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Abstract

Risks of medicinal herbs from their inception, identification, collection, handling, drying, processing, packaging,
labeling, storing and finally selling to consumers is highlighted with especial focus on their toxicity to human
health. Medicinal herbs under substandard environment may raise many concerns about human health. This
review indicates that medicinal herbs are only safe and effective to human health when grown in friendly
environments i.e. the environment free from synthetic pesticides, chemical fertilizers, heavy metals, impure and
unsterilized manures, municipal wastes and salts. Further, this review also specifies about post-harvest practices
that may also influence the efficacy of the herbs. It is concluded that the medicinal herbs have only become

consumable and includable in herbal medicine system, when they are grown in non-toxic environment.
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Introduction

Plants get their food from soil, water and air (Rashid,
1996; Das, 2011). Plants obtain carbon (C), hydrogen
(H) and oxygen (O) from air and water. While, all
other macro (NPK), secondary (Ca, Mg and S) and
micronutrient elements (Zn, Cu, Mn, Fe, B, Cl and
Mo) are taken up largely from soil (Rashid, 1996).
Due to injudicious use and industrial activities these
sources are depleted and/or polluted enough to
provide toxic and hazardous elements to plants
instead of supplying only adequate amount of pure
essential nutrients. Much of the agricultural and
fertile lands have become salt-affected and water-
logged (Qureshi and Barret-Lennard, 1998) in almost
all regions of the world (Ghassemi et al., 1995). Air is
smoky, dusty and polluted with metal pollutants (Pb,
Zn, Ni, Cr, Cd, As, etc.) and poisonous gases like CO,
NO-, SO-, O3, HFC134a, HFC23 (Hydrofluorocarbon),
CH; (Methane), SFe¢ (Sulphur hexafluoride), etc.
(Agarwal, 2002), natural waters in rivers and lakes
are polluted with pathogens, metals, pesticides, etc.
(Agarwal, 2002). Groundwater quality at majority of
places in the world is deteriorated and unsafe enough
to be exploited for drinking and/ or irrigating major
and minor field crops including medicinal herbs (Liu,

et al., 2007; Latif et al., 2008).

About 80% of the population of the developing
countries still uses traditional medicines for their
health care. The rational use of traditional medicines
in primary health care is not based on the guidelines
developed by the World Health Organization (WHO).

Using poisonous plant species
More than 350, 000 plant species have been
identified by biologists on the earth (Breidahl, 1994).
Some of these plant species such as Ricinus
communis, Melia azedarach, Mucuna pruritum,
Zigadenus species, Lantana camara, Hippomane
oleander,

mancinella, Nerium

Jatropha

Pangiumedule,

curcas, Conium maculatum,
Toxicodendron radicans, Toxicodendron diversibba,
Toxicodendron vernix, Abrus precatorius, Nux
vomica, Campsis radicans, Cicuta maculate, etc. are

naturally poisonous (Thomas and Schiano, 1998),
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Their deliberate or by mistake contact, ingestion,
absorption/inhalation, etc. can cause painful skin
irritation, internal poisoning as well as fatalities
(Furbee and Wermuth, 1997). Hence the use of
naturally poisonous plant species in herbal medicine

system must be avoided.

Medicinal herbs become toxic when they are treated
with pesticides and other hazardous chemicals

Indiscriminate use of pesticides (fungicides,
insecticides, herbicides/weed killers, etc.) has become
a part of commercial agriculture which has led to
destroy nature’s balance and pollute especially soil,
water and environment. Applying pesticides increases
maxima residue limits (MRL) in green leafy
vegetables (Singh and Chawla 1988; Abo-El-Seoud et
al., 2009; Esturk et al., 2014), fruits (Adeyeye and
Osibanjo, 1999), other agricultural commodities
(Soliman, 2001; Ozbey and Uygun, 2007; Walia and
Koul, 2008) and medicinal herbs (Abou-Arab and
Abou Donia, 2001). Residues of organ phosphorus
and organ chlorine pesticides in some Egyptian spices
and medicinal plants like Jews mallow, dill, celery,
tea, caraway, chamomile, saffron, peppermint,
karkade, etc. have been observed by Abou-Arab and
Abou-Donia (2001). They found that with the
exception of Malathion, which was generally higher in
almost all analyzed samples, there was a significant
difference between plant species for containing
residues of different pesticides. The concentration of
Lindane, Aldrin, Dieldrin, DDT, Chlordane and
Endrin was higher in Chamomile samples, Aldrin and
Dieldrin was higher in Karkade and Chlordane
remained higher in Peppermint samples. In addition
to accumulation of pesticide residues, plants change
their behavior with pesticide application. Adverse
effect of pesticides on plasmalemma (cell membrane
responsible for potassium/sodium selectivity) has
also been observed (Schefczik and Simonis, 1980).
This indicates that plants treated with pesticides not
only accumulate residues but they also accumulate
toxic elements such as Na+ (cytotoxic) instead of K+ (a
nutrient element). The information suggests that the
medicinal plants if are treated with pesticides must

not be included in herbal medicine system,
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because pesticides are hazardous to health, results in
lower down memory, stamina, motor skills, etc.
(Anonymous, 2003). It is also interesting to know
that some plants seem like the most peaceful
organisms, but nonetheless they have their own form
of defensive mechanisms against insect attack (Wink,
1988; War et al., 2012). In addition, plants also
release volatile organic compounds that attract the
natural enemies of the herbivores (War et al., 2012),
hence each plant may not have need of pesticide

applications.

Medicinal herbs become toxic when they are treated
with chemical fertilizers and manures

Modern agriculture has substantially replaced organic
and natural manures with synthetic inorganic
fertilizers which are considered not as
environmentally safe as organic and natural manures
are, because synthetic inorganic fertilizers produce
acidity, alkalinity and salinity in soil (Das, 2011).
Growers feed their plants with plenty of nitrogen,
phosphorus,  potassium and some  other
micronutrients such as, Zn and B through synthetic

inorganic chemical fertilizers.

These fertilizers are applied to plants through soil,
hydroponics or foliar spray. Such practice of growers
makes the elements available all at once in massive
concentration hazardous to health and environment
(Hills, 1989). In addition to Ilabeled nutrient
elements, majority of inorganic fertilizers also contain
traces of other toxic elements and radioactive heavy
metals (Barisic et al, 1992; Scholten and
Timmermans 1992; Hussein, 1994; Taylor, 1997;
Bodelier et al, 1999; Monique, et al., 2008)
conditioners, neutralizers of residual acidity, fillers
(Das, 2011) and other compounds toxic to plants such
as biuret (NH.CONHCONH..H:0), etc. (James and
Oomen, 1987). Application of manures and organic
fertilizers obtain from those animals and poultry
birds who regularly receive certain drugs, boosters,
vaccines, synthetic feeds, etc. may not be safe to
fertilize medicinally important plant species. Some
highly toxic drugs, boosters and vaccines are being

sold in the market and practiced by veterinarians to
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control over diseases, reduce mortality and boost up
milk and meat production (Patel and Heldens, 2009).
Similarly some manure may contain quantities of
toxic elements which can be accumulated to a danger
level in the soil (Hills, 1989). Natural manures
sometimes contain pathogens (Guan and Holley,
2003) and for safety they may not be incorporated or
spread in the field without sterilization or treatment
(Colborn et al., 1993). Although, night soils (human
excrement) and urban compost are rich in elements,
most of the people do not want to use plant material
or consume medicinal herbs if they are raised on
night soils with manure and/or with urban compost

due to their prejudice (Das, 20011).

Medicinal herbs become toxic when they are exposed
to polluted environment

Plants in polluted environment, especially in the
environment contaminated with heavy metals may
accumulate certain toxic elements (Taylor, 1997) and
may synthesize compounds which are considered

hazardous to health and environment (Hills, 1989).

Similarly medicinal herbs, if are grown in polluted
and contaminated environment may accumulate toxic
elements like Pb, Co, Hg, Cr, As, etc., (Baker and
Whiting, 2002) and synthesize phytochemicals or
compounds hazardous to human health. Therefore,
before putting medicinal plants in herbal medicine
system, one should make sure that they have been
grown or raised in fresh and pollution free
environment and will be safe and more efficient for

patients (Cao et al., 2009).

Efficacy and safety of medicinal plant may vary with
ecology. In polluted environment, plants remain
under stress and they try to grow, develop and survive
in such an adverse environment, for that they uptake
toxic elements which may lead them to synthesize
compounds hazardous to health (Thomas and
Schiano, 1998). Medicinal plants and herbs grown in
polluted environment can be fatal. Each year more
than 100,000 cases of exposure to toxic plants are
registered to poison centers in USA (Furbee and

Wermuth, 1997).
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Medicinal herbs become toxic if they are raised with
urban wastes

Sewage and sludge are major sources of heavy metals
like Pb, Hg, Cr, As, Ni, etc. and pathogens (Li, et al.,
2008; Yang et al., 2009). Generally carminatives like
ginger, cloves, coriander, mint, hurbu, garlic,
turmeric, etc. are particularly raised with untreated
urban wastes (Miguel, et al., 1998; Miguel, et al.,
2007). Raising plants with such sewage and sludge
may increase pathogens and concentrations of toxic
elements hazardous to human health. It is therefore
suggested that medicinal flora if are raised with urban
wastes (sewage and sludge) will become unsafe and
ineffective to be consumed directly as a medicine or to

be used for extracting essential natural drugs.

Medicinal herbs become toxic if they are raised
under salty environment

Salt-affected soils contain elements toxic to plants in
excess. Salinity of soil or water is one of major stress
obstacles to increase production in plant growing
areas throughout the world and especially in arid and
semi-arid regions as can severely limit plant
production (Jamil et al., 2006). According to
Sreenivasulu et al., (2007), the adverse effects of salts
on plant growth may be divided into three broad
categories: (i) a reduction in osmotic potential of the
soil solution that reduces plant available water and
thus creates a water stress in plants, (ii) a
deterioration in the physical structure of the soil such
that water permeability and soil aeration are
diminished, and (iii) increase in the concentration of
the certain ions that have an inhibitory effect on plant
metabolism (specific ion toxicity) and mineral
nutrient imbalances and deficiencies or (iv) a
combination of these factors. Plants change their
physiology and biochemical behavior to tolerate salty
environment (Yancey, 1994; McNeil et al., 1999).
Some plants synthesize osmo-protectants under
saline conditions (Garcia et al., 1997). Although, some
of these osmo-protectants are well known, such as
Glycine-betaine, Proline, Carnitine, Choline, etc.
(Robert et al., 2000), while in addition to known

organic compounds,
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plants may synthesize other unknown
phytochemical /osmoprotectant compounds

(biosynthesis of plants) which may need to be isolated
and identified by the researchers.

The data presented by various workers (Miceli et al.,
2003; Sosa, et al., 2005; Omami, et al., 2006) on
influence of salts stress on medicinal plants give a
clue that in addition to known osmo-protectants,
plants possibly synthesize other phytochemicals and
compounds which need to be known that they are safe
enough and non-toxic to human health. Hence care
must be taken before obtaining natural drugs from
the medicinal herbs and plants grown in salty

environment.

Medicinal herbs become toxic if they are raised in
different habitats

Geographical distribution is also responsible for
variation in phytochemical contents of medicinal
plants (Singh, 2008). Plant of one habitat may or may
not produce the similar amount of phytochemicals in
another habitat (Kumar et al., 2009). For example
plants of different latitudes and altitudes produce
drugs of variable quantity and quality (Martz et al.,
2009).

It is also evident from the study of Raina et al., (2007)
who found variation in phytochemical contents of
Andrographis paniculata collected from different
parts of India. The cultivation of medicinal plants at
their original habitat represents the most suitable
means to comply with the increasing demand for
medicinal plants and to avoid the depletion of natural

sources (Bonati, 1980).

Martz et al., (2009), in their study, described the
soluble phenolic and terpenoid composition of
juniper needles collected in Finland (n=125) and
demonstrate that the concentration of these
compounds clearly increased with latitude and
altitude, however, a stronger latitudinal effect (a
content of

higher monoterpenoids,

proanthocyanidins, and flavonols in northern
latitudes). It is therefore, advised that medicinal

plants must be grown at their original habitat.
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Table 1. Different reviewers’ data/observations/remarks for pesticide impact on medicinal plants.

S.NO. Name of Reviewer Remarks

1 Abou-Arab and Abou-Donia, 2001 Use of pesticides increases maxima residue limit (MRL) in
Medicinal herbs.

2 Schefczik and Simonis, 1980 Pesticides showed adverse effects on plasmalemma.

3 Walley et al., 2006 Poor root hair development, shoot yellowing and reduced
plant growth

4 Rockets, 2007 Reduction of symbiotic chemical signaling results in
reduced nitrogen fixation and thus reduced yields

5 Hurley, 1998 Organo chlorine insecticides could pollute the tissues of
virtually every life form on the earth, the air, the lakes and
the oceans,

Indirect effects

1

Arias and Fabra, 1993;
Fabraet al., 1997

2,4-D reduces nitrogen fixation by the bacteria that live on

the roots of bean plants

2 Singh and Singh, 19809; Reduces the growth and activity of nitrogen-fixing blue-
Tozlim-Calgan and Sivaci-Giiner, 1993 green algae

3 Frankenbergerand Tabatabai, 1991, Inhibits the transformation of ammonia into nitrates by
Martens and Bremner, 1993 soil bacteria

4 Kelley and South, 1978 Oryzalin and Trifluralin (herbicides) both inhibited the

growth of certain species of mycorrhizal fungi ( grow with

the plant roots and helps in nutrient uptake)
5 Cornell University, 2007 Pesticides to crops that are in bloom can kill honeybees,

which act as pollinators

Medicinal herbs become toxic if they are expired

Ingesting expired herbs can also become poisonous
and toxic to public health (Bandaranayake, 2006).
Both the quantity and activity of compound contained
by medicinal herbs can be influenced by their shelf-
life (Singh, 2008). The findings of Hall, (1970);
Chaudhry, (1980) Farooq, (2009) also indicate that
the post-harvest storage practices in developing
countries, like Pakistan are not up to the standard.
Medicinally important plant material and herbs
remain in the stores for long duration; until unless
they are not sold to the consumers; they remain there
in the stores. Use of iron or metallic, old rusty
containers and shelves for storing medicinal herbs are
a common practice of herbal stores in developing
countries. Hence in addition to long shelf life, the old
rusty irony or metallic containers used for packing
and storing herbs may add some more toxic

metals/elements to it,

because as per standards specified by WHO, (1998)
“the container and its closure must not interact
physically or chemically with the material within

anyway that affect quality”.

Medicinal herbs become toxic when they are not
properly processed and dried

The way to dry medicinal herbs largely influences the
quantity and quality of drugs present (Muller et al.,
drying
medicinal herbs under shade has been found very

2006). Compared to direct sunshine,
effective and useful way (Heeger, 1989). However the
quantity of herbal production is a major factor in
deciding to select the better options while viewing
other factors such as, availability of new technologies
and pharmaceutical quality standards also considered
for drying of medicinal herbs. Drying medicinal herbs
naturally, i.e. drying without the use of energy either

in the field or
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in shades should only be considered for drying of
small quantities. However, when a larger amount of
medicinal herbs is to be dried, the use of modern

technical drying is compulsory.

For the preservation of active ingredients of
medicinal plant materials, comparatively low drying
temperatures are recommended and, as a result, the
drying duration is comparably long. The method used
for drying medicinal plants also affects on the quality
of the drug. Thus, before finalizing any technique for
drying medicinal plant material, the design of dryer,
its working mechanism, energy consumption, drug

quality assurance must be thoroughly assessed.

Absence/gap in regulation for safety, quality and
efficacy of medicinal herbs

Many people often use and prefer herbal medicines
instead of allopathic and acupuncture system of
treatment in developing countries. Moreover, the
involvement of inexperienced persons in this
profession raises many questions about the
authenticity/validity of the drug that come under
their own brand name or formulation without any
registration or recognized legal evidence. They either
intentionally hide their formulas or deliver to their
descendants or followers of their own choices, so that
the fame of formulation should remain under their
patronage due to their professional jealousy or may

be due to their ill rituals.

Thus the absence of proper legal policy for herbal
medicines’ trade in aspects such as cultivation,
collection, processing and storage provides no
guarantee, while environmental pollution,
misidentification and adulteration further aggravated

the problem (Street et al., 2010).

Hence, it is mandatory to address such challenges so
that a proper regulatory mechanism in terms of
correct identification, scientifically approved methods
for processing and storage with hygienically safe
standards under a well-documented and legally
registered and monitored system and a time to time
scientific up gradation and legal amendments must be
brought into practice because after all it is a matter of
public health.
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The hidden and lost information of traditional
medicines must be recapped and the endanger
species should be conserved. As a new emerging field
in ethno pharmacology, treatment guidelines and
guidelines for

evidence-based evaluation

ethnoergogenics, and protection guidelines of
intellectual property for ethnoergogenics should be
developed and put into practice according to
guidelines of the WHO and WIPO (World Intellectual

Property Organization), respectively (Kim,2005).

Conclusion
This review suggests that the medicinal herbs should
be brought into

standardization before the

scientific system of proper

consumer, because
medicinal herbs are of same value as those in other
systems of medicines for public health. It is of utmost
importance that if all the drawbacks of the old system
in herbal medicine are eradicated, then the authorized
and hygienically safe use of these drugs may provide
another better choice for consumers to take cheap
natural drugs directly without considering the chemo
toxic side effects. This can also promote our
environment by growing these herbal medicines under

standardized conditions without any chemical use.

Referencs

Abo-El-Seoud MA, Shams-El-Din AM, Danial
LN, Ahmed SM. 2009. Residues and persistence of
some organophosphorus insecticides applied to

cabbage plants; Food Chemistry 54(2), 137-140.

Abou-Arab AAK, Abou MA, Donia MM. 2001.
Pesticide residues in some Egyptian spices and

medicinal plants as affected by processing. Food

Chemistry 72, 439-445.

Adeyeye A, Osibanjo O. 1999. Residues of
Organochlorine pesticides in fruits, vegetables and
tubers from Nigerian markets. The Science of Total

Environment 231(2-3), 227-233.

Agarwal SK. 2002. Heavy metals in air. In: S.K.
Agarwal (Eds.), Pollution Management Vol. IV. Heavy
Metal Pollution. A.P.H. Publishing Corp. New Dehli.

220 | Talpur et al.



Int. J. Biosci.

Anonymous. 2003. Arrested development: The
impact of pesticides on children’s mental health and

development. Green peace India Banglore.

Arias RN, Fabra PA. 1993. Effects of 2, 4-dichlor-
ophenoxyacetic acid on Rhizobium sp. growth and
characterization of its transport. Toxicology Letters

68, 267—273.

Baker AJM, Whiteing SN. 2002. In search of the
holy grail- a further step in understanding metal
hyperaccumulation? New Phytologist 155, 1-7.

Bandaranayake MW. 2006. Quality control,
screening, toxicity and regulation of herbal drugs.

http://onlinelibrary.wiley.com

d0i/10.1002/9783527609987.ch2/summary.

Barisic D, Lulic S, Miletic. P. 1992. Radium and
uranium in phosphate fertilizers and their impact on
the radioactivity of waters. Water Research 26(5),
607-611.
http://www.sciencedirect.com/science/journal/
00431354/26/5.

Bodelier PLE, Roslev P, Henckel T, Frenzel P.
1999. Stimulation by ammonium-based fertilizers of
methane oxidation in soil around rice roots. Nature
403(6768), 421—424.
doi:10.1038/35000193.

Bonati A. 1980. Medicinal plants and industry.
Journal of Ethno Pharmacology 2(2), 167-171.

Breidhal H. 1994. Plants. In: The Living World.
Brent F. and Mary W. Life-threatening plant
poisoning. Critical Care Clinic. MacMillan Education

Australia 13(4), 849-888.

Cao H, Jiang Y, Jianjiang C, Zhang H, Huang

W, Li L, Zhang W. 2009. Arsenic accumulation in

Scutellaria baicalensis Georgi and its effects on plant

growth and pharmaceutical components. Journal of

Hazardous Materials 171, 508-513.

http://www.sciencedirect.com/science/journal/0304
894/171.

2016

Chaudhry MA. 1980. Aggregate post-harvest food
grain losses in Pakistan. Vol. (IV). Department of
Agricultural ~ Marketing,
Faisalabad.

University ~ Agriculture,

Colborn T, Vom F, Sal S, Soto AM. 1993.

Developmental effects of endocrine disrupting
chemicals in wildlife and humans. Environmental

Health Perspectives (101)5, 378-384.

Cornell University 2007. Pesticides in the
environment. Pesticide fact sheets and tutorial and
tutorial, module 6. Pesticide Safety Education

Program.

Das DK. 2011. Introductory Soil Science. Kalyani
publishers, 3 revised and enlarged edition, B.B.
Press, Ind. Area Bawana, Delhi, India.

Esturk O, Yakar Y, Ayhan Z. 2014. Pesticide
residues analysis in parsley, lettuce and spinach by
LC-MS/MS. Journal of Food Science and Technology

51(3), 458-466.
doi:10.1007/513197-011-0531-9.

Fabra A, Duffard R, Evangelista DDA. 1997.
Toxicity

Rhizobium sp.in pure

of 2,4-dichlorophenoxyacetic acid to
Bulletin  of
Environmental contamination and Toxicology 59,
645-652.

doi:10.1007/s001289900528.

culture.

Farooq A. 2009. Food security in Pakistan. Pakistan
Journal of Agricultural Sciences 46(2), 83-89.
http://pakjas.com.pk/papers/100.pdf.

Frankenberger W, Jr T, Tabatabai MA. 1991.
Factors affecting L-asparaginase activity in soils.
Biology and Fertility of Soils 11, 1-5.
http://link.springer.com/article/10.1007%2FBF0033
5825.

Furbee B, Wermuth M. 1997. Life threatening
plant poisoning. Critical Care Clinic 13(4), 849-888.

do0i:10.1016/S0749-0704(05)70372-9.

Garcia AB, Engler JA, Lyer S, Gerats T,
Montagu MYV, Caplan AB. 1997. Effects of
osmoprotectants upon NaCl stress in rice. Plant
Physiology 115(1), 159-169.

http://www.ncbi. nlm. nih.gov/pubmed/12223797.

221 | Talpur et al.


http://www.sciencedirect/
http://www.nature.com/nature/journal/v403/n6768/abs/403421a0.html
http://www.nature.com/nature/journal/v403/n6768/abs/403421a0.html
http://www.sciencedirect.com/science/journal/03043894/171
http://www.sciencedirect.com/science/journal/03043894/171
http://pmep.cce.cornell.edu/facts-slides-self/core-tutorial/module06/index.html
http://pmep.cce.cornell.edu/facts-slides-self/core-tutorial/module06/index.html
http://dx.doi.org/10.1007%2Fs13197-011-0531-9
http://pakjas.com.pk/papers/100.pdf
http://dx.doi.org/10.1016/S0749-0704(05)70372-9

Int. J. Biosci.

Ghassemi FA, Jakeman J, Nix HA. 1995.
Salinization of land and water resources: Human
causes, extent, management and case studies. UNSW
Press, Sydney, Australia and CAB International,
Wallingford UK.

http://trove. nla.gov.au/ work/-9720446.

Guan TY, Holley RA. 2003. Pathogen survival in
swine manure environments and transmission of
human enteric illness- a review. Journal of

Environmental Quality 32, 383-392.

Hall DW. 1970. Handling and storage of food grains
in tropical and sub-tropical areas. Agri. Dev. Paper
pp. 350. F.A.O. Rome, Italy.

http://www. fao.org/docrep/x5048e/x5048 Eov.htm.

Heeger EF. 1989. Handbuch des Arznei-und
Gewiirzpflanzenbaues. Verlag Harri Deutsch, Fran
kfurt.

d0i/10.1046/ j.1469-8137.2002.00449_1.x/pdf.

Hurley PM. 1998. Mode of carcinogenic action of
pesticides inducing thyroid follicular cell tumors in
rodents. Environment Health Perspective 106(8),
437-445.
http://www.ncbi.nlm.nih.gov/
cles/PMCi1533205.

pmc/ arti-

Hussein EM. 1994. Radioactivity of phosphate ore,
superphosphate, and phosphogypsum in Abu-Zaabal
phosphate plant, Egypt. Health Physics 67(3), 280—
282.

http://journals.lww.com/ health-physics/ Abstract
/1994/09000/ Radioactivity of Phosphate Ore, Su.

Jamil, M, Lee DB. Jung KY, Lee SC, Rha ES.
2006. Effect of salt (NaCl) stress on germination and
early seedling growth of four vegetables species.
Journal of Central European Agriculture 7(2), 273-
282.

https://jcea.agr.hr/articles/358.

Kelley WD, South DB. 1978. In vitro effects of
selected herbicides on growth and mycorrhizal fungi;
Weed Sci. Soc. America Meeting. Auburn, Alabama:

Auburn University pp. 38.

2016

Kim, H. S. 2005. Do not put too much value on

conventional —medicines. Journal of Ethno
Pharmacology 100(1-2), 37-39.

doi:10.1016/j.jep. 2005.05.030.

Kumar SP, Paulsamy S, kumar AMA, kumar
PS. 2009. Advances in plant sciences 22(II), 41-43.

Latif, MI, Lone MI, Khan KS. 2008. Heavy metal
contamination of different water resources, soils and
vegetables. Soil and Environment 27(1), 29-35.
http://www.se.org.pk/File-Download.aspx?

archivedpaperid=148.

Li Y, Gou X, Wang G, Zhang Q, Su Q, Xiao G.
2008. Heavy metal contamination and source in arid
agricultural soils in central Gansu Province, China.
Journal of Environmental Sciences 20, 607-612.
do0i:10.1016/S1001-0742(08)62101-4.

Martens DA, Bremner JM. 1993. Influence of
herbicides on transformations of urea nitrogen in soil.
Journal of Environmental Science and Health Part B

28, 377-395.
doi:10.1080/03601239309372831.

Martz F, Peltola R, Fontanay S, Duval RE,
Julkunen-Tiitto R, Stark S. 2009. Effect of
latitude and altitude on the terpenoid and soluble
(Juniperus
of their

phenolic composition of juniper

communis) needles and evaluation
antibacterial activity in the boreal zone. Journal of
Agriculture and Food Chemistry 57(20), 9575-9784.
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-

2435.2010.01814.x/pdf.

McNeil SD, Nuccio ML, Hanson AD. 1999.
Betains and related Osomoprotectants: targets for
metabolic engineering of stress resistance. Plant

Physiology 120(4), 945-949.
http://dx. doi.org/ 10.1104/pp.120.4.495.

Miceli, A, Moncada A, Anna FD. 2003. Effect of
water salinity on seeds-germination of Ocimu
mbasilicum L, Eruca sativa L. Petroselinum hortense
Hoffm. Acta Horticulturae, International society of
horticultural (ISHS): 609, 365-370.
doi:10.17660/ActaHortic.2003.609.55.

science

222 | Talpur et al.


http://onlinelibrary.wiley.com/doi/10.1046/j.1469-8137.2002.00449_1.x/pdf
http://www.ncbi.nlm.nih.gov/%20pmc/%20arti-cles/PMC1533205
http://www.ncbi.nlm.nih.gov/%20pmc/%20arti-cles/PMC1533205
http://journals.lww.com/%20health-physics/%20Abstract%20/1994/09000/%20Radioactivity_%20of_Phosphate%20Ore,%20%20Su
http://journals.lww.com/%20health-physics/%20Abstract%20/1994/09000/%20Radioactivity_%20of_Phosphate%20Ore,%20%20Su
https://jcea.agr.hr/articles/358
http://www.sciencedirect.com/science/article/pii/S0378874105003466
http://www.sciencedirect.com/science/article/pii/S0378874105003466
http://dx.doi.org/10.1016/j.jep.2005.05.030
http://www.cabdirect.org/search.html?q=au%3A%22Sathishkumar%2C+P.%22
http://www.cabdirect.org/search.html?q=au%3A%22Paulsamy%2C+S.%22
http://www.cabdirect.org/search.html?q=au%3A%22Paulsamy%2C+S.%22
http://www.cabdirect.org/search.html?q=au%3A%22Senthilkumar%2C+P.%22
http://www.se.org.pk/File-Download.aspx?%20archivedpaperid=148
http://www.se.org.pk/File-Download.aspx?%20archivedpaperid=148
http://dx.doi.org/10.1016/S1001-0742(08)62101-4
http://www.ncbi.nlm.nih.gov/pubmed?term=Martz%20F%5BAuthor%5D&cauthor=true&cauthor_uid=19772344
http://www.ncbi.nlm.nih.gov/pubmed?term=Fontanay%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19772344
http://www.ncbi.nlm.nih.gov/pubmed?term=Duval%20RE%5BAuthor%5D&cauthor=true&cauthor_uid=19772344
http://www.ncbi.nlm.nih.gov/pubmed?term=Stark%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19772344
http://www.ncbi.nlm.nih.gov/pubmed/19772344
http://www.ncbi.nlm.nih.gov/pubmed/19772344
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2435.2010.01814.x/pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2435.2010.01814.x/pdf

Int. J. Biosci.

Miguel E, de. I, Iribarren E, Chacén A,
Ordoiiez and Charlesworth. S. 2007. Risk-based
evaluation of the exposure of children to trace
elements in playgrounds in Madrid (Spain).
Chemosphere 66(3), 505-513.

doi:10.1016/ j.chemos-phere.2006.05.065.

Miguel E, de J. de Grado J, Llamas A, Martin-
Dorado F, Mazadiego LF. 1998. The overlooked
contribution of compost application to the trace
elements load in the urban soils of Madrid (Spain),
Science of The Total Environment 215(1-2), 113—122.

Muller and Heindl J. 2006. Drying of medicinal
plants. In book: Medicinal and aromatic plants.
Editors: RJ. Borgers, LE. Craker and D. Lange. (eds.),
Springer, Netherlands pp. 237-252.
https://www.researchgate.net/publication/26621450
2_Drying_of_medicinal_plants

Omami EN, Hammesand PS. Robbertse PJ.
2006. Differences in salinity tolerance for growth and
water-use efficiency in some amaranth (Amaran-
thusspp.) genotypes. New Zeal Journal of Crop and
Horticultural Science 34, 11-22.

Ozbey A, Uygun U. 2007. Behaviour of some
organophosphorus pesticide residuesin peppermint tea
during the infusion process. Food Chemistry 104(1),
237-241.

doi:10.1016/j.foodchem.2006.11. 034.

Patel JR, Heldens JG. 2009. Immunoprophylaxis
against important virus disease of horses, farm
animals and birds. Vaccine 27(12), 1797-1810.

doi:10. 1016/j.vaccine.2008.12.063.

Qureshi RH, Barret-Lennard EG. 1998. Saline
agriculture for irrigated land in Pakistan. A Hand-
book. ACIAR, Canberra, Australia.
http://aciar.gov.au/files/node/2275/mno50 part 1

pdf 73685.pdf.

Raina AP, Kumar A, Pareek SK. 2007. HPTLC

analysis of hepatoprotective diterpenoid
andrographolide from Andrographis paniculata nees
(Kalmegh), Indian Journal of Pharmaceutical Science
69(3), 473- 475.

doi:10.4103/0250-474X.34570.

2016

Rashid A. 1996. Soils: Basic concepts and principles.
In: Bashir, E. and R.Bantel, (eds.), Soil Science,
National Book Foundation, Islamabad.

Robert H, Marrec CL, Blanco C, Jebbar M.
2000. Glycine Betaine, Carnitine, and Choline
enhance salinity tolerance and prevent the accumu-
lation of sodium to a level inhibiting growth of Tetra-
genococcus halophila. Applied and Environmental
Microbiology 66(2), 509-517.

doi:10.1128 /AEM. 66.2.509-517.2000.

Rockets R. 2007. Down On The Farm yields,

quality.
http://www.scienceagogo.com/news/farming.shtml.

nutrients and soil Scienceagogo.com.

Schefczik K, Simonis W. 1980. Side effects of
chlorinated hydrocarbon insecticides on membranes
of plant cells: I. The influence of lindane on the
membrane potential of FElodaedensa leaf cells.
Pesticide Biochemistry and Physiology 13, 13-19.
doi:10.1016/0048-3575(80)90078-4.

Scholten LC, Timmermans CMW. 1992. Natural
radioactivity in phosphate fertilizers. Nutrient cycling
in agroecosystems 43, 103—107.

Singh JB, Singh S. 1989. Effect of 2, 4-dichloro-
phenoxyacetic acid and maleic hydrazide on growth of
bluegreen algae (cyanobacteria) Anabaena doliolum and
Anacystis nidulans. Science & Culture 55, 459-460.

Singh PP, Chawla RP. 1988. Insecticide
residues in total diet samples in Punjab,
India. Science of The Total Environment

76(2-3), 139-146.
doi:10.1016/0048-9697 (88) 90103-9.

Singh A. 2008. A Note on Variation of Active
Principles in Indian Medicinal Plants and TIM
Formulations. Ethnobotanical Leaflets 12, 603-606.
http://opensiuc.lib.siu.edu/ebl /vol2008/iss1/80.

Soliman KM. 2001. Changes in concentration of
pesticide residues in potatoes during washing and
home preparation. Food Chemistry and Toxicology
39(8), 887-891.

223 | Talpur et al.


http://dx.doi.org/10.1016/j.foodchem.2006.11.034
http://dx.doi.org/10.1016/j.vaccine.2008.12.063
http://aciar.gov.au/files/node/2275/mn050_part_1_pdf_73685.pdf
http://aciar.gov.au/files/node/2275/mn050_part_1_pdf_73685.pdf
http://www.ncbi.nlm.nih.gov/pubmed/?term=Robert%20H%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Le%20Marrec%20C%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Blanco%20C%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jebbar%20M%5Bauth%5D
http://www.scienceagogo.com/news/farming.shtml
http://www.scienceagogo.com/news/farming.shtml
http://www.scienceagogo.com/news/farming.shtml
http://dx.doi.org/10.1016/0048-3575(80)90078-4
http://dx.doi.org/10.1016/0048-9697(88)90103-9
http://opensiuc.lib.siu.edu/ebl/vol2008/iss1/80
http://www.sciencedirect.com/science/journal/02786915
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235036%232001%23999609991%23254127%23FLA%23&_cdi=5036&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=a2dc1d005f5994071de130678bd1796e

Int. J. Biosci.

Sosa L, Llanes A, Reinoso H, Reginatoand M,
Luna V. 2005. Osmotic and specific ion effect on the
germination of Prospisstrom bulifera. Annals of
Botany 96, 261-267.

doi:10.1093/aob/mci173.

Sreenivasulu N, Sopory SK, Kishore PBK.
2007. Deciphering the regulatory mechanisms of
abiotic stress tolerance in plants by genomic
approaches. Genetics 388(1-2), 1-13.

d0i:10.1016/ j.gene.2006.10.009.

Street RA, Stirk WA, Staden JV. 2008. South
African traditional medicinal plant trade-Challenges
in regulating quality, safety and efficacy. Journal of
Ethnophamacology 119(3), 705-710.

do0i:10.1016/ j.jep.2008.06.019.

Taylor MD. 1997. Accumulation of cadmium derived
from fertilizers in New Zealand soils. Science of The
Total Environment 208, 123—126.

Thomas D, Schiano MD. 1998. Liver injury from
herbs and other botanicals. Clinics in liver disease
2(3), 607-630.

http://dx.doi.org/10.1016/S10893261 (05)70029-5.

Toziim-Calgan SRD, Sivaci-Giiner S. 1993.
Effects of 2,4-D and methyl parathion on growth and
nitrogen fixation in cyanobacterium, gloeocapsa.
International Journal of Environmental Studies 23,
307-311.

Walia S, Koul O.
protection,

2008. Sustainable crop

Biopesticides  strategies. = Kalyani
Publishers. New Delhi. Exploring plant biodiversity

for botanical insecticides pp. 191-206.

2016

Walley F, Taylor and Lupwayi. A. 2006.
Herbicide effects on pulse crop nodulation and
nitrogen fixation. Farm Technical Proceedings 121-

123.

War AR, Paulraj M. G Ahmad T, Buhroo
TAA, Hussain B, Ignacimuthu S, Sharma HC.
2012. Mechanisms of plant defense against insect
herbivores. Plant Signaling & Behavior 7(10), 1306-
1320.

doi:10.4161/psb.21663.

WHO. 1998. Quality control methods for medicinal
plant materials. World Health Organization, Geneva.
http://whqlibdoc.who.int/publications/1998/924154
5100.pdf.

Wink M. 1988. Plant breeding: importance of plant

secondary metabolites for protection against
pathogens and herbivores. Theoretical and Applied
Genetics 75(2), 225-233.

doi:10.1007/BF00303957.

Yancey P. 1994. Compatible and counteracting
solutes. In: K. Strange, (eds.), Cellular and Molecular
Physiology of Cell Volume Regulation. CRC Press;
Boca Raton, FL. pp. 81-109.

Yang P, Mao R. Shao H, Gao Y. 2009. The spatial
variability of heavy metal distribution in the suburban
farmland of Taihang piedmont plain, China, Comptes
Rendus Biologies 332(6), 558-566.

do0i:10.1016 j.crvi. 2009.01.004.

224 | Talpur et al.


http://dx.doi.org/10.1016/j.gene.2006.10.009
http://dx.doi.org/10.1016/S10893261%20(05)70029-5
http://www.ncbi.nlm.nih.gov/pubmed?term=War%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=22895106
http://www.ncbi.nlm.nih.gov/pubmed?term=Paulraj%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=22895106
http://www.ncbi.nlm.nih.gov/pubmed?term=Ahmad%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22895106
http://www.ncbi.nlm.nih.gov/pubmed?term=Buhroo%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=22895106
http://www.ncbi.nlm.nih.gov/pubmed?term=Hussain%20B%5BAuthor%5D&cauthor=true&cauthor_uid=22895106
http://www.ncbi.nlm.nih.gov/pubmed?term=Ignacimuthu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22895106
http://www.ncbi.nlm.nih.gov/pubmed?term=Sharma%20HC%5BAuthor%5D&cauthor=true&cauthor_uid=22895106
http://dx.doi.org/10.4161%2Fpsb.21663
http://whqlibdoc.who.int/publications/1998/9241545100.pdf
http://whqlibdoc.who.int/publications/1998/9241545100.pdf

