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Abstract

This study aimed at investigating phytotoxicity of the herbicides: alachlor, bromacil,
diuron, and their mixtures to wheat (Triticum spp), watermelon(Citrulus lanatus) and
molokhia (Corchorus Olitorius L.) plants in Gaza strip. The study indicates that
phytotoxicity for herbicides on plants decreases the growth of the plants that were
exposed to a different concentration of herbicides.

This experiment was conducted in pots under controlled conditions for two weeks
and then they were harvested. The biomass was used as an indicator for determination
of growth inhibition. The phytotoxicity of selected herbicides was determined through
the percentage of growth inhibition and was estimated by the toxic units of these used
herbicides. These herbicides were used either individually or in a mixture of binary or
tertiary. It has been found that the effect of the phytotoxicity of these herbicides and
their mixtures on plants is varied from one herbicide to another. However, these
variations may be referred to the difference concentration and EC50 for each herbicide.

It was found that ECso for alachlor, bromacil and diuron were: 11.37, 4.77, 1.64
respectively on melon, 0.33, 0.29, 0.15 respectively on molokhia, and 0.11, 0.08, 0.24
respectively on wheat. In the binary mixture tests, The ECsy of (alachlor and bromacil),
(alachlor and diuron), and (bromacil and diuron) was 12.21, 5.84, 10.22 for melon,
0.982, 925.4, 38.1 for molokhia, and 0.673, 1.34, 0.644 for wheat. In tertiary mixture
tests ECsp of (alachlor, bromacil and diuron) the result was 633.9 for melon, 3.02 for
molokhia and 32.174 for wheat.

ECso was estimated by using the linear regression equation and it was found that the
effect of the remaining herbicides on the plants growth for the individual experiments is
more clearly compared with the experiment of the herbicides mixture. The individual
herbicides test proved that the diuron is more toxic than both alachlor and bromacil.
Other effects may be caused by interaction between two herbicides or more and it may

be additive, synergistic or antagonistic.

Key words: antagonistic, additive, herbicides , ECsp, phytotoxicity, synergistic
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Chapter 1

Introduction

1.1 Background information

Herbicides have widely variable toxicity. In addition to acute toxicity from high
exposure levels, there is a concern of a possible carcinogenicity (Howard et al., 1992).
The increasing of application led to the pollution of aquatic system which has raised
concerns from the public (Wang & Freemark, 1995). Miller, (2009) wrote about the
harmful of pesticides on non target organisms like human and wildlife. A few studies
have been conducted to determine the harm of these pollutants to living organisms in
the aquatic systems (Kasai, et al., 1993; Ma, 2005). However, an application of various
herbicide formulations has resulted in contamination of groundwater in USA, Canada,
Europe, and the Middle East (Thurman et al., 1996) and damaged the plants growing in
the next crop cycle. Researchers tried harder to develop less hazardous and
environmentally safe formulations for the herbicide to human and environment (EI-
Nahhal et al., 2001; Nir et al., 2000; Lagaly, 2001 and Rytwo, 2005).

For instance, an application of herbicides can affect the structure and the function of
the aquatic communities by changing the species composition of an algal community
(Ma et al., 2003). In addition, contamination of surface water with herbicides has been
reported to have direct toxic effects on populations of phytoplankton (Ma et al., 2002).
Herbicide mixture have different effect other than the individuals of these changes
synergistic or antagonistic effects and other (Hatzios & Penner, 1985). Hussein et al.,
(1996) have reported that some of the clinical signs such as rapid respiration, increased
the rate of gill cover movements, slow-down or reflex the swimming movement and the
reduction of fish activities which were exposed to herbicides.

Gaza strip is considered as one of the most densely populated areas in the world.
Gaza Governorate has a population of approximately 1,701,437 people (PCBS, 2013).
Two thirds of Gaza strip area (total 365 km?) is an agricultural areas. Recently, several
pesticides were detected in the major vegetables consumed in Gaza. Safi et al., (2002)
detected o and B-endosulfan, chlorpyrifos, carbofuran, chlorfluazuron, triadimenol I and

I, penconazole, coptafolmetabolite, pyrimethanil and iprodione in some samples of
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cucumber, tomatoes and strawberries of Gaza. However, the residue levels were below
the maximum residue limits (0.5 mg/Kg).

Wheat, Watermelon and Molokhia plants are common plants cultivated seasonally
in Gaza. The local people have used them as alternatives and traditional plants. In
addition, the cultivation of these plants has provided an income to the farmers.
Furthermore, alachlor, bromacil and diuron were extensively applied in Gaza soil in the
past few years. The phytotoxicity of each herbicide has been extensively studied, but the
phytotoxicity of herbicides mixtures have never been studied in Gaza and very few

information are available (MOA Palestine, 2012a).
1.2 Identification of the problem

Application of pesticides has resulted in contamination of food samples and
agricultural commodities in many countries in the Middle East (EI-Nahhal, 2004).
Herbicides may enter freshwater ecosystems by spray drift, leaching, run-off, or
accidental spills and present potential risks for several aquatic organisms. This situation
may be associated also with health disabilities and chronic diseases (Safi et al., 1993;
Safi, 2002). On the other hand, sustainable agriculture cannot give high yielded
materials within reasonable prices without partial use of pesticides (EI-Nahhal, 2004).

Multiple pesticides often used so, residues are present as mixtures in the
environment. Moreover, pesticides are applied in different forms consisting of active
and inert ingredients (e.g., solvents and carrier compounds). Their toxic effects may
differ from a single compound. Specifically, they may undergo additive, synergistic or
antagonistic effects resulting of the interaction between two or more herbicide (Hatzios
& Penner, 1985). In addition, they become toxic to the target crops in the next growing
season, create weed resistance, this makes the weed control very complicated, costly

and create toxicity to the ecosystem (Thurman et al., 1996).

1.3 Objectives

- The overall objective is:

¢ To evaluate the environmental effects of herbicides.

- Specific objectives:

% To characterize the phytotoxicity of alachlor, bromacil and diuron to wheat,

watermelon and molokhia.
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«+ To examine the responses of the three tested plants to herbicides as binary and\or
tertiary mixtures.

¢+ To characterize the synergistic or antagonistic effects of these herbicides.
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Chapter 2

Literature review

This chapter describes the toxicity of herbicides to different plants during the last 15
years.

2.1 Toxicity of herbicide

Herbicides are unique in that they are designed to kill unwanted plants or control it
in agricultural activities. Sufficiently high doses of herbicide will kill both crop and
weed, while a small doses have no an effect upon crop and weed (Kellogg et al., 2000).
However, herbicides may cause phytotoxicity effects on the plants that are not within
the area over which the herbicide is applied, for example, as a result of wind-blown
spray drift or from the use of herbicide-contaminated material (such as straw or manure)
being applied to the soil (Stefan & Keith, 1998). The biological test requires to the choice
of an indicator organism or species that is, very often, a terrestrial plant. After the
herbicide treatment, one or more biological parameters of the plants that were affected
was assessed. The toxicity factor was used in the risk assessment is usually the EC50
(Sandin-Espafa et al., 2011).

Herbicide contamination of the water systems has recently been concerned. The
pollution of aquatic environments with herbicides is affected through their use in the
control of aquatic weeds, leaching and runoff from agricultural fields (Ying &
Williams, 2000). Several studies have determined the harmful effects of pollutants on
aquatic organisms (Fairchild et al., 1997 and Waldhoff et al., 2002). Among these
aquatic organisms, phytoplankton such as unicellular algae, which are important
components of the aquatic food chain. Contamination of surface water with herbicides
has been reported to have a direct toxic effect on the populations of phytoplankton (Ma
et al., 2002).

Ma et al., (2001) examined the effects of 33 herbicides on green algae Chorella
pyrenoidase. Different mechanism operates at different molecular sites of action. These
mechanisms include; blocking the denovo synthesis of fatty acid (e.g. Diclofop-p),
inhibition the activity of acetyle-CoA carboxylase (e.g. Tribenuron), Inhibition of the
activity of acetolactate synthase (e.g. Tribenuron), inhibition of the activity of

protoporphy-rinogen oxidase (e.g. Oxyfluorfen), inhibiting microtubule formation in
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mitosis (e.g. Cinmethylin), stimulating ethylene biosynthesis, which in turn lead to
growth retardation and senescence (e.g. Auxin) and inhibiting photosynthetic process
(e.g. duiron). Shaw et al., (2012) demonstrated that the runoff from the land based
application of herbicides may reduce photosynthetic efficiency in corals of inshore reefs

in the Great Barrier Reef.
2.1.1 Alachlor

Alachlor is a herbicide from the chloroacetanilide family. Its mode of action is to
inhibit elongase and to inhibit geranylgeranyl pyrophosphate cyclisation enzymes, that
is a part of the gibberellins pathway (Appleby et al., 2002). Alachlor persists in soil
from two weeks to a month, depending on soil type and climate (Kidd & James, 1991).
About half of the compound remains in soil after eight days (Food and Drug
Administration, 1986). The main means of alachlor degradation is by soil microbes
(Beste & Chairman, 1983). It has a moderate mobility in sandy and silty soils and thus it
can migrate to groundwater (U.S. EPA, 1987).

Alachlor is only moderately toxic to aquatic invertebrates and fish. The LCs, for
alachlor is 2.4 mg/l in rainbow trout and 4.3 mg/l bluegill sunfish (Johnson & Finley,
1980). Other 96-hour LCso values for the pesticide are: 6.5 mg/l (catfish), 4.6 mg/l
(carp), and 19.5 mg/l (crayfish) (U.S.National Library of Medicine, 1992). The
bioaccumulation factor of alachlor in the channel catfish is 5.8 times greater than that of
the ambient water concentration, indicating that alachlor is not expected to accumulate
appreciably in aquatic organisms (U.S. National Library of Medicine, 1995) and its
slightly toxic to practically non-toxic to wildfowl. Alachlor has a five-day LCsy of
greater than 5,000 ppm in young mallards and bobwhite quail (Beste & Chairman,

1983). Pheasants have an LCsy of greater than 10,000 ppm (U.S. National Library of
Medicine, 1992).

UV-treatment of alachlor and metolachlor increased their toxicity compared to the
parent compounds while an equal toxicity was found in photolysis products of
acetochlor. This suggests that the toxic photodegradation products are generated from
chloroacetamides under UV-treatment (Souissi et al., 2013). In other studies, Jin-Clark
et al.,, (2008) studied the effect of alachlor and metolachlor on the toxicity of

chlorpyrifos and major detoxification enzymes in the aquatic midge, Chironomus
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tentans (Diptera: Chironomidae). They found that the coexistence of chlorpyrifos and
these herbicides, particularly metolachlor, in surface waters may pose increased risks to

midges in aquatic environments.

Absorption of alachlor is primarily by germinating shoots (Johnson & Finley, 1980),
and it is readily translocated throughout the plant. Higher concentrations appear in the
vegetative parts than in the reproductive parts of the plant. In plants, alachlor is almost
completely metabolized within ten days (U.S. National Library of Medicine, 1992).

The use of commercially available formulations of alachlor has resulted in a serious
environmental problems due to its leaching and migration to ground water sources (El-
Nahhal, 1998).

Alachlor used to control annual grasses and certain broadleaf weeds in fields of
corn, soybeans and peanuts. It is a selective systemic herbicide, absorbed by
germinating shoots and by the roots. The compound works by interfering with a plant's
ability to produce (synthesize) protein and by interfering with root elongation (U.S.
National Library of Medicine, 1992 and Walker & Keith, 1992). The solubility of
alachlor in water is 240 mg/I at 25 degrees C° (Meister, 1992).

2.1.2 Bromacil

Bromacil is a herbicide used for brush control on non-cropland areas. It is especially
useful against perennial grasses. It is also used for selective weed control in pineapple
and citrus crops. It works by interfering with photosynthesis, the process by which
plants use sunlight to produce energy. Because bromacil has a low vapor pressure, it is
unlikely to produce vapors which can be inhaled. No deaths occurred when rats were
exposed to approximately 4.8 milligrams of bromacil per liter of air for four-hours
(ACGIH, 1986).

In plants, bromacil is taken up rapidly by the roots and slightly absorbed through the
leaves (Menzie, 1974 and WSSA, 1989). When it is applied at 10 ppm, some types of
algae have slowed growth, but most strains are unaffected (Mar, 1975). Improper
application of bromacil will destroy shade trees and other desirable vegetation. Label
instructions should be followed carefully. Equipment and containers should not be
emptied or rinsed out near desirable trees or shrubs (VanDriesche, 1985).
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The median tolerance limit, or the concentration of bromacil that will kill 50% of
the exposed fish after 48 hours of exposure, varies from 40 ppm to 164 ppm, depending
on the type of fish tested (Clayton et al., 1981). The 96-hour LCs in fathead minnows is
182 mg/l (DuPont Agricultural Products, 1990). In addition to that bromacil is available
in granular, liquid, water soluble liquid, and wettable powder formulations (Meister,
1992 and Gosselin et al., 1984).

2.1.3 Diuron

Diuron, one of the most commonly used herbicides, belongs to derivatives that
represents an important class of contact herbicides applied in pre-emergence and post-
emergence to control broadleaf weeds in a wide variety of annual and perennial
broadleaf and grass weeds (Field et al., 1997 and Gooddy et al., 2002).

Diuron is relatively persistent in the environment (with a half-life of over 300 days).
Its chemical name is 3-(3,4-dichlorophenyl)-1,I-dimethylurea. It has a water solubility of
about 42 ppm (mg/l) at 25°C (Extoxnet, 1996). Diuron has been found to be highly toxic
to some nontarget organisms (Nebeker & Schuytema, 1998 and Teisseire et al., 1999).
Its potential toxicity at cellular and subcellular levels has also been demonstrated
(Chauhan et al., 1998).

Diuron is slightly toxic to birds. In bobwhite quail, the dietary LC50 is 1730 ppm. In
Japanese quail and ring-necked pheasant, the LCsq greater than 5000 ppm. The LCsg is
approximately 5000 ppm in mallard ducks. The LCsq (48 hour) values for diuron range
from 4.3 - 42 mg/L in fish, and range from 1-2.5 mg/L for aquatic invertebrates. The
LCso (96-hour) is 3.5 mg/L in rainbow trout (WSSA, 1994 and U.S. National Library of
Medicine, 1995). Thus, diuron is moderately toxic to fish and highly toxic to aquatic

invertebrates.
2.2 Extent of pesticide usage in Gaza governorates

Pesticides are considered the main pollutants in Gaza governorates and with the
expanding use of greenhouses, Palestinian agriculture is becoming increasingly
dependent on chemical pesticides and fertilizers (Safi, 2002). In Gaza governorates, the
annual rate of use of agricultural fertilizers reached 12,000 tons of chemical fertilizers

(PCBS, 2009), Annual tonnage used in agriculture in the Gaza governorates ranges
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from 500-700 tons/year, which leads to an annual average of 3.84 kg/donums of
pesticide used in the target areas. Sixty eight different types of pesticides are commonly

used in the agricultural sector in Gaza strip (Al-Saed et al., 2011).

Palestinian Central Bureau of Statistics (PCBS) reported in 2009 that the annual rate
of use of pesticides reached 893.3 tons, consisting of about 160 types. Nineteen of them
is internationally banned for health reasons. The Palestinian National Committee
identified in 2007 about 242 active ingredients that are adequate for use and permitted
for application in the agricultural land and public health sector (MOA Palestin, 2008).
More than 250 metric tons of formulated pesticides are used annually in the Gaza strip,
about 90% of which is imported and 10% manufactured locally (Safi, 2002). Of the
total pesticides used in the Palestinian territories, insecticides contribute to 49.4 %,
fungicides 33.7 %, herbicides 12.8 % and others 4.1% (Batta, 2003). Apparently,
misuse of pesticides by the general public increased the level of soil and water
contamination across Gaza (Issa, 2000).

In Gaza strip, several reports have reported misuse of pesticides by shop owners,
farmers and agricultural workers (Issa, 2000 and Safi et al., 2002). Similarly, several
extremely toxic pesticides that are banned or restricted in many countries are still used
in Gaza (Safi, 2002). Poor medical records, the absence of health surveillance and
monitoring systems, absence of legislation and control systems for pesticides have
resulted due to a lack of awareness of potential hazards associated with pesticide
handling and use among shop owners, farmers and the public (Safi et al., 2002).
Consequently, farmers continue to use pesticides excessively without being aware of the
hazards that many causes of their own health, that of the consumers and the
environment (Issa, 2000). Moreover, there are no protocols to monitor pesticide
residues in agricultural crops that might endanger the health of the whole population in
Gaza (Safi et al., 2002). Since there are no restrictions on the sale and use of pesticides
in Gaza, farmers have easy access to all pesticides including banned, highly toxic and
restricted types. Additionally, no permit or special training is required before buying
pesticides (Issa, 2000).

Quantities of pesticides imported in 2011 are shown in Table 2.1. It is obvious that
herbicides quantities reached to 27054 kg in the year, which occupy the 3 of the scale
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after insecticides and fungicides used in Gaza. These data indicate that the use of

herbicides is very high compared to the agricultural area of Gaza Strip (MOA Palestine,

2011a) .

Table 2.1 Quantities of pesticides entering in 2011 during the whole year

Type of pesticides Quantity/kg
Herbicide 27,054
Sterilize 93,035
Insecticide 220, 169
Fungicides 136, 477
Total 476,734

(MOA Palestine, 2011a)

Furthermore, the restricted herbicides that are used in Gaza is shown in Table 2.2. It

can be seen that 9 herbicides are restricted from general use probably due to their
possibility to contaminate ground water. It could be noticed that Alachlor, bromacil and
diuron are among the banned use. More banned herbicides are shown in Table 2.2.

Tabl.2.2 Herbicide banned use in Gaza in 2011

Scientific the name

Traditional name

Alachlor Alanex
Atrazine Atranex 50
Bromacil Hyver X
Bromoxynil Octanoate Bromotryl
Ethdimuron Ostolin
Fluazifop-p-butyl Degnol F
Metolachlor-s Dual S
Terbutryne Tropotex
Diuron Karmex

(MOA Palestine, 2012)

www.manaraa.com



2.3 Bioassay technique

Bioassay makes possible the measurement of a biological response by a living
organism to determine the presence and/or concentration of a chemical in a substrate
(Streibig, 1988). Bioassays have been used widely in weed science to evaluate the dose
response, herbicidal selectivity, species specificity, soil persistence, product

formulations, adjuvants, herbicide resistance, and other effects (Santelmann, 1977).

Usually herbicide bioavailability has been evaluated using bioassays with either root
extension or the whole plant (Streibig 1988; Vasilakoglou et al., 2001 and Pannacci et
al., 2006). Bioassays directly determine the biological activity of a soil active herbicide
and this is intrinsically related to bioavailability (Gunther et al., 1989). The results of
these bioassays are now used to quantify potential injury to the rotational crop
(Pestemer et al., 1980).

A bioassay can detect if herbicides or chemical residues are present in the soil at
concentrations high enough to adversely affect crop growth, yield and quality (Abdur et
al., 2001). The bioassay technique is a useful tool that complements the analytical
methods and provides information regarding herbicide bioavailability for the plant and
its possible phytotoxicity (Kotoula-Syka et al., 1993 and Stork & Hannah, 1996).

In spite of bosses being non-specific, the effect of all residual herbicides present in
soil is measured by bioassays (Johnson et al., 2005). Parameters that are frequently
assessed in plant bioassays are root or shoot length, fresh or dry weight of roots or
shoots, leaf area or plant height, visual estimation of plant injury, physiological and
morphological effects such as photosynthetic activity, water consumption, or chlorosis
(Horowitz, 1976). These measurements are assessed relatively to a control sample

which is needed because of the variation in plant growth in soils of different properties.

El-Nahhal (2003 and 2004) developed a bioassay technique that allowed to
determine the relative concentration of herbicides in soil. A bioassays offered several
advantages, i.e. detection of low-phytotoxic residues in soil and detection of
bioavailability of herbicide residues (Rahman, 1993 and pestemr et al., 1980). However,
the disadvantages of the bioassay techniques are represented in that, the examined plant
may not give a true response at a high concentration. In addition, the adsorbed fraction

of herbicides may not be available to the examined plant. However, at a low adsorbed
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fraction of herbicides, the herbicides may not be bio-available to the examine plant (El-
Nahhal, 2004).

El-Nahhal et al., (2013a) reported that Corochorus Olitorius (Molokhia) is the best
growth response at the various levels of diuron.
2.4 Toxicity of mixtures of herbicide

In mixture toxicity, concentration-effect data is often used to generate conclusions
on combined effect of toxicants. Studies examining the toxicity of chemical mixtures
have focused on neutral organic substances (Broderius et al., 1995 and Niederlehner et
al., 1998), and pesticides (Anderson & Lydy, 2002 and Trimble & Lydy, 2006).

In more recent studies, Christensen et al., (2007) studied the mixture and single-
substance toxicity of selective serotonin reuptake inhibitors (SSRIs) toward algae and
crustaceans. They demonstrated that the mixture toxicity of the SSRIs in the two
bioassays is predictable by the model of concentration addition. Phenylurea herbicides
are considered to be moderately to highly toxic to aquatic and these herbicides can
inhibit photosynthesis by blocking electron transfer organisms (Breugelmans et al.,
2007).

Koutsaftis &Aoyama, (2007) evaluated the toxicity of four antifouling biocides and
their mixtures on brine shrimp. They observed synergistic interactions suggesting that
water quality guidelines based on individual compounds may underestimating the
adverse effects of combination of these chemicals. Andreozzi et al., (2008) evaluated
the toxicity of ethyl parathion and cumene hydroperoxide by means of algal bioassays.
Interactions between companion herbicides may significantly modify the biological
behavior of each and every single herbicide in the mixture. These interactions often
result in a reduction or an increase of the activity of the combined herbicides compared
with activities when each one of them is applied alone.

Practically, the optimum herbicide combinations would be those that exhibit
enhanced activity on target weed species and decreased toxicity on crops (increased
selectivity). This, however, is difficult to predict since the behavior of each single
herbicide in the mixture is often affected by the presence of the other(s) and the activity
of the mixture may also vary considerably depending on plant species, growth stage,

and environmental conditions (Damalas, 2004).
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Aquatic ecosystems are frequently contaminated by mixtures of pesticides, often
with differing modes of action (e.g. an insecticide and a herbicide) (Lydy et al., 2004
and Gilliom et al., 2006) resulting in the potential for community-level effects (Relyea
& Hoverman, 2006).

% Types interactions of herbicide mixtures

The result of an interaction between two or more herbicides after their
application in the mixture may be additive, synergistic, or antagonistic. In the first case,
the activity of the mixture is equal to the sum of the activities of all herbicides in the
mixture when these herbicides are applied separately. In the second and the third cases,
however, the activity of the mixture is greater or lower, respectively, than the sum of the
activities of all herbicides in the mixture when these herbicides are applied separately
(Hatzios & Penner, 1985). It is obvious that in the case of antagonism, where the
activity of the mixture is reduced, greater application rates of the affected herbicides are
required, whereas in the case of synergism, where the activity of the mixture is
enhanced, application rates can be reduced.

Antagonistic interactions in herbicide mixtures often cause significant problems in
weed control. For example, the application of pyrithiobac in mixture with fluazifop-P
has been reported to reduce the efficacy of fluazifop-P on large crabgrass (Digitaria
anguinalis) (Ferreira et al., 1995).Similarly, the application of tribenuron in mixture
with diclofop has been reported to reduce the efficacy of diclofopon wild oat (Avena
fatua) (Baerg et al., 1996). It is obvious that such herbicide combinations should be
avoided. Antagonistic interactions, however, may be considered beneficial when they
reduce herbicide activity on crops. For example, according to (Deschamps et al., 1990),
mixtures of fenoxaprop with 4-chloro-2-methylphenoxy acetic acid showed reduced
toxicity of fenoxaprop on wheat and barley compared with fenoxaprop, applied alone.

Furthermore, mixtures of thifensulfuron with bentazon showed reduced toxicity of
thifensulfuron on soybean compared with thifensulfuron applied alone (Hart &
Roskamp, 1998 and Lycan & Hart, 1999). Therefore, such herbicide combinations
appear desirable unless antagonism on weeds also occurs. Synergistic interactions may
be particularly beneficial when they result in more effective control of troublesome
weeds. For example, (Scott et al., 1998) found that mixtures of sethoxydim with

dimethenamid were more effective on johnsongrass (Sorghum halepense) compared
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with separate applications. It is obvious that such herbicide combinations are
particularly useful for more effective weed control.

Synergistic interactions, however, may cause significant problems when they result
in increased herbicide activity on crops. For example, mixtures of ethametsulfuron with
haloxyfop, fluazifop, fluazifop-P, quizalofop, and quizalofop-P may cause phytotoxicity
and vyield losses in Brassica napus and Brassica rapa (Harker et al., 1995).
Furthermore, mixtures of thifensulfuron (sulfonylurea) with imazethapyr
(imidazolinone) may cause phytotoxicity in soybean resistant to sulfonylureas (Simpson
& Stoller, 1996).

2.5 Tested plants crops

Agriculture plays an important role in the Palestinian economy contributing to food
requirements and providing jobs to more than 50% of the population (ICARDA, 2003).
The total area of agricultural land in occupied Palestinian territories approximately
1.207.061 donums, 1.105,146 donums of which in west bank and 101,915 donums in
Gaza governorates (MOA Palestine, 2011b).

2.5.1 Wheat

Wheat (Triticum spp) is the most important cereal crops in the world that is
adapted to the Mediterranean region; it is the second most produced food among the
cereal crops (PCBS, 2009).

wheat is the leading source of vegetable protein in human food, having a higher
protein content than other major cereals, maize (corn) or rice. It is currently second to
rice as the main human food crop (Aguiar and Santana, 2002).

Wheat kernel contains 2 to 4% germ and most nutrients with the exception of starch
are concentrated in the germ, the germ is the richest known natural source of tocopherol,
abundant in B-group vitamins and protein of high biological value (Tsen, 1985) and its
oil of favourable fatty acid pattern (Paul et al., 1987), because of their beneficial
nutritional values.

Wheat grain is a staple food used to make flour for leavened, flat and steamed
breads, biscuits, cookies, cakes, breakfast cereal, pasta, noodles, couscous
(Rapsomanikis et al., 2003). The number of wheat crops holdings in the Palestinian
territories about 13.677 donum (MOA Palestine, 2012).
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2.5.2 Molokhia

Molokhia (Corchorus Olitorius L.) is an essential green, leafy edible vegetable,
consumed in many countries. Leaves of Molokhia are used for human consumption.
The leaves are highly nutritious rich in proteins, vitamins A, C and E, beta-carotene,
iron, calcium, thiamin, riboflavin, niacin, folate, dietary fiber, and most essential amino
acids (Tulio et al., 2002 and Ogunrinde & Fasinmirin, 2011). Molokhia infusion and
extracts with different polarities, and for their polyphenolic contents and antioxidant
activities, were studied. It was concluded that higher antioxidant activity was seen in the
samples with higher phenolic content (Oztitk & Favaroglu, 2011). Different
characteristics of Molokhia, e.g. morphological, biochemical, and molecular analysis of
genome along with pest management, retting procedures, and tissue culture, were
reviewed (Maity et al., 2012). The heavy metals presented in different vegetables were
investigated in several areas, to check the level of these metals in the vegetables. Jew’s
mallow contained high levels of heavy metals in polluted areas, and this affect the
residents’ health (Ali & Al-Qahtani, 2012 and Doherty et al., 2012).

Despite that the Jew’s mallow (Molokhia) is a leading leafy vegetable cultivated and
traded in many countries, few statistical data on the production and marketing tendency
of the crop are available (MOA Palestine, 2012). In Palestine, the total cultivated area of
Molokhia in 2010 was 2458.5 donum. Among them, 1602.1 donums grown in open
irrigated lands and 762.7 donum in plastic houses (PCBS, 2011), however the total
cultivated area of Molokhia in 2011 in Gaza 7988 donums (MOA Palestine, 2012).

2.5.3 Watermelon

Watermelon (Citrulus lanatus) is native to tropical Africa and it is a popular
thirst-quencher during hot summer weather (Perkins-Veazie & Collins, 2004).
Watermelon juice is proven to be a very concentrated source of carotenoid, namely
lycopene. The lycopene content of watermelon is found to be higher than many other
fruits and vegetables. Also, it contains about 6% sugar and 91% water by weight
(Holden, et al., 1999). As with many other fruits, it is a source of vitamin C and vitamin
A (Edwards et al., 2003).

The amino-acid citrulline was first extracted from watermelon and analyzed (Wada,

1930). Watermelons contain a significant amount of citrulline and after consumption of
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several kilograms, an elevated concentration is measured in the blood plasma; this could

be mistaken for citrullinaemia or other urea cycle disorders (Mandel, et al., 2005). The

total cultivated area of watermelon in 2011 in Gaza strip 14846 donums (MOA
Palestine, 2012b).
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Chapter 3
Materials and Methods

3.1 Materials and Instruments used in research

e Alachlor was purchased from Monsanto USA, however bromacil, diuron were
purchased from SIGMA, Germany. These chemicals were used as standard
materials for the study. The three selected herbicides. Some physical properties
and the chemical structures of alachlor, bromacil and diuron were presented in
Table (3.1) and Figure (3.1).

e Molokhia, watermelon and wheat seeds and plastic pots were purchased from a
local certified shop for agricultural products in Gaza.

e Pure sandy soil, free from herbicides or any pesticides were obtained from Bait
Lahia.

e A balance to weight soil and an analytical balance for sensitive weight of
pesticides.

e Volumetric flask (1000 ml) was used for the preparation of stock solution.

o Distilled water to dilute the solution and potable tap water for watering plants.

e A graduated pipette and a slender glass tube were used to measure and dispense
liquid with a very high degree of accuracy and precision.

e A plastic bags were used for homogenizing soil with the herbicides solution.

Table 3.1 physical properties of herbicide (Wauchope et al., 1992; Kidd &James, 1991)

. . Chemical name in SOIUblIlty AdSOI’ptIOﬂ
Herbicide water(mg/l) | coefficient (Kow)
Alachlor 2-chIoro-N-(2,6-d|ethylphenyl)-N- 240 170

(methoxymethyl) acetamide
Bromacil 5-bromo-S’.-(t:?uFan-Z-yl)-6- .
methylpyrimidine-2,4(1H,3H)-dione or 813 32
5-bromo-3-sec-butyl-6-methyluracil
. N-(3,4-dichlorophenyl)-N,N-dimethyl
Diuron Urea 42 480
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Figure 3.1 Chemical structures of Alachlor, Bromacil and Diuron (Kidd & James,1991)

3.2 Methods
3.2.1 Soil Collection

Used soil was collected from agricultural land in Bait Lahia, North of Gaza. The

farm has not used alachlor or bromacil or diuron for 4 years. Soil sample was air-dried

before storing for any extended length of time. When dry, crush clods to pea-sized

particles soil and sieved through a 2-mm. A plastic experimental pots (3 replicates)

were used.
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3.2.2 Preparation of herbicide stock solutions

For a stock solution preparation, the required amount of the herbicides was weighted
as following: alachlor 0.1055g, diuron 0.0206g and bromacil 0.02g. After that,the
amount of herbicide was put in a clean volumetric flask 1000ml. Then, distilled water
was added in the flask on many times until 2000 ml and shaking should be continued to
dissolve the herbicide. In addition to that, the flask was added into a shaking machine
for 12 hours with the addition of magnetic stirrer to help in dissolving the herbicide in a
solution of water. After that, close the pipe tape to prevent volatilization material, or
pollution. Finally, stored them in a place far from the sun to prevent photolysis.
3.2.3 Individual phytotoxicity tests of herbicides

In this procedure:
« Gradient concentrations of herbicides were prepared as the following: (0.0, 0.055,
0.11, 0.22, 0.44, 0.88 and 1.76 mg was mixed with 1kg of soil in a plastic bag, and
distributed in pots. Ten seeds of molokhia, wheat and watermelon were planting in pots
as shown in (Figure 3.1). The pots were kept under controlled conditions (green house)
for 2 weeks and irrigated with tap water(EI-Nahhal, 1998).

Figure 3.2 Cultivation of watermelon seeds in the soil (emergence of seeding)

» Two weeks after germination the biomass was collected and used as an indicator of
growth inhibition by measuring the length of the stems as shown in (figure 3.3). Growth
inhibition was made according to EI-Nahhal et al. (1998), growth inhibition of the tested
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plant, was evaluated by plotting % (GI) = 100* (BM-BMy) /BM, versus herbicide

concentrations.

Figure 3.3 Measurement of the stem length

Where BM, and BM; are the biomass of test plant in the control and the treated
samples, respectively.

Due to the high sensitivity of molokhia plant (EI-Nahhal et al., 2013) a very diluted
solution was used . The concentrations of herbicides were as the following: (0.0; 0.005;
0.01; 0.02; 0.075; 0.1 and 0.15 mg ai/kg soil).

3.2.4 Phytotoxicity of herbicides as mixture
3.2.4.1 Binary mixtures toxicity

Binary mixtures toxicity of 3 herbicides of alachlor, bromacil and diuron which
represent different chemical classes were mixed together, the mixtures with the ratios
of 1:1 (v/v) were prepared from stock solutions to measure the effect of the mixture on
growth as shown in (Table 3.2).

Plotting % growth data versus the concentration of the herbicide was analyzed by

linear regression to calculate the ECsy.
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The same procedure used in the other mixture of bromacil + diuron and alachlor

+bromacil.

Table 3.2 Binary mixture toxicity of herbicide.

Concentration of Herbicide as
binary mixture(mg/l)

Alachlor Bromacil Diuron
CO 0 0 0
C1 220 813 42
C2 198 81.3 4.2
C3 154 243.9 8.4
C4 110 406.5 12.6
C5 66 569.1 21
C6 22 731.7 29.4

3.2.4.2 Tertiary mixtures of herbicide

Tertiary mixture toxicity of 3 herbicides, alachlor, bromacil and diuron which

represent different chemical classes and they were mixed together. The mixtures with

the ratios of 1:1:1 (v/v/v) were prepared from stock solutions to measure the effect of

the mixture of growth as shown in Table 3.3. Plotting % growth data versus the

concentration of the herbicide was analyzed by linear regression to calculate the ECsy.

Table 3.3 Tertiary mixture toxicity of herbicide alachlor, bromacil and diuron

Concentration of Herbicide as
tertiary mixture(mg/I)
Alachlor | Bromacil Diuron

CO 0 0 0
Cl | 7326 | 2715 14
C2 55 203.25 21
C3

55 406.5 10.5
C4 110 | 203.25 105
C5 33 569.1 6.3
C6

33 121.95 29.4
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3.2.5 Calculation of herbicides toxicity
a. Growth inhibition

According to EI-Nahhal et al., (1998), the % growth inhibition (GI) as toxicity
indicator was calculated as the following: % (GI) =100* (BM.-BM;) /BM.. The toxicity
(% GI) at a variant concentration of herbicides is evalued by plotting % growth
inhibition.

b. Toxic units (TUS) in mixtures

According to Sprague & Ram say (1965), toxic units were calculated as the
following:

Toxic units = actual concentration in solution / lethal threshold concentration
Furthermore, Ishaque et al., (2006) defined toxic units as the concentration of a
chemical in the toxic mixture divided by its single toxic concentration to the end point
measured.

c. Mixture toxicity index in mixtures

To estimate the synergestic and / or antagonistic effects of herbicides mixtures we
calculated the mixture toxicity index (MTI) proposed by Konemann, (1981) and
Hermens et al., (1985). MTI = 1- (Log M / Log n), where M = sum of the TUs in a
mixture which produced the given response in Konemann's work. n = total number of

compounds in the mixture. Table (3.5) shows the scale of mixture toxicity.

Table (3.4) : Mixture toxicity scale (Konemann, 1981).

MTI Classification for toxicity of mixture
MTI <0 Antagonism effect

MTI=0 No addition effect

0<MTI<1 Partial addition effect

MTI =1 Concentration addition effect

MTI >1 Supra addition (synergistic)

All samples were kept in the same conditions . The 0.0 concentration always means
control sample (EI-Nahhal et al., 1998). EC50 was estimated by the same way described
in bioassay test (Bonnet et al., 2007; EI-Nahhal et al., 1998).
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3.3 Statistical analysis

All experiments were performed in three replicates. Averages and standard
deviation of the growth inhibition were calculated the regression analysis. The averages
of growth inhibition were compared by Tukeys test and P-values were determined to
evaluate the differences among treatments as the following, averages and standard
deviation of the relative concentrations was calculated the regression analysis, averages
may be compared by Tukey’s test at = 0.05, following one-way ANOVA and plotting
% growth data versus the concentration of the herbicide was analyzed by linear
regression to calculate the ECsy.
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Chapter 4
Results

The results of the study shows the phytotoxic effect of a single and mixtures of the
three herbicides (alachlor, bromacil and diuron) on three plants (watermelon, molokhia
and wheat) in different concentrations and estimating of ECs, values of herbicide
mixture.

4.1 Effect of herbicides as a single test
Effects of Alachlor, Bromacil and Diuron as administered separately on watermelon,

molokhia and wheat growth are shown in Figures 4.1-4.3 respectively.

¢ Growth Inhbdion of Melon
8838

10 /
o
o 0.5 1 1.5 2
[Aalachlor] mg/ke soll

 Growth Inhibiton of Melon
888

o 0.5 1 1S 2
[Bromacil] mg/kg soll

-

% Growth inbition of Melon
05888883883

L—

o 0.5 1 1.5 2
[Diuron] mg/ke soil

Figure 4.1. Effect of alachlor, bromacil and diuron as a single test on watermelon
growth.
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Figure 4.1 shows toxicity of alachlor, bromacil and diuron on watermelon growth. It
is clear that there are increase growth inhibition of watermelon as concentrations of the
tested compound increased in soil.

-
g 8 8

% Growth inhibition
8
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% Growth inhibition
g 8

40
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0
0 0.05 0.1 0.15 0.2
diuron conc mg/kg soil

Figure 4.2. Effect of alachlor, bromacil and diuron as a single test on molokhia
growth
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Figure 4.2 shows the toxicity of alachlor, bromacil and diuron on molokhia growth.
It is clear that there are increasing growth inhibition of molokhia at concentrations of
the tested compound increased in soil.

100
90

% Growth Inhitition of Wheat
8

888

20 /
o

(4] 0s 1 15 2

[Alachlor] mg/kg soil

100

70

50
a0

% Growth Inhibition of Wheat
8

20
10

0 0s 1 1.5 2
[Bromacil] mg/ke soil

100

30
20
10

0 &
0 0.5 1 15 2

[Diuron] mg/kg soll

% Growth Inhibition of Wheat
88383388

Figure 4.3 Effect of alachlor, bromacil and diuron as a single test on Wheat growth
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Figure 4.3 shows the toxicity of alachlor, bromacil and diuron on watermelon

growth. It is clear that there are increasing growth inhibition of watermelon at

concentrations of the tested compound increased in soil.

A comparison of the phytotoxicity parameters of the tested herbicides among

watermelon, molokhia and wheat is shown in Table 4.1.

Table 4.1 Phytotoxicity parameters of Alachlor, Bromacil and Diuron on

Watermelon, Molokhia and Wheat.

Melon
Herbicide ECso mg/kg soil Equation R?
Alachlor 11.37 Y=0.2798X+ 1.4045 0.958
Bromacil 4.77 Y=0.3615X+1.4538 0.993
Diuron 1.64 Y=0.6904X+1.55 0.946
Molokhia
Alachlor 0.11 Y=0.4598X+ 2.1444 0.909
Bromacil 0.08 Y=0.6077X+2.3673 0.939
Diuron 0.24 Y=0.3291X+1.9066 0.947
Wheat
Alachlor 3.91 Y=0.4282X+ 1.2922 0.946
Bromacil 3.08 Y=0.3342X+1.5355 0.953
Diuron 1.83 Y=0.3381X+1.61 0.957
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Furthermore, the statistical analysis of the tested herbicides among the test plants is

shown in Table 4.2.

Table 4.2 P-values of the tested compounds among plants

Molokhia Watermelon Wheat
Al X Di 0.10 0.09 0.00
Al X Br 0.00 0.00 0.13
Br X Di 0.00 0.00 0.00

Furthermore, the effects of alachlor concentrations on molokhia growth can be

visualized in Figure 4.4. 1t shows a reduction of the growth of watermelon as alachlor

increased in soil.

Figure 4.4. Effects of alachlor concentrations (individual test) on Molokhia growth

CO, C1-C6 represents the control sample and the tested concentration representivly.

More detail are shown in Tables 3.2 and 3.3.
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4.2 Effect of herbicides as Binary Mixtures

Effects of binary mixtures (50% diuron and 50% alachlor), (50% diuron and 50%
bromacil) and (50% bromacil and 50% alachlor) on watermelon, molokhia and wheat
are shown in Figures 4.5-4.7.
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Figure 4.5. Effect of binary mixture on watermelon growth.
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Figure 4.5 shows toxicity of alachlor, bromacil and diuron on watermelon
growth as toxic units. It is clear that there are increasing growth inhibition of

watermelon as toxic units increased in soil.
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Figure 4.6. Effect of binary mixture on molokhia growth.
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Figure 4.6 shows toxicity of alachlor, bromacil and diuron on molokhia growth
as toxic units. It is clear that there are increasing growth inhibition of watermelon as

toxic units increased in soil.
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Figure 4.7 shows the toxicity of alachlor, bromacil and diuron on molokhia growth
as toxic units. It is clear that there are increasing growth inhibition of molokhia as toxic

units increased in soil.

Table 4.3. Phytotoxicity parameters of binary mixtures of alachlor, bromacil and

diuron on Watermelon, Molokhia and Wheat.

Watermelon
Mixture ECso Equation R?
(TU/kg soil)
Y=21.142X + 29.912
Al+Di 8.92 0.967
y+14.819X + 21.522
Al+ Br 83.51 0.933
y=18.176X + 23.55
Br +Di 28.52 0.972
Molokhia
y=31.288X + 54.512
Al + Di 0.72 0.975
y=25.529X + 46.639
Al + Br 1.35 0.894
y=37.062X + 55.003
Br + Di 0.73 0.973
Wheat
0.982 y=43.142 X+50.33
Al + Di 0.955
y=16.956X + 23.194
Al+Br 38.1 0.964
Br +Di 925.4 Y=10.751X + 18.109 0.902

Furthermore, statistical analysis of binary effects on watermelon, molokhia and

wheat growth is shown in Table 4.4.

Table 4.4: P-values of the tested compounds among plants as binary mixture

Mixture Molokhia | Watermelon | wheat
(Al+Di)X(Br+Di) 0.33 0.00 0.37
(Al +Br)X(Br+Di) 0.29 0.24 0.06
(Al+ Br)X(Al+Di) 0.15 0.00 0.10
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Furthermore, effects of binary mixtures on the test plants can be visualized in
Figure 4.8

Cc2 C3 Cc4
"~ Alachlor +Diuron on wheat

Figure 4.8. Phytotoxicity of binary mixture on watermelon, wheat and molokhia

CO, C1-C6 represents the control sample and the tested concentration representivly.
More detail are shown in Tables 3.2 and 3.3.
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Figure 4.8 shows the effect of different mixture on watermelon, wheat and
watermelon growth. It's clear that the growth, decrease when the concentration of the
herbicide mixture increased in soil.

4.3 Effects of Tertiary mixtures of herbicides on plant growth

The effect of Alachlor, Bromaci and Diuron as tertiary mixtures at (33.3: 33.3:

33.4%) on melon, molokhia and wheat growth is shown in Figures 4.9.
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Figure 4.9. Effect of tertiary mixture on Watermelon, Molokhia and Wheat growth.
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Figure 4.9 shows the toxicity of alachlor, bromacil and diuron on three plants as

toxic units. It is clear that there are increase of growth inhibition of plant as toxic units

increased in the soil and see that the watermelon in least effect from wheat as a tertiary

mixture of herbicide.

A comparison of the phytotoxicity effect as a tertiary mixture on plant is shown in

(Table 4.5).

Table 4.5. Phytotoxicity parameters of tertiary mixture compounds on plant.

Mixture Plant | ECso (TU/ kg oil) Equation R
Y=19.996X +
Al+Br+Di Wheat 9 30.918 0.93
y=8.771X + 14.532
Al+Br+Di Watermelon 11060.65 0.93
Y=21.221X +
Al+Br+Di Molokhia 1.93 43.927 0.77

Furthermore, statistical analysis of tertiary mixture show the effects on watermelon,

molokhia and wheat growth in (Table 4.6). Vesiual effects of tertiary mixture on

watermelon, Molokhia and wheat growth are shownin Figure 4.10.

Table 4.6 P-values of the tertiary mixture among plants

Crop Al+Br+Di
Wheat X Watermelon 0.1
Watermelon X Molokhia 0.002
Molokhia X Wheat 0.03
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Figure (4.10): Phytotoxicity of tertiary herbicide mixture on watermelon, wheat and

molokhia

CO, C1-C6 represents the control sample and the tested concentration representivly.
More detail are shown in Tables 3,2 and 3.3.
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Figure 4.10 shows the effect of the tertiary mixture on watermelon, wheat and

molokhia growth. It's clear that the growth, decrease when the concentration of the

herbicide mixture increased in soil.

The mixtures Toxicity Index (MTI) is shown in Table (4.7). Its show the result of an

interaction between two or more herbicides after their application in the mixture may be

additive, synergistic, or antagonistic.

Table 4.7 Mixtures Toxicity Index (MT]I) of mixture.

Plant Mixture MTI

Watermelon Al+Br -9.57
Al + Di -6.3
Br+Di -8.02
Al+Br+Di -6.96

Molokhia Al+Br -7.08
Al + Di -6.16
Br+Di -6.2
Al+Br+Di -1.33

Wheat Al+Br -8.43
Al + Di -3.12
Br+Di -13.04
Al+Br+Di -0.49
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Chapter 5

Discussion

The tested compounds are herbicides and used widely in Gaza strip for Weed
control (MOA Palestine, 2012).The data presented in Figures 4.1-4.3 clearly
demonstrated the effects of alachlor, diuron and bromacil on watermelon, molokhia and
wheat plants. It is obvious that % growth inhibition (Effect of herbicide) on watermelon,
Molokhia and wheat increased linearly as the concentration of alachlor, bromacil or
diuron increased in the soil up to 0.5 mg/kg soil. Furthermore, above 0.5 mg/kg soil of
each herbicide nearly a steady increase of growth inhibition was observed in all cases.
However, % growth inhibition did not exceed 50% in watermelon and wheat, whereas it
did in molokhia.

The explanation of these results is that, at low concentration of herbicide, the
compounds are available in the soil solution for plant uptake and accordingly
considerable growth inhibition of the tested plants was observed. Whereas at high
concentrations above 0.5 mg/kg soil, the herbicides tend to be distributed homoginized
in the soil or may leached down the root zone, consequently, a reduction of growth
inhibition may be observed. This suggestion is supported by the results of EI-Nahhal et
al., 1998, 1999, where they found reductions of growth inhibition due to leaching of
herbicide concentration in deeper soil depths.

Furthermore, it has been shown that these plants may be resistant to the tested
herbicides due to their enzymatic system. Beyer et al., (1988) and Kudsk & Streibing,
(2003) found resistant of some plant due herbicide application. In addition, EI-Nahhal et
al., (1998) found different effects of alachlor on different tested plants. Recently, Awad,
(2012) and Abadas, (2013) found different growth inhibition to the same herbicide.
Moreover, the calculated EC50 value of each herbicide, included the phytotoxicity to
the test plants. It is noticed that Diuron has the lowest ECspvalue (1.64 mg/kg), the most
toxic one, whereas alachlor has a value of 11.37 mg/kg which is nearly 7 times higher
than that for diuron and 2.4 times higher than that for bromacil. These results indicated
that Alachlor is to be used safely as a herbicide among the tested compounds. These

variations are probably due to different modes of action of the tested herbicides given
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that each of them represents a different chemical class, beside the fact that the growth
pattern of the tested plants are also different.

Furthermore, the regression equation (Table 4.1) indicating a linear mode of
interaction and R? values close to 1 indicating a strong positive association between
growth inhibition data (y) and herbicide concentration in soil (x).

In the case of molokhia, it appears that Bromacil has the lowest ECs, value (0.08
mg/kg), indicating that bromacil is most toxic one while diuron has the highest ECs
value (0.24 mg/kg) indicating its less phytotoxicity. Alachlor has nearly a half value of
ECso of diuron. Regardless of these variations of the ECsg, the three herbicides are still
very toxic to Molokhia. In the case of Wheat, The ECs, values have the same trend of
that of watermelon, Diuron is the most toxic one to wheat (ECso= 1.83 mg/kg soil) and
Alachlor has the highest record of safely one (ECso 3.91 mg/kg soil). Regression
equations and R? values are supporting our discussion.

Nevertheless, comparing ECsy values for the tested herbicide Molokhia with those
on watermelon and wheat, one can realize that ECsy values on molokhia are the smallest
among all indicating that Molokhia are the sensitive plant to the tested herbicides. The
sensitivity of Molokhia plant may come from the fact that it has a shorter period of
growth than watermelon or wheat, accordingly, it may not be able to develop resistant
genotype for herbicides (Nahhal et al., 2013a). In addition, the regression values (R?) of
the linear relationships of all tested compounds ranged from 0.909 to 0.993, indicating
strong positive associations between %growth inhibition (y) and herbicide concentration
(x) in all cases of single toxicity tests. These results agree with Chen et al., 2003 and
found similar trend for other cases. Furthermore, the variation of ECsy values of the
tested compounds may also be adsorption coefficient (Kow) of each herbicide (Table
2.1), Diuron has a highest adsorption coefficient in soil (EI-Nahhal et al., 2013a) that
enabled diuron to stay for a longer time in the top soil.

Statistical analysis of the effects of the tested herbicides on different plants is shown
in Table 4.2. It can be concluded that the effects of alachlor and diuron on molokhia
and wheat are nearly similar with p-value ranges between 0.09-0.1 indicating no
significant differences, whereas the effects on wheat are significantly different p-value
less than 0.01. It can concluded the alachlor and bromacil have similar effect on wheat

whereas the effect on molokhia total effect. Additionally the effects of bromacil and
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diuron in the 3 tested plants are significantly different with p-values that are less than
0.01. These values agree with the presented results shown in Figure 4.1-4.3.
Toxicity of binary mixtures:

Toxicity of binary mixtures of herbicides to the tested plants are shown in Figures
45— 4.7. The Figures clearly demonstrate an increase in growth inhibition as the
concentration of the herbicide mixture increased in soil. However, the toxicity tests
have similar trend, but different magnitude of plant response. To quantitatively evaluate
the toxicity of binary mixtures, we calculated the ECs, of each mixture and present the
results in Table 4.3. The ECsg values of the binary mixtures on watermelon (Table 4.3)
clearly demonstrated that, alachlor diuron mixture is the most toxic one (ECso = 8.92
TU/kg soil) followed by bromacil diuron mixture (EC5,=28.52 TU/Kkg soil), and alachlor
bromacil was the most safer one among the mixture (ECso= 83.51 TU/Kkg soil). These
results indicate that mixing diuron with alachlor or bromacil produced high toxicity
which can be referred to partial synergistic whereas mixing bromacil with alachlor
produced high value of (ECsp (83.51 TU/kg soil) which can be referred to antagonistic
effect.

As for the case on Molokhia, mixing diuron with alachlor or bromacil nearly
produced similar phytotoxicity and can be referred to as a partial synergistic effect . The
nearly high value of ECsy of alachlor with bromacil (1.35 TU kg/soil) suggesting an
antagonistic effect occurs when mixing alachlor and bromacil. This suggests that
mixtures contained diuron are more toxic than a mixture free of diuron. The explanation
of these results is similar to that given above for individual toxicity of diuron.

As for the case of wheat, the trend is not similar. However, mixing diuron with
alachlor produced a partially synergistic effect (ECsp =0.982 TU/kg soil) whereas
mixing diuron with bromacil produced an antagonistic effect (EC5,=925.4 TU/kg soil).
In contrast to the above cases, mixing bromacil with alachlor produced partial
synergistic effects. Our results agree with Kerkez, (2013) who found that diuron and its
mixtures were very toxic to cyanobacteria that have chlorophyll, as in the case with
higher plants. Moreover, the ECsy values of the binary mixtures of wheat (Table 4.3)
clearly demonstrated that, a mixture contained alachlor were the most toxic ones and
have the lowest TU, whereas mixture did not contain alachlor has the highest ECs

which in some cases several hundred times higher than other cases, indicating that
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alachlor is responsible for the toxicity of mixtures against the wheat. These results agree
with previous report (EI-Nahhal et al. 1998 and 2013b) who found that wheat was
sensitive to alachlor and acetochlor respectively.

Furthermore, the toxic effects of mixture can be visualized in Figure 4.8. It is
obvious that there are gradual decreases in plant length as the concentrations of the
tested herbicide mixtures increased in soil Statistical analysis of the phytotoxic effects
of the mixtures on the test plant (Table 4.4) clearly detected significant differences on
watermelon growth p-values were less than 0.01. Furthermore, no significant
differences were detected on the effect of binary mixtures on Molokhia and wheat,
indicating similar effects. The explanation of these variations is given above.

Toxicity of tertiary mixtures:

Toxicity of tertiary mixtures (Figure 4.9) clearly demonstrated that tertiary mixture
containing alachlor, bromacil and diuron was very toxic to wheat and molokhia and less
toxic to watermelon. These results suggest that watermelon can be a tolerant plant and
can metabolize the toxic effects of herbicides to less toxic one. Furthermore, when
mixing the 3 herbicides together evenly, this may enhance the interaction of the
molecules to form a one a large molecule that can penetrate the plant root and make the
needed toxicity. This suggestion is supported by the results of El-Nahhal & Safi (2004).
They found that the addition of a naphthalene molecule to water containing soluble
organic molecules, enhanced its solubility and both molecules reacted together to
produce one molecule on the clay surfaces.

Nevertheless, comparing the ECs, values (Table 4.5), one can realize that the value
in molokhia (1.93 TU/kg) is the lowest among all, the value of wheat is 9 TU/Kkg soil
and the value on watermelon was the highest among all and reach to 11060.65 TU/kg
soil.

By comparison, the effects of a single, binary and/or tertiary mixtures of the tested
herbicides showed variations in the ECsy values. Analysis of these data and calculating
the MTI showed negative values of binary and tertiary mixture (Table 4.7). These
values indicate antagonistic effects, according to Konemann, (1981) and Hermens et
al., (1985). However, comparing the MTI values in watermelon showed extreme

negative values in comparison with those of Molokhia or wheat.
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Furthermore, it may be possible to consider the MTI values of the mixtures that
have a value close to zero as partially synergistic effects. Accordingly, the tertiary
mixture (Al+Br+Di) on Molokhia and wheat that have MTI values equal to -1.33 and -
0.49 and binary mixture (Al + Di ) in wheat has a value equals to -3.12 are in the
synergistic effects. Moreover, the mixtures that have MTI values less than -3.22 can be
categorized as antagonistic mixtures. These results agree with the data presented in
Figures 4.5-4.10. These results support by the result of Damalas, (2004 ) in another

herbicide.
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Chapter 6

Conclusion and Recommendations

6.1 Conclusion

This study showed variations of Watermelon, Molokhia and Wheat in their
responses to Alachlor, bromacil and diuron. The single toxicity test indicated that
Molokhia was the most sensitive plant.

The toxicity of these herbicides and their mixtures to plant growth varied from one
herbicide to another due to the concentration, ECs. The results of single tests clearly
demonstrate that diuron is more toxic than alachlor and bromacil. Furthermore, the
results of mixtures toxicity indicted the highest toxicity of the mixture that contained
diuron.

The toxicity of herbicides to watermelon and wheat follow this sequence: Diuron >
Bromaci >alachlor, whereas, the toxicity in Molokhia follows this sequence (Bromacil >
Alachlor >Diuron).

Binary mixture toxicity on Watermelon and Molokhia follows the sequence of
Al+Di > Br+Di > Al+Br, whereas toxicity on Wheat follows another sequence: Al+Di >
Al+Br >Br+Di.

Tertiary mixture toxicity follows the following sequence in plants: Molokhia >
Wheat > Watermelon. Furthermore, the antagonistic effect was shown in all mixtures
due to the negative values of MTI but mixtures have MTI values closed to zero were

rated as partially synergistic regardless to the negative value of MT].
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6.2 Recommendations
The following recommendations are proposed for further research and studies to

form a complete picture of evaluation of the toxicity of herbicides on plant:

1. Itis necessary to conduct similar research under field conditions to have a complete
picture of the mixture toxicity of herbicides.

2. It is recommended to conduct similar research in different soils, plants., and
climates.

3. It is necessary to include the effect of the mixture in weeds, especially the resistant
types.

4. It is necessary to investigate the effect of the mixture on root growth, chlorophyll
content, plant weight and other indices.

5. It is necessary to investigate the mode of action of the mixture toxicity on plant.
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