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ABSTRACT

A study was conducted to investigate the growth performance, physiological
changes and yield quality of sweet basil (Ocimum basilicum) to inoculation by
different rate (0, 10, 20 and 30g inoculums) of Arbuscular Mycorrhizal Fungi
(AMF) under the soilless culture system. The result showed that plant height, total
leaf area, plant fresh and dry weight, root shoot ratio, total chlorophyll content,
photosynthetic rate, stomatal conductance, total ethanol soluble carbohydrate and
leaf ascorbic acid were significantly influenced by AMF. Oil production increased
significantly with increasing the inoculums rate on both fresh and dry weights of
basil. Spore counts and percentage of root colonization were not significantly
affected by AMF inoculation.

Keywords: Sweet basil, arbuscular mycorrhizal fungi, oil production,
photosynthesis rate, root colonization.

INTRODUCTION

Ocimum basilicum or sweet basil is a member of the Lamiaceae family that has a
high market demand and economically important uses in food seasoning,
pharmaceutical properties (Bais et al., 2002), culinary applications, preservatives,
cosmetics and industrial products (Brewer et al., 2011; Makri and Kintzios, 2007).
They are also rich in essential oils and have been extensively used in the flavoring
of confectionery and baked goods condiments; it has also found wide application in
perfumery, as well as in dental and oral products (Simon et al., 1990Quality of
sweet basil used in certain fresh and dry products is a function of its secondary
metabolite production including essential oils (Hussain et al., 2008; Copetta et al.,
2006). According to Gang et al. (2001), essential oils are synthesized and stored in
peltate glands especially from leaf structures responsible for oil production. Thus,
AMEF inoculation is one of the options considered to improve plant growth
performance so that the high yield quality of basil can be produced. AMF and
plants can share a mutually beneficial relationship (Detloff and Sally, 2010) by
forming a mutualistic association with the roots of 90% of land plants (Smith and
Read, 1997). Referring to Allen et al. (2003), root surface area greatly increases
due to AMF inoculation causing an enhancement in nutrient and water uptake by
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the host plant. AMF enhanced water uptake through improved hydraulic
conductivity and increasing leaf gas exchange and photosynthetic activity (Ruiz-
Lozano et al., 2003; Dell-Amico et al., 2002). Benefit to plant growth, health and
survival when plant symbiosis of AMF are established with the relationship of intra-
radical and extra-radical root colonization (Robert and Anne Davis, 2004; Rufykiri
et al., 2002). Root colonization by AMF can alter plant biomass and carbon use
hence may alter the production of secondary metabolites in plants (Toussaint et al.,
2007; Strack and Fester, 2006; Copetta et al., 2006; Strack et al., 2003). In addition,
the AMF colonize plant roots allowing the plant access to necessary nutrients in
exchange for carbohydrates produced by the plant (Graham et al., 2008; Mack and
Rudgers, 2008; Smith et al., 2004). However, Smith et al. (2004) studied that there
are degrees of mutualism within the plant/fungi relationship mediated by the
capabilities of both the plant and fungi. Under certain conditions, Mack and
Rudgers (2008) mentioned that mycorrhizal can become parasitic.

Most herbs are grown under glass-house or rain-shelter in order to maximize yield
and in order to obtain a regular supply of material all the year round. Coconut coir
dust (CCD), a by-product of the coconut industry, has been promoted as an
alternative to peat-moss in soilless media. Utilization of this material is considered
environmentally sustainable and this has attracted interest among research scientist
and glass-house growers. This locally available material has been used as soilless
media in this glasshouse study. The aim of the present study was to investigate the
potential impact of AMF which have been acknowledged as bio-fertilizer on the
herb's quality. Sweet basil was selected as a model plant to examine whether the
beneficial effects of AMF on plant development and physiological changes may be
extended with some qualitative plant features.

MATERIALS AND METHODS
Media and plant material

The experiment was conducted in the Glasshouse Unit at the Faculty of Agriculture,
University Putra Malaysia (UPM), Serdang, Selangor. Seeds of sweet basil were
purchased from the local market, germinated for about two weeks in a seed tray
containing sandy soil media. Seedlings were maintained in a glasshouse at
28.6+6°C, with RH is approximately 78+4%. Basil plants were irrigated manually
for twice per day. After two weeks, the seedlings had developed one set of true
leaves and 2-3 roots, and were individually transplanted into poly bags (40cm long
x 25cm wide) containing CCD media.

AMEF inoculum preparation

The AMF inoculums were obtained from the Department of Land Management,
Faculty of Agriculture, UPM. It consisted of mixed culture of Scutellospora
calospora and Glomus mossea, mass propagated under Setaria grass (Setaria anceps
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var. splendida). Inocula consisted of a mixture of the soil medium, extra-radical
hyphae and spores, and colonized root segments (<2 mm in length) were used for
the respective treatments.

Planting and inoculum placement

Two week old basil seedlings, germinated from seeds as mentioned previously,
were transferred to the respective polybag. The uniform heights of the grown basils
were 30 cm and were placed in each polybag. The respective inoculum treatments
were placed into each planting hole before transplanting. Inoculum was placed as a
thin layer to a depth of 5 cm to ensure better infection. The un-inoculated seedlings
were similarly treated but the inoculum had been steam sterilized at 121°C for two
hours. The observations were recorded for two weeks after transplanting.

Experimental design and plant maintenance

There are four treatments of AMF inoculation; 0g, 10g, 20g and 30g of inoculum.
Polybags were arranged in a randomized complete block design (RCBD) with four
replicates and 9 plants in each replicate and gave a total of 144 plants. The
glasshouse daily temperature was maintained at 28.6 £ 6°C and the relative
humidity (RH) was 78 £ 4%. The plants were watered manually for twice per day
with a nutrient solution containing the ion concentrations given by Cooper (1979);
with electrical conductivity (EC) maintained between 2.4 — 2.6 ms cm™. Plants
were harvested at 2, 6, and 10 weeks after transplanting (WAT).

Plant growth performance

At harvest, plant height was measured with a measuring tape and total leaf area
(TLA) was determined using an Automatic Leaf Area Meter (Model LI-3100, LI-
COR, U.S.A)). Roots were washed free of media and blotted gently with paper
towels, then later weighted to determine the root fresh weight.  Shoot (leaf and
stem) and root fresh weight were measured using analytical balance where as plant
dry weight (shoot and root) were determined after drying at 80 °C for 48 hours. The
root to shoot ratio (RSR) was determined by using the equation of Hunt (1978) as
shown below:

RSR = RDW / SDW

where:

RDW = Total root dry weight

SDW = Total shoot dry weight

Plant physiological changes

Three to four young fully expanded leaves were chosen from each treatment for the
determination of total leaf cholorophyll content (Chl), photosynthesis rate (Pn) and
stomatal conductance (gs). Leaf discs measuring 10 cm in diameter were
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immediately immersed in 20 ml of 80% acetone in an aluminium foil covered glass
bottle for approximately 24 hours at 0°C until all the green color had bleached out.
Finally, 3.5 ml of the solution was transferred to measure absorbance at 664 and
647 nm using a light spectrophotometer (UV-3101P, Labomed Inc, USA). The

equation for total leaf chlorophyll content is as follows:
Leaf chlorophyll content (mg/mg fresh weight) = (7.93*0.D* 664 19.53*0.D 447) X (total volume of
80% aceton) x _1

LFW

where:
1

2 (total volume of 80% aceton for O.D reading)

= Optical density
LFW = Leaf fresh weight (mg)

Measurements of the leaf photosynthesis (Pn) rate and stomatal conductance (gs) for
intact leaves were determined using an open path portable open system infrared gas
analyser (LI-6400, LICOR, U.S.A.) at 0900 — 1000 hours. The measurement was
taken on the abaxial surface with under optimal cuvette conditions (800 pmol m?s™
PPFD, CO2 flow rate of 400 pmol m? s™, 30°C cuvette temperature, 60% RH and
air flow rate set at 500 cm® min™. All the reading were taken within an hour to
prevent the leaves adapting to the different conditions of measurement.

Yield quality analysis

Total ethanol soluble carbohydrate (TESC): Fresh samples of basil leaf were
collected for TESC determination by Dubois et al. (1956). The phenol-sulfuric acid
assay is a broad spectrum method for carbohydrates, measuring both mono- and
polysaccharides. One gram of fresh leaf was weighed and digested by hot 80%
ethanol (EtOH) two times, each time by 5 ml EtOH and then filtrated by Whatman
No. 2 filter paper and the extracts diluted with distilled water to the volume 50 ml.
One ml of each sample was placed in the test tube and then 1 ml phenol solution
added. The procedure was followed by adding 5 ml of sulfuric acid and shaken
vigorously. The yellow-orange color was pipetted off and the wavelength was read
at 490 nm by the spectrophotometer machine (Pharmaspec UV-1700 model). The
amount of TESC was presented using the glucose standard curve.

Leaf ascorbic acid (LAA) content: LAA was determined using the Direct
Calorimetric Determination (Ranggana, 1977). It was carried out using dye, 2-6-
dichlorophenol (indophenol method). Five g of fresh leaves were blended with 95
ml of 2% cold metaphosphoric acid (HPO3). Then, the volume was filtered with
filter paper, Whatman No. 2. 1 ml of extract was placed in the cuvette and 4 ml of
2% cold HPO; was added. Ten ml of dye was added and shaken. The reading was
measured by using a spectrophotometer machine (Pharmaspec UV-1700 model) at
618 nm wavelengths. Unit of leaf ascorbic acid content is ml per 100 g (ml 100 g™).

Essential oil: Essential oil was obtained from leaves, stems, roots and flowers by a

hydro - distillation method with a Clevenger apparatus (British Pharmacopoeia,
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1980). Two hundred gram samples were diluted with 2000 ml distilled water (1:10
w/v). Distillation was continued for approximately 4 hour. Oil productions were
stored in dark glass bottles at 4 °C (Marotti et al., 1996).

AMF infection

AMF colonization: At each harvest time, a sample of fresh roots was cut into 1 cm
segments and stored in FAA (formalin-acetic acid-50% ethanol) (5:5:90, v/v/v)
solution. Roots were then, washed with tap water three times and then acidified with
1% HCI (Hydrochloric acid) for 3 minutes. Roots were stained in 0.05% Trypan
blue in water bath at 90 °C for 15 minutes. Root segment mounted on slides were
examined at x100 magnification, using an Olympus BH-2 light microscope
containing an ocular crosshair eyepiece. The number of root segments colonized
were counted and expressed as percentage of total root segments (Kormanik and Mc
Graw, 1982).

AMF Colonization (%) = Number of colonized sample x 100
Total number of segments examined

Spores count: Wet sieving decanting method (Gerdemann and Nicolson, 1963) was
used to assess the spore density in the media. Ten gram of soil was collected
randomly after harvesting and placed in 200 ml water in a large beaker. Media
mixture was stirred for 2 minutes then the mixture was poured into arranging sieves
(250, 106 and 42 pum). Media was entrapped to settle at every sieve. The spore
suspension was examined under a stereo microscope.

Statistical analysis

Analysis of Variance (ANOVA) on data obtained was performed using Statistical
Analysis System (SAS 9.1, SAS Institute, Inc. Cary NC. USA). The treatment
means were further separated using Duncan Multiple Range Test (DMRT) at the 5
% level of probability.

RESULTS AND DISCUSSIONS
Effect of AMF inoculation on plant growth performance

The AMF inoculation increased basil plant growth in the glasshouse compared to
non-inoculated plants (control). At 6 and 10 WAT, inoculated plants were taller
than control plants (Figure 1), but there was no significant effect of inoculum rate
on plant height at 2 WAT (p>0.05). The highest of AMF inoculation rate (30 g) had
significantly increased the plant height at 6 and 10 WAT (c. 6.8 — 22%) compared
to non-inoculated plants. Inoculated basil plants produced significantly higher TLA
than the control (p<0.01) at 6 and 10 WAT. As week increased, TLA also increased
until reaching the end of 10 WAT (Figure 2). On 10 WAT, the highest TLA was
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observed with 30 g of AMF per plant (c. 15%). Based on Figure 3a, leaf fresh
weight on inoculated plant showed a significant increment compared to control
plants (p<0.05). At 10 WAT, 30 g of AMF gave the highest leaf fresh weight and
the result shows a similar trend on stem fresh weight for all treated plants.
Maximum value of stem fresh weight at 10 WAT was founded in 30 g of AMF
which had increased by 39% compared to those in control (Figure 3b). Similarly,
root fresh weight also affected by AMF inoculation although there was no
significant difference in plants of 6 weeks old. The highest root fresh weight was
recorded with plants of 30 g of AMF at 10 WAT (Figure 3c). According to Figure
4, plant dry weight shown an almost similar pattern with plant fresh weight (Figure
3). By the end of 10 WAT, the highest inoculum rate increased leaf dry weight (c.
27%) compared to control plants (Figure 4a). Stem dry weight was maintained over
10 WAT with a maximum value of 30 g AMF (Figure 4b). Figure 4c indicated that
basil root dry weight was influenced by different rate of AMF inoculum at 6 and 10
WAT. At 10 WAT, the highest impact was shown for 30 g of inoculated plant (c.
57%) compared to control plant.

The partitioning between leaf, stem and root growth can be derived from RSR
(Figure 5). Inoculated basil plants had significantly higher RSR than the control
plants(p<0.01) at 10 WAT. This could be due to the higher RDW in inoculated
plants than the control plants. Contradictly, Kiernan et al. (1984) have found higher
RSR in non-inoculated strawberry plants compared to inoculated strawberry plants.

A significant finding of this study was the sweet basil appeared to exhibit a high
growth response with increasing of AMF inoculation to the plant root. Plant growth
under inoculated of AMF was enhanced during the three months of inoculated
period. Plant height, TLA, plant fresh and dry weight and RSR were obtained by 10
WAT. As levels of AMF increased, all parameters were also improved. For all these
improvements, it can be said that AMF will increase the root surface area and
thereby enhance nutrient uptake potential by arbuscule, hence increase the growth
rate of plants (Copetta et al., 2006). Referring to Auge et al. (2001), the formation
of hyphae from the AMF penetrated the roots and grows extensively between and
within living cortical cells, forming a very large and dynamic interface between
symbionts that further enhanced plant growth. At an early stage, there were no
significant differences in plant height, leaf and stem dry weight and RSR. This may
be due to time factor as mentioned by Ali et al. (2010) of AMF to colonize in root
tissue to show desired benefits of the plant growth.
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Figure 1. Effect of AMF inoculum rate on the plant height of sweet basil during 10
weeks growing durations. Mean values superscripted by different letters are
significantly different by Duncan’s Multiple Range Test (p < 0.05). ns, Non
significant.
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Figure 2. Effect of AMF inoculum rate on the total leaf area of sweet basil during
10 weeks growing durations. Mean values superscripted by different letters are
significantly different by Duncan’s Multiple Range Test (p < 0.05). ns, Non
significant.
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Figure 3. Effect of AMF inoculum rate on (a) leaf, (b) stem and (c) root fresh
weight of sweet basil during 10 weeks growing durations. Mean values
superscripted by different letters are significantly different by Duncan’s Multiple
Range Test (p < 0.05). ns, Non significant.
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Figure 4. Effect of AMF inoculum rate on (a) leaf , (b) stem and (c) root dry weight
of sweet basil during 10 weeks growing durations. Mean values superscripted by
different letters are significantly different by Duncan’s Multiple Range Test (p <
0.05). ns, Non significant.
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Figure 5. Effect of AMF inoculum rate on root shoot ratio of sweet basil during 10
weeks growing durations. Mean values superscripted by different letters are
significantly different by Duncan’s Multiple Range Test (p < 0.05). ns, Non
significant.

Effect of AMF inoculation on plant physiological changes

Chlorophyll (Chl) is the photoreceptors localized in the chloroplasts that allow
plants to absorb energy from light. In this study, it was observed that production of
Chl was influenced by AMF inoculums (Figure 6). As the plant grew older (10
WAT), the Chl seemed to increase, but no significant difference until they reached
10 WAT. Chl become gradually increased from 6 to 10 WAT in inoculated plants
may be due to the metabolism of the leaf mesophyll (Angela et al., 2011).
Increasing of the concentration of total Chl in the leaves of several crops (onion,
strawberry, pepper and chickpea) inoculated with AMF species belonging to genus
Glomus including G. mosseae has been found by numerous researchers (Sohrabia et
al., 2012; Garmendia et al., 2004; Afek et al., 1990). Similar results were identified
in trifoliate orange, a tree whose fruits are widely used in oriental medicine as a
remedy for allergic inflammation, when it was inoculated with G. mosseae (Wu and
Zou, 2012). Referring to Selvaraj et al. (2009), Chl also increased in Pogostemon
patchouli, an aromatic herb belonging to the mint family and cultivated for its
essential oil used in cosmetics, when it was inoculated with isolates of seven
indigenous AMF including G. mosseae.

The decline in the chlorophyll content was, however, significantly slower than the
loss of photosynthetic activity. Photosynthesis (Pn) of basil plants was affected by
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AMF rates. Pn was found to be higher for inoculated treatment of 30 g compared to
others throughout 10 WAT (Figure 7a). By 10 WAT, 30 g of AMF treatment
recorded significantly highest Pn followed by 20 g and 10 g of AMF, and the lowest
was recorded at control plant. Plants inoculated with high rates of AMF were found
to have higher gs than control plant in all WAT (Figure 7b). g; started to ascend
from 2 WAT onwards recording the highest g was in the 30 g of AMF followed by
others treatments. Dell-Amico et al. (2002) reported that AMF enhanced water
uptake through improved hydraulic conductivity and increasing photosynthetic
activity and gs. gs higher in AMF plants would be consistent with higher rates of
leaf gas exchange. This physiological adaptation could be necessary to supply
carbon needs of fungal symbionts (Auge et al., 2008). As Chl and gs level were
increased, these might be responsible for increased Pn in AMF plants that may be
able to assimilate more carbon dioxide and thereby to accumulate more biomass
(Krishna et al., 2005; Estrada-Luna and Davies, 2003).
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Figure 6. Effect of AMF inoculum rate on total chlorophyll content of sweet basil
during 10 weeks growing durations. Mean values superscripted by different letters
are significantly different by Duncan’s Multiple Range Test (p < 0.05). ns, Non
significant.
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Figure 7. Effect of AMF inoculum rate on (a) photosynthesis rate and (b) stomatal
conductance of sweet basil during 10 weeks growing durations. Mean values
superscripted by different letters are significantly different by Duncan’s Multiple
Range Test (p < 0.05). ns, Non significant.

Effect of AMF inoculation on yield quality

Both TESC and LAA were increased starting at 2 until 10 WAT (Figure 8a and 8b).
For TESC, significant differences were found at 10 WAT. The highest value
produced on plant treated with 30 g of AMF (48%) at the end of 10 WAT. LAA
contents showed a significant difference at 10 WAT. The best value of LAA was
obtained on plant inoculated with 30 g of AMF at 10 WAT, 6% compared to
control. Increase of AMF enhanced oil production in fresh and dried weight of plant
(Figure 9). The graph showed a significantly higher increment for the volume of oil
when the plant inoculated with different rate of AMF. Thirty g of inoculums rate
had the highest impact on production of plant oil. The dried weight of plant
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produced a greater value of oil rather than the fresh weight of plant after infected
with AMF inoculation. Total oil production increased significantly to 30 g of AMF
for the dried weight of plant (1.645 ml g™) and fresh weight of plant (1.508 ml g™).
Ascorbic acid is a multi functional compound in plants that is one of the most
abundant in green leaves (Marouane et al., 2013). Symbiotic of AMF shown to
induce accumulation of secondary metabolites by involving oil production in the
medicinal herbs and aromatic crops (Araim et al., 2009; Kapoor et al., 2007).
Copetta et al. (2006) had reported that basil inoculated with AMF had longer and
more branched roots and their leaves developed more glandular hairs producing
more production of oil.
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Figure8. Effect of AMF inoculum rate on (a) total ethanol soluble carbohydrate and
(b) leaf ascorbic acid of sweet basil during 10 weeks growing duration. Mean values
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superscripted by different letters are significantly different by Duncan’s Multiple
Range Test (p < 0.05). ns, Non significant.
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Figure 9. Effect of AMF inoculation on the oil production of fresh and dried weight
of sweet basil under different rate of inoculum at 10 WAT. (Symbols represent:
fresh weight of basil oil:A, dried weight of basil oil:A)

AMPF infection

Increase of AMF slightly increases AMF colonization and spore count even though
there were no significant differences between AMF inoculum. Bever et al. (2001)
studied that various species of AMF have different abilities in promoting plant
growth by root infection efficiency. Possibly the inoculums used does not contain a
fungus beneficial to this species of sweet basil resulting ineffectiveness in root
colonization and a number of spores. It is known that the effectiveness of
mycorrhization much depends on the specificity of fungus-host plant (species
and/or cultivars) (Sensoy et al., 2007). CCD is being used as a peat substitute or
amendment to potting mixes with varied results. Spores of the fungi may not
germinate greatly in this substrate media where spores become dormant or inactive
condition (Sanazzaro et al., 2005; Rabia and Almadini, 2005). Thus, the spores
could not produce extensively and unable for root colonization.

CONCLUSION

The result of the study showed the inoculation with 30 g AMF on sweet basil gave
potential impact on plant growth performance, physiological changes and yield
quality even though AMF inoculation did not show significant effect on AMF root
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infection due to spores count and root colonization. The reason could be perfect
supply of nutrients in optimal ranges with pH regulated nutrient solution in soilless
culture system. This agrees with Koide (1993) where AMF infection might be less
or no beneficial under fertilized soil. This also may be related to the spore
inoculum is unable to compete with indigenous fungi propogules and other soil
microorganisms that probably exist in the substrate which have not steam sterilized
in this study. This can explain maybe indigenous fungi and other or soil
microorganisms contribute to plant growth for high yield production and quality.
Further studies need to be carried out to really maximize the AMF response for
plant benefit.
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