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ABSTRACT

Two field experiments were undertaken at Fac. Agric.
Moshtohor, Zagazig University in 1989 and 1990 summer
seasons to study the effect of three NPK fertilizers level
in combination with two growth regularors each ar frwo cancen-
trations, f.e., kinetin at 20 and 40 ppm and cycocel at
500 and 1000 ppm, in addition to the control treatment,
on growth, flowering, yield and quality of tomato fruits
cv. UC-97. Obtained results revealed that the combination
between the third used level of fertilizers (200 kg N +
64 kg P,05 + 72 kg Ky0/fad.) within kinetin foliar spray
at 40 ppm after 4 and 8 weeks of tranplanting encouraged
significantly plant growth expressed as plant height, number
of leaves per plant, fresh and dry weight per plent, it
also delayed flowering, increased number of flowering
clusters per plant, increased fruit yield and its components
expressed as average fruit weight, number of fruits per
plant, fruit yield per plant and per faddan. Moreover,
it improved fruit quality expressed as vitamin-C, titratable
acidity, T.S.S. as well as reducing, non reducing and total
sugars. However, the vitamin-C and T.S.S. values did not
vary significantly.

INTRODUCTION

Tomato (Lycopersicon esculentum, Mill) occupied the
first rank among the vegetable crops grown in Egypt. It
is produced for both local consumption and export. Therefore,
in order to achieve maximum output of tomato fruits per
unit area with a good quality, one should reach to the
proper level of NPK fertilization as well as the foliar
spray with kinetin or cycocel on tomato plants, as a mean
for increasing fruit yield and improving the quality.
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The favourable effect of NPK application on the vegeta-
tive growth of tomato plants has been indicated by El1-Beheidi
et al., (1988); El-Sawy (1988) and Abdalla et al., (1990a).
Regarding the use of the regulating substances, previous
studies showed that kinetin and cycocel play an important
role in controlling vegetative growth of treated plants.
Among these investigations those reported by Sharma & Gupta
(1972); Khalil (1987); Khalil (1990) working with kinetin
and Zaki et al., (1976) and Khalil (1990), working with
cycocel, on tomato plants.

Flowering time was significantly delayed by the use
of the highest used level of N, P and K fertilizers but
number of flowers was increased as reported by Adams (1978),
on tomato, Farag (1984) on pepper and Abdalla et al., (1990b)
on tomato. Flowering of tomato plants was also positiviely
affected by the use of kinetin or cycocel (Wu et al., 1983;
El-Mansi et al., 1988; Khalil, 1990, working with kinetin;
Khaiil, 1982; El-Mansi et ai., 1988 working with CCC).

The promotive influence of NPK application on fruit
-yield per plant as well as per faddan and its components,
i.e., average fruit weight and number of fruits per plant,
has been pointed by Jaramillo et al., (1978); Abed & Eid
(1987) and Abdalla et al., (1990b) on tomato. The promotive
effect of the tested substances on fruit yield and its
components was indicated by Sharma & Gupta (1972) and Khalil
(1990) working with kinetin and by Zaki et al., (1976)
and Khalil (1990) with CCC, on tomato plants.

As regard to the effect of N, P and K fertilizers
on the chemical constituents of fruits, it was reported
that vitamin C and total acidity were increased (Dimitrov
& Rankov, 1979; Abed & Eid, 1987; Abdalla et al., 1990c¢
on tomato). The fruit T.S.S., reducing, non reducing and
total sugars content were also increased as a result of
P and K fertilizers additions (Dimitrov & Rankov, 1979
and Abdalla et al., 1990c on tomato). Different used
concentrations of the tested growth regulators of kinetin
or cycocel have showed a favourable effect in producing
fruits with higher vitamin C, total acidity, T.S.S. as
well as reducing, non reducing and total sugars as reported
by Zaki et al., (1976) and Khalil (1982), working with
CCC and Khalil (1990) working with kinetin, all working
on tomatoes.
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MATERIALS AND METHODS

Two field experiments were carried out at the Experi-
mental Farm of the Fac. of Agric., Moshtohor, Zagazig Univ.,
during 1989 and 1990 early summer seasons. The experimental
soil is clay loam in texture with pH 7.5. It contains 0.091
available N%, 2.590 available P% and 0.50 meq/L potassium.
Seeds of tomato (Lycopersicon esculentum, Mill) cv. UC~-97-3
were broadcasted in the nursery on 25th of December 1988
and 1989 wunder 1low plastic tunnel. Transplanting took
place on 18th and 21th of February 1989 and 1990 respec-
tively. Transplants were Dplanted at 25 cm apart on one
side of ridges 100 cm wide and 3.50 m long. The experiment
included 15 treatments resulted from combination of three
different 1levels of Nitrogen, Phosphorus and Potassium
fertilizers (100 kg N + 32 kg P,05 + 24 kg Kp0/fad), (150
kg N + 48 Py05 + 48 kg Ky0/fad) and (200 kg N + 64 kg P05
+ 72 kg Ko0/fad) within 5 treatments of growth regulators
(20 and 40 ppm of kinetin and 500 and 1000 ppm of cycocel)
besides the control treatment which was distilled water.

Fertilizers were applied in the form of ammonium nitrate
(33.5% N), calcium superphosphate (16.5% P,05) and potassium
sulphate (48% K,0). Fertilizers were divided into three
equal portions and then added at 3, 7 and 11 weeks after
transplanting. Spraying of the growth regulators was done
twice, one week after the first and second addition of
fertilizers.

A split plot design with three replicates was adopted.
The levels of NPK fertilization served as main plots while
the growth regulators treatments served as sub-plots. The
plot area was about 1/400 faddan. Other cultural practies
were carried out as commonly followed in the district.

Experimental procedures:

Plant growth:

At full blooming stages, three plants were randomly
taken from each experimental plot (about 85 days after
transplanting) for measuring plant height, number of leaves ~
per plant as well as fresh and dry weight per plant.

Flowering:

The period from sowing till the anthesis of the first
flower on the first cluster was recorded a8 an expression
for flowering time in days. Number of flowering clusters
per plant at full blooming stage was counted and calculated
a8 an average of number of clusters per plant.
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Fruit yield and its components:

All bharvested fruits from each experimental plot were
used for determining average fruit weight (g) number of
fruits per plant, fruit yield plant (g) and total yield
(Ton) per faddan.

Fruit chemical constituents:

In representative samples (each of 20 fruits) of full
mature fruits taken at the mid harvesting season from each
experiemntal plot, the vitamin C content and total titratable
acidity were determined as described in A.0.A.C. (1970).
T.S.S.% in fruits was assayed using hand refractometer.
Reducing, non reducing and total sugars were determiend
colorimeterically by using the method described by Michel
et al., (1956).

All collected data were subjected to the statistical
analysis as mentioned by Snedecor and Cochran (1268) .

RESULTS AND DISCUSSION

1- Plant vegetative growth:

Data illustrated in Table (1) show clearly the effect
of NPK fertilization levels and the foliar spray with some
growth substances on the vegetative growth of tomato plants
expressed as plant height, number of 1leaves, fresh weight
and dry weight per plant.

Concerning the effect of NPK fertilization Ilevels,
it is evident from such data that the third level of fertili-
zers (200 kg N + 64 kg Po05 + 72 kg K20) enhanced plant
growth significantly as compared with either low or medium
levels at both successive seasons of this work. Such result
may be explained on the basis that the soil of the Exper imen-
tal Farm is not so rich in its content of N, P and X minerals
(as reported in the materials and methods of this work),
that high used level of fertilizers was effective. These
results are in agreement with those reported by (El-Beheidi
et al., 1988; El-Sawy, 1988 and Abdalla et al., 1990a)
on tomato.

With regard to the effect of growth regulators foliar
spray, it is evident from data in Table (1) that kinetin
at 40 ppm proved to be effective in increasing significantly
all vegetative growth parameters as compared with the othey
used concentrations of either kinetin or CCC. The physiologi,
cal promotive effect of kinetin is due to its active rol
in many metabolic processes as it retardes chlorophyl



423

Fertilization with some growth regulators

. - 1028 Bx 22 + 20Ld BX v9 + N BY 007 :(£) 19A91
‘0"X 83X 8y + "0") 8 gy + N 8 0S1 2(T) T84T ‘0"M BY ¥Z + "0°d BY ZE + N BX 00T :(1) ToA®T
8°1 [ 'L 6°9 48 £°< B L 6°0 S0°0 3® "q°S*1
8 LY 9°88¢L () S'qy 1°0S S 98¢ ALY 9°9Yy 0001
PARSS [-zevy 8°9¢ 6716 9°6S 1°9¢y %°9G 1728 00s 293
£°98 6°96S ¢'0L 6°8S Z°16 1°609 8°99 §°29 oy
9°¢9 8799 %*GS 1°6% L'99 6°69Y 7°6% 1°09 (474 uTIIUTY
o'z 8°9%¢ 0wy £ 9y 1°gy 0°Zs¢ 9°6% 9% ] Toa3uo)
1T %S I'¢ 1°L 1°8 %€ (A4 €1 S0°0 3® °@°S’'1
9°89 S 66v 8°%9 VAR [l 74 6°60S L°79 G*8S - ¢ Toaa7
L'19 7°6SY 1798 0°2S S'v9 0°LSY 0°9¢ £ %S - ¢ Te4a3
89y 0°08¢ 6" %Y L'ew 68y €T L8E L ARS 8°LYy - 1 184A37]
[ 906 (A 6°11 1989 7°6 (A L't G0'0 3® 'Q°Ss*1
LTS L°0TY 0" %S £ 8y L"8S £°GEn 0°29 £ 6y 0001 ”
0°29 L°GLY £°99 £°'6S £°CL £°68Y L*GS 0°S¢ 00§ 3>
£ 701 £°0L9 £6L €°¢9 L°%01 L°699 L°0L £°69 oy M
0°69 €08y £°99 0746 L'zt £°8LY 0°8S 0°99 1714 naury
0768 €°0sY 0°8S 0°€s L°29 0 LSY 0°.9 0°¢s 0 ¢azhru € T24aa7]
Lo 0°S0Y [SrAY £°9Yy €LY [V R WA £°8S £ 8y 0001 "
£ 68 L7 oSy L7 19 £°7S . L°6S LTy £°99 €28 00s 593
0°'L6 €059 L'89 €65’ 0°%01 €299 £°89 £°€9 oY "
0°99 0°0LY 0Ty 0° %S 0°0L 0°9.Ly €' oy 0°09 (474 Wiiou 1y
€9t 0°02¢ 0°9% 0°8% L1y [OMYAS L*9Y €LY 0 aaanfv ¢ 184917
01y 0°0ve € € (VA £y £°16¢ %% 1A 0001 '
0°sY 0°0L€ A 0°sy L°GY £°9.¢ €LY 0°6% 00S 50D
VA QoL L°79 0" %S 0°¢9 £ esy €19 0°6S oy "
L°6% 0°0s% Q'8¢ £°9¢ €£°LS £ssy 0°0¢ £°vs 02 wgpuiy
L°0¢ 0'0L7 0°87 0°8¢ 0°1¢ 0°0LT 0°6¢ €8¢ 0 PIPD 1 T8421
. 3) auerd (8) 3juerd Juetd (C=) (8) 3uerd (8) auerd quetd (w2) (wudd) ('ped/8Y)
.3y8tem /3yBrom /seaea] aysrey /3y8tam /3ydtem /s9Aeal g8y . *
£1q ysaiy J0 ‘oN juerq £1q ysoxy 30 ‘oy uerq s103eTndal 18437
T Tt 0661 uoseag "7 T CTTTTTTTTTTTTE86T uwoseag T T T T - 4amo1y S19ZTT13134

*sjuetd ojewol jo

yimo018 aarje31a8aa ayl uo sio0luTn8ax yimois swos yiim Sutkeias pue uUoTl1ezTTTIIIA] JO 1I29333F (1) @19el



421, Annals of Agric. Sc., Moshtohor, Vol. 29(1), 1991

degradation and encourages protein synthesis. The results
obtained herein are going in agreement with those reported
by Sharma & Gupta (1972); Khalil (1987) and Khalil (1990)
working with kinetin. It is worthy to mention herein that
CCC comes in' the second rank in increasing the number of
leaves especially at a concentration of 500 ppm. such promo-
tive effect of the low concentration of CCC is in agreement
with those reported by Zaki et al., (1976) and Khalil (1990),
working on tomato.

With regard to the effect of interaction between NPK
fertilization levels within growth regulators concentratfons,
it is evident from data in Table (1) that third used level
of fertilizers (200 kg N + 64 kg P05 + 72 kg K,0/fad.)
combined with the growth regulating substance of kinetin
at a concentration of 40 ppm proved to be the most effective
treatment that promoted significantly all vegetative growth
parameters.

2- Flowering:

Data in Table (2) show obviously that the third level
of fertilizers led to delaying flowering time significantly
as compared with the two other levels. However, the same
level of fertilizers significantly increased the number
of clusters per plant. The delaying effect of the used
third level might be due to the increment in fresh and
dry weight per plant. These results are going in agreement
with those reported by Adams (1978), on tomato; Farag (1984),
on pepper and Abdalla et 8l., (1990b) on tomato.

Concerning the effect of growth regulators on flowering,
it is obvious from data shown in Table (2) that CCC at
1000 ppm led to enhancement of flowering time as compared
with the other uged concentrations of CCC or kinetin or
the control treatments. These results are going in agreement
with those obtained by (Khalil, 1982 and El-Mansi et al.,
1988) working on tomato. Moreover, it is evident from the
same data that spraying tomato plants with kinetin at 40
ppm gave the highest number of clusters per plant; such
result is supported by the effective role of kipetin in
flowering and sex expression as mentioned by (Krishnamoorthy,
1981). Obtained results dealing with the number of clusters
are in accordance with those obtained by (Wu et al., 1983;
El-Mansi et al., 1988 and Khalil, 1990) working with kinetin
on tomato.

With respect to the effect of interaction between
fertilization level and growth regualtors concentration,
on the two factors of flowering, it is evident from data
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Table (2): Effect of fertilization and spraying with some growth
regulators on flowering of tomato plants.
Fertilizers Growth Season (1989) Season (1990)

level regulators Flowering No. of Flowering No. of

» time clusters/ time clusters/
(Kg/Fad.) (ppm) (days) plant (days) plant
Level 1 Confal 95.00 15.00 94.67 13.67
Kinelin 20 94.67 17.33 92.67 18.33
” 40 94.33 24.33 94.00 23.67
e 500 92.00 24.33 91.67 23.67
" 1000 89.33 23.00 90.00 19.00
Level 2 ‘°ﬁf§ 95.67 16.33 97.00 15.67
Rinein 20 94.67 22.33 94.00 22.00
" %0 95.00 26.33 95.00 28.00
¢cc 500 93.33 24.33 93,00 25.00
" 1000 91.67 23.33 91.00 20.67
Level 3 ¢l ¢ 99.67 18.33 99.67 16.67
Kinetin 20 102.00 26.67 97.00 23.67
" 40 105.00 36.33 105.00 38.00
<cc 500 99.33 30.67 96.00 24.00
1000 95.33 27.33 93.00 22.00
L.S.D. at 0.05 1.32 2.34 0.79 0.77
Level 1 - 93.07 20.80 92.60 20.07
Level 2 - 94.07 22.53 94.00 22.27
Level 3 - 100.27 27.87 98.13 24.87
L.S.D. at G.05 1.68 1.08 0.41 0.69
Control 0 96.78 16.55 97.11 15.34
Kinetin 20 97.11 22.11 94.56 21.33
40 98.11 28.99 98.00 30.56
cce 500 94.88 26.44 93.56 24,22
1000 92.11 24.55 91.33 20.56
L.S.D. at 0.05 0.76 1.35 0.46 0.45

* Level (1): 100 Xg N + 32 Kg PO, + 24 Kg K,0,
Level (2): 150 kg N + 48 Kg P,0; + 48 Kg K.0,
Level (3): 200 Kg N + 64 Kg P,0, + 72 Kg K.0.
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in Table (2) that third ugsed level of fertilizers (200
kg N + 64 kg P05 + 72 kg Kp0/fad.) combiend with kinetin
at 40 ppm resulted in significant delaying in flowering
as compared with control or other growth regulators concen-
trations. Moreover, the same treatment of interaction
increased significantly the number of clusters per plant.
This was true during both seasons of growth.

3- Fruit yield and its components:

Data presented in Table (3) show that fruit yield
and its components were significantly increased with increa-
sing the fertilization level. In this respect, the highest
average fruit weight, pumber of fruits per plant, fruit
yield per plant and per faddan were obtaiend when plants
were fertilized with the highest used level of NPK fertili-
zers. These Tesults may be attributed to the highest vegeta-
tive growth rate experssed mainly as fresh and dry weigth
as well as number of flowering clusters per plant. Obtained
results has been confirmed by Jaremillo et al., (1978) ;
Abed & Eid (1987) and Abdalla et al., (1990) on tomato.

Regarding the effect of the foliar spray of either
kinetin or cycocel on tomato plants, it is evident from
such data in Table (3) that kintin foliar spray at 40 ppm
promoted significantly all fruit yield parameters. In this
respect, the CCC came in the second rank when sprayed at
500 ppm. The promotive effect of the tested substances
on fruit yield and its components was also confirmed by
Sharma & Gupta (1972) and Khalil (1990), working with kinetin
and Zaki et al., (1976) and Khalil (1990) working with
CCC on tomato plants.

With regard to the effect of interaction between ferti-
lization level and growth regulator concentration on fruit
yield and fruit yield parameters, it is evident from such
data that the third used level of fertilizers (200 kg N
+ 64 kg P05 + 72-kg K,0/fad.) combined with kinetin at
40 ppm resulted in gignificant increments in average fruit
weight, number of frufts per plant, fruit yield per plant
and per faddan. The only exception herein is the number
of fruits per plant which did not show significantly during
the first season of growth (1989).

4- Chemical constituents of fruits:

Data presented in Table (4) revealed that increasing
the fertilizers level of NPK led to significant increment
in fruit chemical constituents expressed as vitamin C.
total titratable acidity, T.S.5.%, reducing, non reducing
and total sugers. These results ere true during both seasons
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of growth. These results are confirmed with those reported
by (Dimitrov & Rankov, 1979; Abed & Eid, 1987 and Abdalla
et al., 1990c) on tomato PK, NPK and PK additions respec-
tiVely with respect to vitamin C and total titratable acidity
and with (Dimitrov & Rankov, 1979; Abdalla et al., 1990c)
on tomato PK additions as regared to T.S.S.%, reducing,
non reducing and total sugars fruit content.

Regarding the effect of the tested growth regualtors
on the fruit chemical constituents, it is obvious from
such data presented in Table (4) that kinetin foliar spray
at 40 ppm showed significant increments in all fruit chemical
constituents, {.e., vitamin C, total titratable acidity,
T.S.S.%, reducing, non reducing and total sugars. In this
respect, the CCC came in the second rank at the concentration
of 500 ppm. These results are confirmed by those reported
by Zaki et al., (1976) and Kbalil (1982), working with
cCC and Khalil (1990), working with kinetin, all working
on tomato.

Concerning the interactional effect between the fertili-
zers level and the tested growth regulators concentration,
it is obvious from the same data that the third fertilizers
level combined with kinetin spray at 40 ppm showed the
highest fruit chemical constituents of total titratable
acidity, reducing and total sugars. Similar trend could
be detected regarding vitamin C and T.S.S.% but without
singificant variations. These results are true during the
two seasons of growth.

Generally, it could be concluded from the forementioned
results that the stimulative effect of the fertilization
level and the tested used growth substances, i.e., kinetin
and cycocel was differed according to the chemical nature
of the regulating substance and its concentration.

Consequently, the third used level of fertilizers,
40 ppm kinetin or 500 ppm cycocel were more achieved for
promoting plant growth, increasing fruit yield and improving
fruit quality.
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