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Abstract

Pollution by pesticides and organic pollutants is mostly perceived through their presence in water and food.
However, many pollutants pass through the soil where their conduct will determine the manifestation of their
pollutant character. Reducing their environmental impact requires an understanding of the processes they
undergo in the soil. Thus, the physico-chemical composition of the soil, temperature and the richness of the
microflora are so many and various factors that contribute to the degradation of herbicide residues. The aim of
this study was to investigate the interaction of Sulfonylureas herbicides with soil chemical properties in semi-arid
zone of Algeria. The treatments were carried out for a stage 3-4 leaves; at company recommended rates of 150
ml/ha for Sekatorwhile recommended rate of 120g/ha was used for Zoom treatment.Variance analysis shows no
significant effect of Na content of a soil polluted with both herbicides compared to the control. Sekator herbicide
treated soils showed significant decrease in conductivity, level of the organic matter, content of available
phosphorus and potassium, whereas soil treated with Zoom shows a very highly significant increase in the
content of available phosphorus (p < 0.001) and very highly significant decrease in the potassium content. This
study has elucidated the ability of herbicides to chelate with soil chemical properties thereby reducing their
availability for uptake by plants. It has also been shown that soil minerals are utilized by plants and microbes

during microbial degradation.
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Introduction

Weeds are considered notorious yield reducers that
are, in many situations, economically more important
than insects, fungi or other pest organisms (Savaryet
al., 2000). Presence of weeds reduces the
photosynthetic efficiency; dry matter production and
distribution to economical parts there by reducing
sink capacity of crop resulting in poor grain yield
(Patel et al.,, 2004). Unlike some environmental
problems, once invasive plants become established,
they often cannot be controlled by simply removing
the initial mechanisms for invasion such as human-
induced disturbance or by restoring natural processes
such as fire. Instead, invasive plants must be
controlled directly by using, either alone or in
combination, herbicide treatments, manual removal,
grazing, burning, biological control agents, or other
methods capable of suppressing the target species in

its invaded context (Petroff andSheley, 1999).

The use of herbicides for combating unwanted weeds
in the crop fields has been increased steadily. During
the application of the herbicides, a large portion of
these chemicals accumulates in the top layer soil (0—
15 cm) where most of the microbiological activities
occur. Microorganisms degrade a variety of
carbonaceous substances including the accumulated
herbicides in soil to derive their energy and other
nutrients for their cellular metabolism (Debnathet
al.,2002, Das et al., 2003). The enormous variety of
herbicides commercially available today makes it
impossible to review all of them. Thus, this work will
focus on some of the herbicides most used in the
(semiarid) region of Algeria and worldwide (i.e.,
Sulfonylurea and Dicamba), based on our own

research data.

Sulfonylurea herbicides (SUHs), introduced in1982
by the Dupont Corporation, were developed for weed
control in cereal crops all around the world. Due to
their low application rates (in the range of 10—
100g/ha), unprecedented herbicidal activity and low
toxicity (LD5o <

compounds,

mammalian 4000

mg/kg).Sulfonylurea which  are

composed of a sulfonyl structure linked to a urea
group, represent one of the largest classes of
herbicides. However, the relatively high water
solubility of these herbicides may result in their
leaching into deeper soils and potentially entering
surface waters (Fang et al., 2010).SU herbicides are
weak acids (pKa values ranging between 3 and 5) and
are highly water soluble (log Kow< 1). Their half-lives
in soil vary from 5 to 70 d depending on the herbicide,
soil pH and other soil characteristics (Cessna et al.,
2006,Hollawayet al., 2006). In soil, they are
degraded either by hydrolysis or microbial activity
and the degradation products of some SU may persist

in soil for years (Rosenbomet al., 2010).

The fate of herbicides such as that of any organic
molecule released into the environment is determined
by their physico-chemical characteristics. The
solubility of herbicide is important in predicting its
behavior in water and its mobility in soil.
Agrochemical water solubility is a function of
temperature, pH and ionic strength and is affected by
the presence of other organic substances such as

dissolved organic matter (Pierzynskiet al., 2005).

The objective of the present study is to determine the
effect of some herbicides (Sekator and Zoom) at their
recommended field rates (150 ml/ ha and 120g/ ha
respectively) on availability of sodium, potassium and
phosphorus, also level of the organic matter in the
soils as well as yield of the wheat crop. These
herbicides are frequently used by the farmers in their
wheat fields to eradicate the unwanted weeds for

better crop growth.

Materials and methods

Area description

The present study was carried out in the agricultural
fieldof wheat located inRas El Ayoun situated in 30
km in the North of Tebessa, and El Houidjbatsituated
in 29, 1 km in the South of Tebessa (Fig 1).The study
area is near the city of Tebessa in eastern Algeria, is
among the poorest and remotest regions in the

country. This area lies in the semiarid region of
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Algeria and is susceptible to the various threats which
surround both growing urban areas as well as
developing agricultural areas. The city of Tebessa and
the surrounding villages (Bekkaria, Hammamet) have
seen a great deal of growth in the past decade, with

the establishment of new industries and farms.
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Fig. 1. Map showing the study area in semi-arid

region of Algeria with blue is the study area.

Annual precipitation in the study area ranges between
200 and 350 mm, and thus the area is considered to
be a semi desert area. Temperatures can rise in the
summer to 45 °C. This situation of dryness
accentuates the drawdown of water resource
especially during the last decade because the renewal
of this resource is very weak. The dry climate, the
atmospheric dust, and low intensity of precipitation
can also affect the groundwater quality generally
causing increased salt content. The Gaussen and
Bagnoulsdiagram (Fig 2)reveal a dry period from

mid-May to mid-October.

Sampling of soil

Soil samples were collected after 20 days of
herbicides application from each replicated plot by
uprooting the plants at random and keeping the root
system intact as much as possible. The soil crumbs

adhering to the root surface were carefully collected

and a composite soil sample for each plot was
prepared. After removing the plant roots, the soil
samples were then ground to pass through a 2 mm
sieve width mesh to remove stones and plant debris,
after which they were stored in plastic zipper bags for

further analysis.

Choice of herbicides

The herbicides used in the experiment were
commonly used in the agricultural fields employed by
farmers to fight against weeds, which were obtained
from a local agricultural store. The herbicides used

were:

Sekator, it is a new selective herbicide for post-
emergence control of dicotyledonous weeds in hard
and common wheat and it is composed of two active
substances (Fig 3): Amidosulfuron-sodium (100g/1)
and 25g/1 of Iodosulfuron-methyl-sodium (Vilauet

al., 2010).

Zoom, its fast effect is followed by leaves destruction
and roots of weeds. Chemically, ithas the following
composition: Triasulfuron (4,1%) and Dicamba

(Zouaouiet al., 2013).

Soil treatments

The treatments were carried out at tillering stage for
3-4 leaves, at company recommended rates of 150
ml/ha for Sekator while recommended rate of
120g/ha (Zoom powder) was used for Zoom

treatment.

Chemical analysis of soil

A total of 3 soil samples were collected from the study
site at Tebessa. All samples were air-dried for two
weeks then crushed manually and sieve to pass 2 mm

mesh sieve.

For chemical analysis: The soil pH and electrical
conductivity were measured with distilled water using
a pH meter (1:5), available sodium content and
available potassium content, were estimated with

flame photometer method (Jackson, 1973). The stock
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standard solution contains 1000 ppm/1000 ppm of
sodium and potassium. From this stock standard
solution 100, 80, 60, 40, 20 ppm solution of lower
concentration was prepared. Aspirate Distilled Water
and set the read out 00 by adjusting the zero control.
Aspirate the standard solution that has higher
concentration adjust the nobe to 100. For optimum
performance the instrument should be allow 15 min
to warm up during this warm up period a blank
demonized water sample should be aspirated.
Emissions were noted for all standard solution. Lastly
water sample solutions were aspirated and emission

was noted.

Organic carbon was determined by Anne method
(BonneauandSouchier, 1994) by oxidation of carbon
with excess potassium dichromate (K-Cr-0;) in
sulfuric acid medium (heat source). The amount of
non-consumed dichromate was measured back by
Mohr's salt.

The rate of organic matter (OM) was estimated by

multiplying the percentage of carbon by 1.72
(Mathieu and Pieltain, 2003).

Soil samples were analyzed for available P in sodium
bicarbonate extract colorimetrically(Olsen and Dean,

1982).

Statistical analysis

The experimental assays used to results were
repeated at least three times, under the same
conditions and yielded the same results. To
discriminate significant differences, all measurements
were subjected to an Analysis of Variance (ANOVA)
test (defined as P < 0.05). Data are shown as the
mean =+ relative standard. The correlation studieswere
made to reveal the association among the variables in

the investigation (Gomez and Gomez, 1984).

Results and discussion

The analyses of variance for the different parameters
are reported in Table 1, where the pH, EC, Ka, K, P
and OM of wvariation.

represent the sources

Table 1. Analysis of variance results comparing -chemical parameters obtained for herbicides applied to the soil

of Triticum culture.

statistical parameters

Source df Mean Square Fobs P

pH 2 0,05503 13,57 0,006 **

EC 2 12245 8,08 0,02 *

Na 2 3,373 3,52 0,097 NS
2 1280,13 308,64 0,000%**

P 2 0,644878 734,67 0,000%**

OM 2 0,621 5,37 0,046 *

*: Significantdifferences (p < a = 0.05).
**: highly significant differences (p <_a = 0, 01)
#**: very highly significant differences ((p <_a = 0,001)

NS: non-significantdifferences (p> 0.05)

TheHerbicide effects in soil chemical properties were
significantly different between treatment variations.
Soil pH decreased significantly (p <_a = 0, 01) from
8.32 up to 8.13 in the soil treated with Zoom
herbicide, while soils treated withSekatorshowed no

significant change in pH after treatment (Fig 4). Upon

treatment with herbicides there was augmentation in
sodium ion (Na) concentration compared to the
control (Fig 5) but the Na concentration increased
insignificantly (p>0.097). Total Na concentrations
increased progressively to 2.31 ppm and 4. 15 ppm in

the soils treated with Sekator, whereas it increased
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from 2.31 ppm to 4.14 ppm relative to Zoom

treatment.

Herbicides decreased significantly (p<0.001) the total
K concentration immediately after treatment (Fig 6),
which decreased progressively from 52.39 ppm to
28.20 ppm in the soils treated with Sekator, and

continued to decrease in the soils treated with Zoom

from 52.39 ppm to 11.29 ppm. Conductivity (Fig 7)
significantly decreased immediately after herbicides
treatments (p=0, 02) and the decrease ranged from
254 ups/ecm to 157.67 us/cm and 254 ps/cm to
133.13us/cm  for Sekator treatment and Zoom
treatment, respectively. So exchangeable K followed a

similar pattern as conductivity.

Table 2. Pearson correlation coefficient of soil properties in eastern Algeria.

Parameters N CE MO p pH
CE -0.69 - - - -

MO -0.115 -0.024 - - -

p 0.257 -0.446 0.678 - -

pH -0.087 0.363 -0.857 -0.892 -

K -0.703 0.849 -0.166 -0.684 0.520

Significant 'r’ at p< 0.05 level.

of the

significantly

(OM)
with

reduced

the
herbicidesSekator compared to the control (Fig 8).
Relative to the treatment, OM decreased by 67, 56%.

Level organic matter

upon treatment

However, they increased significantly when treated
with herbicide Zoom used in this study compared to
the control by 17, 29%. Similar to the results obtained
for content of available phosphorus (P) (Fig 9). The
available phosphorus significantly increased by
10.49% in the soils treated with Zoom herbicide and
then significantly decreased by 2, 7% in relative to
Sekator treatment. The Herbicide effects in OM and

available P of soil were significantly different between

treatment variations.
301 T 60
a T(" ]
251 (€ ) "1 50
- —+— P(mm) & 3
o zo~-\ KX 140 E
= R e %)
g 15+ .,/ \;/ 2 \ fﬂ. 30 5
© . \ w
g 10+ . ] \ /«/ + 20 %
E e o ¥ 9
2 57 10 &
0 e 0

SONDJFMAMIJJA

Fig. 2. Gaussen and Bagnouls diagram of the study

area (1972-2008).

There were significant correlation (p < 0.05) in 26.6%
(Table 2) of the soil property pairs and that was
reasonable for identification of underlying factor

pattern.

This result was expected based on the characteristics
of the study area indicating significant correlation
among soil properties that bear relationship with one
The established

possibilities of grouping soil properties into similarity

another. trend indicated the

factors based on their correlation patterns.

K and available P

correlated with the highest number of soil properties

Exchangeable significantly
(each correlated with 3 other soil properties), then
closely followed by Na, OM, pH and EC that
significantly correlated with EC and pH, available P
and pH, OM and available P , Na and K respectively.
The strongest negative significant (p < 0.01)
correlations were between available P and pH (r = -
0.89), OM and pH (r = —0.88), whereas the strongest
positive significant correlations were between EC and
K (r = 0.85).

After an herbicide has been applied to the soil, it has

one of three fates. It can either remain dissolved in
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the soil solution, be adsorbed by smaller soil colloids
or be absorbed by plant roots and shoots (Fig. 10).
Herbicide that is adsorbed by soil is “tied-up” or

bound to the soil and is not readily available for weed

absorption (Kurt et al., 2011).
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Fig. 3. Molecular structures of the pesticides considered(Vullietet al., 2002).

Based on the results, soil chemical properties did
differ significantly under different treatments. Also
increasing content of available phosphorus in soil
results in the released of ions H* by roots that
dissolved the natural phosphates by making
assimilable to the plant and in the case where
phosphorus is not collected by the roots it is reacted
with the various component of the soil and thus it is

found adsorbed (Hinsinger, 2001).
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Fig. 4. Effect of herbicides in pH soil samples (1:

Control, 2: Sekator treated soil, 3: Zoom treated soil).

Decrease of the amount of assimilable phosphorus is
probably due to the immobilization of reacting

phosphorus with Ca2* ions to a non-draining

irrigation causing the transfer of phosphorus to
unavailable forms (Adil, 2012).It is known that the
adsorption of phosphorus decreases with increasing
pH to oxides or pure argillaceous minerals (Muljadiet
al., 1966,Hingstonet al., 1972). Research has shown
that for soil rather different mineralogical
compositions but differentiated by pH, there is an
increase in adsorption with decreasing pH (Lopez-
Hernandez and Burnham 1974,Parfitt, 1977, Friesen

et al., 1980,Eze and Loganathan, 1990).
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Fig. 5. Effect of herbicides in Na content soil samples
(1: Control, 2: Sekator treated soil, 3: Zoom treated

soil).

For all treatments, the amounts of exchangeable
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potassium decrease according to Cengizet al.,(2001).
Under salt stress, potassium from the external
environment is highly mobilized to the plants, explain
the reduction of soil K levels under high levels of
NaCl. Maalem (2011) found that the soil K decreases
significantly, indicating its probable translocation to

the plant, for it is in the case of salt stress.

Soil electrical conductivity (EC) is useful as a relative
measure of the total quantity of ions in the soil
solution. Soil EC has no direct effect on crop growth
or yield, but it is frequently observed that there are
close relationships between EC and a variety of other
soil properties that are highly related to crop growth
and yield (Olson, 2000).
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Fig. 6. Effect of herbicides in K content soil samples
(1: Control, 2: Sekator treated soil, 3: Zoom treated

soil).

In the similar way, the greater solubilization of
insoluble phosphates by the increasedphosphate
solubilizing microorganisms as well as higher content
of organic acids present in the root exudates of the
growing plants resulted greater release of available
phosphorus in the rhizosphere soil of rice. As
compared to control, the increase in available
phosphorus was highest under oxyfluorfen (23.2%)
followed by fluchloralin (20%) and oxadiazon
(14.7%), respectively (Das and Debnath, 2006).

_ 400 -
&
= 300 A
=
S 200 -
ot
=
5 100 - I i
=
E 0
3
1 2 3
Soil samples

Fig. 7. Effect of herbicides in conductivity soil
samples (1: Control, 2: Sekator treated soil, 3: Zoom

treated soil).
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Fig. 8. Effect of herbicides in OM of soil samples (1:

Control, 2: Sekator treated soil, 3: Zoom treated soil).

Polyvalent (Al3+, Fe3+, Ca2* and Mg2*) or monovalent
(Na*, K+) cation affect the solubility of organic matter
(Baham and Sposito, 1994). Chemical reactions
between anionic functional groups of organic
molecules and solution cations can reduce the surface
charge density, alter structural conformation of the
adsorbed species and cosequently reduce solubility.
At high concentrations of ions in solution, these
process increase and the solubility of organic matter

is reduced by flocculation (Tipping and Woof, 1990).
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Fig. 9. Effect of herbicides in available phosphorus of
soil samples (1: Control, 2: Sekator treated soil, 3:

Zoom treated soil).
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The nature of dissolved organic matter influences the
adsorption and desorption of dimefuron, atrazine and
1992).
adsorption of less soluble atrazine and dimefuron,

carbetmine(Barriusoet  al., Increased
after soil pretreatment with dissolved organic matter,
can be explained by an increase of soil C content via
adsorption of some organic compounds from
dissolved organic matter solution (Blasioliet al.,
2011). Clay minerals appear to exert their primary
modifying the

characteristics of microbial habitats; this either

influence by pysicochemical
enhances or attenuates the growth and metabolism of
individual microbial populations (Bollaget al., 2002).
Minerals exhibit mixed fractions and they transform
naturally occuring and xenobiotic substrates
abiotically; at the same time, they act as sorbents,
thus altering the impact of microorganisms, enzymes
and chemicals. Adsorption and other binding
interactions that occur on both mineral and humic
surfaces are believed to reduce the bioavailability of

xenobiotics(Bollaget al., 2002).

Herbicide in
Soil Solution

40
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Fig. 10. Effectiveness of soil applied herbicides can
depend on the physical properties of the herbicide,
soil organic matter content, and soil texture. When
herbicides have a strong affinity to soil. They are less

effective for weed control (Kurt et al., 2011).

The relationships among soil pH, organic matter,
total K and other indicators are common. The change
between soil pH and organic matter remained stable,
which is possibly due to the reflection that the soil pH
is synthesized by soil chemical properties widely
affected by soil microbial activities,composition and
decomposition of organic

matter, morphology

transformation and release of N, P and other
nutrients (Fu and Wang, 2007).In brief, the variation
in exchangeable base cations and EC is controlled by
the interaction of plant and soil, and the interaction of
soil physical, chemical, and biological properties,
which in turn controls plant nutrient availability in

the sandy land ecosystem.

Conclusion

The indiscriminate use of herbicides has increasingly
become a matter of environmental concern altering
the soil fertility status, because of their adverse effects
on soil microorganisms as well as on physicochemical
properties of soil. Although the efficacy of herbicides
in controlling the weeds is important, its residual
impact should also be considered for environmental
safety.The herbicides are used either as preemergence
or as post-emergence; a high proportion of herbicides
reaches the soil and accumulates in the
microbiologically active top soil altering microbial
populations and biodiversity, which are good
indicators of the balance in the agroecological system.
This study has elucidated the ability of herbicides
(Sekator and Zoom) to chelate or bind with soil
minerals there by reducing the availability for uptake
of essential minerals such as K thus eliciting various
malformations in the plants and making the plants
suceptible to various diseases and malformations
such as leaf necrosis. It has also been shown that soil
minerals are utilised by plants and microbes during

microbial degradation.

The soil fertility status may also be enhanced by

microbial processes including degradation of

agrochemicals/herbicides, nutrient cycling and
carbon sequestration. Therefore, there is a need for
the advent and wuse of cheaper, ecofriendly
alternatives that result in increased crop production
along with the judicious use of the known arsenal of
agrochemicals as suggested by the integrated pest and
nutrient management protocols. Further, it is
necessary to strengthen the scientific basis of modern
because

agriculture, herbicides = may  be

advantageously used only if their persistence,
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bioaccumulation, and toxicity in agroecosystem are

strictly controlled.

Acknowledgments

We thank the entire staff of Laboratory of plant
biology, Department of Natural Science,
LaarbiTebessi University, Tebessa(Algeria) especially
Dr. Maalem for making available some of their
valuable equipments for use and we also appreciate
the effort of Pr. L. Meksem Amarafor his constructive

criticism during the preparation of this manuscript.

References

Adil M. 2012.Dynamics of phosphorus in the soil-

plant system in Saharan soil and climatic
conditions.Magister thesis, University KasdiMerbah,

Ouargla, 62.

Baham J, Sposito G. 1994.Adsorption of dissolved
organic carbon extracted from sewage sludge on
montmorillonite and kaolinite in the presence of

metal ions. Journal ofEnvironmentalQuality 23, 147-

153.

Barriuso E, Baer U, Calvet R. 1992. Dissolved

organic matter and adsorption-desorption of
dimefuron, atrazine and cabetamide by soils. Journal

of Environmental Quality 21, 359-367.

Blasioli S, Braschi I, Gessa CE. 2011. The fate of
herbicides in soil. In: Kortekamp A, Ed. Herbicides

and Environment, InTech, China, 175-194.

Bollag JM, Berthelin J, Adriano D, Huang PM.
2002. Impact of soil minerals-organic component
microorganisms interactions on restoration of
terrestrial ecosystems. Proceedings of the 17t WCSS

Symposium, Thailand, 14-21.

Bonneau M, Souchier B. 1994. Constituents and

properties of soils,2nd Ed. Masson, Paris, 665.

Cengiz EI, Unlu E, Balci K. 2001. The

Histopathological effects of Thiodin on the liver and
gut of mosquito fish, Gambusiaafinis.Journal of

Environmental Science and Health 36, 75-85.

Cessna AJ, Donald DB, Bailey J, Waiser M,
Headley JV. 2006. Persistence of the sulfonylurea
herbicides Thifensulfuron-Methyl, Ethametsulfuron-
Methyl and Metsulfuron-Methyl in farm dugouts
(ponds). Journal of Environtal Quality 35, 2395—

2401.

Das AC, Debnath A. 2006. Effect of systemic
herbicides on N.-fixing and phosphate solubilizing
microorganisms in relation to availability of nitrogen
and phosphorus in paddy soils of West Bengal.
Chemosphere 65, 1082—-1086.

Das AC, Debnath A, Mukherjee D. 2003. Effect
of herbicides

phosphates solubilizing microorganisms and their

oxadiazon and oxyfluorfen on

persistence in rice fields. Chemosphere 53, 217—221.

Debnath A, Das AC, Mukherjee D. 1994. Studies
on the decomposition of non-conventional organic
wastes in soil.Microbiological Research 149, 195—

201.

Eze OC, Loganathan P. 1990. Effects of pH on
phosphate sorption of some Paleudults of southern

Nigeria. Soil Science 150, 613-621.

Fang G, Chen J, Wang J, He J, Wang S. 2010.
N-methylimidazolium ionic liquid-functionalized
silica as a sorbent for selective solid-phase extraction
of 12 sulfonylurea herbicides in environmental water

and soils amples. Journal of Chromatography A 1217,

1567-1574.

Fang G,Wang X, Wang S. 2010. Multiwalled

carbon nanotubes as SPE adsorbents for
simultaneous determination of seven sulfonylurea
herbicides in environmental water by LC—MS-MS.

Chromatographia 72, 403—4009.

165 | Hana et al.



J. Bio. & Env. Sci. | 2015

Friesen DK, Juo ASR, Miller MH. 1980. Liming
and lime-phosphorus-zinc interactions in two
Nigerian Ultisols. I. Interactions in the soil. Soil

Science Society of America Journal 44, 122 1 - 1226.

Fu HN, Wang Y. 2007. The quality and assessment
on growth conditions for ancient trees in Shanghai.
Shanghai Construction Science and Technology 1, 44-
62.

KA, Gomez AA. 1984.

Procedures for Agricultural Research. 2nd Edn.

Gomez Statistical

Singapore: John Wiley and Sons, 13-33.

Hingston FJ, Posner AM, Quirk JP. 1972. Anion
adsorption by goethite and gibbsite. I. The role of the
proton in determining adsorption envelopes. Journal

of Soil Science 23, 177- 192.

Hinsinger P. 2001.Chemical interactions between
roots and soil minerals.Effects on mineral weathering
and plant nutrition.Memory to obtain authorization

to conduct research.University of Montpellier II, 147.

Hollaway KL, Kookana RS, Noy DM, Smith
JG, Wilhelm N. 2006.Persistence and leaching of
sulfonylurea herbicides over a 4-year period in the
highly

Australia.Australian

alkaline soils of south-eastern

Journal of Experimental

Agriculture 46, 1069—1076.

Jackson ML. 1967.Soil Chemical Analysis.New
Delhi: Prentice Hall of India, Pvt. Ltd, 498.

Kurt DN, Mark CS, Pedro AS. 2011. Integrating
variable rate technologies for soil-applied herbicides
in Arizona vegetable production. The University of

Arizona Cooperative Extension.

Lopez-hernandez ID, Burnham CP. 1974. The
covariance of phosphate sorption with other soil
properties in some British and tropical soils.Journal

of Soil Science 25, 196-206.

Maalem S. 2011. Study of impact of interactions
between phosphorus and sodium chloride in three
of Atriplex (A. halimus, A.
nummmularia). PhD  Thesis,

University of Badji Mokhtar, Annaba,79.

plant  species

canescensandA.

Mathieu C, Pieltain F. 2003. Chemical soil
analysis: chosen methods. Tec and Doc Lavoisier, Ed.

Paris, 389.

Muljadi D, Posner AM, Quirk JP. 1966. The
mechanism of phosphate adsorption by kaolinite,
gibbsite and pseudoboehmite. Journal of Soil Science

17, 212-247.

Olsen J. 2000. New soil maps spark change. Farm

Industry News, 78—-83.

Olsen SR, Dean LA. 1982. Phosphorus. In: Black
CA, Evans DP, White JL, Ensminger LE, Clark FE,
Dianauer RC (Eds.)Methods of Soil Analysis.
American society of Agronomy, Madison, 1035-1049.

Parfitt RL, Farmer VC, Russell JD. 1977.
Adsorption on hydrous oxides.II.Oxalate, benzoate,

and phosphate on gibbsite. Journal of Soil Science

28, 40-47.

Patel RB, Barevadia TN, Patel BD, Meisuriya
M. 2004. Effect of cultural and chemical methodson
weed and fruit yield of green chilli.Indian Journal of

Weed Science 36, 300-301.

Petroff JK, Sheley RL.
management of noxious range-land weeds. Oregon
State University Press, Corvallis, OR, USA.

1999. Biology and

Pierzynski GM, Sims JT, Vance GF. 2005. Soils
and Environmental Quality.2nd Edn, CRC Press,
USA, 584.

RosenbomAE, Kjaer J, Olsen P. 2010. Long-term
leaching of rimsulfuron degradation products through

sandy agricultural soils. Chemosphere 79, 830—838.

166 | Hana et al.



J. Bio. & Env. Sci. | 2015

Savary S, Willocquet L, Elazegui FA,Castilla
NP, Teng PS. 2000. Rice pest constraints in tropical
Asia: quantification of yield losses due to rice pests in
a range of production situations. Plant Disease 84,

357-369.

Tipping E, Woof C. 1990.Humic substances in acid
organic soils: Modelling their release to the soil
solution in terms of humic charge. Journal of Soil

Science 41, 573-586.

Vilau F, Vilau N, Rosculete CA, Mutafa I.
2010.Research concerning wheat crop weed control

and herbicide influence on bread quality.Analele

University  din

MontanologyCadastruVol XL/1.

Craiova, Seria  Agriculture,

Vulliet E, Emmelin C, Grenier-Loustallot MF,

Paissé O, Chovelon JM. 2002. Simulated
Sunlight-Induced Photodegradations of Triasulfuron
and Cinosulfuron in Aqueous Solutions. Journal of
Agricultural and Food Chemistry 50, 1081—1088.

Zouaoui A, Cheloufi R, Messaadia H.
2013.Impact of herbicides upon organic carbon
dynamic in soils.Albanian Journal of Agricultural

Sciences 12, 223-228.

167 | Hana et al.



