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Abstract

This study aimed to evaluate the effects of seasonality on
mycorrhizal colonization characteristics as hyphal, vesicular
and arbuscular colonization with some medicinal plants
species of Chittagong BCSIR forest of Bangladesh. Ten highly
valued medicinal plants were selected randomly from
Chittagong BCSIR forest to conduct the research. Root
samples were collected and examined to determine fungal
colonization in three times (Dry, Rainy and Winter) during
the year in 2014. The result revealed that the medicinal
plants of BCSIR forest were mycorrhizal. The highest hyphal
colonization was obtained during rainy season of the
corresponding year but decreased during dry and winter
season. Vesicular colonization was attenuated during rainy
season but increased in dry and winter season but
arbuscular colonization was higher proportion in rainy and
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winter season whereas arbuscular colonization reduced in
dry season. This result indicates that AMF colonization
varies seasonally as well as depending on some factors like
as climate, edaphic, plant host relationship and species
diversity.
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Introduction

Medicinal plants have been widely recognized as having
high healing properties although it has minor toxic side
effects. Cultivation of medicinal plants has been
encouraged as the scarcity and increasing demand for
medicinal plants and their products. Currently, medicinal
plants cultivation systems have been increased due to the
unstable quality of the products. Arbuscular mycorrhiza
(AM) expediting secondary metabolism and the
development of active ingredients of medicinal plants
which influence the quality of herbal medicines (Zeng et
al, 2013). Thus we can use AMF as Biofertilizer instead of
inorganic fertilizer by providing suitable environment
which helps production and accumulation of important
active ingredients of medicinal plants such as terpenes,
phenols, and alkaloids and thus ultimately improving the
quality of herbal materials. AMF are the most common
soil fungi (Gerdemann and Nicolson, 1963) associated
with most of the plants’ root in a variety of natural and
agricultural ecosystems (Tao and Zhiwei, 2005), including
arid and semiarid areas (Carrillo-Garcia et al, 1999).
Their extraradical mycelia can transport nutrients from
one host to another through a common mycelial network
(Graves et al, 1997; Robinson and Fitter, 1999). AMF can
stimulate plant growth by mitigating nutrient-deficient
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and water stresses (Thompson, 1996; Mohammad et al,
1998; Auge, 2001), developing soil stabilization (Wright
and Upadhyaya, 1998; Bearden and Petersen, 2000) and
assist plants resistance to soil-borne pathogens (Gange et
al, 2003; Idoia et al, 2004), helps in soil aggregation
(Rillig et al,, 2002), tolerance to drought and improvement
of salinity (Karaki et al, 2004), deter to toxic heavy-metal
uptake (Leyval et al, 1997), maintenance of soil structure
(Smith and Read, 1997; Wright and Upadhyaya, 1998).
Oliveira (2001) and Oliveira and Oliveira (2003) suggest
that both AMF spore numbers and AMF colonization are
influenced by pH, Mg, K, Fe, Al, Ca, and Mn availability.
However, we have little information about the influences
of seasonal variation on the abuscular mycorrhiza fungi
colonization characteristics. Development and seasonal
fluctuations in AMF colonization and sporulation have
been investigated for several plant species growing
under different ecosystems throughout the world (Beena
et al, 2000; Ruotsalainen et al, 2002; Bohrer et al,
2004). Liu et al. (2013) conducted an experiment under
green house condition and suggested that community
structure of Mycorrhiza fungi was influenced by
seasonality and soil depth. Seasonal fluctuations and
development of AMF fungus colonization has been
investigated in several plant species and in several
countries, including the Portugal (Carvalho et al, 2001),
Great Britain (Merryweather and Fitter, 1998), Israel (He
et al, 2002) and India (Muthukumar and Udaiyan, 2002).
In contrast, this type of study is scarce in Bangladesh
(Dhar and Mrida, 2003, 2005, 2006, 2012; Halder et al,
2015). Halder et al. (2015) investigated mycorrhizal status
in medicinal plants of BCSIR forest and identified
relationships to edaphic factors. Dhar and Mridha, 2003,
2006, 2012 conducted some research on forest trees in
different parts of Bangladesh and determined AMF status,
diversity and community structure of mycorrhiza fungi,
spore population etc. The current study deals with the
status of AMF colonization with medicinal plants of BCSIR
as well as effects of seasonality on Mycorrhiza fungi
colonization characteristics.

Materials and Methods
Study site

Chittagong BCSIR laboratory is a government research
organization under the Ministry of Science and
Technology, People’s Republic of Bangladesh. BCSIR forest
is the reserve forest as specialized for research on
medicinal and aromatic plants. It is situated at
22°24’35.4"N 91°49’00.6"E in the south-eastern part of
Bangladesh, with an area of approximately 100 acres.
More than 1600 species of medicinal plants are being
grown in the campus (Anonymous, 2014).
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Root sample collection and preparation

Roots samples of the plants were collected during the year
of 2014 but the whole year was divided into three seasons
as Dry (April-May, average rainfall about 147.4 to 298.6
mm), Rainy (July-August, average rainfall about 727.0 to
530.6 mm) and winter (December-January, average
rainfall about 11.9 to 25.18 mm) as well as samples were
collected respectively. List of various medicinal plant
species selected randomly were included in the Table 1.

Roots were separated from the soil, washed in the tap
water and preserved in 50% ethyl alcohol for future use.
Roots were washed well to remove the alcohol and
chopped into 1cm pieces. Clean root samples were stained
by following the procedures of Phillips and Hayman
(1963). Preserved roots were heated in 10% KOH solution
for 10 min at 80-85°C and deeply pigmented roots were
treated in 3% H0; at room temperature for overnight.
Roots treated with 3% H:0: were acidified in 1% HCI
solution for 30 minutes and heated at 80-85°C for 15-20
minutes with 0.05% aniline blue solution. Stained roots
were destained in 50% glycerol solution to remove excess
stains and preserved in 50% glycerol solution. A total of 25
segments of the roots were mounted on the microscopic
slides with 50% glycerol and smashed softly after placing a
cover glass on the root pieces. Roots segments were
observed by a compound microscope at 40x10
magnification. Percent root colonization was calculated
(Dhar and Mridha, 2003). Presence of mycelium was
regarded as the AM positive and total mycelial colonization
was treated as the percentage root colonization. The
intensity of AM structures ie. mycelial, vesicular and
arbuscular colonization were recorded and calculated
percent hyphal colonization, percent vesicles colonization,
and percent arbuscules colonization. Percent root
colonization was calculated by using following formula.

Number of AM positive segments
Total number of segments observed

Percent colonization (%) = X100

Table 1. List of different randomly studied medicinal plants, with their
family as well as habit, of BCSIR forest, Chittagong.

Plants Name Family Name Habit

Asparagus racemosus Wild. Asparagaceae  Perennial climber
Azadirachta indica A. Juss. Meliaceae Tree
Catharanthus roseus (L.) G.Don  Apocynaceae  Herb
Centella asiatica (L.) Urban Apiaceae Herb
Cynodon dactylon (L) Pers Poaceae Herb
Datura metel L Solanaceae Shrub
Multi-branched
Ocimum tenuiflorum L. Lamiaceae shrub
Strychnos nux-vomica L Loganiaceae Tree
Combretaceae  Tree
Terminalia bellirica
(Gaertn.) Roxb.
Combretaceae  Tree

Terminalia chebula Retz.
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Table 2. Soil chemical properties in three season of BCSIR forest study area during the year in 2014.

Studied soil chemical properties

Soil properties in winter

Soil properties in dry Soil properties in rainy season

season season
pH 5.35+0.88 6.12+0.18 5.35+£0.88
EC 110.63£25.16 uS 132.13£21.34 uS 105.34+19.37 uS
CEC 19.30 meq/100g soil 15.13meq/100g soil 21.12 meq/100g soil
Moisture content 0.98% 1.12% 23%
Available K 40.14+8.69 mg/kg 44.17+5.29 mg/kg 36.37 £7.21 mg/kg
Available P 7.09+ 4.09 mg/kg 9.09+ 3.21 mg/kg 6.95 £5.28 mg/kg
Available Ca 270 mg/kg 272 mg/kg 257 mg/kg
Available Mg 0.061% 0.072% 0.058%
Available Na 81.66+ 5.65 mg/kg 87.66+ 7.31 mg/kg 76.27+3.76 mg/kg
Available S 15.01£ 4.9 mg/kg 16.01+ 4.57 mg/kg 13.01+5.18 mg/kg
Soil Organic Matter 1.06 + 0.51% 097+ 0.15% 125+ 0.12%

Table 3. Vesicles colonization intensity in mycorrhiza fungi colonize medicinal plant’s root due to seasonal variability during the year in 2014.
Mean + SD (Standard Deviation), n=3

Percentage of Vesicles

Plants Name Dry Season Rainy Season Winter Season
A. racemosus 8.7+4.23 8.33+£1.27 0.00
A. indica 8+3.7 0.00 80+16.82
C. roseus 0.00 0.00 0.00
C. asiatica 0.00 0.00 9.09+1.1
C. dactylon 0.00 40+6.77 0.00
D. metel 20+5.65 0.00 0.00
O. tenuiflorum 0.00 0.00 6.67+2.31
S. nux-vomica 0.00 0.00 0.00
T. bellirica 9.68+2.13 0.00 55.55+5.73
T. chebula 40.91£12.43 41.66+10.32 30+8.92
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Fig.1. Mycorrhizal colonization status in medicinal plant’s root due to seasonal variability during the year in 2014. Error bars indicate the

standard deviation (SD). n=3

Soil sample collection and analysis

Soils samples were collected from studied medicinal plants
cultivation area to determine the soil chemical properties
as three times of in the corresponding tenure. Three
replicated samples were studied for analyzing the soil
chemical characteristics. Soil pH (soil: water = 1:2.5) and
EC (soil: water =1:2.5) available P, K, SOM, and S (Jackson,
1973) and soil moisture content were determined by using

ISSN: 2348-1900

different prescribe method. The chemical properties of soil
of studied area are given in Table 2.

Statistical analyses

Statistical analyses were accomplished using MS Excel
2007 software. The MS Excel 2007 software was used for
calculating mean value (n=3) and standard deviations.
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Fig. 2. Arbuscles colonization status in medicinal plant’s of BCSIR forest under different season during in 2014. Error bars indicate the

standard deviation (SD); n=3.

Result and Discussion

Effects of seasonality on hyphal colonization in studied
medicinal plant’s rhizosphere

All survey plants were infected heavily by mycorrhiza
fungal hyphae and some root samples formed typical
arbuscular mycorrhizal (AM) structures. Mycelia were
present in all root samples which characterized as
colonization of mycorrhiza fungi (Fig. 1). Intra- and
intercellular hyphae, vesicles, arbuscules, hyphal coils
were observed in most of the medicinal plants root tissues
but occasionally varied with season. Hyphal colonization of
each species reached peak in different time of the year
(Fig. 1). Hyphal colonization was often reached above
20%, occasionally, even beyond 95% in A. racemosus, A.
indica, C. roseus, T. bellirica, T. chebula. The percent of root
colonization ranged between 20+3.54% and 86.36+8.12%
in dry season, 66.66+10.12% and 100+3.53% for rainy
season but 6.67+1.23% and 100+5.53% for winter season.
This symbiotic relationship has been previously
demonstrated (Halder et al, 2015). Minimum root
colonization levels were obtained in the dry season but
maximum levels were observed during the wet season
(Fig. 1). It is suggested that the mycorrhiza fungi symbiosis
associations were well established and functional with
time required higher nutrients allocations to support their
enhanced metabolic activities synchronized with higher
water availability and lower ambient temperature
(Anderson et al, 1984; Sanders and Fitter, 1992; Bohrer et
al, 2004). Such a result was consistence with data
published from several other research works on different
plant species from different habitats (Lingfei et al, 2005,
Bohrer et al., 2004).

}2% Horizon e-Publishing Group

Effects of seasonality on arbuscular colonization in
studied medicinal plant’s roots

Intensity of Arbuscule was not equal in all samples as well
as Arbuscle was totally absent in some medicinal plant’s
root samples. In dry season all the studied samples were
totally free from formation of any arbuscles except T.
chebula (Fig. 2). Arbuscular colonization reached its
maximum and minimum in different season (Fig. 2) for
different plants. In rainy season most of the plant species,
except for A. indica, C. roseus, were highly infected by AMF
followed by winter season. Arbuscular colonization ranged
from 0 to 4 = 0.57% in dry season and 0 to 40 * 6.71% in
winter season but reached peak in rainy season as 0 to 50
+ 9.37%. Arbuscules were observed in 10% medicinal
plants root in dry season whereas highest 80% medicinal
plants showed arbuscles in rainy season followed by 60%
in winter season. So, the intensity order of arbuscle
formation was dry<winter<rainy season. It has been
reported that AMF colonization could be coordinated with
growth stages of plants (Kennedy et al, 2002). In this
study, higher arbuscular colonization occurred from rainy
to winter season of 2014, as this period was the growth
stages for most of the medicinal plants of BCSIR forest that
was consisted with study of Lingfei et al (2005).
Arbuscular colonization in some of the medicinal plants
varied randomly which agreed with the view that AM
symbiosis was considered to be probably species-specific
(Ruotsalainen et al,, 2002). Nutrient status of studied area
was varied within a little extent (Table 2) but EC and Na
concentration were varied little bit large extent. Mycelia
colonization were decreased in dry season that might be
due to high soil EC and Na concentration in dry season
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(Halder et al, 2015). Climatic factors and soil nutrient
availability have temporal and spatial dynamics. Bohrer et
al. (2004) concluded that abiotic factors had minimal
influence on AMF colonization variation. So, AM seasonal
dynamics were in response to plant phenology. Moisture
content of soil of study area was more or less similar in dry
(0.98%) and winter season (1.12%) but variation of
arbuscular formation was varied large extent which might
be due to growth stage of medicinal plants.

Effects of seasonality on Vesicular colonization in
studied medicinal plant’s roots

Vesicle colonization was very low during the whole year of
2014 in compare to hyphal and arbuscular colonization.
The time of maximum and minimum vesicle colonization
for each species appeared different (Table 3) in compare
to different season. The vesicular colonization rate in
studied medicinal plant species detected in dry and winter
season was differed in compare to rainy season. The
growing season of medicinal plants of BCSIR is rainy
season (July-August). Alexander et al. (1988) have
explained that arbuscule formation follows a cyclic pattern
where it ceases at the end of growing season when vesicle
formation increases. Vesicle colonization was higher
percentage in medicinal plant’s roots during dry spring as
well as winter season that might be due to the favorable
condition for plant respiration and oxyzen diffusion rate in
plant rhizosphere zone. Such result is consistence with the
previous published data (Shamim et al, 1994; Khade and
Rodrigues, 2008; Bajwaya et al, 2001). But VAM formation
was reduced at rainy season in studied medicinal plants.
The reduction of VAM infection in rainy season may be due
to the inhibition of spore germination at low oxyzen
tension (Tacon et al, 1983) as well as reduction of redox
potential (Tonner and Clayton, 1985). Furthermore, Reid
and Bowen (1979) demonstrate that low number of entry
points for VAM on roots epidermis in wet soils help to
reduce VAM infection.

Conclusion

Mycorrhizal, arbuscles, vesicles colonization were differed
not only seasonally but also varied regarding to medicinal
plant species to species. Arbuscle and hyphal colonization
were higher in rainy season might be due to growth stage,
host plant relationship of medicinal plants in BCSIR forest
as well as moisture availability, nutrient availability and
allocation, ambient temperature respectively. Vesicle
colonization was increased in dry and winter season in
comparison to rainy season that might be due to oxyzen
diffusion rate, redox potential. The study highlights the
facts that the existence of a seasonal pattern of arbuscular
mycorrhizal fungi and is indicated by hyphal colonization,
vesicular formation and arbuscular mycorrhizal structures
which is subjected to the some factors like as growth stage,
species diversity, edaphic factors, and climatic condition.
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This research is restricted to few plants of diverse group;
therefore it does not reflect the actual situation. Finally,
further research is required by selecting with greater
number of plant species growing in diverse habitat to
explore the real fact regarding to medicinal plants species.
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