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ABSTRACT

A study was conducted regarding arbuscular mycorrhizal fungi (AMF) spore density in
weeds plants of soil selected from the Tehsil Tangi. The spore density was observed in all
weeds plants in the host growth stage. The maximum arbuscular Mycorrhizal Fungi (AMF)
spore density was found in the Chenopodium album (93.00+£74.02) and Scandix iberica
(89.00+£92.08) at the vegetative stage. The Glomus species is dominant in the rhizospheric
soil of weeds plants followed by Aculospora, and Sclerocystis. The lowest Glomus spore
density is present in Fumaria parviflora (10.67+15.89). The spore density of AMF had a
strong positive correlation with soil pH and a negative correlation with the Phosphors
content of the soil. The highest vesicles are investigated Euphorbia heliscopia (14.33£9.5)
and the lowest in Cirsium arvense (3.33%+1.53). Arbuscules were high in Euphorbia
heliscopia (18.67+18.72) and lowest in Cirsium arvense (2.00x1.73). The highest External
hyphae were found in Silene conidia (4.00+1.73) and lowest in Anagallis arvensis. Internal
hyphae were in Ranunculus muricatus (6.33+5.13) and Ilowest in Melilotus indica
(0.67x0.58). While absent in Brassica nigra (Brassicaceae).
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INTRODUCTION

Cultivated crops are inhabited by
self-growing unwanted plants called
weeds. When ancient men started growing
selected plants for food and medicinal
purposes, unwanted plants also started
growing on themselves which were termed
as weeds (Dangwall et al., 2010).
Normally all plant families have such
unwanted plant species which grows on
itself but a few selected families which
mainly comprising Fabaceae, Poaceae,
Brassicaceae, and Asteraceae contribute
to the major weeds discovered till yet
(Marwat et al., 2009). The total number of
weeds occurring throughout the world is
30000, but the most effective and main
damage-causing species are about 50 to
200, which produce a catastrophic effect
on major cultivated crops (Mahmood et
al., 1992). Similarly, 250 known weeds
species were recognized to be usually
present cosmopolitan in agricultural fields.
The failure to engage the target crop
production is mainly influenced by weeds,
which imposes huge financial loss and
main limiting factor to crops in premature
growth stages, post-harvesting, and
threshing problems (Noorka, et al., 2013).
Some weed plants were utilized by men in
ancient times for fiber and drug
production has been termed as weeds now
due to inter-conversion with plant species
that have much better quality and
quantity. The loss occurring in cultivated
crops is mainly causing by weeds to
acquire better environmental factors i.e.
minerals, water, nutrients from soil, and
light energy. Due to the above reasons,
weeds are termed more costly than to
agriculture crops then pathogens, pests,
and insects. For eradication of weeds off
the crops, the identity of the occurring
weeds is of utmost importance before the
application of any weedicide. Weeds were
controlled by different methods from time
to time i.e. it includes physical, chemical,
and biological methods. As technology
advances and hybrid crops took place, the
removal of weeds got extra-ordinary
importance (Marwat and Hashim, 2002).
Invasive species affect the indigenous
genera on a global level which is immense

and irreversible. The quality and quantity
of crops are lowered and production costs
are increased by weeds as they directly
compete with the cultivated crop for
obtaining environmental facilities and
production of allelochemicals which
negatively affect the growth of said crop
(Gupta, 2004). Forty-eight percent loss in
yield of wheat (Triticum aestivum L.) is
caused by broad-leaved and grass-like
mix weeds (Khan and Haq 2002). The
problem of weeds can be controlled by the
application of chemical substances which
proved to be effective in handling it
(Kahramanoglu and Uygur, 2010). Due to
its efficiency, almost 66% by volume
pesticides used in the production of
cultivated crops are herbicides. At the
national level, the annual losses in wheat
production exceed 28 billion rupees (Khan
et al.,2001). The low yield of weeds in the
country and throughout the world is
characterized by the damages of weeds
which decrease its yield by 37 up to 50
percent. The harvesting cost is increased
and the quality of crops is decreased in
size and nutrients, the waterways are
clogged and escalate the fire hazards. For
that reason, weed control is of most
importance for getting optimum vyield and
quality grain of wheat. Regarding many
crop problems in Pakistan, weeds are the
no one limiting factor. Weeds compete for
nutrients shelter sunlight and hence
reduce crop quality (Hussain et al., 2007).
The weeds problem in Pakistan reduces
the crops vyield by18-30% (Ashiq and
Cheema, 2005). While considering the loss
in the world it reaches about 37-50%
(Waheed et al., 2009). Avena,
Chenopodium album, Coronopus didymus,
Phalaris minor, and Rumex dentatus L. are
among the top weeds of Pakistan, which
even cause the crop to cost more than
pests and diseases (Siddiqui et al.,
2010). The symbiotic association of fungal
hypha and roots of higher plants is known
as mycorrhizae (Sadhana, 2014). AM
fungi can enable harvests via increased
uptake of nutrients making their vigorous
against the Weeds species, as weeds
species are non-mycorrhizal and are not
benefitted by fungal association. So the
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AM fungal association is a prospective
alternative to herbicides which are not
only costly but also damages the
environment (Cameron, 2010). It is
estimated that 25% of quality herbal and
pharmaceutical products are dependent
upon the medicinal plants as a raw
material (Van and Wink, 2008). Though
the economic loss is related to weeds,
some studies show their positive impact,
as the above-ground species sustain
mycorrhizal communities in the soil, when
used conservative practices (Kabir and
Koide, 2000). The relationship between
weeds and AMF still needs more
considerations under organic supervision
of fields. According to (Khan et al.,

2001) weeds the major competitors of
crop plants regarding light, moisture,
nutrients, and space.

MATERIAL AND METHOD

Site of survey work

Fifteen roots and soil samples were
collected from a different area of Tehsil
Tangi during the session (2017-2018).
Plant samples belong to different families,

In which Brassicaceae, Poaceae,
Papaveraceae, Apocynaceae, Fabaceae
Euphorbiaece Ranunculaceae,
Polygonacecs, Primulaceae,

Chenopodiaceae, Asteraceae, Apiaceae
has shown in Table 1.

Table 1: Weeds species in the wheat field of Tehsil Tangi District Charsadda.

S.N Weed collected Families Local name
1 Fumaria parviflora Papaveraceae Shahtara
2 Melilotus indicus Fabacece Lewane
3 Ranunculus muricatus Ranunculaceae Ohhpa
4 Coronopus didymus Brassicaceae Sgabote
5 Camelina sativa Brassicaceae Swat sag
6 Euphorbia helioscopia Euphorbiaceae Mandaro
7 Rumax identatus Polygonaceae Shallhe
8 Anagallis arvensis Primulaceae Mongote
9 Chenopodium album Chenopodiaceae Sarme
10 Cirsium arvensis Asteraceae Azghake
11 Medicago denticulate Fabaeceae Peshtara
12 Scandix iberica Appiaceae Gazare
13 Silene conoidea Apocynaceae Kargamewa
14 Poa annua Poaceae Jodare
15 Brassica nigra Brassicaceae Sharsham
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Collection of plant and soil sample

The plants were carefully dug up
along with there rhizospheric soil in
triplicate and transported to the laboratory
in polythene bags. The plant roots were
gently washed under tap water to remove
soil particles, and the rhizospheric soil was
dry by shade condition the roots were
fixed in formalin acetic acid (F.A.A) by
10:90 by volume.

Assessment of root colonization

The + slide method of (Giovannetti
and Mosse, 1980) was followed for the
current study. Fifty root segments of the
individual plant have randomly selected all
samples of root were cut into pieces about
1 cm long for microscopic study.
Morphology of Vesicular Arbuscular
mycorrhizal entophyte was contemplated
and count in percentage (%). The given
formula was used for the calculation of
infection in percentage:

Percentage (%) mycorrhizal infection =
No of the infected segment x 100

Total No. Segments

Extraction of Spores

Rhizospheric  soil samples of
tomato plants were collected at the
vegetative stage. 50gm of rhizospheric
soil sample was taken from each field.
Wet sieving and decanting method’
described by (Gerdemann and Nicolson,
1963) were followed for the isolation of
spores for which 50 gm soil was
homogenized with 100 ml of water mixing
in a beaker. The beaker was left for 24
hours and when the soil particles settled
down. Soil mixture solution passed
through a 2-mm sieve to screen out large
debris and wash the residue several times.
The small amount of the residue was put
into Petri dishes for studying the spores.
The suspension of soil was enraged and
passed it through the different humber of
sieves 140, 170, 400-pm size
successively. For the determination of soil
texture, the number of sieves can be
decreased or increased for the purpose of
extraction (Dalpe, 1993). The remaining
residue was examined under a
microscopic study which was collected

from each sieve on the filter papers in
Petri dishes.
Identification of spores

The spore's photo was captured
through different magnification (4x and
10x) and was followed by the procedure of
(Schenck and Perez, 1990) for the
identification of spores.
Physiochemical Analysis of soil

The method of was followed for the
collection of Soil samples from a different
area of District Charsadda. Different soil
samples of 50gm of rhizospheric soil were
taken from the field and dissolved into
100ml water and cover the beaker for 24
hours. When dry then Soil samples before
processing for analysis (Jalaluddin and
Anwar,1991).
In the current study, the hydrometer
method of (Ghee and Bauder,1986) was
followed for the determination of soil
texture. The mean value of all samples,
Clay were recorded (21.59+15.14), Silt
(36.05+5.31), and sand (42.50%+15.79)
respectively. The organic matter of the
study area (1.27+0.20) was recorded and
followed by Walkley- Black method
(Nelson and Sommers, 1982). Electrical
conductivity was observed during the
present study of Tangi (0.41+0.12) of the
saturated extract was determined by
Solubridge conductivity meter as given by
(Black 1965). Soil pH of Tangi was
(6.14+0.65) of saturated paste
determined by pH meter as recommended
by (Jackson, 1967).

Results and Discussion

During the present study, about
fifteen weeds species belonging to eleven
families and location Tehsil Tangi showed
a mycorrhizal association.
Spore Density

The plants showed from least
possible to maximum colonization. Three
types of AMF spores (Glomus,
Sclerocystis, and Acaulospora) were
isolated from the rhizospheric soil of both
the plants studied. Glomus species
investigated in different families of weeds
Tehsil Tangi District Charsadda shown in
Figl.In which the highest glomus was
investigated in Chenopodium album
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(Chenpodacece), Scandixiberica
(Apiaceae) Euphorbia heliscopia
(Euphorbiaceae), and the lowest range
was recorded in Poaannua (Poaceae) and
Fumaria pureflora (Papareracece). The
predominance of glomus species under
varying soil conditions might be because
they are widely adapted to the varied soil
condition and survive in acidic as well as
in alkaline soils. Maximum diversity of AM
species was reported in Chenopodium
album. The Glomus was found more
abundant followed by Sclerocystis and
Acaulospora species our result similar to
(Yaseen et al., 2018) who investigated
that Glomus the most frequent specie
among all types of spores studied. Glomus
showed the highest adaptive value with
both the plants. The maximum collective
percentage of all types’ spores was
recorded as 36.18% and 35.43%
respectively from the rhizospheric soil of
both C. Canadensis and P. hysterophorus
at location 2, which was Umarzai. About
38.98% and 48.24% of Glomus spores
were isolated from the rhizosphere of C.
canadensis and P. hysterophorus
respectively, which evidenced that the
Glomus was the most frequent among all
the collected spores. The high spore
density is present in Chenopodium album
( 93.00+74.02) while this plant-soil is a
minimum amount of Phosphorus and
nitrogen and the lowest spore density and
the high level of Phosphorus are present
Different soil nutrients like P and N has
negative effects of the AMF. Our result
agrees (Muthukumar et al. 2006) who
reported that the 107 Medicinal and
aromatic plants belonging to 98 genera in
52 families examined, 79 were AM, and 38
harbored a dark septate endophytes
(DSE) association. Typical Arum- and
Paris-type mycorrhizas are first reported
in the presumed non mycorrhizal family
Amaranthaceous Similarly, DSE
associations were recorded for the first
time in 9 plant families and 37 plant
species. The results showed that
inoculation with mycorrhizal fungi
increases  nitrogen and  phosphorus
content by the plant. The highest amounts
of N and P content were the Glomus

species are less number. This showed that
some AMF species had better efficiency
than others did in nutrient content (Lisette
et al., 2003). Acalospora species
investigated in a different family of weed
Tehsil Tangi District Charsadda shown in
Fig 2. In which the highest Acalospora was
investigated in Silene conidia
(Apocynaece), Circium arevensis
(Asteraceae), and the lowest was recorded
in Poa annua (Poaceae) and (Fumaria
pureflora (Papareraecec) who described
that the morphology of AM type is the
result of interaction between both the
plant and fungal species. It is, therefore,
essential to examine a wider range of
plants growing in different habitats to
understand that variation in the
morphology of AMF. Our results agree
with (Kubato et al., 2005). The high
Acluspora are investigated in Silene
conidia (64+81.36) and this plant
phosphate and N the inoculation
significantly increased the total
phosphorus content in plant tissue, acid
phosphatase activity, and percentage of
root colonization our result with agreeing
(Moreira et al. 2006 ). Sclerocystis species
investigated in a different family of weeds
Tehsil Tangi District Charsadda shown in
Fig 3. In which the highest Sclerocystis
was investigated in Medicago denticulate
(Legumanaece), Melilotus indicus
(Fabaceae), and the lowest was recorded
in Silene conidia (Apocynaece), Brassica
nigra (Brassicacec), while absent in
Scandixiberica  (Apiaceae), and Rumax
identatus (Polygonaceae). Our result
agrees with (Guo et al., 2006). The
highest number is sclerosis is recorded in
Medicago denticulate (5.00+8.66),
Phosphate, and nitrogen. Total Nitrogen
increment is due to an increase in
Nitrogen fixation and high P application,
these can be incremented with the help of
AMF instead of soil Nitrogen addition
(Mortimer et al., 2008). The mycorrhizae
have the beneficial effect on the
phosphate nutrition of crop plants in soil
low in phosphorous has been quoted
(Chen et al., 2005) The mycorrhizal
abundance in the soil can be attributed to
the availability or otherwise of its nutrient
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content which is attributed to the amount
of Nitrogen, and Phosphorus and
Potassium among others. The reported
that AMF colonization is influenced by the
mineral salt level in the soil
(Hopper,1983).
AMF root Infection

Fifteen samples of roots and soil
were collected weeds from wheat field of
Tehsil Tangi. These belong to 11 different
families. Vesicle species investigated in a
different family of weeds Tehsil Tangi
District Charsadda shown (Fig 1) in which
highest vesicles species investigated in
Euphorbia heliscopia (Euphorbacece) and
the lowest is recorded Circium
arevensis(Asteraceae) and Chenopodium
album (Chenpodacece) and While totally
absent in Brassica nigra (Brasicaece)
presence of high vesicular infection can be
related to the observations of (Igbal et
al.,1988) who found high vesicular
infection weeds plants. In general, the
mycorrhizal infection increased with the
age of the host plant. Vesicles were in-
group forms. They were of different
shapes and are thin-walled. Brassica nigra
(Brassicaceae) which have no any
mycorrhizal infection. These results
conform to the finding of (Yaseen et al.,
2017) who investigated that external and
internal hyphae having the highest value
as compare to vesicles and arbuscules. In
the present investigation studied plants
showed, the percentage of vesicular
infection was reasonably high at the
flowering stage reaching to a maximum at
the fruiting stage in both varieties. These
results agree with (Igbal and Bareen
,1991). The high vesicles are present in
Euphorbia heliscopia(14.33+9.50). In the
field, we observed a higher incidence of
hyphae in the moisture and a higher
incidence of vesicles in the dry condition
in the roots. Agrees with the general
pattern of root colonization reported in
other vegetation types. In general,
arbuscules production tends to increase
during the flowering period when the
demand for soil nutrients increases,
whereas the incidence vesicles tend to be
more frequent during the post-flowering
period (Allen et al., 1998). Arbuscules

investigated in different species of a
different family of weeds Tehsil Tangi
District Charsadda shown (Fig 2) in which
the highest abuscules was present in
Euphorbia heliscopia (Euphorbacec),
Scandix iberica (Apiaceae), and Coronopus
didymus (Brassicaceae) and the lowest is
recorded in Chenopodium album
(Chenpodacece) and Cirsium arvensis
(Asteraceae)While absent in Camelina
sativa (Brassicaceae). The highest
arbuscular mycorrhizae (AMF) colonization
rate was recorded among the root
samples collected from topsoil. The lowest
colonization was found in the roots of
(Astreacece) while the arbuscules were
intracellular and formed from the hype.
Similar observations were also recorded
by (Yaseen et al., 2011). External hype
species investigated a different family of
weeds Tehsil Tangi District Charsadda
shown in Fig 3. In which the highest
External hype was present in Silene
conidia (Apocynaece) and the lowest is
recorded in Chenopodium album
(Chenpodacece) and Anagallis arvensis
(Primulaceae) while absent in Euphorbia
heliscopia (Euphorbacece) and Melilotus
indicus (Fabaceae). This may be due to
the fungal toxic present in root tissue that
reduces the mycorrhizal association. Our
result is agreed by Fuchs and (Hasel
wandter, 2004). Internal hype species
investigated in a different family of weeds
Tehsil Tangi District Charsadda shown Fig
(4) in which the highest internal hype was
present in Ranunculus muricatus
(Ranunculacec) and Fumaria parviflora
(Papareracece) and the lowest range is
recorded in and Chenopodium album
(Chenpodacece) while absent in Cirsium
arvensis (Asteraceae), Poa annua
(Poaceae) and Medicago denticulate
(Legumanaece) That is generally accepted
as conventionally AMF less host Camelina
sativa ( Brassicaceae) which have no any
mycorrhizal infection. Our results agree
with the result of (Yaseen et al., 2017)
Who reported that external hyphae having
dominant value followed by internal
hyphae and arbuscules and vesicles
having the least value in wheat at both
the vegetative and fruiting stage.
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Fig 3: Investigation of Sclerocystis species in the field of wheat of Tehsil Tangi District
Charsadda.
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Fig 1: Investigation of Vesicle species in the field of wheat of Tehsil Tangi District
Charsadda.
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CONCLUSION

Result of the present study showed
that the occurrence of arbuscular
mycorrhizal fungi varies with host ranges
as well physiochemical of soil though they
are ubiquitous, they showed specificity in
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association with host plants. All the AMF
species occur in the studied areas and not
all the species had the same effect on
their symbiont. Different species and
different isolates within species can have
different effects on one growth. During the
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present investigation, a total number of
15 weeds plants from the wheat field of
Tehsil Tangi, District Charsadda were
studied. From the result of the present
study, it can be concluded that there is a
high incidence of arbuscular mycorrhizal
fungi (AMF) associations in weeds plants
in the study area. All the weeds plants of
selected locations studied were colonized
by different AM fungi species. Since a
large number of weeds plants are present
in different locations of Tehil Tangi,
extensive research work is required to
create a database of mycorrhizal species
colonizing these weeds plants and to

REFERENCE CITED

Allen, E. B., E. Rincon, M. F. Allen, A.
Pérez-lJimenez,P. Huante. 1998.
Disturbanceand seasonal dynamics
of mycorrhizae in a tropical
deciduous  forest in México.
Biotropica. 30: 261-274.

Ashiq, M., and Z.A. Cheema. 2005.
Effective Use of Herbicides. Weed
Science. AllelopathyLab.University
of Agriculture Faisalabad, Pakistan.

Black, C. A. 1965. Methods of sail
analysis, part-1, Chemical and
microbiological properties.
Agronomyif monograph. No.9,
American society Agronomylnc.
Madison. Wisconsin. USA.18-25.

Burni, T., S. Iftihar, M. Jabeen, and S.B
Zainab. 2009. Diversity of GA
(Glomus) Fungi in some weeds of
cauili flower fields of Peshawar,
Pakistan. Pak J.PL. Sci., 15(1)
: 59-67.

Cameron, D. D.2010. Arbuscular
mycorrhizal fungi as (agro)
ecosystem engineers. Plant Soil.
333: 1-5.

Chen, X. H., B. Zha, 2005. Arbuscular
mycorrhizal fungi mediated uptake
of nutrient elements by Chinese
milk vetch (Astragalus sinicus L.)
grown in lanthanum spiked soil.

determine their efficiency in promoting. It
is concluded that there was a high spore
density in the wheat field. This also
showed that AMF sporulation is seasonal
and dependent on host plant species,
pluvial precipitation, soil moisture content,
and soil chemistry. The study also
demonstrated the influence of different
plant densities on the diversity of
arbuscular mycorrhizal fungi. As to the
dependency of AMF on soil parameter.
Glomus was dominant in this study.
Further long time studies are necessary to
elucidate the ecological role of AM fungi in
Tehsil Tangi.

Biology and Fertility of Soils, 45:
675—-678.

Dalpe. V. 1993. Sand Sampling and
method of analysis (M.R. Carter,
ed.). Cand. Soc. Soil.

Dangwal, L. R., A. Singh, T. Singh, C.
Sharma. 2010. Effect of weeds on
the yield of wheat crop in Tehsil
Nowshera. Am. J. Sci. 6(10): 406-
407.

Fuchs, B., and K. Hasewander. 2004. Red
list plants colonization by arbuscular
mycorrhizal fungi and dark septate
endopytes. Mycorrhiza, 14: 277-
281.

Gee, G.W., and J.W. Bauder. 1986.
Particle size analysis. In: Methods
of Soil analysis. Part

Klute , 1. A (ed). Am. Soc. Agron. Madison
101. USA: 383 - 41.

Gerdemann, J.W., and T.W. Nicolson.
1963. Spores of
mycorrhizalEndogone species
extracted from soil by wet sieving
and decanting method. Trans. Br.
Mycos. Soc., 46:235-245.

Ghats, Southern India. Mycorrhiza, 17:
11- 24,



310 Yaseen et al. Arbuscular Mycorrhizal Fungal Investigation in ............

Giovannetti, M., and B. Mosse. 1980. An
evaluation of  techniques for
measuring VAM infection in roots.
New Phytol. 84:489-500.

Gupta, O P, 2004. Modern weed
management (2nd Ed.). Agrobios
Jodhpur, India, 18-23.

Hopper, C. M. 1983. The effect of nitrate
and phosphorus on Vesicular-
Arbuscular Mycorrhizal infection of
lettuce. New Phytol. 93: 389 399.

Hussain, Z., K. B Marwat, M. Saeed,
B.Gul, and M.R. Khalil. 2007.
Survey on Weed Problem in Wheat
Crop in District Chitral (A Higher
Altitude Area) of NWFP-Pakistan.
Pakistan Journal of Weed Science
Research, 13: 121-127.

Igbal, S.H., G. Shahjahan. 1988. Vesicular
arbuscularmycorrhizal fungi
associated with a Bryophyte
Marchantia palmate. Biologia, 34:
275-278.

Igbal, S. H., F. Shahjahan, Bareen and G.
Nassim1991. Mycorrhizae of the
leguminosae Iv. Vesicular
arbusculer mycorrhizal infection in
root nodules of some common
leguminouse weeds Pak. J. of Agri.,
12(3):206.

Jackson, M. L. 1967. Soil Chemical
analysis. Prentice Hall of India, Pvt.
Ltd., New Delhi: 498.

Jalaludin, M., and Q. M. K. Anwar.
1991. VAM fungi in wheat and rice
field Pak. J. Bot 23, 115-122.

Kabir, Z. & R. T. Koide. 2000. The effect
of dandelion or a cover crop on
mycorrhiza inoculums potential,
soil aggregation and yield of maize.
Agriculture, Ecosystems &
Environment 78, 167-174.

Kahramanoglu, 1I., and F. N. Uygur.
2010. The effects of reduced doses
and application timing of metribuzin
on redroot pig weed (Amaranthus
retroflexusL.) and wild mustard

(Sinapis arvensis L.). Turkish J. of
Agrri. and Forest., 34:467-474.

Khan) of Pakistan,” African Journal of Bio-
technology, 8, No. 10, 2009, 2163-
2168.

Khan, M., and N. Hag. 2002. Wheat crop
yield loss assessment due to weeds.
Sarhad J. of Agri., 18:449-453.

Khan, I., Z. Muhammad, G. Hassan and
K.B. Marwat.2001. Efficacy of
Different Herbicides for Controlling
Weedsin Wheat Crop-1.Response of
Agronomic and Morphological Traits
in Variety Gaznavi-98. Scientific
Khyber, 14, 51-57.

Kubato, M, T. P. McGonigle and M.
Hyakumachi. 2005. Co-occurrence
of Arum and Paris-type
morphologies of arbuscular
mycorrhiza in  cucumber and
tomato. Mycorrhiza, 15: 73-77.

Lisette, J., C.Xavier, J. Germida.2003.
Selective interactions between
arbuscular mycorrhizal fungi and
rhizobium leguminosarum bv.
Viceaenhance pea yield and
nutrition. Biol. Fertil. Soils, 37: 261-
267.

Mahmood, T. H., and S. A. Niaz. 1992.
Weeds in Cropped Land at
Islamabad,” NARC, Identification
and Control of Weeds Manual,
National Training Course, Pakistan
Agriculture Research Council,
Islamabad, 1992. 79.

Marwat, K. B., and S. Hashim. 2002.
Invasive weedy species of
Abbotabad district: threat to our
environment, solutions through use
of indigenous knowledge of local
communities. Unpublished report
submitted to WWF-Pakistan.

Marwat, S. K., M. A. Khan, M. Ahmad, M.
Zafar, F. Ahmad and A. Nazir. 2009.
Taxonomic studies of nodulated
Leguminous Weeds from the Flora



Pak. J. Weed Sci. Res., 26(3): 299-311, 2020 311

of North
Ismail
Moreira, M., D. Baretta, S. M. Tsai, E. J. B.
N. Cardoso. 2006. Spore density
and root colonization by arbuscular
mycorrhizal fungi in preserved or
disturbed Araucaria angusti folia

Western Part (Dera

(Bert.) 0. Ktze. Ecosystems.
Scientia Agricola, 63:
380-385.

Mortimer, P. E., A. J]. Valentine. 2008.
The nutrient economy of the
tripartite symbiosis with nodulated
Phaseolus  vulgaris.  Soil  Biol.
Biochem., 40: 1019-1027.

Muthukumar, T., M. Senthilkumar, M.
Rajangam, K. Udaiyan. 2006.
Arbuscular mycorrhizal morphology
and dark septate fungal
associations in medicinal and
aromatic plants of Western

Nasim, G., M. Shaheen, R. Bajwa, R.
Zahoor. 1996. Effect of age of host
on thedevelopment of vesicular
arbuscular mycorrhiza in peanut.
Pak. J. Phytopath., 8 (1): 28-36.

Nelson, D. W., and L. E. Sommers. 1982.
Total carbon, organic carbon and
organic matter: In: A.L. Page, R.H.
Miller and D.R. Keeney) Methods of
soil analysis. Part 2 Chemical and
Microbiological Properties, 539-579.

Noorka, I. R., and S. A. Shahid. 2013.
Use of Conservation Tillage System
in Semiarid Region to Ensure Wheat
Food Security in Pakistan.
Development in  Soil  Salinity
Assessment and Reclamation,
Springer Book. Morphological Traits
in Variety Gaznavi-98. Scientific
Khyber, 14, 51-57.

Sadhana, B. 2014. ArbuscularMycorrhizal
Fungi (AMF) as Biofertilizer- a
Review. Int.J.Curr. Microbiol.
App.Sci., 3(4) 384-400.

Schenck, N.C., and Y. Perez. 1990. Manual
for Identification of Vesicular

Arbuscular Mycorrhizal Fungi.
(INVAM). University of Florida,
Gainesville.

Siddiqui, I., Zil-E Huma and A.Javaid.
2010. Effect of six problematic
weeds on growth and vyield of
wheat. Pakistan Journal of Botany,
42: 2461- 2471.

Sultanpour, P. N., and A. P.Schawb 1977.
A new soil test for simultaneous
extraction of macro and
micronutrients in alkaline soil”,
vol.8, Comm. Soil science and plant
analysis, pp. 195-207.

Van,B.E., M.Wink. 2008. Medicinal plants
of the world. Australian Journal of
Agricultural Research, 48: 103-110.

Yaseen T, M. Shakeel, F. Ullah. 2017.
Comparing the association of
arbuscular mycorrhizal Fungi with
wheat crop from District Mardan
And Charsadd. Pak. J.
Phytopathol.,. 29 (01) 79-88

Yaseen, T., T. Burni, & F. Hussain. 2011.
Effect of arbuscular mycorrhizal
inoculation on nutrient uptake,
growth and productivity of cowpea
(Vigna unguiculata) varieties.
African Journal of Biotechnology,
10(43).8593-8598.



