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Abstract - This paper reports the results of studies on the composition and
distribution of soil microorganisms in soils taken above and around the rhizosphere of
vetiver grass grown in some areas in Quang Nam and Da Nang. The composition and
quantity of microorganisms in samples taken from areas planted with vetiver grass were
greater than those without vetiver grass. In addition, greater quantity of microorganisms
was found on the surface of vetiver roots than in zones further out in the rhizosphere; for
example, the microorganism quantity in Phu Tho, Ai Nghia, Lien Chieu and Son Tra were
in order of (168,1 — 14 — 12,3) x 10° CFU/g; (198,1 — 17,3 - 1,37) x 10® CFU/g; (31,8 - 2,8
—0,27) x 10° CFU/g and (28,2 — 2,6 — 0,18) x 10° CFU/g, respectively. This increase in soil
microbes surrounding Vetiver root zones is most likely due to excretion from the vetiver

root system in term of nutrient and oxygen supply.
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1. Introduction

Vetiver grass is a perennial grass with strong ecological adaptability and huge
biomass (Dalton, Smith, & Truong, 1996). It was first introduced to soil conservation and
land stabilization purposes in Fiji in the early 1950s, and promoted by the World Bank for
soil and water conservation in India in the 1980s (Dalton et al., 1996). Because of these
unique morphological, physiological and ecological characteristics, Vetiver is commonly
known for cost-effectiveness in reducing soil erosion and controlling sedimentary pollution
(Truong, Van, & Pinners, 2008) and for its tolerance to extreme soil conditions, including
heavy metal contamination (Antiochia, Campanella, Ghezzi, & Movassaghi, 2007; Chen,

Shen, & Li, 2004) as well as persistent organic pollutants (Paquin, Ogoshi, Campbell, & Li,



2002; Sarkar, Shakya, Makris, Datta, & Pachanoor, 2007).

Vetiver grass has a massive and complex root system, which can penetrate to the
deeper layers of the soil (Mickovski & van Beek, 2009); owing to this characteristic is the
favorable condition for soil microbial activity and the growth ability in different soil
conditions (Punamiya et al., 2010). The objective of this study was to investigate the soil
microbial biodiversity in rhizosphere of vetiver grass; this will further clarify the

interpretation of contaminants removing mechanism of vetiver grass.

2. Material and Methods
2.1. Experimental sites

Vetiver grass (Chrysopogon zizanioides) was grown in Phu Tho and Ai Nghia
(Quang Nam province), Lien Chieu and Son Tra (Danang city). The first and the second
site was an alluvial soil of the central plain in Quang Nam province; the third was above the
lake-banks in Lien Chieu District; and the fourth, a raddled soil in Son Tra Mountain.
2.2. Data collection

Soil control samples were collected before planting vetiver grass to determine
chemical characteristics. Samples were taken at five points and mixed to form a
representative soil sample for each site.

Soil samples adjacent to vetiver roots were collected from each site after one year of
planting to analyse the chemical and biological characteristics.

Soil samples were taken according to method of ISO 10381-6:2009. Microbial
population biodiversity (yeasts, fungi, actinomycetes, bacteria) of the rhizosphere soil
samples were isolated and identified using the dilution plate count method in enrichment

and selective media such as Gauze I, Ashbv, Pepton, Czapek (Diing, 1978).
2.3. Analyzing chemical properties methods

Soil samples chemical characteristics from each site were analyzed using samples air-
dried for 5 days and sieved to 2 mm. Nitrate nitrogen (N-NO3), amonium nitrogen (N-NHy),
phosphorus (P20s), potassium (K20), were determined using standard methods of soil
analysis (Carter & Gregorich, 2008).

3. Results and discussion
3.1. The distribution of soil microorganisms in the areas without vetiver grass
The number of soil microbes and soil characteristics taken from the areas without

vetiver grass in Da Nang city and Quang Nam province is presented at Table 1.

Table 1. The composition and quantity of soil microbes in areas without vetiver grass

Sample Soil characteristics Soil microbes

No. Soil types

Sites

Moisture‘ pH‘ NO* ‘ NH** ‘ P20s ‘ K20 | Total aerobic ‘ Total ‘ Total




(%) mg/100g| mg/100g | mg/100 microorganisms ﬁmgi actinomycetes

g (x 106 CFU/g) é;{lj?g) (x 10* CFU/g)
1 |PhuTho [Sandyloam| 35 |48 | 4,45 2,15 7,01 | 5,83 46,5 35,0 5,6
2 |AiNghia |Organicsilt| 50 | 68| 5,0 3,03 68 | 5,56 58,3 348 9,0
3 glfi‘;u Sandysoil | 25 42| 40 2,02 | 637 | 4,04 15,7 0,04 0,032
4 |SonTra |Clayeysand| 23 |[3,5| 03 0,4 08 | 048 12,1 0,025 0,01

The composition and the quantity of soil microorganisms were different from soil

types. It is not depends on the concentration of soil nutrients, humidity but also soil pH.

Because of Ai Nghia are often consolidated annual by alluvial of Vu Gia River, so
soil characteristics in this area are fertile, soils pH classified as neutral (pH = 6.8), moderate
humidity (45%), and soil microbes thrive in comparison with other regions, namely: total
aerobic microbes (58.3x10° CFU/g), total fungi (34.8x10* CFU/g), and total actinomycetes
(9.0x10* CFU/g).

Soil in Phu Tho is characterized by low pH (pH=4.8), low humidity (35%) and silty
sand, and soil microbes are not diverse than Ai Nghia region, namely: total aerobic
microbes (46.5x10° CFU/g), total fungi (35x10* CFU/g), and total actinomycetes (5.6x10*
CFU/g).

Soil in Lien Chieu district has a very low of pH (=4.2), the humidity (20%) and soil
nutrient, and the quantity of soil microbes are lower than Ai Nghia and Phu Tho region,
namely: total aerobic microbes (15.7x10° CFU/g), total fungi (0.04x10* CFU/g), and total
actinomycetes (0.032x10* CFU/g).

Because clayed sands soil in Son Tra peninsula are mainly formed from granite, so
soil characteristic in this area are very low capacity of water retention as well as the
humidity (23,2%) and pH (=3.5), the quantity of soil microbes are lowest compared with
the other region, namely: total aerobic microbes (12.1x10° CFU/g), total fungi (0.024x10*
CFU/g), and total actinomycetes (0.01x10* CFU/g).

3.2. The distribution of soil microorganisms in the areas planted with vetiver grass

The number of soil microbes and soil characteristics taken from the areas planted

with vetiver grass in Da Nang city and Quang Nam province is showed at Table 2.

Table 2. The composition and quantity of soil microbes in areas planted with vetiver grass

Soil characteristics Soil microbes
Sample . . Total Total
No. Si P Soil types |Moisture NO* NH* P20s Total aeroblc fungi |actinomycetes
1tes pH K>O |microorganisms .
(%) mg/100g | mg/100g |mg/100g (x10 (x 10*

6
(x 10% CFU/g) CFU/g) CFU/g)

1 [PhuTho |[Sandy loam 35 64 | 673 3,53 8,43 | 6,04 87,7 44,5 10,2




2 |AiNghia |Organic silt 50 71| 733 42 8,6 6,8 101,5 472 13,9

3 [Lien Sandy soil 25 | 53 | 525 | 403 74 | 5,15 25,9 0,3 0,12
Chieu

4 |SonTra |Clayey sand 23 4,8 1,2 0,8 2,3 1.4 20,6 0,25 0,08

The composition and quantity of soil microbes in the areas planted with vetiver grass
were increased compared with areas without vetiver grass. It depends on the of soil

nutrients concentration, moisture as well as soil pH.

Soil pH, total bioavailable nitrogen, bioavailable phosphorus, and bioavailable
potassium at Ai Nghia area fluctuated from 6.8 - 7.1; 8.03 - 11.52; 6.8 — 8.6; and 5.56 - 6.8,
respectively. These are favorable conditions for the growth and development of soil
microbes, therefore, the quantity of microbes have increased obviously and account for the
highest number of microbes compared to other soil samples, namely: total aerobic microbes
(from 58.3x10° to 101.5x10° CFU/g), total fungi (from 34.8x10* to 47.2x10* CFU/g), total
actinomycetes (from 9.0x10* to 13.9x10* CFU/g).

At Phu Tho commune, soil pH, total bioavailable nitrogen, bioavailable phosphorus,
and bioavailable potassium were fluctuated from 4.8 — 6.4; 6.6 - 10.26; 7.01 — 8.43; and
5.83 - 6.04, respectively. Because of these appropriate condition, there was a rise rapidly in
the quantity of microbes, namely: total aerobic microorganisms (from 46.5x10° to 87.7x10°
CFU/g), total fungi (from 35x10*to 44.5x10* CFU/g), total actinomycetes (from 5.6 x10*to
10.2x10* CFU/g).

The sandy soil at Lien Chieu district has pH value, total available nitrogen, available
phosphorus, and available potassium fluctuated from 4.2 - 5.3 ; 6.02 - 9.28, 6.37 - 7.4 ; and
4.04 - 5.15, respectively. Thus, it can be seen that the number of microorganisms has
increased, in which: the total aerobic microbes, total fungi, and the total actinomycetes have
increased 15.7x10° - 25.9x10°CFU/g, 0.04x10* - 0.3x10* CFU/g, and 0.032x10* - 0.12x10*
CFU/g, respectively.

In Son Tra peninsula, soil pH value increased from 3.5 to 4.8 while total available
nitrogen, available phosphorus, available potassium fluctuated from 0.7 to 2.0, 0.8 — 2.3,
0.48 — 1.4, respectively, and the quantity of total aerobic microorganisms have incresed
from 12.1x10° to 20.6x10°CFU/g, total fungi have incresed from 0.025x10% to
0.25x10*CFU/g, and the total actinomycetes have incresed from 0,01x10* to 0,08x10*
CFU/g.

These results can be explained that the ability of root system to retaining and limited
leaching nutrients into the deeper soil layers. Besides, the roots may have generated a
number of enzymes, organic acids, which stimulate the growth and activity of soil

microorganisms.



Figure 1. Microbes were isolated from soil planted with vetiver grass

Figure 2. Fungi, actinomycetes were isolated from soil planted with vetiver grass
3.3. The distribution of microbes on the surface of roots, adjacent to roots and
surrounding vetiver roots

The composition and the quantity of microbes on the surface of roots, adjacent to
roots, and surrounding roots which sampled four eares at Quang Nam and Danang are
showed in Table 3.

Table 3. The composition and quantity of microbes

Microbes (10° CFU/g)

No. | Samplesites |onthesurface | adjacentto | surrounding
of roots roots (x10° roots
(x10°CFU/g) CFU/g) (x10°CFU/g)

1 |Phu Tho 152,4 13,42 1,02




2 |Ai Nghia 172,6 15,0 1,43

3 |Lien Chieu 27,3 2,3 0,17

4 |Son Tra 21,9 1,77 0,15
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Figure 3. The composition and the quantity of microorganisms on the surface of roots,

adjacent to roots and surrounding roots are showed in table 3.

In general, the number of microbes on the surface of roots is greatest in all samples,

followed by microbes adjacent to roots and surrounding roots.

At Ai Nghia town, the amount of microbes on the surface of roots, adjacent roots and
surrounding roots were 172.6x10° CFU/g; 15x10° CFU/g and 1.43x10° CFU/g, respectively,
at Phu Tho commune were 152.4x10° CFU/g; 13.4x10° CFU/g and 1.02x10° CFU/g,
respectively, at Lien Chieu district were 27.3x10% CFU/g; 2.3x10° CFU/g and 0.17x10°
CFU/g, respectively, and in Son Tra peninsula were 27.3x10° CFU/g; 2.3x10° CFU/g and
0.17x10° CFU/g, respectively.

Lyunch (Lynch & Whipps, 1990) and Nannipieri (Nannipieri et al., 2008) explained
that the organic compounds like carbonhydrate such as glucose, fructozo; amino acids such
as loxin, serine, valine ...; and organic acids such as xitrit and vanic, vitamins are essensial

nutrients for the growth of microbes in the root system.

Therefore, the highest quantity of microbes at Ai Nghia town are possible not only
related to the vetiver root excretion but also affected by soil characteristics such as high
levels of nutrients, the degree of soil aeration, moisture and appropriate pH values. In
contrast, the quantity of microbes in the Son Tra Mountain have the lowest compared to the

others.
4. Conclusion

From current study, we conclude that:

The distribution of microbes on the surface of roots of vetiver grass is the most

abundant in comparison with the others which are adjacent as well as far surrounding roots.



The quantity of soil microbes in samples taken from areas planted with vetiver grass

are greater than those without vetiver grass.

The distribution of microbes in vetiver root system are affected by root excretion and

the relationship with soil nutrients contents and soil characteristics.
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