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Abstract 
There are presented in this paper the effects produced by the treatments with the sodium salt of 

2-chloro, 4-sulphonamido phenoxyacetic acid (BCO 2) applied to tomato seeds and plants. We 
measured some specific parameters’ values in different development stages, compared to an 
untreated control, proving the growth stimulating action of the compound applied in small 
concentrations, which don’t allow the appearance of this class’s substances herbicide effect. 
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Introduction 
 

Lately, there are increased requirements of agricultural prime matters for industry, 
therefore the study of the possibilities of producing larger amounts of agricultural products, 
quantitative and qualitative, is an essential preoccupation of the researchers in this domain. 
Alternative solutions to the use of chemical fertilizers in the agriculture are experienced, the 
bio fertilizers being more and more used. The bio fertilizers industry developed a lot in the 
past few years, including the accumulation of new technologies to assure the cultivars’, 
hybrids’ and soil’s potential valuing, protecting the environment in the same time, in a 
sustainable and efficient agriculture. 

Worldwide, but also in our country, there were numerous studies and researches 
regarding the influence of the treatments with growth stimulators, vitamins, in order to 
improve the growth and development processes for different cultivated plant species. 

All these had a direct impact on life’s quality, assuring sufficient high quality food 
supplies that can also be obtained by using new sulphonamidic compounds, more and more 
requested by the modern agricultural technologies, compounds that must have a wide range of 
action, including growth stimulating effect, growth regulating and auxinic effect, must be 
biodegradable and non-toxic for human beings and environment [15]. 

Synthesizing and developing new chemical structures from the sulphamides class, used 
as innovative growth regulating substances represent the preoccupation of many research 
groups. 

Today, the sulphonamides are an important class of chemical products characterized by 
herbicide or growth regulating and auxinic effect, by the lack of toxicity for the environment 
and by the fact that they are biodegradable. The main feature of sulphonamides is represented 
by the introduction of the sulphonamidic group in an aromatic or heterocyclic ring, which 
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determines a pronounced decrease of the toxicity and, in relation with the previous existing 
groups in those rings, determines a wide range of biological actions [1, 3, 5]. 

The phenoxyacetic derivatives are used as support for the sulphonamidic group because 
they have low toxicity, are biodegradable, do not accumulate in the organisms and do not 
generate side effects. 

A large number of herbicides with new sulphonamidic, sulphonanylidic and 
sulphonylureidic structures were recently systematized in literature along with the chemical 
structure – biological action relation [9-13]. 

There were synthesized and intensively studied new herbicides from the 
sulphonamides’ class with the sulphonamidic group linked on an aromatic or heterocyclic ring 
having attached to the sulphonamidic group triazolo-pyrimidines [15]. 

Also, there were conducted studies regarding the partition of the herbicides between soil 
and plant, the distribution of the sulphonamidic herbicides in different soil conditions [2], the 
sulphonamidic herbicides sorption and mobility in different soil types, the sulphonamidic 
herbicides’ decomposition in correlation with the soil they were applied to and the influence 
of the sulphonylureidic herbicides on the surface waters and also regarding the 
sulphonylureidic herbicides eco-toxic features [4,16]. 

The treatment of the seeds, as well as the external root zone application of the growth 
stimulators in tomato cultures has the following advantages [6-8]: 

- it can be avoided their inactivation, fact that occurs when applied on soil; 
- they can be applied in different stages of the vegetation period; 
- small amounts of growth stimulators are required; 
- they can be applied along with other treatments: herbicides, diseases and pests control 

compounds; 
All conducted researches prove that the new synthesized products have growth 

stimulating and auxinic features and generate positive effects on vegetal cultures [14, 17]. 
 

Material and method 
 

We used for the experiments a semi late tomato cultivar, with selected seeds and which 
can be found in specialised stores. 

The tested compound, 2-chloro, 4-sulphonamido phenoxyacetic acid, was previously 
conditioned as sodium salt. Preliminary tests have been made to establish the correct dilutions 
in order to induce the growth stimulating effect, avoiding at the same time the threshold of the 
herbicide effect’s manifestation of these compounds. Following these tests we chose two 
dilutions – 20 ppm and 25 ppm, performed for the seed treatments and foliar applications of 
other stages of tomato plants’ development. 

We also studied the effect of seed treatment period with the bio stimulator solutions (or 
distilled water for untreated controls), choosing three time intervals, namely 2, 4 and 6 hours. 
Treated seed were dried and subsequently used in all types of experiments conducted on the 
germination, development of seedlings, cultivation in protected areas and in crop field. 

To experiment on the influence of the growth stimulator on the tomato seeds’ 
germination power, we established the following treatment variants: 

 
m2 – control for 2 hours treatment;  v2-20 – 2 hours treatment with BCO2-20 ppm; 
m4 – control for 4 hours treatment;  v2-25 – 2 hours treatment with BCO2-25 ppm; 
m6 – control for 6 hours treatment; 

 



Aspects regarding the effect of BCO 2 sodium salt growth stimulator on tomato plants in different development 
stages 
 

 
Rom. Biotechnol. Lett., Vol. 14, No. 6, 4835-4844 (2009) 4837 

v4-20 – 4 hours treatment with BCO2-20 ppm; v6-20– 6 hours treatment with BCO2-20 
ppm; 
v4-25 – 4 hours treatment with BCO2-25 ppm; v6-25– 6 hours treatment with BCO2-25 
ppm. 

 
The experiment was performed in Petri plates, and tomato seeds were placed in number 

of 20 per plate on filter paper dampened daily with boiled and cooled water, 3 - 4 ml per plate. 
The average temperature during the experiment was 10 0C. 

To experiment the growth stimulator’s effect on the root formation process and on the 
tomato seedlings’ development, we establish the same treatment variants as in the experiment 
for the germination power. The experiment was conducted in trays with soil sterilized for one 
hour at 1000C, and after sowing, the soil was wet with boiled and cooled water. 

Variants were placed on rows, 20 seeds on each row, in the following order: controls (2, 
4 and 6 hours), treated variants (2, 4 and 6 hours). The required humidity was assured by daily 
sprinkles with boiled and cooled water. The temperature varied between 100C and 150C 
during the observations. 

In order to establish the growth stimulator effect on the processes of growth, flower and 
fruit formation for the tomatoes cultivated in protected areas, we established the following 
variants into the frame of three separate treatment combinations: 

I. Plants from treated seeds + one foliar treatment before flower formation - controls (2, 
4 and 6 hours), treated variants (2, 4 and 6 hours); 

II. Plants from treated seeds + one foliar treatment before fruit formation - controls (2, 4 
and 6 hours), treated variants (2, 4 and 6 hours); 

III. Plants from treated seeds + two foliar treatments before flower formation and before 
fruit formation - controls (2, 4 and 6 hours), treated variants (2, 4 and 6 hours). 

Experiments were performed in growth vessels with a capacity of 20 kg soil / vessel, in 
a vegetation house. The soil has previously been disinfected by the infusion and smothering 
and the seedlings were watered with three liters of water on each vessel every two days or 
daily, depending on the heat and evaporation’s speed. 

To study the effect of the growth stimulator on the development and production of the 
tomato plants grown in the field, there were determined the following treatment variants: 

Vm – untreated control; 
V20 – treatment with BCO2-20 ppm; 
V25 – treatment with BCO2-25 ppm. 

The experience was mounted randomized, variants being placed on intercalar rows, 
separated by a buffer row of plants. 5 plants were used at each repetition and 3 repetitions for 
each variant. 

The control variants were sprinkled with boiled and cooled water, while those treated, 
with the chosen dilution for the test; the first foliar treatment was applied at 15 days after 
planting the seedlings, the second one, after the following 15 days, and the third one after one 
month, with 15 ml solution of growth stimulator for a plant at each application. 

Irrigation was performed daily during periods without rainfall, and in rest, depending on 
the cultivar’s water requirements. 

 

Results and discussions 
 

The influence of the BCO 2 growth stimulator on the germination power of tomato 
seeds  
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In this experiment we aimed the appearance of rootlets and gemula, in the variants 
treated with growth stimulator in two concentrations, compared to untreated controls. There 
were carried out two measurements (A, B) in the first half of the observation period, when 
average temperature was 80 C and two measurements (C, D) in the second part, at an average 
temperature of 120 C. We obtained the following results (table 1). 

According to the first two measurements, the biggest number of germinated seeds on a 
plate was registered for the variant: v6-20 – treated 6 hours with BCO 2 - 20 ppm – 10/20. 

At the end of the experiment, considering the percentage of two leaves plantlets and 1 - 
2 cm gemula, the trend was better in v6-20 variant (6 hours treatment with BCO 2 - 20 ppm) 
and v2-20 (2 hours treatment with BCO 2 - 20 ppm), followed by the control with seeds 
hydrated for 6 hours, where the beneficial effect of seeds’ prolonged initial hydration must be 
taken into account. 

 
Table 1. Experimental observations regarding the germination power 

Treatment hours 2 hours 4 hours 6 hours 
Treatment variants m2 v2-20 v2-25 m4 v4-20 v4-25 m6 v6-20 v6-25 

No. rootlets/total 20 seeds 4 1 2 2 3 4 2 4 3 A Rootlet length (mm) 0 0 0 0 0 1 0 1 0 
No. rootlets/total 20 seeds 4 4 3 6 3 7 7 10 5 B Rootlet length (mm) 3 2.5 2.5 2 2.5 2.5 2.5 5 1.5 
Germinated seeds / total 20 11 16 11 14 11 13 13 15 10 C No. gemula 3 5 2 3 2 4 6 9 2 
No. gemula under 1 cm 13 7 12 14 16 16 9 6 11 
No. gemula 1 – 2 cm 5 6 3 5 4 2 6 9 5 D 
No. 2 leaves plantlets 2 7 5 1 0 2 5 5 4 
 
 
The influence of the BCO 2 growth stimulator on the development processes of root 

and seedling formation  
The biometric measurements conducted in six successive days included the number and 

the height of the gemula appeared in the treated variants as well as the number and the height 
of the two, four and even six leaves plantlets, in the second half of the experiment. 

We will present in table 2 only the data of the last measurement, where we can observe 
the differences between the treated variants and the controls in what regards the number of the 
risen plantlets on each variant as well as their height and the number of well formed leaves on 
the plantlets for each variant (figure 1). 

 
Table 2. Experimental observations regarding the development of the root and seedling formation 

Treatment hours 2 hours 4 hours 6 hours 
Treatment variants m2 v2-20 v2-25 m4 v4-20 v4-25 m6 v6-20 v6-25 

No. gemula 0 0 0 0 0 1 0 0 1 
Average gemula’ height (cm) 0 0 0 0 0 3 0 0 3 
No. 2 leaves plantlets 2 8 3 5 8 12 6 7 7 
Average plantlets’ height (cm) 5 5.5 5 4 4.5 4 4.5 5.5 4.5 
No. 4 leaves plantlets 5 7 9 6 2 1 6 8 7 
Average plantlets’ height (cm) 5.5 6.5 6 5 5 6 5 6 5 
No. 6 leaves plantlets 3 0 0 1 0 0 0 1 0 
Average plantlets’ height (cm) 7 0 0 5 0 0 0 7 0 
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During the experiment we also performed the measuring of the rootlet length, for this 

purpose eliminating one seedling per variant, going on with only 19 seedlings on each variant. 
The most numerous seedlings on a row were countered for the treatment variant v6-20 – 6 
hours treatment with BCO 2 - 20 ppm – 16 seedlings/19 seeds. 

Considering the chosen dilution, as average value for all three treatment time intervals, 
we registered the following the rising efficiency of seedlings: controls - 11.33 seedlings/row 
(59.61%); 20 ppm dilution – 13.67 seedlings/row (71.93%); 25 ppm dilution – 13.67 
seedlings/row (71.93%) – (figure 2). 

The positive influence of the treatment increases with the increasing time of seed 
soaking, occurring both seed hydration and the penetration of the growth stimulator solution, 
with pronounced effect on the number of viable seedlings and their vigor. 

The combinations with the best results in root formation which also had the best overall 
development were the treatment variants v6-20 – 6 hours treatment with BCO 2 - 20 ppm and 
v6-25 – 6 hours treatment with BCO 2 - 25 ppm. 

 
The influence of the BCO 2 growth stimulator on the processes of growth and 

development for tomatoes cultivated in protected areas 
In this part of the study we observed the general evolution of seedlings, plant height, 

number of floral floors and fruit number per plant. Tomato seedlings were transplanted in 
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Figure 2. Seedlings’ rising efficiency related to the applied treatment 
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Figure 1. Seedlings’ evolution related to the treatment variant 
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number of two for each growth vessel, and one of the seedlings was extracted afterwards for 
root area measurement at 15 days from transplantation. 

Unfavorable climatic conditions (high temperatures, which have adversely affected the 
hydration status of plants) did not allow tracking of fruit production in this type of culture. 

Before the first foliar treatment, we measured the length of the root area (cm) and plant 
height (cm) (table 3). 

 
Table 3. Observation regarding the length of the root area and the height of the plant before treatment 

Treatment hours 2 hours 4 hours 6 hours 
Treatment variants m2 v2-20 v2-25 m4 v4-20 v4-25 m6 v6-20 v6-25 

I Height 40 51 42 47 46 41 38 47 47 
Root area length 5 8.5 11 8 17.5 14 7 8 10 

II Height 46 48 50 45 47 44 30 34 40 
Root area length 6 22 12 12 24 10 17 13 15 

III Height 49 40 39 40 40 45 35 48 59 
Root area length 5 24 9 8 13 18 12 11 17 
 
Root area length measured before the first foliar treatment recorded, for the plants 

treated with BCO 2 - 20 ppm, an average value of 15.46 cm and for the plants treated with 
BCO 2 - 25 ppm an average value of 11.76 compared to the average value of the controls of 
only 7.2 cm. 

 
The tallest plants, as average value, were measured for the variants with plants raised 

from 4 hours treated seeds (figure 3). 
First foliar treatment was applied after 15 days from transplanting, before flowering, in 

the experiments I and III and the second treatment, before fruit formation, in experiments II 
and III, after approximately 3 weeks. The final observations on plant height, number of floors 
floral, fruit number and diameter are presented in table 4. 

 
Table 4. Observations regarding the development of the plants in all three treatment combinations (I, II, III) 

Treatment hours 2 hours 4 hours 6 hours 
Treatment variants m2 v2-20 v2-25 m4 v4-20 v4-25 m6 v6-20 v6-25 

I Height 85 100 90 95 95 85 80 95 90 
No. floral floors 0 2 4 4 4 4 2 3 5 
No. fruits 0 0 0 1 0 2 0 4 0 
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Figure 3. Observations regarding the plants’ height before treatment 
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Fruit’s average diameter 0 0 0 3 0 5 0 2.37 0 
II Height 90 98 100 90 90 80 75 70* 85 

No. floral floors 3 5 5 4 3 2 3 1 4 
No. fruits 0 0 0 1 0 1 1 0 0 
Fruit’s average diameter 0 0 0 5 0 5 2 0 0 

III Height 110 85 85 80 85 90 75 95 115 
No. floral floors 6 6 4 4 3 5 3 6 5 
No. fruits 4 1 0 3 0 3 3 1 7 
Fruit’s average diameter 5.75 3 0 2.66 0 5.33 3.33 1 2.14 
* - plant with viral attack  
 
In the first treatment combination (I) conducted in protected areas, according to the 

applied dilutions, there were recorded the following average values of plant height: controls – 
86.7 cm; BCO 2 - 20 ppm - 96.7 cm and BCO 2 - 25 ppm – 88.33 cm. 

As regards the emergence of the inflorescences and the fruits, notes that the longer is the 
treatment in seeds (4 and 6 hours) the growth stimulator effect gives better results. 

In the second treatment combination (II), the plant height registered the following 
average values: controls – 85 cm; BCO 2 - 20 ppm – 94 cm and BCO 2 - 25 ppm – 88.33 cm. 
A better behaviour was observed for the plants raised from the two hours treated seeds, and 
the foliar treatment with the growth stimulator determined the appearance of more floral 
floors on these plants. 

For the combination with two foliar treatments (III), in correlation with the applied 
dilution, we registered the following average values for the plants height: 

- controls – 88.33 cm; -BCO 2 - 20 ppm-88.33 cm;- BCO 2 - 25 ppm–96.66 cm (figure 4). 
We also observed that applying two foliar treatments leads to the increase of the floral 

floors’ number and fruits’ number on each plant, compared to the experiments where only one 
foliar treatment was applied (figure 5). 
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Figure 4. The variation of plant height with the applied treatment 
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The influence of the BCO 2 growth stimulator on the processes of growth and on 

production for the tomatoes in field culture 
In this experiment we observed both the overall development of the plants (size, number 

of floral floors, fruit number - table 5) and various aspects of production (average weight of 
fruits per plant, average yield per plant and average yield per hectare). The values presented 
below represent the average of the three repetitions for each considered variant, after three 
foliar treatments. Because the cultivar we used is a semi late variety with staged ripening, we 
conducted two harvest works, for floors 1 and 2, with faster ripening and for floors 3 and 4, 
whose fruits reach ripening maturity later (table 6). To calculate the production per hectare 
there was considered a planting density of 40 000 seedlings / ha. 

 
Table 5. Observations regarding the development of the plants in field culture 

No. flowers per floor / no. fruits per floor Variant Height 
(cm) 1 2 3 4 

Fruits’ 
diameter (cm) 

Vm 112 0/2.5 2/1.7 1.9/1.7 1.5/2 3.9 
V20 123 0/3 1.7/2.2 2.3/1 3.1/1 4.6 
V25 120 0.3/3.2 1.3/2.3 2.5/1.3 2.4/1 4.8 

 
Table 6. Observations regarding production in harvesting floors 1+2, 3+4 and cumulated 

Average weight per fruit 
(g) 

Average production 
(g/plant)-figure 6 

Average production 
(t/ha)-figure 7 Variant 

1+2 3+4 average 1+2 3+4 total 1+2 3+4 total 
Vm 179 110 144.5 766 652 1418 30.6 26.1 56.7 
V20 232 124 178 1158 855 2013 46.3 34.2 80.5 
V25 191 113 152 1016 789 1805 40.6 31.5 72.1 

 
To calculate the total production as average values in tons fruit / ha, we also applied the 

statistical calculation and the variance analysis (table 7), achieving the following results: 
 

Table 7. The influence of the applied treatment on the total production 
Variant Average production 

(t/ha) 
% compared to 

control 
Differences Significance 

V20 80.5 141.98 23.8 xx 
V25 72.1 127.34 15.5 x 
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Figure 5. The variation of the floral floors number with the applied treatment 
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Vm 56,7 100.00 0.0 Control 
DL    5% : 14,0 t/ha 
DL    1% : 20,4 t/ha 
DL 0,1% : 30,6 t/ha 

 

 
Conclusions 
 

As a final comment on the effect produced by BCO 2 sodium salt growth stimulator, in 
two concentrations, on the tomato plants in various stages of development and types of crops, 
we can highlight the following aspects: 

 the growth stimulator’s positive influence on the germination power and faculty of 
the tomato seeds is more obvious at 20 ppm dilution, especially in seeds treated for a longer 
period of time (6 hours); 

 the best results on the root formation and seedlings development were obtained again 
for the variants treated longer: v6-20 – 6 hours treatment with BCO 2 - 20 ppm and v6-25 – 6 
hours treatment with BCO 2 - 25 ppm; 

V 20

V 25

 
Figure 6. The influence of treatment variant on average production (g/plant) 

V 20

V25

 
Figure 7. The influence of treatment variant on average total production (t/ha) 
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 for tomatoes grown in protected areas, the average measured height is higher for the 
variants with plants risen from seeds treated 4 hours, with one foliar treatment with the 20 
ppm dilution; the application of two foliar treatments turns lead to an increased number of 
floral floors and fruits on plant; 

 for tomatoes cultivated in crop field, both treated variants registered production 
increases; the variant treated with BCO 2 - 25 ppm had a production increase of 27.34 % 
compared to the Vm control, while the variant treated with BCO 2 - 20 ppm had a production 
increase of 41.98 % compared to the untreated control; 

 generally speaking, the variant treated with BCO 2 - 20 ppm had a constantly better 
evolution under treatment at all stages of plant development; 

 from direct observations of fruits harvested from the treated variants, they appear in 
larger number on the plant, with an increased diameter and more fleshy, which is useful in 
terms of methods of conservation and industrialization. 
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