Tomato + comn 28 24
Mean 29.5 25
Tomato purea 26 15
100% Tomato + commn 23 15
Mean 24.5 15
Tomato Cv1 48.33 46.67
pure Cv2 31.67 23.67
Mean Tomato + Cv1 43.87 41
corn Cv2 28 22.33
A-Cultivars 0.726 0.419
LSD 0.05% B-Wastewater 0.768 0.941
C-Intercropping 0.828 2.484
A x B i 13
. AXC N.S **
Interaction AXBXC NS "
BXC N.S N.S
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