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TV, RESULTS AND DISCUSSION

IV.l., First Experiment:

Effect of seed-cold treatment on seed germination,
seed and seedling chemical composition and growth of tomato

transplants,

}.1. Cermination of tomato seeds ¢

Data presented in Table (1) show the effect of seed-
cold treatment cn the germination percentage and the rate
of germination of tomato seeds during the winter seasons of

1987/1988 and 1988/1989.

It is obvious from such data that, most of the used
seed-cold treatnents significantly increased percentage of
seed germination and reduced number of days from sowing up
to the germination of the maximum number of seeds than that

of the controls. These increments were obvious at both grow-

ing seasons of this work.

The most favourable treatments which showed the highest
percentage of seed germination and also the lowest number of
days from sowing up to the germination of the maximum number

of seeds were -1°C, -2°C or -3°C for 12 hours.

Obtained results are in confirmity with those reported
by Hennart (198€5) working on many vegetable crops including
tomato; Scott and Jones (1986) and Coolbear gt al. (1987)
working élso or. tomato. They mentioned that, low temperature
pre-sowing treatment of tomato seeds substantially increased

germination percentage and enhanced germinatlon rate.
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Table (1l): Effect of seed-cold treatment on germination of
tomato seeds.

—-—-———————————-——-—-—————-—————————

Scaking Seed-cold treatment Germination
period Temperature Time -----=-=-sssssmSsSssssoeommsmsmoTmes
(hrs) (°C) (hrs) % rate % rate
Control , : 80.0 8.4 77.0 8.6
48 Cgﬁtrol 80.5 6.9 78.0 7.0
48 -1 12 91.0 6.1 88.5 6.2
24 84.0 6.5 82.5 6.5
48 -2 12 86.5 6.2 85.5 6.3
24 84.56 6.3 8l.0 6.4
48 -3 12 85.0 6.2 81l.5 6.3
24 78.5 6.3 77.0 6.4

-——_H_——-——————-———H——————-—_—n———.—-—————————-—..———-——-—c--————.———_—
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1.2. Chemical constituents of tomato seeds:
Y

Data concerned with Eeducing, non-reducing and total
sugars as well as activities of oxidative enzymes of tomato
seeds are presented in Table (2). Such data show clearly
that most of the used seed-cold treatments significantly
increased reducing suggrs content than that of the wetted
control. Similar results were also obtained in case of non-
reducing sugars compared with the dry seed control treatment.
These increments were obvious at both growing seasons of

1987/1988 and 1988/1989.

The most favourable treatments which increased reducing
sugars content in tomato seeds were -1°C for 12 or 24 hours
compared with that of all other used treatments except that of
the dry control. However, all used seed-cold treatments
increased non-reducing sugars content in tomato seeds compared

with dry control.

These results are in harmony with those obtained by

Hennart (1985) on tomato and Pollock (1986) on pea seeds.

With regard to the effect of seed-cold treatment on
enzyme activity in tomato seeds, data in Table (2) also show
clearly that all. treatments incregsed the enzyme activity in
this respect. The treatments which showed the favourable

effect in this respect were -1°C for 24 hours followed by

-2°C for 12 hours.
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1.3. Vegetative growth of tomato transplants:

Data presented in Table (3) show clearly that different
used seed-cold treatments enhanced the different studied
characters of tonato transplants growth compared with the
control treatments during winter seasons of 1987 /1988 and

1988/1989.

It is evident from such data that, most of the used
seed-cold treatments significantly increased plant height,
stem diameter as well as fresh and dry weight per 20 trans-
plants than the control treatments. However, increments in
number of leaves per plant in this respect did not reach

level of significancy.

Such data clearly show that, seed-cgld treatment at -1°C
or -2°C for 24 hours showed the highest plant height, stem
diameter, fresh and dry.weight per 20 transplants. This trend
was the same at either 1987/1988 or 1988/1989 seasons. This
may be due to that such treatment promoted reducing and non-
reducing sugars content of tomato seeds as shown in Table (4)

as well as N, P and K uptake as shown in Table (4).

These results are in agreement with those obtained by
Abdalla et al. (1983) on sweet pepper. Hennart (1985) trials
on tomato and some vegetable crops; Wang (1985) on cucumber

and zucchini sguash and Scott and Jones (1986} on tomato.
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Similar results were pbtained by Ledov'skii and
Bondarenko {1974) who mentioned that, expoéure to low
temperature may de useful for hardening tomato plants
against frost. This may be due to the increase in total
sugars and soluble protein in the cellular level. Higazy
et al. (1974) and (1976) on pea found that, higher contents
of sucrose and reducing sugars were recorded by plants grown
from vernalized seeds, especially at 5°C for 10 days pre-
sowing. Moreover, Pollock (1986) and p.llock and Lloyd
(1987) on pea ard illuminated leaves showed that, plants
grown under low temperature (5°C for 6 hours) resulted in

iarger quantities of sucrose and starch in plant leaves.

Concerning the effect of seed-cold treatment on total
indoles and phenols content in plant tissues, the same data
reveal that all used seed-cold treatments significantly
increased total indoles and phenols content compared with

control treatments.

Such data clearly show that, seed-cold treatments at
-1°c, ~2°C or =3°C for 24 houre showed the highest total
indoles content in plant tissues at both successive seasons
of this work. #oreover, treating seeds with ~1°C for 24 hours
resulted in the highest values of total phenols content in

plant tissues.

These results are in harmony with those reported by Eid

et al. (1988) on broad bean, they showed that, exposing seeds

to 5°C for one week promoted the concentration of total
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indoles and phenols in plant tissues. Moreover, Abdalla et al.
(1983) on sweet p2pper found that, no significant differences
in the production of total indoles .and phencls content of
plant leaves were detected as a result of all used seed-cold

treatments.

1.5. Enzyme activity:

Data presented in Table {§) show the effect of seed-
cold treatment on the activity of enzymes in tomato trans-
plants i.e. peroxidase, polyphenol oxidase, catalase and

ascorbic acid oxidase during winter seasons of 1987/1988 and

1988 /1989,

It is evidert from such data that, all used seed-cold
treatments significantly increased enzyme activity of differ-

ent studied enzymes compared with the two control treatments.

Such data clearly show that seed-cold treatment at ~1°C
for 24 hours followed by -2°C either for 12 or 24 hours showed

the highest values of the peroxidase activity.

Regarding the effect of seed-cold treatment on each of
polyphenol oxidase, catalase and ascorbic acid oxidase, the
same data show that -2°C for 12 or 24 hours and -3°C for 24
hours treatments resulted in the highest values in this
respect. This trend was the same at each of the two successive

seasons of this work.

In general, it is obvious that, seed-cold treatments at
-1°C for 24 hours, -2°C for 12 hours or ~-3°C for 24 hours were
the most effective treatments in increasing the enzymes activi-

ty in tomato transplants.
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Finally, it may be concluded that, the improving effect
of seed-cold treztment on the seed germination either as per-
centage or Tate of germination (Table 1), is mainly due to
the enhancing effect of such treatments on either chemical
constituents of seeds or the enzyme activity of seedlings
(Table 2) which was in turn effective on each of chemical
constituents (Table 4) and vegetative growth of transplants
(Table 3). This improving effect of seed-cold treatment was
completely true and may be explain through the effect on both
of chemical constituents (Table 4) and enzyme activity of

transplants (Table 5).

Hence, it is advisable to exposure tomato seeds to -1°C
or -2°C for 12 hours for production of tomato transplants

with good vegetative growth and quality in winter season.
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Iv.2. Second Experiment:

Effect of seed-cold treatment as well as rate of phos-
phorus and potassium fertilizers on tomato growth, chemical

composition, flowering, yield and fruit quality.

2.1. Vegetative growth:

Data presented in Tables (6, 7 and 8) show the effect of
seed-cold trestment, rete of phosphorus and potassium fertili-
sers as well as the interaction effect between such two factors
on growth of tometo plants during winter seasons of 1987/1988

and 1988/1989.

Tt ie evidert that, all used seed-cold treatments signifi-
cantly increased different studied characters expressed eas
plant height, stem diameter, number of shoots and leaves as
well as fresh and dry weight per plant compared with control

treatment (Data in Teble 6).,

Such data clearly show that, seed-cold treatment at -1°C
for 24 hours showed the highest stem diameter and number of

shoots per plant at both successive seasons of this work.

However, treating seeds with -3°C or -2°C for 24 hours
resulted in the highest values of plant height, number of
leaves, fresh and dry weight per plant, This trend was the
came at either 1987/1988 or 1988/1989 seasons. This may be
due to that such treatment promoted N, P and K uptake as shown

in Table (9).
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Many investigators reported such favourable effect of
exposing plant organs to léw temperature. They attributed
this effect to that, exposure to low temperature may be useful
for hardening the plant against frost. This may be due to the
increase in total sugars and soluble protein in the cellular
level (Ledov'skii and Bondarenko, 1974). Moreover, Chen and
i (i974) suggested that during cold acclimatization, higher
abscisic acid (AEA) levels induce synthesis of specific
proteins which are responsible for the increase of frost hard-
ness. Exposure of plant leaves of tomato to low temperature
may help plants afterwards to enduce frost injury through the

effect on the degree of stomatal aperature (Levitt, 1980).

These results are in agreement with those obtained by
Belousova (1972) on eggplant; Belousova (1973) on pepper;
Abdalla et al. (1983) on sweet pepper; Zaki et al., (1982) on

broad bean; Shafehak (1987) on pea and Eid gt al. (1988) on

broad bean.

Obtained results of the effect of seed-cold treatment on
plant growth lead to the conclusion that seed-cold treatment
either at -1°C or -3°C for 24 hours showed the highest vegeta-

tive growth of tomato plants.

Referring to the effect of different levels of phosphorus
and potassium fertilizers on tomato vegetative growth, it is
obvious from data in Table (7) that medium used level (99 kg N
+ 48 kg P,0g + 43 kg KZO/Fad.) enhanced plant growth expressed

as plant height, stem diameter, number of shoots and leaves
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per plant as well as both of fresh and dry weight per plant
as compared with either used low or high levels. However,
ne significant difference could be detected with number of

shoots during the second season of growth.

It is also evident that obtained results are going in
the same trend at both successive seasons of this work. Such
results may be explained on the bases that the soil of the
Experimental Farm is not so poor in its content of N, P and K
minerals, as shown in the chemical analysis of the soil of the
Experimental Farm at materials and methods of this work, that

high used level of fertilizers was uneffective.

Many investigators found similar results where medium
used level of macronutrients resulted in the highest plant
growth, among them,Gupita and Shukla (1977); El-Sawah (1981l);
El-Beheidi et al. (1988) and El1-Sawy (1988) on tomato and

Farag (1984) on sweet pepper.

with regard to the effect of interaction between both
of the two main factors, it is evident from data in Table (8)
that second used level of fertilizers (99 kg N + 48 kg P,0q +
48 kg K,0/Fad.) combined with seed-cold treatment at -3°C for
24 hours resulted in the highest values of different studied
vegetative growth characteristics. However, differences
between such values did not reach the level of significancy
except in the case of number of leaves per plant and fresh
weight per plant which showed significant increments for above
mentioned treatment than other used treatments at both

successive seasons 1in this work.
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Obtained results are in confirmity with those reported
by Wallace (1926) on Allium and Bedard and Therrien (1970)
and Zurawicz and Stushnoff (1977) on strawberry. They men-
tioned that K and complete fertilizers soil application at
higher rates resulted in giving plants more resis tance to
cold injury and promoted plant growth. Moredver, Eid et al.
(1988) working on broad bean showed that, exposing seeds to
low degree temperature (5°C for 7 days) with phosphorus soil
application at 16 or 32 kg P205/Fad. had the most pronouncing

effect on plant growth characteristics.

Generally, it may be concluded that exposing tomato
seeds after soaking in distilled water for 48 hours to low
temperature (-1 to -3°C) for 24 hours and using a complete
fertilizer containing 99, 48 and 48 kg/Fad. of each of N,
P205 and K20 respectively resulted in plants of the highest

values of different studied growth characteristics.

2. Chemical composition of plant foliage:

Data concerned with total nitrogen, phosphorus, potassium
as well as reducing, non-reducing and total sugars of plant
foliage are presented in Tables (9, 10 and 1l1). Data in Table
(9) show clearly that most of the used seed-cold treatments
significantly increased total nitrogen, phosphorus and potassiun
contents of plart foliage than that of the control one. These

increments were obvious at both growing seasons of 1987/1988

and 1988/1989.
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Obtained results are in confirmity with those reported
by Wallace (1926) on Allium and Bedard and Therrien (1970)
and Zurawicz and Stushnoff (1977) on strawberry. They men-
tioned that K and complete fertilizers soil epplication at
higher rates resulted in giving plants more resistance to
cold injury and promoted plant growth. Moredver, Fid et al.
(1988) working on broad bean showed that, exposing seeds to
low degree temperature (6°C for 7 days) with phosphorus soil
application at 16 or 32 kg P,0g5/Fad. had the most pronouncing

effect on plant growth characteristics.

Generally, it may be concluded that exposing tomato
seeds after soaking in distilled water for 48 hours to low
temperature (-1 to -3°C) for 24 hours and using a complete
fertilizer containing 99, 48 and 48 kg/Fad. of each of N,
PO

275
values of different studied growth characteristics.

and K50 respectively resulted in plants of the highest

2.2, Chemical composition of plant foliage:

Data concerned with total nitrogen, phosphorus, potassium
as well as reducing, non-reducing and total sugars of plant
foliage are presented 1in Tables (9, 10 and 11). Data in Table
(9) show clearly that most of the used seed-cold treatments
significantly increased total nitrogen, phosphorus and potassium
contents of plant foliage than that of the control one. These

increments were obvious at both growing seasons of 1987/1988

and 1988/1989,
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The most favourable treatments which increased N and P
content in tomato plants were -3°C for 24 hours followed by
that at -3°C for 12 hours. However, treatment of -2°C for 24
hours and that of -3°C for 12 hours showed the highest K

content in plant foliage.

Obtained results are in confirmity with those mentioned
by Abdalla et al. (1983) on sweet pepper and Eid et al.(1988)

on broad bean.

These results may be explained on the base that treét-
ments showed the highest plant vegetative growth expressed
as fresh and dry weight per plant (-2 or -3°C for 24 hours)
were the same that resulted in the highest values of N, P and
K content. This may be attributed to that such plant chemical
constituents are calculated as plant uptake (mg/plant). That
is why N, P and K content are possitivelly related with plant

growth.

with regard to the effect of seed-cold treatment on
reducing, non-reducing and total sugars content of plant
foliage, it ié evident from data presented in Table (9) that
most of the used seed-cold treatments had an enhancing effect
in comparison with control treatment in this respect. Treat-
ments which showed the highest values in this respect were

those of -1°C for 24 hours followed by that for 12 hours.

Similar results were obtained by Pollock end Lloyd (1987)

who reported that exposing pea plants to low temperature (5°C
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for 6 hours) produced higher content of carbohydrates in
leaves. Ledov'skii and Bondarenko (1974) indicated that,
plant exposure to low témperature may be useful for hardening
the plant against frost. This may be due to the increaselin

total sugars and soluble protein in the cellular level.

With regard to the effect of rate of phosphatic and
potassic fertilizers on chemical constituents of tomato plants
foliage, data concerned with total nitrogen, phosphorus and
potassium as well as reducing, non-reducing and total sugars
of plant foliage are presented 1in Table (10). Such data show
clearly that increasing fertilizers level eignificantly
increased the values of different studied constituents of
plant foliage up to the highest used oneé (99 kg N + 64 kg P50g
+ 72 kg K,0/Fad.) which had the most pronounced effect in this
respect at both winter seasons of 1987/1988 and 1988/1989,
However, no significant differences between the 2nd and 3rd

levels could be detected concerning of total nitrogen in the

two seasons of growth.

These results may be explained on the base that treatments
showed the lowest plant growth~expressed as fresh and dry
weight per plant were those received the lowest fertilizers
level (Table 7), which also resulted in plants of the lowest
mineral and sugars contents of plant. However, plants fertili-
zed with the highest used level of fertilizers, which were of
medium fresh and dry weight (Table 7), were those containing

the highest minerals and sugars content. Such findings whow
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clearly and may be due to the balance between growth and

plant uptake of N, P and K as well as sugars percentage.

with regard to the effect of interaction between seed-

cold treatment as well as fertilization rate of phosphorus

~ and potassium, it is evident from data in Table (1ll) that
third used level of fertilizers (99 kg N + 64 kg P05 * 72 kg
K20/Fad.) combined with seed-cold treatment at -3°C for 24
hours followed by -2°C for 24 hours resulted in the highest
values of N and P contents in plant foliage. However, treat-
ment of third used level of fertilizers combined with seed-
cold exposure at -2°C for 24 hours and that of -1°C for 24

hours showed the highest K content in plant foliage.

Similar results were obtained by Zurawicz and Stushnoff
(1977) on strawberry where they reported that N, P and K
contents of vegetative plant parts were increased as a result
of exposing plants to -2.2°C for the tender plants and received
1:1:1 or 1:2:1 ratios of NPK fertilizers. Théy also found that
N:P:K ratio is more important than the level of any individual
element. Moreover, Eid et al. (1988) on broad bean showed
that nitrogen and phosphorus at 33.5 kg N/Fad. and 16 or 32 kg
P205/Fad. as well as seed vernalization for one week at 5°C
were the most effective treatment on plant foliage mineral

contents of N,P and K,

Concerning the effect of interaction between both of the
two main used factors on reducing, non-reducing and total |

sugars content of plant foliage, it is evident that the
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highest used level of fertilizers (99 kg N + 64 kg P50g +
72 kg KZO/Fad.) combined with seed-cold treatment at -1°C
for 24 or 12 hours showed significant incréments‘in this
respect. These increments were obvious at both growing

seasons of 1987/1988 and 1988/1989,

Obtained results are in agreement with those obtained by ’
Ledov'skii and Bondarenko {1974) on tomato and Higazy et al.

(1976) and Pollock and Lloyd (1987) on pea.

2.3. Flowering and fruit setting:

The data showing the effect of seed-cold treatment as
well as rate of phosphorus and potassium fertilizers on number
of days from sowing to the anthesis of the first flower on the
first cluster, number of flowers per plant and fruit setting

percentage are presented in Tables (12, 13 and ,14).

Such data reveal that most used seed-cold treatments
enhanced flowering either as time of anthesis or number of
flowers per plant as well as fruit setting percentage in both
winter seasons of 1987/1988 and 1988/1989 compared with the

control.

with regard to the effect on flowering time, the same
data show that keeping seeds at all used gseed-cold treatments
significantly enhanced plant flowering by pushing plants to
early flowering. The unigque exception of these results was
that of the treatment of -1°C for 12 hours at both seasons.

Keeping wet seeds at _2°C for 24 hours resulted in plants of
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Table (12): Effect of seed-cold treatment on flowering and
fruit setting of tomato plants, ' :

seed-cold treatment Flowering f¥g.eg;/ F£¥§?
; time w s in
remperacure  Iine,  (dayve) ... SV
season 1987/1988
control 94,08 47 .84 48,70
-1 12 93.75 53.79 49,63
24 9l .50 50.66 43,43
-2 12 91,25 48,40 50,41
24 90,58 48 .28 44,11
-3 12 90.91 50,58 46,85
24 g9l.l6 48,61 45,88
Cem. et ® T s oes

season 1988/1989

control 114.25 47,96 48.58
-1 12 113,66 53.16 49,09
24 111.83 53.88 43,98

-2 12 111 .41 53,19 47.18
24 111,00 51 .08 46,00

-3 | 12 111,50 51 .69 47,20
24 111.33 48,53 44,30

—— T b S — . B W S e - — G o
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the earliest flowering compared with the other used treat-

ments.

Concerning the effect of used treatments on number of
flowers per plant, data presented in Table (12) show that,
most of these treatments significantly increased number of
flowers per plant. Treatments which showed the highest
significant increments in this respect were those of keeping
wet seeds at -1°C for either 12 or 24 hours followed by that

of -3°C for 12 hours.

with respect to fruit setting percentage, it is evident
that, seed-cold treatment at -2°C for 12 hours showed the
highest significant effect in this respect. Such enhancing

effect was obvious at the first growing season of 1987/1988

only.

These results are in harmony with those reported by
Madzarova (1962) on tomato; Belousova (1973) and Abdalla
et al. (1983) on sweet pepper, Higazy et al. (1976) and

Shafshak (1987} on pea.

with regard to the effect of the rate of both P and K
fertilizers on number of days from sowing to the anthesis
of the first flower on the first cluster, number of flowers
per plant and fruit setting percentage data in Table (13),
reveal that the medium used level (99 kg N + 48 kg P,0g +
48 kg Ky0/Fad.) surpassed both of the lst and 3rd used levels

of fertilizers in enhancing flowering either as time of
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Table (13): Effect of rate of phosphorus and potassium
fertilizers on flowering and fruit setting of

tomato plants,

Levels of fertilizer Flowering No. of Fruit
N P05 K0 fggis) ;i:ﬁirsj setyine
(kgsFad.) cemson 1987/1888
99 32 36 92,88 48,65 45,83
99 48 48 o1.18 50.65 47,97
99 64 72 9l .63 49,92 47,07
L.5.0, at 5% 0.48 0.58 0.39
Seasoh 1988/198%

99 32 36 113,03 49,97 46 .62
99 48 48 111.39 52,43 47,30
99 64 72 112,00 51 .68 45,85

L.S.D. at 5% 0.68 0.63 0.42
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anthesis or number of flowers per plant as well as fruit
setting percentage in both winter seasons of 1987/1988 and

1988/1989.

Moreover, it is clearly evident that plants received the
medium used level of fertilizers and showing better flowering
behaviour and higher fruit setting percentage coming in the
first rank in this respect were followed by those of the '
highest used level of fertilizers either with or without
significant differences 1in between, However, the plants
received the lowest used level of fertilizers come in the third
rank with clear significant differences’in this respect. In
addition, such results show the tight relationship between
plant growth (Table 7), chemical constituents of plants
(Table 1l0) and the balance status discussed before from one
side and the flowering pehaviour of plants and fruit setting

from the other side.

Obtained results are coincided with those of Adams (1978)
and Jaramillo et 1. (1978) on tomato and Farag (1984) on

sweet pepper.

with regard to the effect of interaction pbetween both of
the two main factors, it is evident from data in Table (14)
that, seed-cold treatment at ~1°C for 12 hours combined with
any one of the three used rates of fertilizers resulted in the
highest values of number of flowers per plant. Meanwhile, the

same seed-cold treatment combined with the second used rate of
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fertilizers showed the highest percentage of fruit setting.
However, flowering time_enhanced by all of the used seed-
cold treatments combined with all of the three used levels
of fertilizers except those of -1°C for 12 hours wﬁich did
not show clear variation than control treatment in this

respect in both winter seasons of 1987/1988 and 1988/1989.

The most pronouncing effect of seed-cold treatment on
flowering time is noticed with the treatments of -2 or -3°C
for 12 or 24 hours combined with the second used rate of

fertilizers. Such treatments showed the earliest flowering.

Obtained results are 1in confirmity with those reported
by Yasinska (1972) on tomato and Eid et al. (1988) on broad

bean.

2,4, Fruit yield and its components:

Data illustrated in Tables (15, 16 and 17) clearly show
the effect of seed-cold treatment as well as rate of phos-
phorus and potassium fertilizers on fruit yield and its compo-

nents during the two seasons of this work.

Tt is evident from such data that, the most used seed-
cold treatments increased number and weight of fruits per
plant as well as early and total yield per faddan compared

with control.

Cbncerning number of fruits per plant, such data show
that, beed-cold treatments with -1°C or -2°C for 12 hours,

were ok significant.improving effect in this respect.
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This result is expected since these two treatments of
-1°C or -2°C for 12 hours showed the highest fruit setting
percentage and, to some extent, high number of flowers per

plant (Table 15).

Regarding yield per plant as well as early and total
yield per faddan, it is obvious, from data in Table {(15) that,
seeds exposed to -1°C, _2°C or -3°C for 12 hours resulted in
plants of significantly higher yielding ability than those

of control or other treatments.

It is also evident that, both of early yield percentage
(as percentage of total yield) and relative total yield (as
compared to the control treatment) behaved the same as other
studied characters, where the highest values of different
yield characteristics were obtained as a result of using
-1°c, -2°C or -3°C for 12 hours treated seeds. Moreover,
the treatment of -1°C for 12 hours increased the total yield
with about 50% and 45% over the control in 1987/1988 and

1988/1989 years respectively.

The highest total yield either in kg/plant, in Tons/Fad.
or as a relative yield which was about 140-150 of that of the
control treatment were those of the treatments of -1°C or -2°C
for 12 hours. Such results show the tight relationship
be tween these characters and number of fruits per plant which
showed the highest values at the same treatments. It is also
evident that all studied yield components are of positive

corre/lation with percentageé of fruit setting (data at Table
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12) which showed the highest values at the same treatments

(-1°C and -2°C for 12 hours).

Moreover, it is also evident that the highest early
yield (ton/Fad.) was that of treatments of -2°C for 12 or 24
hours or that of -3°C at 12 hours and such treatments resulted
in the earliest flowering of plants (Table 12). This result is
logically true and expected since early yield has to be posi-

tively related with flowering time.

Obtained results on yield and its components are in accor-
dance with those of Belousova (1972) on eggplant: Yasinska
(1972) on tomato and Belousova (1973); Stamber (1974) and

Abdalla et al. (1983) all on sweet pepper.

Generally, it may be stated that under such experimental
conditions, the improving effect of used seed-cold treatments
on tomato yield and its components would be expected since
such treatments promoted vegetative-growth (Table 6), increased
NPK uptake as well as reducing, non-reducing and total sugars
percentages in plant foliage (Table 9), and enhanced flowering
time, number of flowers per plant and fruit getting percentage

(Table 12) as previously mentioned and discussed in this work.

Regarding effect of phosphorus and potassium fertilizers
level on fruit yield and its components during the two seasons
of growth, it is evident from data in Table (16) that plants
received the medium used level of fertilizers (99 kg N + 48 kg

POg + 48 kg K20/Fad.) produced the highest number and weight

2
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of fruits per plant as well as early and total yield per

faddan.

It is also evident that both of early yield percentage
and relative total yield behaved the same as other studied
characters, where the highest values of yield and its compo-

nents were obtained as a result of the medium used level of

fertilizers followed by those of the highest used one. However,

the lowest used level came in the third rank in this respect

at most cases.

These results are similar to those mentioned by Jaramillo
et al. (1978); Dimitrov and Rankov (1979); El-Sawah (1981):
Abed and Eid (1987) and El-Sawy (1988) all working on tomato,
who found a favourable effect of macronutrients application

on fruit yield and its componénts.

Generally, under such experimental conditions, the impro-
ving effect of used medium level of NPK fertilizer on tomato
yield and its components would be expected since such treat-
ment promoted vegetative growth (Table 7}, increased NPK up-
take (Table 10) as well as number of flowers per plant and
fruit setting percentage (Table 13) as previously mentioned

and diqcussed.

with regard to the effect of interaction between seed-
cold tﬁeatment and rate of phosphorus and potassium ferti-
llzerswon yield and its components, it is evident from data

in Tab}e (17) that second used level of fertilizers (99 kg N
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+ 48 kg P,0g + 48 Kg K20/Fad.) combined with seed-cold
treatment at -1°C, -2°C or‘-3°C for 12 hours resulted in

the highest values of different studied characteristics i.e,
number of fruits per plant (except seed-cold treatment at

-3°C for 12 hours), yield per plant as well as early and

total yield per faddan.

Obtagined results are in accordance with those of Yasinska

(1972) on tomato, Stamber (1974) on sweet pepper and Eid et al.

(1988) on broad bean.

25, Tomato fruit quality:

2.5,1. Physaical characteristics of tomato fruits:

Data concerned with weight, length, diameter and shape
index of fruits are presented in Tables (18, 19 and 20). Such
data clearly indicate that, most of the used seed-cold treat-
ments increased average weight, length, diameter and shape

index of fruit compared with the control treatment.

It is also evident from data in Table (18) that, seed-
cold treatment at -1°C or -2°C for 12 hours and -3°C for 24
hours resulted in the highest values of average fruit weight.
However, treatment of -3°C for 24 hours showed the highest
fruit length. Meanwhile, that of -1°C for 12 hours resulted
in the highest fruit diameter and the lowest values of shape
index Unearly round fruits). Such improving effect of these
treatm%nts than others was statistically significant at both
season% of this work.
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Table (18): Effect of seed-cold treatment pn physical
characteristics of tomato fruits,

geed-cold treatment Average Fruit Eruit Shape

emperature  Time fruit length diameter index

F weight (cm) {cm) (/D)

ey chrs)  "lg /

season 1987/1588

centrol 59,34 6.13 5.10 1,20

-1 12 68.78 6,22 5.64 1,10

24 64,54 6.23 5.10 1.22

-2 12 67.63 6 .62 5.41 l1.22

24 65.41 6.73 5.34 1.26

-3 l2 63.81 6.80 5.30 l1.28

24 65,71 6.92 5.25 1.31

L.S.D. 81 5% 0.87 0.08 0.18 0,04
season 1988/1989

control 58 .82 6.06 5.02 1.20

24 65,24 6353 5,.03 1,25

-2 12 66,07 6 .62 5.35 1.23

24 64.49 6.73 5.25 l.28

-3 12 66,63 6.63 5,40 1.22

24 68 .44 6,98 5.25 1,32
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It is obvious from such data that seed-cold treatments
at -1°C or -2°C for 12 hours, which resulted in plants
produced fruits of the most suitable and standard physical
characteristics are the same that showed the highest total
yield as shown in Table (15). Obtained results may lead to
the conclusion that increments of total yield in this respect
is due to increments in average weight, length and diameter
of fruits (Table 18) more than those of number of fruits per

plant (Table 15).

These results are in agreement with those of Yasinska
(1972) who reported that, chilling tomato seed increased
mean fruit weight. Moreover, pbdalla et al. (1983) mentioned
that, average fruit weight was significantly increased due to
exposure of pepper seeds to ~1°C or -2°C for 12 or 24 hours,
meanwhile, no signiticant differences were detected between
the various used treatments, regarding length, diameter and

shape of fruits.

Canerning the effect of phosphorus and potassium ferti-
lizers rate, data in Table (19) clearly indicate that, the
medium level of fertilizers resulted in the highest values
of aveﬁage fruit weight, fruitr length and fruit shape index
at botﬁ segsons. Such increments were significant at both
succes%ive growing seasons of this work. However, fruit
diametér was increased with the first level of fertilizers
and such increment was significant as compared with the third

level of fertilizers only.
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Table (19): Effect of rate of phosphorus and potassium -
fertilizers on physical charecteristics of
tomato . frults,

Levels of fertilizer  Average  Fruit Fruit Shape
N P05 K30 ngéﬁt 1?23§h d%im?ter %Eiﬁ?
(kg/Fad.) (g.) |
Season 1987/1988
99 32 36 62.97 6 .43 5.37 1.19
g9 48 48 68 .59 6.82 5.30 1.27
99 64 72 63.82 6.3l 5.17 1,22
L ab. at s 1Tsx oas oz 0.04
Season 1988/1989
99 32 36 60,93 6.,43 5.34 1,20
a9 48 48 71,47 6.76 5.28 1.28
99 64 72 63.56 6 .36 5.3 1.23

- —— - - e — s
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It is obvious from such data that treatment of medium
levels of fertilizers, which resulted in the highest average
fruit weight and length, is the same that showed the highest
total yield as shown in Table (L6). Obtained results may lead
to the conclusion that increments of total yield in this
respect is due to increments of average weight and length of
fruits (Table 19) more than those of number of fruits per

plant (Table 16).

These results are in accordance with those of Jaramillo
et al. (1978) and El-Sawy (1988) on tomato and Farag (1984) on
sweet pepper. Moreover, Abed and Eid (1987) mentioned that
tomato average fruit weight, fruit length and diameter were
affected by level of fertilizers. Meanwhile, fruit shape index

(L/D) did not significantly response to used fertilizers level.

Data showing the combined effect of the seed-cold treat-
ment and P, K fertilizers level on fruit physical characters
(Table 20) indicate obviously that differences between differ-

ent used treatments were significant.

Such data reveal that the seeds exposed to low degrees
of tempbrature (1°c, -2°C or -3°C for 12 hours) which resulted
in plants, if received +he second level of fertilizers (99 kg N
+ 48 kg P05 + 48 kg KZO/Fad.), produced fruits with the highest
average weight and diameter. The highest values of fruit length
and fruit index were due to the exposure of seeds to -2°C or

~3°C far 24 hours in combination with the second used level of

fertilizers.
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2,5.2, Chemical constituents of tomato fruits:

Data showing the tomato fruit contents expressed as
vitamin C, titratable scidity, total soluble solids as well
as reducing, non-reducing and total sugars as affected by

seed-cold treatment are presented in Tables (21, 22 and 23).

Regarding the effect of seed-cold treatment on vitamin C,
T.5.5 as well as reducing, non-reducing and total sugars, data
presented in Table (21) show clearly that most of the used seed-
cold treatments significantly increased these constituents of
the fruits as compared with the check treatment, However, no
significant differences could be detected with respect to
titratable acidity. These results are worthy true during both

seasons of growth 1987/1988 and 1988/1989,

In this respect the tdmato fruits containing the highest
content of different studied chemical constituents were picked
from plants grown by seeds treated with —lfC or -2°C for 24
hours. Moreover, reducing, non-reducing and total sugars were
significantly increased also in case of treating tomato seeds

with -1°C or -2°C but for 12 hours.

The beneficial effect of seed-cold treatment on vitamin C
content which was previously recorded by Tropina and Nezhdanova
(1975) is in quite confirmity with the results of this stuay.
However}'Abdalla et al, (1983) reported that, no significant
differehces were detected between the various used treatments,
regardihg vitamin C, titratable acidity and T.S.S contents of

sweet pepper fruits.
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From data presented in Table (22), it is evident that
level of soil application of P and K fertilizers significantly
affected vitamin C, total soluble solids as well as reducing,
non-reducing and total sugars fruit contents. Thése Variations
were obvious at both growing seasons of 1987/1988 and 1988/
1989, Meanwhile,.acidity fruit content did not show any
response to the used fertilizers levels. 1In this respect,
the highest values, which showed the highest significant
dif ferences, were produced from plants fertilized with the
highest level of fertilizers (99 kg N + 64 kg Py0g + 72 kg

K20/Fad.).

The increase in vitamin C and T.5.S.content of tomato
fruits, due to supply of plants with macronutrients, was
reported by Dimitrov and Rankov (1979); Abed and Eid (1987)
and El-Sawy (1988) all working on tomato and Aliev (1971) on

eggplant.

With regard to the effect of interaction between both
of the two main factors, it is evident from data in Tsble (23)
that, third used level of fertilizers {99 kg N + 64 kg P,0g +
72 kg K,0/Fad.) combined with seed-cold treatment at -1°C or
-2°C for 24 hours resulted in the highest values of vitamin C,
titratable acidity and T.S.S.contents of tomato fruits at both

growing seasons.

In this respect the tomato fruite containing the highest

content of reducing, non-reducing and total sugars were
|
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produced from plants of the seeds treated with -1°C for 12
or 24 hours and then plants were fertilized with the third
level of fertilizers. However, such differences did not
reach the level of significancy except in the case of vitamin
c, T.5.S.and reducihg sugars which showed significant incre-
ments for the above mentioned treatments at both successive

seasons of this work.




