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RESULTS AND DISCUSSION

The first experiment: (Pots experiment):
Effect of some chemical materials on tomato plants grown under

saline conditions

1-Vegetative growth characteristics:
L.1Effect of salinity:

| Data on the effect of different levels of sodium chloride salinity
on vegetative growth characteristics of tomato plants are presented in
table (5) and figure (1). It is clear that, there was a progressive
reduction in all studied growth parameters as salinity level increased.
This trend held true during both seasons of the experiments. As
average of both seasons, the reduction in plant height of tomato plants
grown under 3000, 6000, 9000 and 2000 p.p.m NaCl reached 6.67,
15.56, 23,48 and 3544 % as compared with those of control, -
respeétively. In this respect, the coﬁesponding values of the reduction
were 5.99, 15.93, 23.63 and 30,99% in case of root length and 12.26,
19.77, 25.98 and 30.34 % in case of number of leaves per plant and
12.09, 19.78, 27.47 and 38.46% in case of number of branches per
plant and 13.22, 24,93, 32.64 and 40.50% in case of fresh weight of
shoot and 11.30, 18.64, 24.86 and 29.94 % in case of fresh weight of
root and 18.64, 36.44, 50.00 and 61.02 % in case of dry weight of
shoot as well as 21.05, 34.21, 42.11 and 52.63 % in case of dry weight
of root and 2.17, 7.73, 10.87 and 15.46 % in case of shoot / root ration
as compared with those of control, respectively.

The adverse effect of salt stress on plant growth is attributed to
one of more of follows:
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Fig. (1): Effect of salinity levels on veg
plants,
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-The specific toxic effect of ions excessively absorbed from the saline
solution of the soil, to the process of building up the osmotic
potential of the plant cells.

-The imbalance in nutritional cations in tissues of the salt affected
plants.

-The reduction in carbon fixation in photosynthesis.

-The inhibition in cell division and cell elongation that reflect on
reduction in cell size and number of cells per unit area.

-The imbalance in hormons content in plants, as salinity increased it
caused a decrease transport of kinetin from root to leaves, and an

increase in leaves content of abscisic acid (Bernstein, 1975).

The retarding action of salinity is much more sever at the late
than at the early stage of growth obviously due to cumulative effect of
the salt. These results are generally in agreement with those reported
by .Pokroveskaya (1954 & 1957) ; Strogonov, (1962); Greenway
(1963).and Al-LaWendy (1990) on sugar beet. In this connection,
many investigators came to the similar findings on tomato plants, El-
Rawahy et al. (1990 & 1992); El-Sherif et al. (1990); Adams,
(1991); Caro et al.(1991); Sarg (1991); Helmy (1992) Soliman and
Doss (1992); Bolarin et al. (1993); Rizk (1993); Alarcon et
al.(1994); Abdel-Latif (1995); Abaza (1996); Satti et al.(1996);
Wanas (1996) and Yong et al. (1996).

1.2. Effect of chemical materials:

The effect of different chemical materials on vegetative growth
of tomato plants are presented in Table (5) and Figure (2). It evident
that the application of these materials caused a passive effect in most
vegetative growth parameters of tomato plants compared with control.




O =2 MNWaAtM G

Plant height (cm) Root length {cm) No. of leaves f plant

50 30

25
40 E%g‘“—ﬂn:w ” E:: ;g w i % 2 20 %
r] 15 15
20 10 10
10 - 5 [
04 Y T T T T y 1 0 T T T v T — 0 T T T T T T *
6 10 20 30 60 100 200 0 10 20 30 B0 100 200 ¢ 10 20 30 &0 100 200

No. of branches / plant Fresh weight of shoot {gm)

Fresh welght of root {am}

5 40

P SN N

3

) 20

1 10

0 T T T T T T T —1 0 ! A R

0 10 20 30 se0 100 200 0 10 20
Dry weight of shoot {gm}

Shoot / root ratio

n/‘\‘\,\/—\\ﬂ\ﬂ\a Dry weight of!root (gm)

T T T Lo —|

B e

0 10 20 3 s 100 2 Omtmi HOPO4 HIPO4 Proine Proting  ppags — C 10 20 30 60 100 200
10mM  20mp K] &0 100 200

PR ppm  ppm  pam

[:—0—1903 ~o—1%7]

Q= NW s

Fig. (2): Effect of chemical materiais and vegetative growth characteristics of
tomato plants.
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RESULTS AND DISCUSSION

In this respect, the increments in most growth parameters were
occurred as a result of application of these chemical, especially
phosphoric acid (10 and 20 mM) and proline acid (30 and 60 p.p.m),
Differences reached mostly the 5% level of significance during both
seasons of this experiment.

~ With respect to the effect of phosphoric acid, it is worthy
mention that, the application of phosphoric acid resulted in the more
pronounce'd effect on most studied vegetative growth characteristics,
especially the low level (10 mM) than the other treatments including
the control. Proline treatment exhibited a favourable and higher effects
on most studied growth characters compared with control, especially
when low level of proline acid (30 p.p.m) was used, but , in most

cases, it came after phosphoric acid treatments.

Concerning the effects of paclobutrazol, it is clearly show that,
there were a retarding effect on plant height, number of leaves per
plant, fresh and dry weight of shoot when PP3; was used, but it had a
favourable effect, compared to the control in root length and weight
(fresh and dry) and consequently shoot/ root ratio. Growth retardants
(such as PPj33), especially with high concentrations correlated with
increasing lateral growth (number of lateral branches), it may be
contributed in breaking of apical dominance and increase bottom
branches. _

The favourable effect of phosphorus on vegetative growth
characteristics might be due to its vital and essential role in cell
division and due to its effect in the absorbtion of the other nutrients
and consequently increase growth characters of tomato plants. Also
the beneficial effect of applying phosphorus on the dry weight of

leaves per plants was expected, since phosphorus is known to be




RESULTS AND DISCUSSION

~essential for increasing plant capacity in building metabolities. (Table
et al., _1.991). The effect of phosphoric acid on plant growth
characteristics are in harmony with those mentioned by Abdalla et al.,
(1979) on tomatoes, Delbert and Hemphill (1982) on different
species of vegetable crops, Lunin and Gallatin (1965), Farrag
| (1970), Shafshak (1989), Table et al. (1991) on beans, Teneb et
al.(1995) on cowpea plants, Thomson and Kelly (1'957), Amer
(1964), Lipkind and Dzhumaeva (1973) and Abo Soliman et
al.(1990) on cotton plants.

Concerning the benficial effect of proline acid on vegetative
growth characteristics,it is worthy to mention that the proline acid acts
as astorage compound for reduced carbon and nitrogen, as has in fact
been postulated_ for water and osmotic stressed plants. Thus, free
- proline was found to be increased under salt stress conditions (Singh
et al,1973; Stewart and Lee,1974, Chu et al.,1976 and Cavalieri
and Huang, 1977). One way to overcome the salinity is to increase
the concentration of cellular osmotic components by synthesis and
accumulation of organic solutes (Flowers et al.,1977 and Mass et
al,1977). In this connection the amino acid proline is considered to
have such and osmo- regulatory function (Treichel, 1975), whereas
proline is synthesized and accumulated under water and salt stresses to
depress the internal osmotic potential and so maintain a positive
gradient for water uptake. This osmotic adjustment is an adaptive
mechanism by which the plant is able to withstand salt stress
conditions (Mengel and KirKby, 1979). Obtained results are in
agreement with those reported by (Tal and Katz, 1980; Tipirdamaz
and Karakullukcu, 1993 and Abdel-Latif, 1995) working on tomato
plants and Wageeh (1994) on wheat plants.
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RESULTS AND DISCUSSION

With respect to the retarding effect of paclobutrazol on
vegetative growth of different crops, it is evident from the previously
studies- that paclobutrazol (also known as PP;33, PBZ or cultar) is one
of the most potent which are inhibitors of endogenous gibrellin
biosynthesis (Daliziel and Lawrence, 1984; Davis et al., 1988 and
Davis and Curry, 1991). The present results are in harmony with
those reported on tomato by (Borkowski, 1992 a & b; El-Desouky,
1992; Latimer, 1992; Grimstad, 1993; Asao et al., 1996 and
Wanas, 1996) as well as Arora et al. (1989) on summer squash ;
Nerson et al., (1989) on muskmenlon; El-Bassiouny (1992) on

strawberry ; Wanas (1992) on pea and Ismaeil (1995) on broad
bean.

‘The interaction effect between salinity and chemical materials
(Tables 6 and 7) show significant differences in plant height, root
length and fresh weight of the shoot in the second season and root dry
weight in the first season, as well as shoot dry weight and shoot /root
ratio in both seasons of this study. Differences between salinity and
chemical materials did mot reach the 5% level of significance with

other vegetative characteristics.

It is clearly show that salinity treatment continued to play as an

~ adverse effect to all growth characters that studied in this study, so
deleterious effects increased with increasing salinity level.

-Application of the different chemical materials especially phosphoric
and proline acid and somewhat PPi; especially the low
‘concentrations minimized the harmful effect of salinity up to the
highest level of it, whereas, PPy; treatment especially with high

concentration remained to improve the root characters.
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-It is worth mentioning that application of phosphoric acid as spraying
on tomato plants with any of used concentrations overcome the
deleterious effect of salinity of vegetative growth up to the level of
6000p.p.m of NaCl salinity, so that tomato plants grow normally as

plants that grown under normal conditions (control), that irrigated

with tap water.

2.Chemical composition of leaves:
2.1. Photosynthetic pigments:
2.1.1.Effect of salinity:

Data presented in Table (8) and Figure (3) show clearly that,
using saline water for irrigation of tomato plants resulted in a
significant and continuos decrease in the concentration of both
chlorophyll ab and consequently total chlorophyll compared to the
control. On the contrary, the same table and figure indicated that
oppositely to that observed in case of increasing salinity level led to
increase in leaves content of carotenoids. The highest increase in this
regard was obtained when plants were irrigated with the highest
salinity level ie. 12000 p.p.m NaCl. These results are going in the
same trend in both seasons of 1996 and 1997. Obtained results about
the effect of salinity on these pigments might be attributed to that the
role of salinity in this respect it caused an adverse effect on water
relationship of plant and consequently decrease photosynthesis
process. Also those harmful effects of salinity might be attributed to
the inhibitory effects of chloride on the activity of iron containing
(cytochrom oxidase). This enzyme under chloride salinity may affect
the rate of chloroplast structure and chlorophyll accumulation. On the
other - hand, salinity adversely affect the photosynthetic area as well as

the rate of carbon assimilation, the lowest photosynthetic ability under

3809 3
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Fig. (3): Effect of salinity levels (4) and chemical materials (B) on photosynthetic

pigments of tomato leaves (as average of both seasons).
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RESULTS AND DISCUSSION

salt stress conditions was due to stomatal closure, inhibition of
chlorophyll synthesis or due to decrease in the absorption of minerals
needed for chlorophyll biosynthesis, i.e. iron and magnesium.
The results about the effect of salinity on chlorophyll are in
agreement with those reported by many investigators on tomato plants
among them (Guerrier,1985; Sharf et al., 1985; Sarg, 1991; Rizk,
| 1993; Abdel-Latif, 1995; Abaza, 1996 and Wanas, 1996) and
Akhavan et al., (1991) on common bean. |
Concerning the effect of salinity on carotenoids content, results

are in harmony with those reported by Sharaf et al.(1985) and Abaza
(1996) on tomato plants,

2.1.2. Effect of chemical materials: .

Data presented in Table (8) and Figure (3) show that application
- of tested chemicals led mostly to significant increases in tomato leaves
content of chlorophyll a,b as well as total chlorophyll ( a+b)and
carotenoids. It is evident from the previously data that, application of
phosphoric acid was the best favourable effect in comparison with
Other treatments especially with low concentration (10mM) on |
chlorophyll pigments. Proline acid treatment was distinguished with
the two concentrations (30 and 60 p.p.m) by its effects on increasing

carotenoids pigments especially in the first season.

‘Paclobutrazol treatment exhibited the lowest effects on
photosynthetic pigments compared to the other chemical treatments,
but it still higher than control. The favourable effects of application

- these materials on photosynthetic pigments may be attributed to the
physiological role of these chemicals in plant tissues.

%72 %




RESULTS AND DISCUSSION e

With respect to the phosphoric acid it plays an essential role in
absorption of the other nutrients and a vital role in cell division, thus it
will contribute in seedlings development and consequently increase
the leaf area which reflect in increasing photosynthesis pigments.
- Whereas the favourable effect of proline acid may be due to that the
proline is synthesized and accumulated under water and salt stress to
depress the internal osmotic potential and so maintain a positive
gradient for water uptake that is essential for photosynthesis process.
The results about the effect of proline acid on photosynthetic pigments
are in agreement with those reported by Abdel-Latif (1995) on
tomato plants. Moreover, the results about the effect of paclobutrazol
are in accordance with those of (Borkowski et al.,1989; El-Desouky,
1992 and Wanas, 1996) working on tomato plants and El- Desouky
and Abd El-Dayem (1992 a) on sesame and Ismaeil (1995) on broad
be.a'n. -

With respect to the effect of the interaction between salinity
levels and chemical materials on photosynthetic pigments of tomato
plants (Table 9), data indicate that the differences between treatments
were significant during both seasons of this work. It is evident from
such data that, the lowest content of chlorophyll a, b and total (a + b)
was found under 12000 p.p.m. of salinity without application any.of
chemical materials (81 mg as average of both seasons).

The highést content of chlorophyll a, b and total (a + b) was
found under irrigation with tap water accompanied with spraying with
proline acid (low concentration 30 p.p.m 239 mg total chlorophyll),
followed with paclobutrazol (low concentration 100 p.p.m 224 total

chlorophyll) under the same treatment (tap water) as average of both 7
Seasons.
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RESULTS AND DISCUSSION

It is clearly show, that the harmful effect of salinity on
chlorophyll pigments was more pronounced than all chemicals in this
respect. |

‘Concerning  carotenoids pigments, data indicated that,
ihcreasing salinity levels led to increasing leaves content of
carotenoids. This increment continued with spraying tomato plants
with chemical materials. In this connection, the highest values (82 mg)
were observed when phosphoric acid (high concentration 20 mM) was
used followed by paclobutrazol (low concentration 100 p.p.m) 80mg
under the highest level of salinity 12000 p.p.m.

2.2.Mineral composition of leaves:
2.2.1. Effect of salinity:

Data on the effect of sodium chloride salinity on tomato leave
content of N, P,K, Ca, Mg, Na and Cl are presented in Table (10). It
1s obvious from data that increasing salinity level led to significant
and gradual reduction in leaves content of N, P, K, Ca and Mg, The
lowest values of these elements were observed with the highest
salinity level (12000 p.p.m) compared with control (tap water). These
results are going in the same trend in the two seasons of this study.
The obtained results are in agreement with those reported by (El-
- Kholi _é_g al.,1982; Morishita et al.,1986; Hummadi and Ghliem,
1987; Martinez and Cerda, 1987; Adams, 1988; El-Rawahy et
al.,1990; Sarg, 1991;- El-Rawahy et al., 1992; Helmy, 1992; El-
Sherif et al.,1993; Rizk,1993; Badia and Meiri , 1994 ; Abdel-
Latif, 1995, Abaza, 1996 and Satti et al., 1996) working on tomato
plants. On the contrary, some investigators showed that increasing

salinity levels led to the increase of nitrogen (Alam et al., 1989 and
Abaza, 1996) on tomato, phosphorus (Al-Lawendy 1985 &

®75%
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RESULTS AND DISCUSSION

1990) working on different kinds of legumes and sugar beet, as well

as Ca (Abdel —Latif, 1995) working on tomato plants.

Regarding the effect of salinity levels on tomato leaves content
of Na and Cl, it is evident from data presented in Table (10) that such
effect was significant during both seasons of 1996 and 1997. The
highest values of these elements were recorded under the highest level
of salinity (12000 p.p.m NaCl), in these conditions, Na and Cl content
in tomato leaves reached seven and three folds respectively as average
of both seasons in comparison with control, where increased Na
content from 216 to 1540 mg, whereas Cl content increased from 559
to 1703 mg as average of both seasons. Obtained results are going in
the same trend in the two seasons of this work. These results are in
harmony with those reported by (Mahmoud et al.,1986 b; Morishita
et al., 1986 Hummadi and Ghleim, 1987; Subba-Rao et al.,1987;
Alam et al.,1989; Sarg, 1991; El-Rawahy et al.,1992; Helmy, 1992;
El-Sherif et al.,1993 Rizk, 1993; Badia and Meiri; 1994; Abdel-
Latif, 1995; Abaza, 1996; Perez-Alfocea_et al.,1996 and Satti et
al.,1996) all working on tomato plants.

2.2.2. Effect of chemical materials:
Data presented in Table (10) show the effect of different

chemical materials on the accumulation of studied elements in tomato
leaves. Obtained results show that, using any of these materials led
mostly to a significant increase in the content of N,P,K ,Ca and Mg
compared with the control. The highest values of N,P,K and Ca were
recorded with tomato leaves produced from plants received (10 mM)
phosphoric acid (3356, 239, 2462 and 1944 mg/100gm dry weight ,

respectively as average of both seasons), whereas, the highest value of

877 %




RESULTS AND DISCUSSION

Mg was found in corresponding way with the (20mM) phosphoric
acid (635 mg/100 gm dry weight). Tomato leaves from plants did not
received any chemicals exhibited the least values in this respect (2860,
194, 2152,-1706 and 499 mg/ 100 gm dry weight) for N,P,K,Ca and
Mg, respectively as average of both seasons. Tomato plants that
treated with oth;r treatments lie in between in this respect. These
results about the effect of phosphoric acid on N,P,K,Ca and Mg
elements content are in agreement with those reported by (Abdalla et
al.,1979; Abd-El-Zaher,1989; Shafshak,1989 and Taya_et al.,1994)
with N, they worked on tomato, eggplant, broad bean and tomato,
respectively, and P (Farrag, 1970 on broad bean, Patel and Wallace,
1976 and Abd-alle et al.,1979 on tomato; Delbert and Hemphill,
1982 on cﬁcumber, carrot, lettuce and omion; Shafshak, 1989 on
broad bean and Masaguer et al.,1991; Taya et al.,1994 and Satti
and El-Yahyai, 1995 all working on tomato), and with leaves content
of K (Farrag, 1970 on broad bean; Abdalla et al.,1979 on tomato;
Shafshak, 1989 on broad bean; Awad et al.,1990 and Taya et
al.,1994 on tomato), and Ca (Patel and Wallace, 1976 on tomato).

‘Concerning the effect of proline acid on leaves content of
N,P,K,Ca and Mg elements, it clearly show that application of the two
concentrations of proline acid (30 and 60 p.p.m) resulted in an
increase in tomato leaves content of all previously mentioned
elements, these increases were significant in the both seasons for all
tested elements. Obtained results are in agreement with those reported
by Wageeh (1994) on wheat and Abdel ~Latif (1995) on tomato, they
noticed that proline acid increased leaves content of N,PK and Mg,
whereas it decreased leaves content of Ca (Abdel-Latif, 1995).
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With respect to the effect of PPy3; on tomato leaves content of
| N,P,K,Ca and Mg, it ié evident from the same table that spraying
tomato plants with the two concentrations of PPs;; (100 and 200
p.p.m) resulted in a significant increase in most leaves content of
those elements. These results hold true during both seasons of this
work. Such results are in agreements with those reported by El-
Desouky and Abd-El-Dayem (1992 b) on rapeseed and Ismaeil
(1995) on broad bean. On the contrary Ismaeil in the same study
indicated that the content of K was inversely proportional to

paclobutrazol concentration.

Concerning the effect of chemical materials on tomato leaves
content of Na and Cl, data presented in Table (10) show clearly that
application of these materials resulted in a significantly reduction
when compared with the control. The least values of both N and Cl
contents were recorded with phosphoric acid treatments. This
reduction was more pronounced with the low concentration (10mM)
compared to the higher one (20mM). At the same trend, the low
concentrations of each of proline acid and paclobutrazol (30 and 100
- p-p.m, respectively) recorded the least values in Na and Cl content of
plant leaves in comparison with the corresponding higher
concentrations of each (60 and 200 p.p.m, respectively). These results
were going in the same trend during the two seasons of 1996 and
1997. |

The effects of chemical materials on the nutritional status of
‘tomato leaves could be attributed to that accumulation of ions for
osmotic adjustment and restriction of Na and Cl accumulation in
immature leaves appear to be involved in phosphdrus, proline and
paclobutrazol enhancement of salt tolerance in tomato plants. The
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results about the positive effect of phosphoric acid on Na and Cl
accumulation are in harmony with those reported by Awad et al.
(1990) on tomato. On the contrary, Patel and Wallace (1976) noticed
that as P level increased, Na and Cl concentration increased in tomato
plant tissués.

Regarding the effect of proline acid, resuits in this regard are in

agreements with those indicated by Abdel-Latif (1995) on tomato
plants.

Regarding the effect of interaction between salinity levels and
different chemical materials on tomato leaves content of N,P,K,Ca and
Mg, data tabulated in Table (11) show that, the highest values of
studied minerals were observed in tomato leaves produced from plants
received phosphoric acid at 10 mM under irrigation with tap water
conditions (3860, 282, 2940 and 2420 mg / 100 gm dry weight as
average of both seasons) for N,P K and Ca, respectively. Meanwhile,
using 30 p.p.m proline acid gave the highest value of leaves content of
Mg (865 mg/ 100gm dry weight as average of both seasons) under
irrigation with tap water . The least values in this reSpect were those
from plants irrigated with highest level of salinity (12000 p.p.m NaCl)
without treating with any chemical materials (2345, 149, 1740, 1340
and 265 mg/ 100gm dry weight as average of both seasons) for
N,P.,K,Ca and Mg, respectively. '
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RESULTS AND DISCUSSION L T

Concerning the effect of interaction between salinity levels and
different chemical materials on leaves content of Na and Cl, data
presented in Table (11) show that the differences were significant in
this respect during both seasons. The least values were observed with
spraying with phosphoric acid 10mM under irri gation with tap water
(212 and 543 mg/ 100 dry weight as average of both seasons) for Na
and Cl, respectively. In this respect, the highest values (1685 and
1773) for Na and Cl, respectively were observed in tomato leaves
producéd from plants that untreated with chemical under the highest
level of salinity (12000 p.p.m). Tomato plants that treated with other
treatments lie in between in this respect.

With respect to the effect of salinity levels on the relationship
between Na* and other cations (K*, Ca™ and Mg™) in tomato leaves,
it is obvious from the data that presented in Table (12) that, such ratios
were signiﬁcantly increased with increasing salinity levels in both
tested seasons of this study (1996 & 1997). The obtained results are in
agreement with those reported by (Guerrier, 1984; Taleisnik-Gertel,
1984; Feigin et al., 1987; Hashim et al., 1988 a & b; Badia and
Meiri, 1994 and Abdel-Latif, 1995) on tomato, they noticed that Na*:
Ka+ ratio in shoots can be used as an ionic indicator of tomato
tolerance to salinity.

Concerning the effect of different chemical materials on the
Na": K',Na': Ca™ and Na*": Mg" ratios, data presented in Table (12)
show clearly that such effects resulted in significant reduction in all
studied ratios in both seasons of 1996 and 1997. The only exception is
that the 200 p.p.m paclobutrazol effect on Na"K' ratio tended to
approach- that of the control in the first season in which differences
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were insignificant. The lowest values of Na™ K*,Na":C™and Na-
Mg"™ were observed in tomato leaves that produced from plants
received phosphoric acid at 10mM showing 0.360, 0.457 and 1.533
respectively, as average of both seasons, Whereas, the highest values
in this respect were recorded in tomato leaves produced from plants
that untreated with chemicals (control) and reached 0.466, 0.610 and
2.547 for Na": K*, Na": Ca*™* and Na* Mg™, respectively as average of

both seasons. Tomato plants that treated with other treatments lie in
between in this respect.

With .respect to the effect of interaction between salinity levels
and different chemical materials on Na*: K*, Na": Ca™ and Na* Mg™
: raﬁos, data presented in Table (13) show clearly that such effécts were
significant during both seasons. It is worth mentioning that increasing
salinity Ievels led to progressively and continually increase in the

previous ratios.

Spraying tomato plants with any of the tested chemicals
resulted in considerable reduction in the Na: cations ratios in most
cases.

Application phosphoric acid exhibited the most favourable
effect in this réspect, under conditions of 12000 p.p-m NaCl, plants
that spraying with phosphoric acid (low concentration 10mM)
recorded the lowest values of Na* : K** and Na* :Ca™ ratios, whereas
spraying with 20 mM phosphoric acid resulted the lowest value of Na*
:Mg™ ratio (0.738, 0.885 and 3.428) as average of both seasons of this
work for Na*: K*, Na*: Ca*™ and Na*- Mg"™ respectively. In this
connection the highest values of .Na+: other cations were recorded

under 12000 p.p.m NaCl condition without any of spraying chemicals.
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Wwith respect to the effect of paclobutrazol on proline content n
tomato leaves such effects are in agreement with those reported by

Wanas (1996) on tomato plants.

Concerning the effect of interaction between salinity levels and
chemical materials on leaves content of free proline, data presented in
Table (13) show clearly that the differences in this respect were
significant during the two seasons of this study. The highest value of
leaves content of free proline was observed when proline acid (30
p.p.m) was applied under the highest level of salinity i.e. 12000 p.p.m
(1.573 mg /gm fresh weight) as average of both season, whereas the
least value was recorded with paclobutrazol application at 100 p.p.m
when using tap water in irrigation (0.812 mg/ gm fresh weight) as

average of both seasons.

3.Flowering characteristics:
3.1.Effect of salinity:

Data presented in Table (14) and Figures (4 and 5) show the
effect of salinity levels on number of clusters and flowers per plant.
~ Such characteristics tended to decrease significantly as the level of
salinity increased during both seasons of this study. These results
mlght be attributed to either the adverse role of salinity on imbalance
in nutritional cations in tissues of the salts affected plant and the
retardant effects on plant growth that may be reflect on the reduction
in ﬂowenng parameters, or due to the imbalance in hormons content
in plants, as salinity increase. In such case salinity caused a decrease
transport of kinetin (which is essential in flowering and fruiting

processes) from root to leaves and an increase in leaves content of

abscisis acid. Obtained ~results are in agreement with those

287 %
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Fig (4): Lffect of salinity levels (A) and chemical materials (B) on number of
clusters / plant.
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Fig. (S)y:Effect of salinity levels (4) and chemical materials (B) on number of
flowers / plant.
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reported by (Mohamed, 1987; Abaza, 1996 and Wanas, 1996) on

tomato plants.

3.2.Effect of chemical materials:

Data presented in Table (14) and Figure (4) show the effect of
different chemical materials on number of clusters of tomato plants.
As average of both seasons, the highest value of number of clusters
(3.9) was recorded in tomato plants that received the low
concentration of paclobutrazol i.e. 100 p.p.m followed by phosphoric
acid at 10 mM (3.7) whereas, the least value in this respct was

observed in tomato plants that untreated with chemicals (3.0).

With respect to the effect of application of chemical materials
on number of flowers per plant, data presented in Table (14) and
Figure (5) indicate that such effects were only significant with
phosphoric acid treatments (10 and 20 mM), whereas, application of
other chemicals i.e. proline acid or paclobutrazol did not induce
significant effect. Obtained results on the effect of phosphoric acid are
in agreement with those reported by Amer (1964) on cotton, Abd El-
Zaher (1989) on eggplant and Selim (1990) on pea plants. The
obtained results about the effect of paclobutrazol on number of
clusters and floweres are in harmony with those reported by Salem et |
al, (1991) on Gomphrena globosa plants, El-Desouky and Abd El-
Dayem (1992 a) on sesame, Wanas (1992) on pea, Ismaeil (1995) on
broad bean and Wanas (1996) on tomato plants.

Concerning the interaction between salinity levels and chemical
materials (Table, 15), no significant effects on number of clusters and
flowers per plant could be detected during both seasons of this work.
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4.Yield and its components:
4.1 Effect of salinity: |

~ Data in Table (14) and ngures (6,7 and 8) show the effect of
salinity levels on yield and its components of tomato plants. Itis
evident from such data that number of fruits per plant, average fruit
weight, length and diameter as well as plant yield were progressively
and significantly reduced as salinity levels increased. These resuits are
going in the same trend during the two seasons of 1996 and 1997,
Such results may be attributed to the adverse effects of salinity on
plant growth (Table,5) and photosynthetic pigments (Table,8) as well
as mineral content of leaves (Table,10) which may be consequently.
rgduce plant yield. Obtained results about the effect of salinity on
number of fruits per plant and average fruit weight are in harmony
with those reported on tomato plants by (Rosario et al., 1990;
Adams, 1991; Caro et al.,1991 Davis et al.,1991; Ohta et al.,1991;
Soliman Doss, 1992; Alarcon et al.,1994; Abdel- Latif, 1995;
Abaza, 1996 and Wanas, 1996). The results about the effect of
salinity level on tomato plant yield (Table 14), are in line with those
reported on tomato plants by Adams, (1988); Mizrahi et al. (1988);
Adams and Ho (1989); Awwad et al. (1991); Sarg (1991); Soliman
and Doss (1992); Rizk (1993); Sarg et al. (1993); Alarcon et al.

(1994) Faiz et al. (1994); Abdel —Latif (1995); Vespasiani et al.

(1995); Abaza (1996); Perez —Alfocea et al. (1996); Wanas (1996);
Yong et al. (1996) and Yurtsever and Sonmez (1996). Obtained
results about the effect of salinity on fruit length and diameter are in
agreement with those reported on tomato fruits by Al-Najum and
Neimmah (1989); Rosario et al. (1990); Adams (1991); Caro et al.
(1991); Davis et al. (1991); Ohta et al.




Fig. (6): Effect of salinity levels (A) and chemical materials (B) on number of fruits
/ plant.
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Fig. (7): Effect of salinity levels (A) and chemical materials (B) on average fruit
weight.
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Fig. (8): Effect of salinity levels (4) and chemical materials (B) on fruit
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RESULTS AND DISCU S S ION s

(1991); Soliman and Doss (1992); Alarcen et al. (1994); Vespasiani
et al, (1995) and Wanas (1996). '

4.2 Effect of chemical materials:

Data in Table (14) and Figures (6,7 and 8) show the effect of
different chemical materials on plant yield and its components. It is
evident from such data that there were significant increases in plant
yield, number of fruits, average fruit weight and fruit length and
_diameter by phosphoric acid application (10 and 20 mM) in both
seasons. Also the low level of proline (30 p.p.m) increased
significantly fruit number, fruit diameter and plant yield in both
seasons and average fruit weight in the first season. Whereas, the
| .sighiﬁcant effect when paclobutraiol was used, was that effect of .
using low concentration (100 p.p.m) on plant yield during both
seasons. The effect of other chemicals did not show similar trend in
both seasons and in different cases they did not show significant
differences when compared with the control. The higher level of
paclobutrazol reduced significantly fruits weight and dimensions in
both seasons. It is worthy to conclude that the highest values of yield
~ and its components were observed on plants which were treated with
 phosphoric acid 10 mM followed by 20 mM phosphoric acid and 30
ppm proline acid, respectively. Whereas, the least values were
recorded on tomato plants that treated with 200 p.p.m paclobutrzol in
both seasons of study. In this regard, it is clear from obtained data that
the increment of studied characters as a result of using 10mM
phosphoric acid reached 130, 120, 151,124, and 130 % for number of
fruits / plant, average fruit weight, plant yield, fruit length and fruit
diameter, respectively, as average of both seasons in comparison with
control. The results about the favourable effect of phosphoric acid on
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plant yield and physical fruit properties are in agreement with those
reporfed on tomato by (Jarmilo et al.,1978; Abdalla et al., 1979;
Dimitrov’ and Rankov, 1979; Nunung, 1980; Satsijati and
Soebijanto, 1980; Abed and Eid, 1987; El-Sawy, 1988; Al-Najum
and Neimmah, 1989; Awad et al., 1990; Flett et al., 1990 and Abd
—Alla et al. 1996). Obtained results are also in confirmity with those
of Delbert and Hemphill (1982) on carrot, cauliflower, cucumber,
lettuce and onion; Farag (1984) on pepper and Abd-El—Zaher (1989)
on eggplant. Farrage (1970); Shafshak (1989); Selim (1990); Table
et al. (1990 a & b) and Teneb et al. (1995) working on different
species of legumes. Similarly, Manchanda et al. (1982) and Gibson

- (1988) found the same conclusion on cereals and pasture species.

~ With regard to the effect of proline acid in theis respect, such
results are in agreement with those reported by Abdel —Latif (1995)
on tomato plants.

Regarding ‘the effect of paclobutrazol on yield and its |
components and physical properties of fruits, such results are in
agreement with those reported by Elfving et al. (1987); Jones et al.
~ (1988); Arora et al. (1989); Curry et al. (1989); Globerson et al.
(1989; Prive et al. (1989); Elfving et al. (1990); El-Khoreiby et al.
(.19'90) and Wanas (1996) working on different species of vegetables. -

As for the effect of interaction between salinity levels and
chemicals used, data presented in Table (15) show that, it was only
signiﬁcanf in case of plant yield, Meanwhile, differences did not reach
the 5% level of significance in all physical fruit characters. This was
© true during both seasons of the experiment. The highest fruit yield

(296gm/plant) was detected as phosphoric acid at 10mM was applied

298 %
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combined with control (tap water) irrigation. However, tomato plants
supplemented with the highest level of salinity (12000 p.p.m)
exhibited the least values, especially with application of 200 p.p.m

paclobutrazol (31 gm / plant) as average of both seasons.

5.Fruit quality:
5.1. Vit C, titratable acidity , T.S.S and sugars:
5.1.1. Effect of salinity:

Data presented in Table (16) show clearly that, there wasa
significant and gradual increase in fruits ‘content of ascorbic acid
(Vit.C)), titratable acidity and total soluble solids (T.S.S) as salinity
level increased during both seasons. On the other hand, increasing
salinity level resulted in a significant and progressive reduction in
fruits content of reducing and total sugars, along with significant
increase in fruits content of non-reducing sugars during both seasons
of 1996 and 1997. Results regarding ascorbic acid’ (Vit .C.) are in
harmony with those reported on tomato by (Sarg, 1991 and Sarg et
al. 1993). On the contrary, Ponomareva and Kubuzenko (1984)
found adverse results in this respect.

~ As for the favourable effect of salinity on fruits content of
titratable acidity, results in this side are in agreement with those
reported by Mizrahi (1982); Grattan et al. (1987); Adams (1988) ;
Davis et g_!. (1991); Sarg (1991); Sarg et al. (1993); Abaza (1996)
and Satti et al. (1996) on tomato plants.

Results on fruits content of total soluble solids (T.S.S) are in
agreement with those reported on tomato plants by Mizrahi (1982);
Mizrahi et al. (1982); Lapushner et al. (1986); Adams (1987);
Grattan et al. (1987): Mohamed (1987); Mizrahi et al. (1988); Sarg

X990 %
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(1991);' Sarg et al. (1993); Abaza (1996); Satti et al. (1996) and
Yong et al. (1996).

With respect to the effect of salinity on sugars content, such
results are in agreement with those indicated by (Rajasekaran and
Shanmugavelu, 1983; Davis et al. 1991 and Sarg, 1991) on tomato.
However, contra results were reported by Adams (1988); Sarg et al.
(1993) and Vespasiani et al. (1995) indicating an increase in tomato

fruits sugars by increasing salinity levels.

5.1.2. Effect of chemical materials: |

~ Data presented in Table (16) show the effect of different
chemical materials on fruits content of ascorbic acid (Vit. C.),
titratable acidity, total soluble solids as well as reducing, non-reducing
and total sugars. Significant increase in most fruits content of ascorbic
acid (Vit. C.), total soluble solids (T.S.S) reducing, non-reducing and
total sugars, were obtained due to the application of either phosphoric
acid, or paclobutrzaol in both seasons. Proline acid treatment had
adverse significant effect on Vit.C., reducing and total sugars, beside
the negafive effect on non-reducing sugars and positive effect on
T.S.S as compared to the control. On the other hand, titratable acidity
of tomato fruits was not affected significantly as a result of spraying
tomato plants with any of the chemical materials used during both
seasons of this experiment . The results about the favourable effect of
phosphoric acid on fruits content of T.S.S., Vit. C. and titratable
acidity are in agreement with those reported by Dunyamalev, (1977);
- Doikova (1978); Dimitrov and Rankov (1979); El-Sawah (1979);
Kanesire et al. (1984); Abed and Eid (1987); El-Sawy (1988) ‘a'nd
 Satti et al. (1995) on tomato, as well as Abd-El-Zaher (1989) found
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a similar findings on eggplants. On the contrary, results about the
effect of phosphoric acid on fruits content of titratable acidity, results

" are in conflict with those reported by (Abed and Eid, 1987 and El-

Sawy, 1988) on tomato.

With respect to the positive effect of paclobutrazol on fruits
content of Vit.C., titratable acidity, T.S.S and sugar fractions, obtained

' results are in harmony with those reported by Looney and MacKeller

(198‘7) on sweet cherry; Nerson et al. (1989) on Galia muskmelon;

'El-Desouky and Abd-El-Dayem (1992 a & b) on sesame and

rapeseed; Ismaeil (1995) on broad bean and Wanas (1996) on tomato.
On the contrary, El-Bassiouny (1992) working on strawberry found a
converse results in most parameters, previously mentioned. Moreover,
Looney and MacKallr (1987) found no differences due to the

application of paclobutrazol in sugars content of sweet cherries

" compared to the control:

“Concerning the effect of proline acid, results in this respect are

in agreement with those reported by Abdel- Latif (1995) on tomato
- plants. |

Regardmg the interaction between salinity levels and different
chemical materials, data illustrated in the Table (17) show that
differences in this respect were only significant in case of Vit.C. and

reducing sugars during both seasons, meanwhile significant effects in

~ case of reducmg and total sugars were only in the first season. It worth

mentioning that increasing salinity levels was accompanied with

| increasing fruits content of Vit. C., and non-reducing sugars. In this

~ connection, the highest values of fruits content of these constituents

were observed on tomato fruits produced from plants swplement with
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RESULTS AND D_ISCUSSION e ——————— '

the highest level of salinity (12000 p.p.m), whereas plants that

irrigated with tap water recorded the lowest values of these

constituents in their fruits.
_Usnder such conditions, spaying tomato plant with phosphoric acid

(10 and 20 mM)or paclobutrazol (100 and 200 p.p.m) exhibited a
contribution effect in an increase fruits content of Vit. C. and non-
reducing sugars. In this regard phosphoric acid (10 and 20 mM)
recorded the highest values of fruits content of Vit. C. and non-

 reducing sugars (26.50 and 26.35 mg/ 100 gm F.W.) for 10 and 20

mM as average of both seasons, followed by paclobutrazol
treatment (with 100 and 200 p.p.m) (26.35 and 26. 25 mg/ 100 gm

D.W.) as average of both seasons.

_Proline acid treatment exhibited an adverse effect in this respect.

_The highest values of Vit.C. and non-reducing sugars were observed

in tomato fruits that produced from plants irrigated with tap water

and sprayed with paclobutrazol (100 p.p. m) and proline acid (30
p.p.m) (220 mg / 100 gm F.W. and 303 mg /100 gm D.W) as

- average of both scasons for vit. C. and non-reducing sugars,

respectively.

“With respect to the effect on reducing and total sugars, the highest

level of this constituents (4127 and 4447 mg/ 100 gm D.W.) as
average of both seasons were detected in fruits that produced from
plants ﬁeated with phosphoric acid (10 mM) under irrigation with

.- tap water, whereas, the least values of reducing ang total sugars

(2914 and 3343 mg /100 gm D.W.) as average of both season for

- reducing and total sugars, respectively were observed in tomato
~ fruits that produced from plants received the higher concentration
~ of proline acid (60 p.p.m) under irrigation with the highest level of

salinity (12000 p.p.m NaCl). Tomato fruits that produced from
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plants that treated with other treatments lie in between in this
respect. On the other hand, differences between salinity levels and
different chemicals materials did not reach the level of 5% of
significant in case of titratable acidity and total soluble solids
(T.S.S). This was true during both seasons of 199.6 and 1997.

5.2.Mineral Composition of fruits:
5.2.1 Effect of salinity:

Data presented in Table (18) show that, increasing salinity level
led to a significant and gradual decrease in the content of N,P,K and
Ca. Howevér, a significant and constant increase in Na content of
tomato fruits could be detected in this respect during both studied
seasons. Such results were found in the same direction in plant leaves
(Table, 10) which may reflect the accumulation of these minerals in
tomato fruits. Obtained results about the effect of salinity level on
fruits mineral accumulation are in agreement with those reported on
tomato plants by (Adams and El-Gizawy, 1986; Adams , 1988 and
Adams and Ho, 1989) with Ca element , and Faiz et al. (1994) with
N, P and K elements.

With Tespect to the effect of salinity level on Na accumulation
in tomato fruits, obtained results are in agreement with those reported
on tomato by Mizrahi (1982); Mizrahi et al. (1982); Grattan et al.
(1987); Adams (1987); Adams (1988); Mizrahi et al. (1988); Sarg
et al., (1993) Faiz et al. (1994).

5.2.2. Effect of chemical materials:

1t is evident from data presented in Table (18) that, application
of any kind of chemical materials that used in this study resulted in a
significant and gradual increase in fruits content of N,P.K and Ca

%105 %




¥ e ot L ST S ¥4 87 9 LT %S ¥ a'S1

£€T 439 87ST (494 0S0€ wT popl 8092 (1} 44 900€ wrd'd 0oz *tdd

Ak P9ST LS9T 092 801€ §TT 9081 89T 0ST | 9¥0E wrd-d 01 *tdd

1£2 8b1 otez | 19z 8€1€ e 432! 86LT T | poTe urd'd g9 pioe outjoig

81T 90S1 v162 $9T 901¢ 1£€2 Opp1 14%:14 6vT vize | wrdd gg_pioe suloid

(At 2! LT 85T 092¢€ ¥4/ 8Pl 86L7 AY4 P0ZE | IN'WOZ Poe onoydsotq

61 oSl £€6T 99T 14143 %0z | zist 8V8T 0ST | 00T€ | WwOI Ppweouoydsoyd 3

LST 421 P1¥T vTT 026 092 8TY1 8T 9127 8162 0 [oLH0D __%,‘

S[BLIAJBUI [ED1IdY ) hm

v 61 oF v (43 b 91 T v 8¢ %S I8 AT

(413 08¢<I KAY 90T 98%T LEE 6621 62ST 061 86€T urdd 900zt

8T 6971 1792 LTT ¥T8T 68T | . L8El LE9T (AF4 vPLT urdd 0006

A4 62ST 62LT 0T €81¢ YT 09b1 | €ILT LET | ¥91E w'd'd 0009

¥91 L8S1 £V8T LT 10¥€ 8L1 8¥S1 £08T VLT 9LSE ~ wrdd 0oo¢

101 LE91 6¥67 61€ | ¥LIE €11 €91 L16Z | 00€ £89¢€ urd'd

*SUOSBIS /66T PUR 9661 SULIND S[BLIIIBUL [BIIWIYD JUIIIFHP M
Swikuads pue Jajem dures [pIM uonesLLn Aq pajadjje se sjngy ojewod 3o (A°d w3 g1 /Sw) SHUIWIP N PuL €I MIN (ST) AqEL




RESULTS AND DISCUSSION B e

during both seasons of this study. As average of both seasons, the
highest values (3232, 258, 2890 and 1529 mg / 100 gm D.W. for
N,PK and Ca, respectively were detected in tomato fruits produced
from plants that received phosphoric acid (20 mM) for N content and
(10 mM) for P.K and Ca. Meanwhile, the least values in this respect

were observed in fruits produced from untreated plants.

As for the effect of different chemical materials on Na content
of tomato fruits, data show clearly that application of all used
chemicals led to a significant reduction in comparison to control. This
held true during both seasons of this work. The lowest values (200 mg
/100 gm D.W.) as average of both seasons were recorded in tomato
fruits produced from plant that spayed with phosphoric acid at 10 mM,
whereas the highest value (259 mg) were detected in fruits from
~ untreated plants. These results about the favourable effect of
phosphoric "acid on tomato fruits content of different elements are in
agreement ‘with those reported by Selim (1990) on pea and Masaguer
et al. (1991) on tomato.

Conceﬁu'ng the effect of paclobutrazol on fruits content of
different elements, results are in agreement with those mentioned by
(El-Desouky and Abd El-Dayem, 1992 a & b; Ismaeil, 1995 and
Wanas, 1996) on sesame, rapeseed, broad bean and tomato
respectwely On the contrary, El-Desouky (1992) on tomato and
" Ismaeil (1995) on broad bean, found a converse results about the
effect of paclobutrazol on total nitrogen and potassium, respectively,
in tomato fruits and broad bean seeds. |
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With respect to the effect of interaction between salinity levels
and different chemical materials on tomato fruits content of N,P.K,Ca
and Na, it is evident from data (Table, 19) that difference were
significant during both seasons of this study. It is worth mentioning
that increasing salinity level resulted in a decrease in fruits content of
NPK and Ca but fruits content of Na increased, in this respect the
lowest values of N,P,K and Ca were recorded with the highest level of
salinity (12000), whereas under these conditions Na content recorded
the highest value. '

-Spraying tomato plants with different chemicals overcome the
déleterious effect, of salinity to some extent, on fruits content of
these elements. Generally under spraying with used chemicals,
tomato fruits maintained to more content of N,P.K and Ca as well
as less content of Na in comparison with the untreated fruits
(control).

-Phosphoric acid at 10 mM exhibited the best favourable effect on

 fruit content of K,Ca and Na (2705, 1380, and 303 mg/ 100 gm
D.W) as average of both seasons under the highest level of salinity
(12000 p.p.m NaCl), and proline acid at 30 p.p.m recorded the
highest values of N and P contents (2595 and 210 mg / 100 gm
D.W.). In this connection, tomato fruits that produced from plant
that irrigated with 12000 p.p.m NaCl and without spraying with |
chemicals recorded the least values of N,PK and Ca (2195, 172,
2175 and 1305 mg / 100 gm D.W.) for all mentioned elements,
respectively, as average of both seasons. Meanwhile, it recorded the

| highest value of Na (378 mg). Tomato fruits that produced from
plant treated with other treatments lie in between in this respect.
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RESULTS AND DISCUSSION e e e

6. Anatomical Studies:
6.1. Root anatomy:
6.1.1 Effect of salinity :

Data presented in Table (20) and Figures (9-11), show the
effect of different levels of salinity in irrigation water on root anatomy
features. Such data indicated that increasing salinity levels resulted in
decrease the thickness of all studied features i.e. epidermis and

exodermis, cortex, phloem, xylem and pith tissues, this reduction was

~ proportional with increasing salinity. These results might be attributed

to that role of salinity on inhibiting cell division and elongation which
makes as a deleterious effects in this respect. Adverse results — to

some extent — were reported by Wanas (1996) on tomato.

| 6.1.2 Effect of chemical materials:

Data presented in Table (20) and Figures (12- 18) show clearly
that spraying tomato plants with any kind of studied chemical led to

~an  increase in most studied features compared with control.

Phosphoric acid (at 10 and 20 mM) exhibited the most favourable
effect in this respect followed by paclobutrazol (100 and 200 p.p.m).
Proline acid treatment recorded the least values in this regard, but it
still higher than control treatment. These results may be due to the role
of phosphorus in cell division and the role of proline acid which act as |
osmo-regulator compound that plays an important role to depress the
internal osmotic potential and so maintain a positive gradient for water
uptake, this explain the mechanism by which the plant is able to
withstand salt stress conditions. These results are in agreement with
those reported on paclobutrazol and tomatoes by Wanas (1996).




Table (20) Anatomy of tomato plant roots as affected by irrigation with saline water
and foliar spray with different chemical materials during 1997 season.

Salinity

0 p.p.m 78.4 576.9 105.4 611.2 888.0
6000 p.p.m 715 | 536.7 82.5 500.1 774.4
12000 p.p.m 56.0 5150 | 752 421.0 707.2
Chemical materialé

Control 63.5 516.3 77.9 425.6 644.3
H; PO, 10mM 74.1 582.9 103.5 641.1 863.5
H3POs 20mM 69.6 553.1 106.7 481.6 899.7
Proline 30 p.p.m 68.3 534.9. 74.1 6165 - 804.8
Proline 60 ppm 68.8 498.1 72.0 579.2 658.1
PPy 100 ppm 67.2 5717 | 949 388.3 874.1
PPz 200 p.p.m 68.8 542.9 84.8 4432 785.5
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Figures (9-11) :Effect of salinity levels on the anatomical structure of tomato plant
‘ root cv. UC97-3.
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RESULTS AND DISCUSSION S

6.2. Leaf anatomy:
6.2.1. Effect of salinity:

Data presented in Table (21) and Figures (19-21) show the
effect of different levels of salinity on leaf anétomy of tomato plants.
Such data indicate that the thickness of blade and measophyll
(palisade and spongy tissues) as well as upper and lower epidermis
and number of xylem vessels tended to decrease as a result of
increasing salinity level. However, diameter and width of midrib
- exhibited slightly increase with incfeasing salinity level. These results
may be attributed to that salinity suppressed cell enlargement and cell
division. Obtained results are in agreement with those reported by El-
Lawendy (1985) on different species of legumes; Belda et al. (1996)
and Wanas (1996) on tomato plants. On the contrary, Raafat et al. |

(1991) and Sarg (1991) reported and adverse results to some extent in
this respect.

6.2.2. Effect of chemical materials:

‘Data presented in Table (22) and Figures (22-28) show that
spraying tomato plants with any of the tested chemicals led to an
increase in' measophyll tissue (contains of palisade and spongy
tissues). Paclobutrazol (200 p.p.m) followed by proliné acid (60
p.p.m) recorded the highest values in thickness of measophyll tissues
and consequently blade thickness. The least values in this respect were
observed with control treatment.




RESULTS AND DISCUSSION

6.2. Leaf anatomy:
6.2.1. Effect of salinity:

Data presented in Table (21) and Figures (19-21) show the
effect of different levels of salinity on leaf anatomy of tomato plants.
Such data indicate that the thickness of blade and measophyll
(palisade and spongy tissues) as well as upper and lower epidermis
and number of xylem vessels tended to decrease as a result of
increasing salinity level. However, diameter and width of midrib
exhibited slightly increase with increasing salinity level. These results
may be attributed to that salinity suppressed cell enlargement and cell
division. OBtained results are in agreement with those reported by El-
Lawendy (1985) on different species of legumes; Belda et al. (1996)
and Wanas (1996) on tomato plants. On the contrary, Raafat et al.

(1991) and Sarg (1991) reported and adverse results to some extent in
this respect.

6.2.2. Effect of chemical materials:

Data presented in Table (22) and Figures (22-28') ‘show that
Spraying tomato plants with any of the tested chemicals led to an
increase in’ measophyil tissue (contains of palisade and spongy
tissues). Paclobutrazol (200 p.p.m) followed by proljné acid (60
p.p.m) recorded the highest values in thickness of measophyll! tissues

and consequently blade thickness. The least values in this respect were
observed with control treatment.




Table (21):Anétomy of tomato plant leaves as affected by irrigation with saline water

and foliar spray with different chemical materials during 1997 season.

Salinity
0 p.p.m 1251 17.1 91.2 | 1298 221.0 263.2 785.6 699.8 45
6000 p.p.m 23.1 17.4 857 11296 | 2153 255.8 870.6 787.4 42
12000 p.p.m 20.3 15.1 80.4 | 1074 187.8 | 223.2 826.3 694.2 39
Chemical materials
Control 213 16.0 88.5 | 9238 1813 218.6 769.1 644.8 40
H;PO4 10 mM 18.7 16.0 763 | 113.1 189.3 2240 746.1 | 653.8 43
|H:PO420mM | 18.1 15.5 73.6 | 1179 1915 | 2251 826.1 799.5 44
Proline 30 ppm |29.3 19.2 955 | 1205 216.0 | 264.5 8523 721.1 43
Proline 60 ppm | 26.1 - 18.1 937 | 1264 2202 | 2644 | 10064 862.9 40
PPy 100ppm | 21.9 144 773 11307 | 2080 | 2443 852.3 756.3 43
PPy;;  200ppm | 24.5 16.5 95.5 | 1547 | 250.1 291.2 740.3 651.7 41

#1163




Fig. (20): 6000 p.p.m NaCl

Figures (19-21): Effect of salinity levels on the anatomical structure of tomato plant
leaf cv. UC97-3.
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Fig. (24): H3PO4 (20 mM)

Figures (22-28): Effect of different chemical materials on the anatomical structure of

tomato plant leaf cv. UC97-3.
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Fig. (22-28):Cont.:Effect of different chemical materials on the anatomical structure
of tomato plant leaf cv. UC 97-3,




RESULTS AND DISCUSSION

The second experiment : (Field experiment)
“Effect of irrigation frequencies with drainage water on
vegetative growth, chemical composition, yield and quality of tomato

plants cultivars”

1.Vegetative growth characteristics:

~ 1.1.Effect of irrigation frequencies:

| ‘Data presented in Table (22) and Figure (29), show the effect of |
irrfgation ' frequencies with drainage water on vegetative growth
characteristics i.e. plant height, number of branches and leaves per
plant as well as fresh and dry weight of plants of Edkawy and UC97-3
tomato cultivars. It is evident that irrigation with drainage water up to
4 times led to a significant increase in most mentioned parameters of
vegetative growth during both seasons when compared with Nile
water irrigatibn. The highest increments were obtained in case of
using drainage water four times followed by tow times throughout
plant growing seasons. These results are in agreement with those
reported by Abd El- Dayem (1982) and Abed et al. (1988) on peas as
well as by Shafshak (1989) on broad bean and Arf and El-Dougdoug
(1996) on tomato. However, increasing drainage water frequencies up
to six times or more led to a gradual decrease in all studied characters.
This decrease might be attributed to the increase in salt a ccumulation
in the soil as a result of increasing irrigation frequencies with drainage
water that contained more concentration of salinity indices expressed
as E.C. as well as the detrimental effect of Na" and SO4~ ion as
indicated in Tables (3 and 4). These results are in agreement with
thoAse. reported by Vermooy and Nienhuis (1991) and Shennan et al.

(1995) on tomato and London (1984), Kandil (1990) and Abo
Soliman et al. (1992) on wheat.

%120 %
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Fig.(29): Effect of irrigation frequencies of drainage water on vegetative growth

characteristics of tomato plants.
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1.2.Effect of varieties:

Data presented in Table (22) and Figure (10) show clearly that
differences between the studied cultivars were significant in all
studied growth characteristics. In this regard, plant of cv.Edkawy

showed the highest values in both seasons of this investigation

compared with those of UC 97-3 one. Such differences between

varieties in vegetative growth characteristics are mainly due to its
genetical properties which may be considered as the main factor in
this respect. These results are in .agreement with those reported by
Mahmoud et al. (1986 a and b); Osman (1987) Sarg (1991);
Mohamed and Hussein (1992), Soliman and Doss (1992); Rizk
(1993); Abdel ~Latif (1995); Abaza (1996) and Wanas (1996), who
worked on tomato cultivars, where indicated that the trends of changes

under salinity stress depended on the studied cultivars.

Concerning the interaction between drainage water irrigation

frequencies and studied cultivars, it is evident from data in Table (22) |

that differences were significant in number of leaves as well as fresh
weight per plant during both seasons, whereas differences in plant
height and dry weight per plant were only significant in the second |
season of this investigatioﬁ. The highest values as average of both
seasons (plant height 98.4 cm, number of leaves 110, fresh weight
734.6 gm / plant and dry weight 128.2 gm / plant )were detected on

~ Edkawy plant cv. that irrigated with four times with drainage water.
On the other side, the lowest values in this regard as average of both

seasons (plant height 45 cm, number of leaves 42.9 leaves, fresh -

‘weight per plant 269,5 gm and dry weight per plant 47.7) were

observed on plants of UC97-3 cv. that irrigated with ten times with |

drainage water. It is worth mentioning that increasing irrigation

123 %




Fig. (30): Effect of tomato variety on vegetative growth characteristics.
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" RESULTS AND DISCUSSION

frequencies more than four times ‘with drainage water resulted in
significantly reduction in all studied characters in both seasons of this

work. -

2.Chemical composition of leaves:
2.1. Photosynthetic pigments:
2.1.1 Effect of irrigation frequencies: |
Data presented in Table (23) and Figure (31) show that using
-drainage -water up to four times for irrigation of tomato plants resulted
in a significant and gradual increase in leaves content of chlorophyll a,
b and consequently total chlorophyll (a + b) as well as leaves content
of carotenoids compared to the control. Further increase to six times
 resulted in significant differences, but more that six times showed
significant negative response in this respect. The increase in
photosyntheﬁc pigments of plant leaves occurred after four times
irrigation with drainage water may be due to the increase in nitrogen
and magnesium content of such leaves (Table 4). These results are in’
- agreement with those reported by Mininberg and Lezu (1973) and
Shaheen (1984) on broad bean and Abed et al. (1988) on pea. Similar
finding was reported by Aref and El-Dougdoug (1996) on tomato
plants. On the contrary, Abdalla (1985) found converse resuits in this
respect on pea plants.

2.1.2. Effect of varieties:

Concerning the effect of cultivars on leaves content of _
photosynthetic pigments presented in Table (23)and Fig.(31) show.
clearly that differences between the two cultivars under study were
significant. Edkawy cv. recorded the highest values in all studied
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Fig (31): Effect of irrigation frequencies with drainage water (4) and tomato

cultivers (B) on photosynthetic pigments of leaves. (as average of both
seasons).
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RESULTS AND DISCUSSION

pigments parameters compared to UC 97-3 in both seasons of 1996
and 1997. |

With respect to the effect of interaction between drainage water
irrigation frequencies and cultivars on leaves content of chlorophyll
and carotenoids, data in Table (23) show that among studied
treatments there were significant differences in leaves content of total
chlorophyil and carotenoids during both seasons, whereas differences
in leaves content of chlorophyll (a) were only significant in the second
season. The highest values in this respect (110.55, 54.39, 164.94 and
87.38 mg/ 100gm F.W.) as average of both seasons for chlorophyll
a,b, total and carotenoids were observed in the leaves of Edkawy cv.
plants that irrigated with four times with drainage water. The least
' f/alues in this respect were detected in plants of UC 97-3 c¢v. that

irrigated ten times with drainage water.

2.2.Mineral composition of leaves:
2.2.1. Effect of irrigation frequencies:

Data presented in Table (24) show clearly that using drainage
water in in‘igation up to four times resulted in a significant increase of
N,P,K and Mg along with a significant decrease in Ca in tomato plant
leaves during both season compared with irrigation with Nile water
- throughout the growing season (control). However,drainage water
more thah four times led to a significant reduction in all studied
elements compared with that of Nile water (control).

With respect to the effect of irrigation frequencies with drainage

water on tomato plant leaves content of Na and Cl elements, date
| presented in Table (24) show clearly that there was a significant and

gradual increase in leaves content of these elements with increasing

irrigation frequencies with drainage water, where the highest values in
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this respect were observed in plants that irrigated with ten times with
drainage water. Obtained results are true in both seasons of 1996 and
1997 These results about the irrigation frequencies with drainage

water on leaves content of N,PK, Ca and Mg are in agreement with
' those reported by Dahiya and Singh (1976); Malik et al. (1977);
Khadr (1979); Khadr et al. (1980); Abd- El-Dayem (1982);
Abdalla (1985) and Abed et al. (1988) on pea plants. Similar
findings were observed by D’arrigo et al. (1986) and Shafshak on
broad bean. In this respect, Pasternak et al. (1986) and Pasternak et
al. (1995)' found a similar findings with tomato plants, but they added
that, there were no changes in leaves content of K and Ca as a result of
using saline water in irrigation. |

Results about the effect of irrigation frequencies with drainage
water on leaves content of Na and Cl are in harmony with those
- reported by Pasternak et al. (1986) on tomato and Abed et al.,
(1988) on pea plants. In this regard, Pasternak et al. (1995) found a
similar result on tomato with Na: elements, but they indicated that
irrigation with brackish water (ECi = 6.2 dS / m) had no effect on
tomato leaves content of chloride.

Concerning the effect of irmrigation frequencies on the
relationship between Na' and other cations (K*, Ca** and Mg"), data
presented in Table (25) show clearly that significant increase in (N a’:
K*, Na": Ca™ and Na": Mg" ratios) could be detected as a result of
us'ing drainage water in tomato irrigation, this increase was
proportional .with increasing irrigation frequencies with drainage
water. Obtained results are going in the same trend during both
seasons of 1996 and 1997.
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2.2.2. Effect of varieties:

It is obvious from the data tabulated in Table (24) that Edkawy
cultivar recorded the highest concentration of all studied elements,
where the differences in both cultivars were significant in all studied
elements during both seasons of this investigation with an unique
exception in case of P content in the first season, where differences

between the two culﬁvars did not reach 5% leavel of significance.

With respect to the effect of different cultivars on (Na": K,
(Na*: Ca™) and (Na*: Mg"") ratios, data tabulated in Table (25) show
that, although Edkawy cultivar reflected higher values compared with
UC97-3 one, differences did not reach the 5% level of significance in
most cases during both seasons.

With respect to the interaction between irrigation frequencies
and cultivars, data presented Table (24) show that there. were
significant differences between imrigation frequencies and tomato
cultivars -with N,P,K concentrations during the first season only,
whereas differences in the second season were insignificant.
Moreover, differences were significant in case of Ca and insignificant
in case of Mg, Na and Cl elements (Table, 24) as well as the ratios of
Na': K, Na": Ca** and Na": Mg"™ (Table, 25) during both seasons.

2.3.Free proline accumulation:
2.3.1 Effect of irrigation frequencies:
Data dealing with the effect of irrigation frequencies with
drainage water on tomato leaves content of free proline are presented
in Table (25). Such data indicate that using drainage water in
irrigation led to a significant increase in this respect. This increase in

leaves content of free proline was proportional to the increase in
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irrigation frequencies with drainage water. The highest values in this
respect were observed in plants irrigated ten times with drainage water
compared with those irrigated ten times with Nile water, which
recorded the least values in this respect. Obtained results are going in

the same trend during both seasons of 1996 and 1997.

2.3.2. Effect of varieties:

Data presénted in Table (25) show clearly that differences
between Edkawy and UC 97-3 cultivars were significant regarding
their leaves content of free proline. Plants of Edkawy cv. recorded the
highest concentration in this respect during both seasons of this work.

With resect to the effect of the interaction between irrigation
frequencies and tomato cultivars on leaves content of free proline,
data presented in Table (25) show that differences were significant in
both seasoﬂs. The highest values in this respect were recorded in
Edkawy plants irrigated ten times with drainage water (1.010 mg/ gm
FW) ‘as average of both seasons, whereas tomato plants of UC 97-3
cultivars irrigated with Nile water recorded the least values in this

respect. Tomato plants that treated with other treatment lie in between
in this regard.

3. Flowering characteristics:
3.1. Effect of irrigation frequencies:

Data preseﬁted in Table (26) show that using drainage water in
irrigation up to four times resulted in a significant increase in number
of clusters per plant as expressed as flowering parameter during both:
seasons of this work. On the other hand, increasing irrigation

frequencies with drainage water more than four times resuited in a
gradual significant reduction in this respect.




3.2. Effect of varieties:

It is obvious from the data presented in Table (26) that
differences between Edkawy and UC 97-3 cultivars were significant
only during the second season, whereas no significant effects on
number of clusters per plant could be detected during the first one of
this work. It is obvious from such data that plants of UC 97- 3 cultivar
recorded the highest number of clusters per plant compared with those
of Edkawy during both seasons. These results are in agreement with
those reported by (Mohamed, 1987; Abaza, 1996 and Wanas, 1996).
They noticed that under irrigation with saline water, Edkawy cv.
recorded the least reduction in nﬁmber of clusters and flowers pe}
plant in comparison with other studied cultivars.

Concerning the effect of the interaction between urigation
frequencies and studied varieties, data tabulated in Table (26) show
clearly that differences were significant during both seasons. As
average of both seasons, the highest number of clusters per plants
(16.6) were observed in plants of UC97-3 cultivar irrigated four times
with drainage water. On the other hand, least number of clusters (11.4)
were observed when using either 8 or 10 irrigation with drainage

water in UC 97- 3 cultivar.

4. Yield and its components:
4.1. Effect of irrigation frequencies:

It is evident from data in Table (26) and Figure (32) that using
drainage water in irrigation up to four times had a significant gradual
improving effect on number of fruits per plant, average fruit weight,
fruit length, fruit diameter, yield / plant as well as early and total yield
- /feddan in both seasons. Adverse effects were detected by increasing

irrigation frequencies more than four times, whereby the worst results
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Fig. (32):Effect of irrigation frequencies of drainage water on yield and its
components of tomato plants.
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RESULTS AND DISCUSSION

were obtained with plants received ten irrigations by using drainage
water only. These results are in égrecment with those reported by
(Grattan et al. 1987, Al-Najum and Neimmah, 1989; Drews, 1991;
Mitchell et al.,1991; Grattan et al., 1994; Shaheen et al.,1995 and
Aref and El-Dougdoug, 1996) worked on tomato and Abed et
al.(1988) on pea, Shafshak (1989) on broad bean as well as Abo
‘Soliman et al. (1992) on wheat plants. However, many studies on
tomato, indicated that using drainage water with high E.C. values
reduced fruits yield (Pasternak et al., 1986 and 1995; Mitchell et
al.,1991; Grattan et al., 1994 and Katkat et al., 1996).

4.2 .Effect of varieties:

| Data on the effect of different cultivars on number of fruits per
plant, fruit length, fruit diameter, average fruit weight, yield per plant,
early and total yield of tomato plants are tabulated in Table (26) and
Figure (13). Such data show clearly that differences in this respect

between the two cultivars were significant during both seasons of this

work. UC97-3 cultivar recorded the highest values with number of - -

fruits per pla_nt and early yield during both seasons, while Edkawy
cultivars recorded the highest values of fruit length and diameter,
avefage fruit weight, plant yield as well as total yield. These results
are in agreement with those reported by (Ruch and Epstein, 1981;
- Mahmoud et al., 1986 b; Sarg, 1991; Soliman and Doss , 1992;
Sarg et al, 1993 ; Abdel-Latif, 1995; Vespasiani et g_!.,'1995;
Abaza, 1996 and Wanas, 1996) on tomato plants.

With respect to the interaction between irrigation frequencies
and studied cultivars (Table, 26), such data exhibited a significant
with most studied characters in this respect, the exception was with
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Fig. (33): Effect of tomato variety on yield and its components.
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case of fruit length which differences were insignificant during both -
seasons. Edkawy cv. recorded the highest values (113.5 gm , 1635 gm,
23.549 tons and 7.8 cm) for average fruit weight, plant yield, total
yield and fruit diameter, respectively, whereas, UC97-3 exhibited the
~ highest values for nurhber of fruits per plant and early yield/ feddan
(14.4 fruits and 4.243 tons) respectively. On the other hand, least
- values of number of fruits per plant (9.8) and early yield (1.82 tons /
fed.) as average of both seasons were observed on plants of Edkawy
cv. that irrigated ten times with drainage water, whereas the least
values of average fruit weight (40.7 gm), plant yield (816 gm), total
yield/ feddan (11.734 tons) and fruit diameter (4.5 cm) as average of
both seasons were detected on plant of UC97-3 one that irrigated 8-10

irrigations with drainage water.

5. Fruit quality:
5.1. Vit. C,, titratable acidity, T.S.S. and sugars:
5.1.1. Effect of irrigation frequencies:

Data presented in Table (27) illustrated the effect of irrigation
with drainage water on fruits content of Vit.C., titratable acidity, T.S.S
and sugars. These effects were significant during both seasons. Such
data indicate that using drainage water in irrigation up to four times
lead to the highest values of Vit.C., titratable acidity, reducing, non-
reducing and total sugars, whereas the highest values of T.S.S were
detected when ten irrigations with drainage water were used. On the
other hand using drainage water in irrigation for ten times resulted in
the least values for Vit.C., titratable acidity and sugar content, whereas
the least value of T.S.S. as average of both seasons was detected when
ten irrigations with Nile water were used. These results may be
attributed to the increase or decrease in photosynthetic

x139=
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RESULTS AND DISCUSSION

pigments = (Table,23) since sugars is the main products of
photosynthetic assimilation. Obtained results are in agreement with
those reported by Pasternak et al. (1986); Al-Najum and Neimmah
(1989) and Mitchell et al. (1991) on tomato, Farrage (1978)on
broad bean and Abed et al. (1988) on pea plants. However, Mitchell
et al. (1991) added that there was no effect on hexose concentration

when saline water was used in irrigation.

5.1.2. Effect of varieties:
" Data in Table (27) show the effect of different cultivars on fruit
content of Vit.C,, titratable acidity, T.S.S and sugar content (reducing,
non-reducing and total sugars). It is obvious from such data that,
differences between studied cultivars were significant in all studied
parameters in this respect during both season of this work, with the
unique exception of the titratable acidity during the first season which
was insignificant. In this regard, Edkawy cv. recorded the highest
values of fruits content of Vit.C., total soluble solids, reducing and
total sugars, whereas UC 97-3 one, recorded the highest values of
titratable acidity and non-reducing sugars as average of both seasons.
The interaction between irrigation frequencies and studied
cultivars (Table, 27) show clearly that the only significant in this
respect was found with Vit.C. parameter during the second season
only. The highest content of Vit.C. was observed with. Edkawy cv.
that irrigated with four times with drainage water, whereas the least

value in this regard was detected when irrigated UC97-3 cv. with ten

irrigations with drainage water.
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5.2.Mineral composition of fruits:
5.2.1. Effect of irrigation frequencies:

Data presented in Table (28) show the effect of irmigation
frequencies with drainage water on fruit content of N,P,K, Ca and Na
elements. It is obvious from such data that using drainage water in
irrigation of tomato plants led to a significant reduction in fruit
content of NP and Ca elements during both seasons of this work. This
reduction in fruit content in such elements was proportional with
increasing irrigation frequencies with drainage water. Fruits content of
K tended to increase by increasing irrigation frequencies‘up to four
times then began to decrease in both seasons, but fruit content of Na
tended to increase significantly by increasing irrigation frequencies of
drainage water up to ten times. Obtained results are going in the same
trend during the two seasons of 1996 and 1997. These results are in
agreement with those reported by (Abed et al., 1988 and Shafshak,
1989) on pea and broad bean plants, respectively.

5.2.2.Effect of varieties:

Data illustrated in Table (28) show the effect of different tomato
cultivars on fruit content of N,P,K, Ca and Na elements. It is evident
frbm such data, that differences between the studied cultivars wcre.
significant with all studied elements during both seasons of this work,
with the exception of P and Ca elements during the second season,
where no significant could be detected in this respect. Edkawy cv.
exhibited the highest values of frmit content of N,P,K and Na elements
during both seasons, whereas UC 97-3 recorded the highest values of
Ca element in tomato fruit content during both seasons of this work.

Concémning the effect of interaction between irrigation
frequencies with drainage water and studied cultivars, data presented
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RESULTS AND DISCUSSION

in Table (28) show that differences were significant in fruit content of
K and Ca elements during both seasons as well as N and P during first
and second season, respectively. the highest values of N,P and K
elements were observed in plant of Edkawy cv. that treated with Nile
water only (for N and P) and four times with drainage water (for K),
whereas the highest value of Ca content was found in plants of UC97-
3 that treated with ten irrigations with Nile water. On the other hand,
the least values of the previous elements (as average of both seasons)
were observed in plants of UC 97-3 cv. that treated with ten irngations
with drainage water. In this connection, no signiﬁcant' could be
detected on fruits content of Na element during both seasons of this

work.

6.Anatomical studies:
6.1. Leaf anatomy:
6.1.1 Effect of irrigation frequencies: |
Data presented in Table (29) and Figures (34-39) show the
effect of mrigation frequencies with drainage water on anatomy
features of tomato leaves i.e upper and lower epidermis, measophyll
tissue (contains of palisade and spongy tissues) as well as number of |
xylem vessels and diameter and width of midrib. Such data indicated
that increasing irrigation frequencies with drainage water up to ten
times was accompanied with gradual decrease all studied parameter.
The highest decrement was found with the highest used irrigations
with drainage water in comparison with using Nile water only during
secason, The exceptions - in this case - were in case of diameter and
width of midrib that improved with increasing irrigation frequencies
- with drainage water. These results might be due to the role .of salinity
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on inhibiting sell division and elongation that grown under saline

conditions.

6.2.2 Effect of varieties: |

Table (29) and Figures (34-39) show clearly the effect of
different studied cultivars on anatomy features of tomato plants. Such
data indicate the best favourable effect of Edkawy cv. on all studied
characters such as upper and lower epidermis, measophyll tissue
(contains of palisade and spongy tissues) as well as number of xylem
vessels and diameter and width of leaf midrib compared to UC97 - 3
one. These results may be attributed to the genetical properties which
may be considered as the main factor in this respect. Obtained results
are in harmony with those reported by Sarg (1991) and Wanas
(1996) on tomato, they noticed that under saline conditions, Edkawy
cv. was less affected in its anatomical properties than UC97-3.




Table (29):Anatomy of tomato plant

frequencies with drainage water within Edkawy and UC97-3 cultivars.

leaves as affected by different irrigation

Irrigation water

frequencies
0 ‘24.0 20.0 128.0 | 1816 309.6 353.6 888.8 823.2 47
4 24.0 19.2 1120 | 1776 289.6 3328 | 13528 1368.0 46
10 19.2 16.0 93.6 125.6 2192 2544 | 11120 1092.0 45
Varieties
Edkawy 235 208 122.1 | 1845 306.7 3509 | 11205 1132.8 47
UCo7-3 213 16.0 1003 | 138.7 238.9 2763 | 11152 1056.0 46
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Figures (34 -39): Effect of irrigation frequencies of drainage water on the leaf anatomical
structure of Edkawy and UC97-3 tosmato cultivars.

3 147 3




