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ABSTRACT

The effect of detergent-polluted water (DPW) at the concentrations 0.52, 1.05,
2.10, and 4.20 g I'* (the recommended) on the growth of tomato plants was
assayed. Seed germination and seedling length were increased with the two lower
concentrations 0.52 and 1.05 g I'1, and decreased with 2.10 and 4.20 g I'* (DPW)
concentration. The growing seedlings and plants were dwarfed, malformed and
brownish with the increase of the detergent concentration. The two higher
concentrations reduced the dry weights of root by 25 and 81 % and the shoot by
11-57 %. The number of surviving plants, and chlorophyll contents were also
decreased . Carotene at 5-leaves stage was decreased by 13 and 25%, and slightly
increased at the 8-leaves stage with the 0.52 g It (DPW) concentration and
fluctuated around the control treatment at the flowering stage. The total soluble
proteins of roots and shoots were clearly increased with the two lower
concentrations, and sharply decreased by 24 and 50 % with the 2.10 and 4.20 g I*
concentrations, respectively. The protein pattern showed changes, (as compared
with the control plant proteins), where new and missed proteins bands were
detected, at each detergent concentration. All these changes are related to the
changes observed on the growth and health of tomato plants.
Keywords: Detergent; Tomato; Growth; Chlorophyll; Carotenes; Protein, water

pollution.

INTRODUCTION

Water Pollution due synthetic detergents has continuously increased
during the last few decades. The Worldwide production of surfactants
amounted to 17-19 million metric tons (Deleu and Paquot, 2004). In 1996,
the Egyptian market consumed 306,000 tons of detergents and soap
(Ibrahim, 1996), while Yemeni market consumed 53000 tons of powder
detergents in the year 2000 (Statistical Year-Book, 2000, Republic of
Yemen). The harmful effects of detergents in natural waters may result from
their general impact on the biogeochemical cycle of other pollutants and
biogenic elements. Furthermore, solubility of many toxic substances is
increased in the presence of detergents, (i.e., metals, mineral oil
components and other hydrocarbons), (Kozarac et al., 1975; Volkering et
al., 1998).

The existence of surfactants in water, even below the toxic level
causes the break-up of the chlorophyll-protein complex and death of the cell
by damaging the membranes of aquatic plants (Helleston, 1986). However,
Jensen (1999) mentioned the following effects on plants after Linear
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Alkylbenzene sulfonate (LAS) exposure: destruction of root-cell-membrane,
changes in membrane permeability, changes in fine structures, and effects
on physiological processes, such as photosynthesis.

Thousand of Villages, in the developing and underdeveloped
countries are deprived of clean water facilities. Reusing the detergent—
polluted water in irrigation, was accompanied by crop and soil deterioration.
(Statistical Year—Book 2000, Republic of Yemen).

The aim of this study was to follow the effect of detergent-polluted
water (DPW) (using commercial powder detergent, as a representative of
most detergents), on tomato seed germination, seedlings growth, dry mass
of growing plants, survival, chlorophyll and carotene contents, and total
soluble proteins.

MATERIALS AND METHODS

1. In vitro Experiments:

Petri dishes (15 cm) containing filter papers were saturated with
one of the following detergent concentrations: 0.0, 0.52, 1.05, 2.10 and 4.20
g It (4 dishes per concentration). Each dish was seeded with 100 seeds of
tomato (lycopersicon esculentum var castle rock). Every dish was re-
saturated with 5 ml of the same concentration on the fourth day after
seeding. The average percentages of germinated seeds and seedlings
length were measured after 7 days. Also, the visual symptoms of the
growing seedlings were recorded and photographed.

2. In vivo Experiments:

One hundred pots (20 cm in diameter), each was filled with 3.5 kg
sandy soil were used in these experiments. Each group of 20 pots was
treated with one of the five detergent concentrations mentioned above. All
pots were randomly distributed and 20 seeds were sown at a depth of 0.5 -1
cm in each pot. All pots were irrigated with tap water until full saturation and
then irrigated with 200 ml tap water every two days for 10 days. The 10-
days old seedlings were thinned to 3 seedlings per pot. Then, each pot
was irrigated weekly with 400 ml of each of the detergent concentration
throughout the course of the experiment.

2.1. Growth Measurements and Visual Symptoms:

The plants were carefully freed from soil and kept with their intact
roots, washed with tap water, and rinsed three times with distilled water.
The percentage of surviving plants was recorded for four weeks.

The visual disease symptoms of the growing plants were recorded
and photographed. Roots and shoots dry mass were determined.

2.2. Chlorophyll and Carotene Contents:

Discs from tomato leaves (250 mg) were homogenized in 20 ml
acetone (80%) until leaves debris became colorless. For chlorophylls
determination, the homogenate was centrifuged at 10,000 rpm for 10
minutes. The absorbance was measured at 645 and 667 nm against a
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blank, according to Arnon (1949). For carotene, the resulting homogenate
was centrifuged for 10 min at 4300 rpm and the absorbance was measured
at 445 nm against a blank of acetone 80 % according to Mayfield et al.,
1986.

2.3. Determination of Total Soluble Proteins:

Total proteins of roots and shoots were extracted according to Abo -
El-Saad and Wu (1995), and were determined according to Lowry et al
(1951).

2.4. Sodium Dodecyl Sulphate poly-acrylamide Gel Electrophoresis

(SDS-PAGE) of Total Proteins:

One-dimensional SDS-PAGE was performed with mini-protean
apparatus (Bio-Rad) using the method of Laemmli (1970). The protein
molecular marker used was low-range protein. The resulted gels were
photographed and the photos were used to determine the molecular
weights using Totallab Image Analysis Software version 1.11 (Nonlinear
Dynamics Company, 1998).

EXPERIMENTAL RESULTS

1. Tomato Seed Germination:

Figure 1 illustrates that the (1.05 g I') concentration slightly enhanced
seed germination by 9%, while the highest concentration (4.20 g I%)
significantly suppressed germination by 37%, compared with the control.
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Fig. 1. Germination Percentage of tomato seeds treated with different
detergent concentrations.

2. Seedling Length and Malformation:

The growing seedlings were dwarfed, malformed with the increase of
the detergent concentration (Fig. 2). The length of 7-days old tomato
seedlings was increased by 39% when treated with the lowest
concentration (0.52 g I'Y) (Fig. 3), while the two higher concentrations (2.10

and 4.20 g I'Y) significantly suppressed seedling length by 42 and 76%
respectively.
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Fig. 2. Effect of different detergent concentrations (g I'*) on the growing
7-days old tomato seedlings.

T 5.

8 R

g 4

=

T 37

i

n 21

B 1 | |_‘

c

é 0 N - T T - - T - - I:l

et 000 052 1.05 210 420
D

etergent (g/ L)

Fig. 3. Length of 7-days old tomato seedlings treated with different
detergent concentrations.

3. Visual Symptoms on the Growing Tomato Plants:

Tomato plants irrigated with the higher concentrations showed slight
stunting. Roots were less branched and slimmer than roots of control plants
(Fig. 4). Tomato vegetative growth was slightly increased with the lower
concentrations and was reduced at higher concentrations (4.20 g I)

3.1. Dry Mass of Tomato Roots and Shoots:

(Fig. 5) shows the dry mass of tomato roots and shoots at the three
growth stages (5-leaves-, 8-leaves-, and flowering-stage). The dry mass
decreased when the plants were irrigated with the two higher
concentrations (2.10 and 4.20 g I'1), while the lowest concentrations 0.52 g I
1 increased the dry mass of the roots and shoots.

3.2. Percentage of Survived Tomato Plants:

There was no drastic decrease in number of surviving plants, except
for the recommended concentration (4.20 g I'1), which killed 55% of the
plants within 3 weeks (Fig. 6). The plants did not show the capability of
recovering, or restoring their vitality or adapt itself to the detergent.
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Vitality or to adapt itself to the detergent.

Fig.
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Fig.

4. The effect of DPW on the growth of tomato plants, A) the growth
of plants under different detergent concentrations
(g I'Y), B) comparison between root system of control plants and
the root system at the highest concentration.
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5. The effect of different detergent concentrations on: A) root dry
weight; and B) shoot dry weight.
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Fig. 6. Percentage of survived tomato plants irrigated weekly with
different detergent concentrations (g I') for four weeks (pot
experiment).

3.3. Chlorophyll and Carotene Contents:

Chlorophylls a, b and total chlorophyll in tomato leaves are shown in

Fig 7. At 5- and 8-leaves stages, the three higher concentrations (1.05, 2.10

and 4.20 g I'Y) reduced chlorophyll a, chlorophyll b and the total

chlorophylls. The reduction in chlorophyll contents — with the two higher
concentrations (2.10 and 4.20 g I'!) - was significant at the flowering stage.

Compared with the control, carotene content (Fig 8), at the 5-leaves stage

was decreased with all detergent concentrations. At 8-leaves stage, 0.52 g

I* concentration induced the carotene formation by 10%.
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Fig. 7. Chlorophyll a, b and total chlorophyll (mg g fresh weight) in
leaves of tomato plants at: A) 5-leaves stage; B) 8-leaves stage,
and C) at flowering stage of growth, weekly irrigated with
different detergent concentrations (g I'%) (pot experiment).
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Fig. 8. Carotenes (ug g* fresh weight) in leaves of tomato plants,
weekly irrigated with different detergent concentrations (g 1) of
(pot experiment).

At the flowering stage, the carotene content fluctuated around the control
value.
3.4. Total -Soluble Proteins of Tomato Roots and Shoots:

The total soluble proteins of roots and shoots decreased with the two
higher concentrations, 2.10 and 4.20 g I* (Fig. 9), and were significantly
increased with the two lower concentrations 0.52 and 1.05 g I,
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Fig. 9. Total buffer-soluble proteins (mg ml?) of the extracts of 5-
leaved tomato plants treated with different detergent
concentrations (pot experiment).

3.5. SDS-PAGE of Total Soluble Proteins:

Figure 10 shows the protein pattern of 5-leaved tomato roots. There
were real differences in the number and protein patterns of tomato roots
and shoots. With the roots of tomato plants irrigated with 0.52 g |1, two new
protein bands were formed and 5 protein band disappeared. With 1.05 g I%,
a new protein band was found and 3 protein bands were missing. With 2.10
g I'Y, 5 new protein bands were found. With 4.20 g |1, a new protein band
was found and 3 protein bands were missing. In tomato shoot protein
pattern, compared with control, a new protein band was found with 0.52 g I-
1. With the 1.05 g I}, two protein bands were missing. With 2.10 g I'* or 4.20
g IY, one protein band was found and 4 protein bands were missing.
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Fig. 10. SDS-PAGE of total soluble proteins isolated from roots and
shoots of 5-leaved tomato plants irrigated weekly with different
detergent concentrations. Where: A is the original gel and B is
the diagram of protein bands of the original gel. Lane M = Low-
range protein marker, Lane 1 = control, Lane 2 = 0.52 g I, Lane
3=105gl?% Lane4=2.10g I Lane5=4.20g I
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DISCUSSION

Powder detergents are one of the major classes of detergents used in
our life, which reach irrigation water and agricultural soil, and may provide a
serious stress on the agricultural crops. The study was conducted to
investigate the effects of detergent-polluted water (DPW) on the growth of
tomato plants. One commercial detergent was chosen, four concentrations:
0.52, 1.05, 2.10, 4.20 g I'%, (equal to 0.110, 0.220, 0.441, 0.882 g I LAS,
respectively), and tap water (served as control), were used for irrigation of
tomato plants.

The percentage of germinated seeds increased with the two lower
concentrations, and decreased by 37% with 4.20 g I'! concentration. These
results have the same trend as found by some investigators and differed with
others. Lall and Kale (1975) reported that the lower concentration of anionic
surf detergent (0.75 g I'Y) promoted the growth of tomato plants, while higher
concentrations retarded it. Lian and Shulan (1999) reported the same trend
where the low doses of LAS ( Linear Alkylbenzene sulfonate ) stimulated the
germination of the seeds of some grassland plants, while the high doses
inhibited seed germination. Other investigators reported that LAS
concentrations ranging from 5 to 10 mg It had no inhibiting effect on seed
germination of some terrestrial plants, while concentrations between10 - 4000
mg I had inhibitory effects (e.g. Sharma et al., 1985; Mieure et al., 1990) .

The length of tomato seedlings was suppressed with the two higher
concentrations used and was promoted with the lowest concentration. Lian
and Shulan (1999) reported a significant effect on seedling length with the
high LAS concentrations up to 400 mg I'1. Ostroumov and Khoroshilov (1992)
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found that the “Vilva” liquid detergent completely inhibited the seedlings of
Fagopyrum esculentum under the detergent concentration of 0.25 ml |1,

The growing seedlings were dwarfed, malformed with the increase of
the detergent concentration. However, Jensen (1999) reported destruction of
root-cell-membrane and changes in membrane permeability after LAS
exposure. Other investigators found that the increase of surfactant
concentrations caused an increase in ethylene production, which was found
to correlate with surfactant phytotoxicity (Knoche, 1992; Lownds and
Bukovac, 1989, and Seier et al., 1991).

The two higher concentrations reduced root and shoot dry weights at all
growth stages, while the lowest concentration increased the root and the
shoot dry weights. Similar results were reported by several investigators. On
tomato plants, Patruno et al. (1996) found that the presence of Etravon
(anionic surfactant) in irrigation water increased the fresh weight by 49 and
97%, on peat and on histosol, respectively. Vavrina et al. (1995) reported that
as detergent rate, frequency of application or both increased, tomato dry
weight and fruit yield decreased. The fertilizing effect of LAS on plant growth
and the release of essential elements from the soil matrix in the presence of
LAS may be an explanation (Zavala et al. 1975).

There was no drastic decrease in number of survived tomato plants
treated with the detergent, except for the recommended concentration (4.20 g
IY), which in 3 weeks, killed more than half of the plants. It was noticed that,
the plants that survived for 3 weeks were able to complete their living. Similar
trend was showed by Lian and Shulan (1999) working on grassland plants
and found real enduring differences between grassland species under LAS
stress. However, the negative effect of the different concentrations on the
percentage of surviving plants would end in crop reduction. Several authors
reported a clear decrease in the yield as a response to detergents stress
(Cairns, 1972; Judy et al., 1973; Vavrina et al., 1995; Garland et al., 2000).

The chlorophyll a, b and total chlorophyll contents were reduced with
the three higher concentrations of the detergent used. Similar trend was
reported by Lian and Shulan (1999) where the chlorophyll content of the
leaves of four grassland plant species was significantly inhibited with the
increase of LAS concentration up to 400 mg I-2.

Also, carotene at the early 5-leaves stage decreased by 13-25%, and
slightly increased at the 8-leaves stage, with the 0.52 g |1 concentration, and
fluctuated around the control value at the flowering stage. Chiming et al.
(1996) worked on normal and golden-leaved Ficus microcarpa plants and
found that when the SDS concentration was less than 10° %, more
carotenoids were released than chlorophyll. When SDS concentration was
between 10 and 102 %, more chlorophyll molecules were released than
carotenoids. As the SDS concentration was increased above 1072 %, all
carotenoids were solubilized. They concluded that in the pigment-protein
complexes, carotenoids are more susceptible to SDS than chlorophyll
molecules.

The total soluble proteins of roots and shoots were highly increased
with the two lower concentrations, and deeply decreased with the two higher
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concentrations. Similar enhancement effects of the lower detergent
concentrations were reported by several investigators. Gadallah (1994) found
that the industrial waste waters of detergent and oil factory caused a
significant increase in the soluble protein of sunflower shoots and roots. Also
Seier et al. (1991) working on Phaseolus vulgaris primary leaves, found that
the total soluble protein was increased with increasing surfactant
concentration in the range of 0.01-0.5%.

The patterns of total soluble proteins of roots and shoots were assayed
by SDS-PAGE. The soluble proteins showed changes as compared with the
control plant proteins, where new and missed protein bands were detected
nearly at each detergent concentration. The changes in protein patterns, the
molecular weights, and the numbers of proteins, in the roots and shoots which
resulted under the stress of the detergent, may prevent the normal protein
formation, suppressing some, and changing the enzymatic activities. All these
changes could be the explanation to the changes observed on the growth of
tomato plants. In most cases, the enhancement effect associated with the
lowest concentration, and the inhibitory effect associated with the higher
concentrations, on seed germination, seedling length, root and shoot dry
weights, survival of plants, chlorophylls and carotene contents, may be due to
the changes that occurred to the patterns of the total soluble proteins. The
changes observed in protein patterns may indicate a biochemical alteration at
the cellular level of the tested crop plants. Helenius and Simons (1975)
reported that surfactants reacted with essential proteins necessary to the
functioning of the cell. Also, Helleston (1986) mentioned that surfactants
cause the break-up of the chlorophyll-protein complex and death of the cell by
damaging the membrane.
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