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Abstract: Field experiments were carried out during the two successive winter seasons (2002/203 and

2003/2004)  to  study  the  effects  of Grow-Plex SP  (a water soluble fertilizer with humic acid) inT M

rates of (0, 60, 90 and 120 g/100 l of water) on tomato plants fertilized with different rates of chemical

fertilizers of NPK (0, 50, 75 and 100% of recommended dosage). The data showed that while plant height
and number of branches were not significantly affected, the application of Grow-Plex SP in rates of 90

gm/100l with 75 and 100% NPK increased the number of leaves, fresh and dry weights of the plants.
Total and marketable yield showed a similar positive trend with the same treatment. Data are further

discussed in particular to the increment of endogenous hormonal levels, which possibly led to
improvement in fruit production and quality.
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INTRODUCTION:

With the rapid increase in population and the

limited cultivated area in the Nile valley and Delta,
attention has been paid to the cultivation of the newly

reclaimed lands as a new source of food. New
reclaimed lands have many problems such as poor

fertility and bad structure. Nutrient deficiency or
toxicity may occur in these types of soil. However,

plants have requirements for some minerals in normal
development and growth stages. These requirements are

met by foliar absorption or by the uptake of solutes
from the soil solution and soil matrix. For this reason

Growers of vegetable crops commonly add nutrients to
plant root zones at levels exceeding many times those

required for optimal growth . This is because the[8]

penalty for under supply, the production loss, is much

bigger than the loss caused by over supply. However,
over nutrient supply may result in accumulation of

nutrients leading to salinity build up in the root-zone.
In addition, the common poor soil structure and

reduced  microorganism activities in those soils may
result in a reduction in plant growth and production.

Organic materials such as farmyard manure can be
considered as a humus supplying and a soil improving

agents. Enhancement of plant growth using humic acid
had been reported to be due to increasing nutrients

uptake such as N, Ca, P, K, Mg, Fe, Zn and Cu  and[7 ,1]

binding toxic elements such as Al . Enhancement of[20]

photosynthesis, chlorophyll density and plant root
respiration has resulted in greater plant growth with

humate application . [6 ,18 ,17]

Natural products which contain phytohormones or

exhibit hormone-like activity, have received increasing
attention for use as nutrient supplements in agriculture

and horticulture . Humic acids are in common use as[1 ,24]

major components in biostimulant  formulations .[22]

Grow-Plex SP is a water soluble source of humic acid.
It also supplies high levels of soluble potassium and

phosphorus in readily available forms. Combined with
humic acid, potassium, phosphorus, calcium, iron and

sulfur can be rapidly absorbed and incorporated into
plant whether via soil or foliar application methods. 

It is the aim of this work to investigate the effect
of applying Grow-Plex SP under newly reclaimed land

conditions in combination with different rates of NPK
fertilization to determine the optimum fertilizer rates

for tomato crop.

MATERIALS AND METHODS

The experiments were carried out in the two
successive winter seasons of 2002 and 2003 in Taba

farm, El-Sadat city, Monofya governrate, Egypt. In
both seasons, tomato seeds (Lycopersicon esculentum

L.) cultivar super marmind were sown in trays
contained mixture of peat and vermiculite (1:1).

Standard agricultural  practices  for  tomato   nurseries
were carried out. Seedlings were transplanted in a

density of 2.6 plants/m  on the 15  and 21  of2 th st

November 2002 and 2003 respectively when plants

were 40 days old. The control treatment was the
standard dose of NPK recommended  by  the  ministry

of  agriculture  in Egypt.
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Proposed treatments were different rates of the

recommended NPK soil dosage combined with different

rates of Grow-Plex SP foliar application. Rates of NPK

were 100, 75, 50 and 0.0% of recommended dosage.

The rates of Grow-Plex SP application were 60, 90 and

120 g/100 l water. First spray of Grow-Plex SP was

when the seedlings reached the stage of 6 true fully

expanded leaves (about two weeks after transplanting).

From the second to the fourth sprays, the application

was every three weeks from the previous one. Total

number of foliar applications was four times.

The different combinations of treatments are as

follow:

C 100% NPK + 120 g Grow-Plex SP

C 100% NPK + 90 g Grow-Plex SP

C 100% NPK + 60 g Grow-Plex SP

C 75% NPK + 120 g Grow-Plex SP

C 75% NPK + 90 g Grow-Plex SP

C 75% NPK + 60 g Grow-Plex SP

C 50% NPK + 120 g Grow-Plex SP

C 50% NPK + 90 g Grow-Plex SP

C 50% NPK + 60 g Grow-Plex SP

C 0.0% NPK + 120 g Grow-Plex SP

C 0.0% NPK + 90 g Grow-Plex SP

C 0.0% NPK + 60 g Grow-Plex SP

C 100% NPK (Control).

The following measurements were recorded:

I. Crop growth and production: Plant height (cm),

number of leaves, number of branches, total fresh and

dry weights per plant were recorded in the end of the

growing season. Weight and number of fruits in total

and marketable yields were recorded from each

replicate. Average individual fruit weight was

calculated from these data. 

II. Chemical measurements: Analysis was also carried

out to determine the Soluble Solids Contents (SSC) in

fruit sap. The total content of some nutrients such as

N, P, K and Ca were also determined in the leaves as

follow: the leaves were washed in tap water containing

a small amount of detergent. After excess water was

allowed to drain away, they were placed in paper

towels to remove additional moisture and oven dried at

70C. The dry samples of leaves were grounded and

then 0.2 g of each was digested in a mixture of

sulphuric and percloric acids and then used for N, P

and K determinations. Total nitrogen was determined

as % using microkjeldahl apparatus as described by

Black . Phosphourus (ug/g) was determined[3 ]

choloremeterically as reported by Troug and Meyer .[21]

Potassium and Calcium (mg/g) were determined flame

photometrically as reported by Brown and Lilleland .[4]

Table 1: Soil analysis of experimental plots in Taba Farm.

P 3M echanical Analysis H EC CaCo O.M %
-------------------------------------------- -----------------------------------------
Sand % Silt % Clay % Texture dS/m %

90 5 5 Sandy 8.20 1.50 5.50 1.82

Cations Anions
-------------------------------------------- -------------------------------------

3  3 4N P Ca M g Na K CO HCO CL SO++ ++ ++ + - + - -

-------------------------------------------- -------------------------------------
meq/L meq/L

traces 0.443 2.65 2.40 4.35 18.50 Zero 3.85 53.00 55.65

Table 2: Chemical analysis of Grow-Plex SP.

2 5 2Urea Nitrogen P O K O Ca Fe Humic acids

3% 20% 20% 1% 0.4% 45%

After two weeks from the last foliar application of
Grow-Plex, one sample was taken from each treatment
to extract the endogenous auxins, gibberllines and
cytokinins in the fresh shoots. The extraction
methodology was according to Badr et al.,  and the[2 ]

extraction was treated for HPLC analysis.
The chemical and physical properties of the soil

and Grow-Plex SP is illustrated in tables (1and 2)
respectively.

Experimental design and Statistical analysis:
Treatments were arranged in a complete block design
with three replicates. Analysis of variance of collected
data was carried out according to Sndicore and
Cochran . [19]

RESULTS AND DISCUSSIONS

Vegetative growth: Plant growth and yield is a
function of nutrients supply providing that all other
conditions are met. Vegetative growth in terms of plant
height was not significantly affected by the treatments
(data not shown). Although there were clear positive
trends in increasing plant height with increasing the
dosage of Grow-Plex SP with exception of 120g, these
differences were not significant. On the other hand,
number of leaves was significantly increased by the
application of Grow-Plex SP.  The effect was
positively linear with the rate of Grow-Plex SP
application with exception with the rate of 120 g (fig.
1). The best results were recorded in the treatment of
90 g Grow-Plex with rates of NPK, 100 and 75%.
There was no significant difference between the two
latter treatments. This can be explained on the basis
that Grow Plex has a concentration of 1% Calcium
which may promote the formation of new leaves .[16]

The latter found that the rates of absorption of Ca and
Mg were greatest during the period of greatest leaf
growth in pepper plants. Number of branches showed
also the same trend (fig.2).

Fruit production and quality: Total and marketable
yields (figures 3 and 4 respectively) showed the same
trends.   Again   the   dose  of  90 g of Grow-Plex
SP with
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Fig. 1: Number of leaves of tomato plants receiving
different rates of NPK fertilization and Grow-
Plex SP foliar applications.

Fig. 2: Number of branches/plant of tomato plants

receiving different rates of NPK fertilization
and Grow-Plex SP foliar applications.

75 or 100% of NPK showed the best yield production.

The differences were significantly higher than the
control (100 % NPK). This may be brought about by

the promoting effect of Grow-Plex SP on fruit set
and/or fruit growth since it contains 3% urea-nitrogen,

2 520%available phosphoric acid (P O ) and 20% soluble

2potash (K O). The findings of Miller et al.  support[13]

these results where they found that the highest absolute
nutrient uptake rate was during  a  period  when fruit

growth was rapid. Rincon et al.  where they found in[16]

pepper plants that the rates of absorption of N, P and

K were greatest in the period of greatest fruit
production. Similar results were reported by Brownell

et al.,  who indicated that spraying tomato plants with[4]

humic acid increased the yield by 10.5% compared to

control due to direct effect of humic on  solubilization
and transport of nutrients.  Fruit quality

Fig. 3: Total fruit yield of tomato plants receiving

different rates of NPK fertilization and Grow-
Plex SP foliar applications.

Fig. 4: Marketable yield of tomato plants receiving
different rates of NPK fertilization and Grow-
Plex SP foliar applications.

in terms of average individual fruit weight (fig. 5)
revealed that the treatment of 90 g Grow-Plex was
superior to all other treatments. This increment in fruit
weight was a reflection to increment in fruit size (fig.
6). This finding agrees with our previous explanation.
Total Soluble solids (TSS) showed the lowest
significant values in the treatments of Grow Plex
without NPK (fig. 7). Meanwhile treatments of Grow
Plex with 75 and 100% NPK recorded the highest
significant values. TSS is positively related to the
amount of assimilates produced by the plant. Since
h u m i c  a c i d  w a s  r e p o r t e d  t o  s t i m u l a t e
photosynthesis , there must have been more[6 ,1 7 ]

assimilates for the fruits which increased their TSS. 
In all measured parameters, the rates of Grow-Plex

SP application with 50% NPK were significantly lower
than  the  control treatment. The application of Grow-
Plex
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Fig. 5: Average individual fruit weight (g) of tomato
plants receiving different rates of NPK
fertiliza tion  and G row-P lex  SP  fo liar
applications.

Fig. 6: Average individual fruit size (cm ) of tomato3

plants receiving different rates of NPK
fertiliza tion  and G row-P lex  SP  fo liar
applications.

only by itself in the three mentioned rates showed the
lowest results in all measured parameters and were not
significantly different among them. Since plant uptakes
most of its nutrient requirements from the soil, it can
be expected that a sever reduction in nutrient supply to
the root zone may result in a reduction in the total
plant growth. This is what has been observed in the
latter two treatments.

Total plant fresh and dry weights: Total plant fresh
and dry weights (figures 8 and 9 respectively) showed
also similar trends. Only the treatments of 50% NPK
with 90 g Grow-Plex SP that was not significantly
different than control. Meanwhile all Grow-Plex SP
rates with 100 or 75% NPK were significantly higher
than control. The best results were recorded in the 90
g Grow-Plex SP in both parameters. This can also be
referred to the promoting effect of Grow-Plex SP due
to its content of nutrients. 

Fig. 7: Total soluble solids in the fruit of tomato plants

receiving different rates of NPK fertilization

and Grow-Plex SP foliar applications.

Fig. 8: Total plant fresh weight (g) of tomato plants

receiving different rates of NPK fertilization

and Grow-Plex SP foliar applications.

Many researchers have shown a correlation between

nutrient uptake and plant productivity . There is[11 ,14 ,5 ,9]

an intimate relation between plant nitrogen or

phosphorus status and the carbon metabolism  hence[12]

dry matter production.

Mineral  contents:  Mineral  content of N, P, K and

Ca in  plant  dry  matter  showed   different   trends

from each  others  (Table  3).  While  N  content was

more related  to  the  rate  of  NPK   application, 

other nutrients  showed  inconsistent    trends.   This

  can  be due  to  the  specific  nutrient  uptake  that

 has been shown to be affected by growth stage .[13 ,16]

In addition, Hellgren and Ingestad  stated that in[10]

constant concentration  experiments  with  pea,   the

relative uptake rate was almost independent of the

external concentration.
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Fig. 9: Total plant dry weight (g) of tomato plants

receiving different rates of NPK fertilization

and Grow-Plex SP foliar applications.

Table 3: M ineral and endogenous hormonal contents of tom ato

leaves treated with different rates of Grow-Plex SP and

NPK fertilization.

Treatment N P K Ca ZR GA IAA

100% NPK + 0.0 GP 2.63 0.41 2.15 1.96 21.1 180.20 78.74

100% NPK +120 GP 2.21 0.41 2.34 1.24 23.5 190.90 87.50

100% NPK + 90 GP 1.57 0.30 1.88 1.00 31.2 216.54 102.94

100% NPK + 60 GP 2.34 0.26 1.95 1.13 28.3 205.30 97.16

75% NPK +120 GP 2.72 0.31 2.46 1.50 20.6 191.20 85.62

75% NPK + 90 GP 2.28 0.32 2.07 1.74 35.0 225.14 117.26

75% NPK + 60 GP 1.83 0.46 1.88 1.09 29.0 195.27 81.89

50% NPK +120 GP 1.41 0.30 2.07 0.94 22.4 163.90 84.21

50% NPK + 90 GP 1.28 0.30 2.03 1.31 28.8 187.17 95.66

50% NPK + 60 GP 1.39 0.31 1.88 1.17 25.7 173.67 86.60

0.0% NPK + 120 GP 0.75 0.40 1.68 1.20 26.9 183.79 91.75

0.0% NPK + 90 GP 0.76 0.32 1.72 0.91 29.1 189.84 93.64

0.0% NPK + 60 GP 0.68 0.28 2.03 0.98 24.6 186.11 80.11

Endogenous Hormones: Table (3) shows the effects of

Grow-Plex SP application with the rates of NPK on the

endogenous hormones like activity in tomato leaves.

There were clear increases in the content of auxins

(IAA), cytokinins (ZR) and gibberellins (GA3) in

response to application of Grow-Plex SP. The highest

contents of the three endogenous hormones were

recorded in the treatment of 90 g Grow-Plex SP with

the rate of 75 and 100% NPK. These increments in the

growth promoting hormones in response to Grow-Plex

Sp application can explain the promoting effect

observed in vegetative and reproductive growth

mentioned above. O'Donnell  mentioned that the[15]

growth promoting activity of humic substances was

caused by plant hormone-like material contained in the

humic substances. Furthermore, the effects of humus on

plant metabolism are conditioned by the release of the

hormone-like activities, also the dispersion and

solubilization of humic molecules which are essential

to the release of cytokinin-like activity and preliminary

to the release of auxin and gibberlin-like activities .[22]

The latter authors mentioned also that the effect

observed on nitrate uptake depends mainly on the

presence of gibberellin and auxine. More recently,

Zhang and Schmidt  and Zhang et al., , Zhang[25] [26 ,27]

and Ervin  reported that humic acid contains[23]

cytokinins and their application resulted in increased

endogenous cytokinin and auxin levels which possibly

leading to improve drought resistance of bentgrass.

This may explain the increment in the content of N in

the leaves observed in this study.

It can be concluded that application of Grow Plex

at a concentration of 90 g/L with 75% of the

recommended dose of NPK fertilization will result in

the same production of tomato in addition to the

improvement in fruit quality in terms of average

individual fruit weight. These results will contribute to

the reduction of fertilizer application by 25% from the

recommended dose hence reducing environmental

pollution.
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