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Introduction
As the urbanization is rapidly proceeding in the past 

decades in China, green space establishment and blooming 
real estate stimulated the development of turf industry. 
Turfgrass is the essential component in the establishment 

of green space and the construction of golf courses in cities 
(Beard and Green, 1994). Golf industry in China was initi-
ated in 1984 and around 300 golf courses have been built 
since 2003a. It is estimated that there are around 600 golf 
courses across the country up to 2013 and most of the put-
ting greens of the golf courses were constructed with high 
content of sand. USGA recommended that a minimum sand 
content of 60% should be achieved (Moore, 2004) during 
construction for the purposes of compaction resistance 
and fast drainage. Different from the natural turfgrass 
system, concerns arise regarding the impact of sand-based 
rootzone on the soil nutrient availability and recycling, 
organic matter decomposition, all of which are associated 
with microbial population and activity in the rootzone 
(Sylvia et al., 2005). It was considered that lack of soil sur-
face and organic matter of sand-based rootzone does not 
create a favorable environment for the benefits of microor-
ganisms. Moreover, less diversity of microbial population 
may weaken the ability to surpass pathogens that cause 
disease in turfgrass system (Hodges, 1990). Although con-
cern exists, there were studies revealed that the microbial 
population of mature putting rootzone can reach the same 
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 Summary
Microbes play important roles in soil nutrient 

cycling, thatch decomposition and antagonism to-
wards pathogens. As turfgrass and golf industry are 
blooming in China in the past few decades, concerns 
arise regarding the role of sand-based rootzones of 
putting green as a favorable habitat for the devel-
opment of microbes. The objective of the study was 
to examine the effects of different soil mixtures on 
the dynamic changes of soil microbial population 
and the turf quality during the first year of estab-
lishment. A greenhouse study was conducted with 
‘TifEagle’ bermudagrass [Cynodon dactylon (L.) × C. 
transvaalensis Burtt-Davy] planted in the pots with 
five types of rootzones as follows: sand (A), native 
soil (B), sand mixed with native soil (C) (85: 15 v/v), 
sand mixed with peat (D) (85: 15, v/v); sand mixed 
with native soil and peat (E) (85: 7.5: 7.5 v/v/v). Mi-
crobial populations (bacteria, Bacillus spp., actino-
mycetes, and fungi), hydrolysable nitrogen (HRN) 
and organic matter (OM), and turfgrass quality were 
evaluated bimonthly and root and shoot biomass 
were determined at the end of the study. During the 
first-year establishment, bacteria and fungi popu-
lations increased from 6.79–7.02 to 7.27–7.43 lg cfu 
g-1 dry soil and from 4.36–4.58 to 5.82–6.35 lg cfu g-1 
dry, respectively for sand-based rootzones but not 
Bacillus spp. and actinomycetes two months after 
planting, coupling with the decrease in soil OM and 
HRN. A decline in bacteria, Bacillus spp., and fungi 
occurred four months after planting, and main-
tained stable after six months of planting. Turfgrass 
quality was positively correlated with microbial 
population in Bacillus spp. (r=0.43, p<0.001) and 
actinomycetes (r=0.50, p<0.001) and soil nutrient 
status in HRN (r=0.55, p<0.0001) and OM (r=0.65, 
p<0.0001). Sand-based rootzone mixtures were 
adequate to maintain turfgrass quality (6.4–7.6) and 
microbial population. Grasses grown in them had 
higher root:shoot ratio (1.92–2.06) than pure sand 
(0.75) and native soil (0.50) alone.

Keywords
bacteria, fungi, actinomycetes, turfgrass quality, 
organic matter, available nitrogen

Significance of this study
What is already known on this subject?
• It has been long suspected that sand-based rootzone 

in putting green does not create a favorable environ-
ment for the benefits of microorganisms. However, 
there are some studies reporting differently that the 
microbial population of mature putting rootzone can 
reach the same level with that was constructed with 
native soils even newly constructed putting green 
with cool-season turfgrass.

What are the new findings?
• The study showed that sand-based rootzone mix-

tures were adequate to hold decent microbial pop-
ulation. Warm-season turfgrass grown in them had 
higher root:shoot ratio than pure sand and native 
soil alone. Turfgrass quality was also found to be 
correlated with certain microbial groups.

What is the expected impact on horticulture?
• The use of sand-based mixtures with amendments 

is further warranted as it can promote both root 
growth and microbial population. The addition of 
organic matter would likely stimulate microbial 

 activity.

a  Information was from Forward Group, 2011. 
   Report of golf industry in China [Online].
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level with that was constructed with native soils (Alexan-
der, 1977; Guo et al., 2006; Mancino et al., 1993; Shao et al., 
2005). A more recent study on creeping bentgrass (Agros-
tis palustris Huds. A.) putting green explored the dynamic 
change of the microbial population during establishment 
on a sand-based rootzone, and it was found that bacte-
ria exceeded 108 cfu g-1 dry soil six months after seeding  
(Bigelow et al., 2002). In addition, a stable status was 
reached after 18–24 months establishment, and the peak of 
microbial population was correlated with the growth vigor 
of the turfgrass (Gaussoin, 2003).

Rootzone construction often involves applying amend-
ments in order to maximize the physical and chemical 
properties, and peat is the most commonly used amend-
ment for rootzone construction (Moore, 2004). The impact 
of soil amendments on the development of soil microbial 
population was considered minimal compared to the influ-
ence of environmental factors and turfgrass root system 
(Bigelow et al., 2002). Aforementioned studies regarding 
the dynamic change of microbial population during estab-
lishment and the effect of soil amendments on microbial 
population focused on cool-season turfgrass species such 
as creeping bentgrass. Similar information on warm-sea-
son turfgrass is lacking and would be valuable for the 
southern region. ‘TifEagle’ hybrid bermudagrass is widely 
used for establishing golf course putting greens in South-
ern China. The objective of this study was to examine the 
effects of different soil mixtures (with the control of pure 
sand and pure native soil) on the dynamic changes of soil 
microbial population, soil nutrient status and the turf qual-
ity of ‘TifEagle’ bermudagrass during the first year of es-
tablishment.

Materials and methods
This study was conducted in the greenhouse at the 

South China Agricultural University (SCAU), Guangzhou, 
China, from May 2009 to March 2010. ‘TifEagle’ sod was 
taken from the nursery of Zhuhai Golden Gulf Golf Club, 
Zhuhai, China. It was maintained in the greenhouse for half 
a year before the experiment with the day/night temper-
ature of 30°C/25°C. The plants were cut into stolons con-
taining 2–3 nodes, and they were vegetatively propagated 
using stolons with 40 g pot-1 into pots (28 cm diameter, 
30 cm height). Five rootzone mixtures included: A: Sand 
(100% by volume, the control 1); B: Native soil (100%, the 
control 2); C: Sand: native soil (85%: 15%); D: Sand: peat 
(85%: 15%); E: Sand: native soil: peat (85%: 7.5%: 7.5%). 

Each material in the mixtures went through a 2 mm sieve 
and 4 g of fertilizer (15N-15P2O5-15K2O, Batian Inc. Shen-
zhen, China) was mixed in each pot. Sand was from local 
contractor, and the peat was manufactured by Biolan (Fin-
27501, Kauttua, Finland). The native soil was agricultural 
soil (latosolic red soil) from Zengcheng Research and Edu-
cation Center of SCAU. The physical and chemical proper-
ties of five rootzone mixtures were listed in Table 1. The 
study was arranged as a randomized complete block design 
with three replications. The grass was maintained at 1.5 
cm mowing height, and the fertilizer (15N-15P2O5-15K2O, 
8.5% ammoniacal N, 6.5% nitrate N) was applied at a rate 
of 48 kg ha-1 N with a monthly frequency. Mancozeb (50%) 
and chlorphyrifos (23.5%) were applied to control leaf spot 
(Bipolaris sorokiniana) and aphids (Macrosiphum avenae), 
respectively at Jun. 29th, Aug. 12th, Sep. 16th, 2009, and Jan. 
5th, 2010.

Soil sampling and determination of soil microbial  
population and soil fertility

Soil mixtures were sampled every two months. During 
soil sampling, a soil core (2.5 cm x 10 cm) was taken from 
each pot. The soil core was placed in clean plastic bag after 
removal of leaves and thatch. It was then passed through a 2 
mm sieve and divided into two parts. One part was directly 
kept in the fridge (4°C) for determining the population of 
bacteria, fungi, actinomycetes, and aerobic spore forming 
bacteria (Bacillus spp.) and the other part was dried under 
room temperature and then was kept in the fridge for de-
termining hydrolysable nitrogen (HRN) and organic mat-
ter (OM). The determination of microbial population was 
done within 5 days after sampling.

The populations of soil microorganisms were deter-
mined by plating aliquots of soil suspension on selective 
media (Xu and Zhen, 1986). Beef extract-peptone agar was 
used to enumerate the bacteria. Fungi were estimated 
using Rose bengal chloramphenicol agar (Shanghai Tech-
nique Development of Entomological Biology, Co., Shang-
hai, China) with 0.1 g ml-1 chloramphenicol (Sigma-Aldrich, 
USA) to inhibit the growth of actinomycetes and bacteria. 
Gauze 1 media was used to estimate actinomycetes. Soil 
suspensions were thermally treated at 80°C for 15 min be-
fore inoculation for estimation of Bacillus spp. plated onto 
the medium.

Available nitrogen was determined as hydrolysable 
nitrogen (HRN) and soil organic matter (OM) was deter-
mined using dichromate oxidation procedure (Bao, 2007). 

Table 1. Physical properties including bulk density (BD), porosity (micropore, mesopore, and total), saturated infiltration 
rate (SIR), and field capacity (FC); chemical properties including nitrogen (N), potassium (K), phosphorus (P), organic 
matter (OM), and pH five rootzone mixtures before planting.

Mixtures†
Bulk density

g cm-3

Porosity
SIR

mm min-1

FC
%

Available nutrients
OM

g kg-1
pHMicropore Mesopore Total N K P

% mg kg-1

A 1.27 b‡ 28.51 d 9.90 a 38.41 c 12.43 a 19.43 d 2.33 c 16.17 c 16.09 c 5.28 e 5.85 a
B 1.03 d 44.78 a 10.01 a 54.79 a 2.63 c 36.86 a 47.25 a 239.33 a 154.09 a 65.58 a 5.78 a
C 1.36 a 37.51 c 4.88 b 42.39 b 10.79 b 23.50 c 23.33 b 21.50 b 86.35 b 7.11 de 5.39 b
D 1.18 c 41.01 b 4.15 b 45.15 b 10.70 b 30.98 b 25.67 b 20.00 b 18.20 c 21.09 b 4.56 c
E 1.19 c 37.31 c 5.36 b 42.67 b 9.95 b 28.65 b 28.58 b 20.67 b 67.63 b 12.15 c 5.25 b

† Mixtures: A: Sand (100% by volume); B: Native soil (100%); C: Sand: native soil (85%: 15%); D: Sand: peat (85%: 15%); E: Sand: native soil: 
peat (85%: 7.5%: 7.5%).
‡ Column means followed by the same letter was not different at 0.05 P level.
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Qualification of turfgrass quality and harvest biomass
Visual quality was measured every two months based 

on 1 to 9 scales with 9 being outstanding or ideal turf hav-
ing the most dense, fully covered and dark green canopy; 
and 1 being poorest or dead turf having completely brown 
canopy. At the end of the study, final shoot and root biomass 
were determined by drying them under 80°C for 48 hours.

Data analysis
Microbial population values were logarithmically 

transformed. All the data were subjected to the analysis of 
variance (ANOVA) using SAS 9.4 (SAS Inc., Cary, NC). Data 
of HRN and OM was square-root transformed to meet the 
ANOVA assumption. Repeated measure procedure was 
used for data sampled from different dates, and interaction 
was found between treatment and date. Data from differ-
ent dates were presented separately. 

Results and discussion

Changes of microbial population in different mixtures 
during establishment

At the beginning of the establishment in May, native 
soil (B) had greater number of all mi-
crobial populations evaluated (Table 
2). On the contrary, pure sand (A) had 
the lowest level of microbial popu-
lations. Two months after planting, 
no differences were found in bacte-
ria, actinomycetes, and fungi groups 
among all soil mixtures. Native soil 
still held larger number of microbes in 
Bacillus spp. In general, for all soil mix-
tures, bacteria and fungi populations 
increased to different extents but not 
Bacillus spp. and actinomycetes.

Bacteria population reached its 
maximum level two months after 
planting, and declined four months af-
ter planting (September, Table 2) in all 
mixtures. The decline of bacteria pop-
ulation was likely due to the leaf spot 
and the aphids infestation on ‘TifEa-
gle’, which inhibited the growth of root 
system. Rooting activity has profound 
effect on microbes by exuding small 
molecular weight compounds that 
can be consumed by microbes (Bais 
et al., 2006). Moreover, the pesticide 
application exerted further impact on 
the microbial population. However, 
this impact of pesticide was found to 
be temporary (Dell et al., 2008; Gaus-
soin, 2003). This was confirmed in our 
study that the bacteria population was 
stable six months after planting. In 
general, native soil and pure sand had 
the largest and lowest number of bac-
teria, respectively. The difference be-
tween the two was highest in Novem-
ber, 2009 (~1.44). Mixture C had larger 
bacteria population than mixture D 
and E at the beginning of the study. 

As with bacteria, the population 
of Bacillus spp. was greatest in B and 

least in A with a gap ranging from 1.70 to 2.06 (Table 2). All 
mixtures that contained native soil had higher population 
of Bacillus spp. than those that did not contain native soil. 
Bacillus spp. comprised of the major species of bacteria that 
are aerobic endospore-formers, which have been viewed as 
an essential components of the soil bacteria community, 
involving in a wide range of soil ecosystem functions and 
processes (Mandic-Mulec and Prosser, 2011). Aerobic en-
dospores enable them to survive under stress condition 
(supra-optimal soil temperature or drought) when vegeta-
tive cells were killed (Mandic-Mulec and Prosser, 2011). In 
the study, the changes of Bacillus spp. were smaller com-
pared to bacteria. Environmental extremes would likely 
alter the role of Bacillus spp. in bacteria community (Graff 
and Conrad, 2005).

Opposite trends were observed in change of actinomy-
cetes population in mixtures A and B (Table 2). In mixture 
B, actinomycetes population declined two months after 
planting, and then it increased slightly and became stable. 
On the other hand, in mixture A, actinomycetes population 
increased from a relatively low level to a level with no dif-
ference compared to other mixtures. Lower actinomycetes 
count was reported to be associated with drier, poorer soil 

Table 2. Mean populations of four soil microbial groups as affected by different 
soil mixtures during the first year of establishment.

Mixtures†
1 May 09 1 Jul 09 1 Sep 09 1 Nov 09 1 Jan 10 1 Mar 10

lg cfu g-1 dry soil
Bacteria

A 6.69 c‡ 7.26 a 6.02 c 6.03 d 6.17 d 6.12 a
B 6.95 ab 7.65 a 6.83 a 7.45 a 7.14 a 6.70 a
C 7.02 a 7.27 a 6.44 b 6.56 bc 6.54 c 6.33 a
D 6.79 bc 7.31 a 6.01 c 6.30 cd 6.12 d 5.90 a
E 6.80 bc 7.43 a 6.41 b 6.86 b 6.80 b 6.47 a

Bacillus spp.
A 4.82 d 4.90 c 4.43 b 4.74 c 4.88 c 4.86 b
B 6.81 a 6.90 a 6.31 a 6.83 ab 6.78 a 6.59 a
C 6.44 ab 6.26 b 5.69 a 6.10 b 6.02 b 6.13 a
D 5.77 c 5.12 c 4.58 b 6.50 ab 5.35 c 4.94 b
E 6.19 b 6.25 b 5.93 a 6.88 a 6.19 b 6.16 a

Actinomycetes
A 4.25 c 5.19 a 5.88 b 5.49 c 5.56 c 5.88 b
B 7.02 a 6.15 a 6.56 a 6.74 a 6.62 a 6.48 a
C 5.80 b 5.82 a 5.92 b 5.56 bc 6.12 ab 5.19 c
D 5.82 b 5.84 a 5.96 b 5.67 bc 5.63 bc 5.21 c
E 5.85 b 5.76 a 5.91 b 5.85 b 5.75 bc 5.35 bc

Fungi
A 3.85 c 5.69 a 4.90 a 5.80 a 5.43 b 4.89 c
B 5.48 a 5.99 a 5.55 a 5.69 a 6.10 a 5.31 bc
C 4.36 b 6.35 a 5.20 a 5.70 a 5.90 a 6.23 a
D 4.49 b 5.82 a 4.95 a 5.61 a 6.05 a 5.95 ab
E 4.58 b 6.43 a 5.28 a 5.53 a 5.88 a 5.73 ab

† Mixtures: A: Sand (100% by volume); B: Native soil (100%); C: Sand: native soil (85%: 15%); 
D: Sand: peat (85%: 15%); E: Sand: native soil: peat (85%: 7.5%: 7.5%).

‡ Column means within each group on a given sampling date followed by the same letter was 
not different at 0.05 P level.
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and cooler climate after analysis of soil 
samples from 22 selected areas with var-
ied vegetational and climatic types (Xu et 
al., 1996). No difference was found in acti-
nomycetes population among other sand-
based mixtures (C, D, and E). Mixture A 
held less actinomycetes population than 
mixture C except for two months and four 
months after establishment.

For fungi population, mixture B held 
larger number than other mixtures only at 
the beginning of establishment, and then 
there was no difference found in fungi 
population among mixtures. The changes 
of fungi in mixture B were also relatively 
small compared to other sand-based mix-
tures. Based on the result, mixture B did 
not have any advantages in holding fungi 
community compared to other sand-based 
mixtures. This was probably due to sev-
eral reasons. Sand-based rootzone has 
less soil compaction and larger air space, 
which facilitated the growth and prolifera-
tion of fungi. In addition, the methodology 
utilized in this study can overestimate the 
fungi population because of the growth 
characteristics of the fungi through vegetative spores and 
hyphae. During the preparation of soil solution, hyphae 
could break into sections, and each section is able to grow 
into a colony in the culture (Davet, 2004). Overall, culti-
vation-based approaches have their limitations of being 
highly selective and providing potential rather than actual 
activity of the microbes. Moreover, among fungus popula-
tion, there are pathogens that cause disease in turfgrass, 
reducing turf quality such as Pythium spp. and Rhizoctonia 
solani (Aoyagi et al., 1998). Future studies could employ 
molecular techniques to address the limitations of the 
traditional cultivation method and explore beneficial and 
pathogenic fungi along with their interactions.

Changes of HRN and OM in different mixtures during 
establishment

At the beginning of the establishment, native soil had 
the highest level of HRN and OM, while pure sand had the 
lowest level of the two nutrients (Table 3). This was within 
our expectation that the native soil was agricultural soil 

that was cultivated and thus it possesses high content of 
organic matter and HRN. No difference was found in HRN 
among mixtures of C, D, and E. Mixture D had higher level 
of OM due to its higher content (15%) of peat compared to 
mixture C (0%) and E (7.5%).

In general, OM decreased to a great extent in the first 
two months after planting as the establishment progressed 
in all soil mixtures (Table 3). Later during the establish-
ment, the change of OM became relatively stable. The 
change of HRN followed similar trend as OM except for 
mixture A with no radical changes throughout the estab-
lishment. There was also an increase of HRN four months 
after planting in sand-based mixtures, and the reason was 
not clear. The decreasing OM was associated with OM de-
composition, mineralization, and recycling (Juma, 1999). 
The balance between the root growth and the root turn-
over is likely to have an impact on soil OM, and because root 
turnover of the new establishment is limited compared to 
a mature turfgrass system, this may result in the decrease 
of OM. 

Turf quality and biomass
Grasses grown in native soil had higher turf-

grass quality throughout the course of the study 
(Table 4). This was likely due to high levels of 
HRN and OM native soil provided to support the 
growth of turfgrass. Turfgrass color and shoot 
density of ‘TifEagle’ bermudagrass responded 
to increased N application (Guertal and Evans, 
2006), high level of HRN would likely resulted in 
denser canopy with darker color. Grasses grown 
in pure sand had lower turfgrass quality than 
other mixtures at the beginning, but it was not 
different four months after planting. 

Grasses in mixture A produced more total 
biomass than that was grown in mixture B, but it 
was not different compared to other sand-based 
mixtures (Table 5). This could be due to the dra-
matic difference in soil HRN and OM of mixtures 

Table 3. Hydrolysable nitrogen (HRN) and organic matter (OM) contents 
during the first year of establishment as affected by rootzone mixture and 
sampling date.

Mixtures†
1 May 09 1 Jul 09 1 Sep 09 1 Nov 09 1 Jan 10 1 Mar 10

HRN (mg kg-1)
A   2.27 c‡ 2.66 b 4.26 d 2.60 d 1.62 d 2.34 d
B 46.71 a 53.07 a 66.90 a 50.45 a 68.12 a 45.41 a
C 23.12 b 7.00 b 22.34 c 5.08 bc 4.70 c 4.57 bc
D 25.65 b 3.95 b 19.89 c 7.17 b 5.28 bc 6.45 b
E 28.51 b 7.56 b 28.73 b 4.59 c 6.36 b 4.13 c

OM (g kg-1)
A 5.21 d 0.85 e 1.29 d 1.18 d 1.42 d 1.56 d
B 65.4 a 38.85 a 37.59 a 31.32 a 30.61 a 29.58 a
C 7.10 cd 4.50 d 4.95 c 4.13 c 3.79 c 3.15 c
D 21.09 b 14.02 b 13.56 b 10.43 b 9.48 b 8.63 b
E 12.11 c 9.63 c 11.63 b 8.31 b 6.92 b 7.61 b

† Mixtures: A: Sand (100% by volume); B: Native soil (100%); C: Sand: native soil (85%: 
15%); D: Sand: peat (85%: 15%); E: Sand: native soil: peat (85%: 7.5%: 7.5%).

‡ Column means within each group on a given sampling date followed by the same letter 
was not different at 0.05 P level.

Table 4. Turfgrass quality of ‘TifEagle’ bermudagrass during the first 
year of establishment as affected by rootzone mixture.

Mixtures† 1 Jul 09 1 Sep 09 1 Nov 09 1 Jan-10 1 Mar 10
A 4.3§ c‡ 6.3 b 7.3 b 6.2 d 6.5 c
B 8.0 a 8.4 a 8.5 a 7.9 a 8.1 a
C 5.5 b 6.2 b 7.6 b 7.2 b 7.5 ab
D 6.1 b 6.7 b 7.5 b 6.8 bc 7.0 bc
E 5.9 b 6.0 b 6.4 c 6.5 cd 6.8 c

† Mixtures: A: Sand (100% by volume); B: Native soil (100%); C: Sand: native soil 
(85%: 15%); D: Sand: peat (85%: 15%); E: Sand: native soil: peat (85%: 7.5%: 
7.5%).

‡ Column means within each group on a given sampling date followed by the same 
letter was not different at 0.05 P level.

§ Turfgrass quality was based on 1 to 9 scale with 9 being ideal and 1 poorest turf.
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A and B. Moreover, the results also indicated 
that the adequacy of other sand-based mix-
tures for growing ‘TifEagle’ bermudagrass. 
For shoot biomass, grass grown in native soil 
had the greatest shoot biomass followed by 
pure sand, mixture E, C, and D. However, the 
root biomass production in mixture B was not 
different compared to mixtures A and E, which 
resulted in a low root:shoot ratio in mixture B. 
This could be due to several reasons. Nitrogen 
availability would likely to impact the bio-
mass allocation of the plants (Hilbert, 1990). 
It was reported that the root:shoot ratio of 
corn plants (Zea mays L.) increased by 29 to 
45% when N application rate decreased (Bon-
ifas et al., 2005). Moreover, the physical prop-
erties of the soil (porosity and bulk density) 
would affect the root growth (Dexter, 2004). Mixture B had 
very low saturated infiltration rate and high percentage of 
micropore, indicating slow movement of water in the soil 
profile which could be associated with the poorer aeration 
status and root growth of turfgrass was reported to be re-
duced under low aeration (Huang et al., 1998). The reason 
of lower root:shoot ratio in mixture E compared to other 
sand-based mixtures C and D was unclear given that they 
have similar HRN and OM. 

Relationships among microbial population, soil  
nutrient status and turfgrass quality

The relationships that were found significant among 
microbial population, soil nutrient status and turfgrass 
were all positive (Table 6). Turfgrass quality (TQ) was 
correlated with microbial population in Bacillus spp. and 
actinomycetes and soil nutrient status in HRN and OM. 
Turfgrass quality of ‘TifEagle’ bermudagrass increased 
as N rate increased (Tucker et al., 2006). Soil OM was cor-
related with population of bacteria, Bacillus spp., and acti-
nomycetes but not fungi. Higher content in OM would likely 
to support a larger population of microbes (Tate III, 2000). 
During the establishment, the increase of microbial pop-
ulation, coupled with the decrease of OM, indicating the 
change of metabolic activity in the soil. Following OM de-
composition and mineralization, N availability increased in 
the soil and promoted the growth of turfgrass. Metabolic 
activity in the soil that were previously unexpressed can 
be induced by changes in the physical or chemical proper-
ties of the soil (Tate III, 2000). Living roots was reported 
to have a stimulatory effect on soil OM decomposition 
due to the higher microbial activity induced by the roots 
(Cheng and Coleman, 1990). In our study, root growth fol-

lowing management input like irrigation and fertilization 
modified the physical structure of the soil, exerting fur-
ther impact on the micro-environment which serves hab-
itat for the microbes. Both the growth of microorganisms 
that were previously in resting state in the rootzone and 
external microbes brought from management input were 
attributed to the increased microbial population. Soil HRN 
was correlated with population of Bacillus spp. and actin-
omycetes but not bacteria and fungi. Actinomycetes, long 
filaments forming bacteria, were found to be very impor-
tant because that it’s actively involved in nutrient recycling 
especially lignocellulose-degradation (McCarthy, 1987). 
Its population could be associated with root turnover rate 
in turfgrass system, which provided substrates. Among 
microbial populations, no correlation was found between 
actinomycetes and bacteria. Fungi were found to be cor-
related with others. 

In summary, during the first-year establishment, bac-
teria and fungi populations increased to different extents 
but not Bacillus spp. and actinomycetes for all soil mixtures 
two months after planting, coupling with the decrease in 
soil OM and HRN. A decline in bacteria, Bacillus spp., and 
fungi occurred four months after planting, and maintained 
stable after six months of planting. Turfgrass quality was 
positively correlated with microbial population in Bacillus 
spp. and actinomycetes and soil nutrient status in HRN and 
OM. Sand-based rootzone mixtures were adequate to main-
tain turfgrass quality and microbial population. Grasses 
grown in them had higher root:shoot ratio than pure sand 
and native soil alone. Mixture E with sand, native soil and 
peat was an exception and the reason needs further explo-
ration. However, the culture methodology has inevitable 
limitation and future researches are needed to address 

Table 5. Shoot, root and total biomass and root/shoot ratio of ‘TifEagle’ 
bermudagrass as affected by rootzone mixtures at the end of the study.

Mixtures† Total
Shoot Root Root:Shoot

g
A 124.79 b‡ 71.70 bc 53.09 b 0.75 b
B 204.94 a 136.37 a 68.58 ab 0.50 c
C 162.79 ab 55.93 c 106.86 a 1.92 a
D 157.68 ab 51.89 c 105.79 a 2.06 a
E 144.57 ab 92.59 b 51.99 b 0.58 bc

† Mixtures: A: Sand (100% by volume); B: Native soil (100%); C: Sand: native soil (85%: 
15%); D: Sand: peat (85%: 15%); E: Sand: native soil: peat (85%: 7.5%: 7.5%).

‡ Column means within each group on a given sampling date followed by the same let-
ter was not different at 0.05 P level.

Table 6. Pearson correlation coefficients between microbial population (bacteria, Bacillus spp., actinomycetes, and fungi), 
organic matter (OM) content, hydrolysable nitrogen (HRN), and turfgrass quality of ‘TifEagle’ bermudagrass during the 
first-year establishment.

Bacillus spp. Actinomycetes Fungi OM HRN TQ
Bacteria 0.55*** ns 0.30* 0.38** ns ns
Bacillus spp. 0.50***   0.34**  0.53*** 0.39** 0.43**
Actinomycetes 0.24*  0.71***   0.58*** 0.50**
Fungi ns ns ns
OM   0.68***   0.65***
HRN   0.55***

ns, *, **, *** indicated not significant, significant at 0.05, 0.01, and 0.001 P level.
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those limitations and employ new technology to elucidate 
the roles of certain specific microbe in nutrient availability 
and recycling and pathogen inhibition in turfgrass system.
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