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ABSTRACT

Two expeniments were undertaken on the Exper. Field
on tomato cv. U.C. 97-3 at Fac. Agric. Moshtohor. Zagazig
Univ. in winter season of 1987/1988 and 1988/1989 to study
the effect of three different levels of P and K fertilizers
in combination with seven seed-cold treatments on plant
growth and chemical ‘composition of plant foliage. Obtained
results revealed that keeping tomato seeds at +-3°C for
24 hours showed the highest vegetative growth as well as
N, P and K content of tomato plant foliage when combined
with the sgecond used level of fertilizers (99 kg N + 48
kg P,0g5 + 48 kg. K,0/fad.).

However, reducing, non-reducing and total sugars content
in plant foliage were at their highest values in plants
fertilized with the same level of fertilizers and the
seed-cold treatment of -1°C for 24 or 12 hours.

INTRODUCTION

Tomato (lyccpersicon esculentum, Mill) is considered
as one of the most important vegetable crops from which
166826 Fad. are grown in Egypt in the winter season of
1988. Many factors affected tomato plant growth and chemical
composition of plant fcliage,  especially when tomato is
grown under short season conditions in winter.

Among the pathways followed for improving tomato plant
growth and increasing the chemical constituents of tomato
plant foliage to be in a hardened state, were the seed
cold treatment within PK soil application. It has been
reported by many investigators working on different vegetable
crops that exposing plant organs to low . temperature helps
plants afterwards to endure frost injury. (Belousova, 1972
& 1973; Abdalla et. al., 1983 on some solanacious crops
and Zaki et al., 1982; shafshak 1987 and Eid et al., 1988
on some legume crops. :
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The favourable effect of PK application on the vegeta-
tive growth of tomato plant has been indicated by Gupita
& Shukla (1977); El-Sawah, (1981); El-Beheidi et al., (1988)
and El-Sawy (1988) on tomato and Farag (1984) on sweet

pepper.

The promising effect of . the interaction  between
seed~-cold treatment and the  fertilization level on the
plants vegetative growth has been reported by Zurawicz
and Stushnoff (1977) on strawberry and Eid et al., (1988)
on broad bean.

. The seed-cold treatment had a favourable influence
on the chemical constituents of plant foliage (Abdalla
et al., 1983 on sweet pepper and Eid et al., 1988 on broad
bean) as regard to N, P and K; LedOV'“kll and Bondarenko
(1974) working on tomato and pollock and Iloyd (1987),
on pea as regard to reducing, non-reducing and total sugars.

. Phosphatic and potassic fertilizers levels had a
pronounced effect on N, P and K contents in plant foliage
(El1-Sawah, 1581 and El-Beheidi et al., 1988 both working
on tomatoc and Farag, 1984 on sweet pepper) as well as redu-
cing, non reducing and total sugars (Farag, 1984 on sweet
pepper).

The combined effect .of seed cold treatment within
PK fertilization had the most pronounced influence on the
mineral content of N, P and K in plant foliage (Zurawicz
& Stushnoff, 1977 on Strawberry and Eid et al. 1388 on
broad bean) as well as reducing non reduﬂlnc and total
sugars (ueaovsli and Bondarenko, 1974 working on tomato
and pollock and Lloyd 1987 on pea).

The aim of this investigation is to elucidate the
effect of seed cold treatment and PK soil application on
the vegetative growth and chemical composition of plant
foliage.

MATERIALS AND METHODS

Two experiments were carried out at the Experimental
Farm of the Fac. of Agric., Moshtohor, Zagazig Univ. during
1987/1988 and 1988/1989 winter seasons. Seeds of tomatc
(Lycopersicon esculentum, Mill.) cv. U.C. 97-3 were soaked
in distilled water for 48 hours before the exposure to
the used cold treatments. Seeds were then sown in the nursery
on November 1st 1987 and October 25th 1988.
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Transplanting took place on December 5th and 9th 1987
and 1988 respectively. Transplants were planted at 30 cm
apart on one side of ridges 100 cm wide.

The experiment included 21 treatments resulted from
combination of three different levels of phosphorus and
potassium fertilizers (32 kg Py05 + 36 kg K,0/fad., 48
kg P,0g + 48 kg Kzo/fad. and 64 kg P,05 + 72 kg K,0/fad.)
and seven seed-cold treatments (-1, =2 or -3°C for 12 or
24 hours beside the control one). The nitrogen fertilizers
was added as a fixed quantity at the rate of 99 kg N/fad.
for each of the previously mentioned levels of P and K
fertilizers.

Fertilizers were applied in the form of Ammonium nitrate
(33.5%¢ N), Calcium superphosphate (16.5% P,0g) and potassium
sulphate (48% K,0). Fertilizers were divided into three
equal portions and then added at 3, 7 and 11 weeks after
transplanting. :

A split plot design with four replicates was adopted.
The plot area was about 1/380 faddan. Other cultural prac-
tices were carried out as commonly followed in the district.

The temperature degrees (°C) and relative humidity
(¢) prevailing at Kalubia governorate at the growing seasons
of this work are presented at the following table.

EXPERIMENTAL PROCEDURES

1- Vegetative Growth Characteristics:

At full blooming stage, four plants were randomly
taken from each plot (about 80 days after transplanting)
for meausring plant height, stem diameter, number of shoots
and leaves per plant as well as recording fresh and dry
" weight per plant.

Chemical Composiiton of Plant Foliage: .

In the digested dry matter of plant foliage, each
of total nitrogen, phosphorus and potassium were determined
and then their uptake as mg/plant was calculated. Reducing,
non-reducing and total sugars percentage were also deter-
mined. Chemical analysis were carried out according to
the methods of Pregl (1945) for N, Murphy and Riely (1962)

"as modified by John (1970) for P, Brown and Lilleland (1946)
for K and Michel et al. (1956) for sugars.
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All collected data were subjected to the statistical
analysis as mentioned by Snedecor and Cochran (1968).

RESULTS AND DISCUSSION

1- Vegetative Growth:

Data presented in Table (1) show that, all used
seed-cold treatments significantly increased different
studied tomato plant vegetative growth characters expressed
as plant height, stem diameter, number of shoots and leaves
as well as fresh and dry weight per plant compared with
control treatment.

Such data clearly show that, seed-cold treatment at
either -1, -2 or -3°C for 24 hours showed the highest values
of different studied growth charcters at both successive
seasons of this work. Obtained results may be due to that
such treatments promoted N, P and K uptake as shown in
Table (4).

Many = investigators reported such favourable effect
of exposing plant organs to low temperature. They attributed
this effect to that, exposure to 1low 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 1level (Ledov'skii and Bondarenko, 1%74).
Moreover, Chen, and Li (1974), suggested that during cold
acclimatization, higher abscisic acid (ABA) levels induce
synthesis of specific proteins which are responsible for
the increase of frost hardiness. Moreover, Levitt (1980),
found that exposure of plant leaves of tomato to low tempe-
rature may belp plants afterwards to endure frost injury
through the effect on the degree of stomatal aperture.

The reported results of this work are also in agreement
with those obtained by Belousova (1972), on egg plant;
Belouscva (1973) on pepper; Abdalla et al. (1983) on sweet
pepper; Zaki et al., (1982) on broad bean; Shafshak (1987)
on pea and Eid et al., (1988) on broad bean. Referring
to the effect of different levels of phosphorus and potassium
fertilizers on tomato plants vegetative growth, it is obvious
from data in Table (2) that medium used level (99 kg N
+ 48 kg P,0f + 48 kg K,0/fad.) of fertilizers enhanced
plant growht expressed as plant height, stem diameter,
number of shoots and leaves per plant as well as both of
fresh and dry weight per plant as compared with either
used low or high levels at both successive seasons of this
work. However, no significant difference could be detected
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with number of shoots during the second season of'growth.

Such results 'may be explained on the bases that the
soil of the Experimental farm has enough content of N,
P and K minerals as shown previously of this work that
high used level of fertilizers was uneffective.

Many investigators found similar trend where medium
used level of macronutrients resulted in the highest plant
growth, among them, Gupta and Shukla (1977); El-Sawah (1981);
El-Beheidi et al., {(1988) and El-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
(3) that second used level of fertilizers (99 kg N + 48
kg P,05 + 48 kg K,0/fad.) combined with seed-cold treatment
at -1, -2 or -3°C for 24 hrs. regulted in the highest values
: of different studied = vegetative growth characteristics.
However, differences between such values did not reach
- the level of significancy in some characters i.e. plant
" height and stem diameter whileas variances were statistically
significant for number of leaves, fresh wieght per plant
at both growing seasons of this work.

Obtained results are in confirmity with those reported
by Zurawicz and Stushnoff (1977) on strawberry who menticned
‘that K spray and complete fertilizers soil application
‘at encugh rates resulted in giving plants more resistance
to z0ld injury and promoted plant growth.

Moreover, Eid et al. (1988), working on broad bean
showed that exposing seeds to low degree of temperature
(5°C for 7 days} with phosphorus soil application at 16
or 32 kg P,0g/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, P,0g and K,0 respectively' resulted in plants
of the highest values of different studied growth characte-
ristics. :

2~ Chemical Composition of Plant Poliage:

Data in Table (4) show clearly that most of the used
seed-cold treatments significantly increased total nitrogen,
phosphorus and potassium contents of plant foliage than
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that of the control one at both gowing seasons of 1987/1988
and 1988,/1989.

Treatments which showed the highest values of N and
P content in tomato plants were =-3°C for 24 hours followed
by that at -3°C for 122 hrs or =-2°C for 24 hrs. 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 treat-
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 positively
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 is evident from data presented in Table (4)
that most of the used. seed-cold treatments had ar enhancing
effect in comparison with control treatment in this respect.
Treatments 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 and Lloyd
(1987), who reported that exposing pea plants to low tempe-
rature (5°C for 6 hours) produced higher content of carbo-
hydrates in leaves. Ledov'skii and Bondarenko (1974),
indicated that plant exposure to low temperature may be
useful for hardening the plant against frost. They attributed
this to the increase in 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 tomate
plants foliage, data concerned with total nitrogen,
phosphorus and potassium as well as reducing, non-reducing
and total sugars of plant foliage are presented in Table
(5)., Such data show clearly that increasing. fertilizers
level significantly increased the values of different studied
constituents of plant foliage up to the highest used one
(99 kg N + 64 kg P,05 + 72 kg K,0/fad.) which had the most
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pronounced effect in this respect at both winter seasons
of 1987/1988 and 1988/1989. However, no significant diffe-
rences between the 2nd and 3rd levels could be detected
regarding the total nitrogen content at both seasons of
growth.

These results may be explained on the base that treat-
ments showed the lowest plant growth expressed as fresh
and dry weight per plant were those received the lowest
fertilizers level (Table 2), which also resulted in plants
of the lowest mineral and sugars content of plant. However,
plants fertilized with the highest used level of fertilizers,
which were of medium fresh and dry weight (Table 2), were
those containing the highest minerals and sugars content.
Such findings show 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 and fertilization rate of phosphorus
and potassium, it is evident from data in Table (6) that
third used level of fertilizers (99 kg N + 64 kg Py05 +
72 kg Kzo/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 plants foliage.
However, treatment 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.
They 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 P,Cg/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 highest used level of fertilizers (99 kg N + 64
kg P,0g + 72 kg Kzo/fad.) combined with seed-cold treatment
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at -1°C for 24 or 12 hours showed significant increments
in this respect. These incrmenets 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 Pollock
and Llyd (1987) on pea.
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