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ABSTRACT 

 
   We studied the structure and functional diversity of microbial community in 
soil under long term continuous monoculture of A.bidentata, using the Community-
level physiological profiles (CLPP), phospholipid fatty acid (PLFA) analysis and 
terminal restriction fragment length polymorphism (T-RFLP) analysis. Biolog 
analysis showed that the catabolic diversity of 20-years monoculture was similar to 
control soil. In PLFA analysis, the Gram (-)/Gram (+) bacterial ratio showed no 
significant difference among the control and soils of 2-years and 20-years 
monocultures. The actinomycetes population was higher in 20-years monoculture than 
control and 2-years monoculture soils. Also, the Cy/Pre ratio (an indicator of 
physiological stress), was significantly higher in 2-years monoculture soil than control 
and 20-years monoculture soils. The abundance of probiotic bacteria was higher in 20-
years monoculture soil than in 2-years monoculture. These results showed that the soil 
microbial environment remained in a good state under A. bidentata continuous 
monoculture system for a long time. 
 

Keywords: Achyranthes bidentata, Biolog, CLPP, continuous monoculture, microbial 
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INTRODUCTION 

 
  In recent years, traditional Chinese medicine (TCM), owing to its reliable 
therapeutic efficacy, affordability and local availability has gained global acceptance 
(24,30,45). Currently, TCMs have become scarce resources because of growing market 
demand (24). Rising demand and prices have driven farmers to use more land for growing 
the medicinal plant species. However high-quality CHMs (Chinese herbal medicines) are 
produced only when cultivated in ideal climatic and soil conditions (26,52,56,57). 

Generally, continuous monoculture of medicinal plants in the same fields, year 
after year, often results in significant reduction in yield and quality (25,26,28,41,50,54).  
A. bidentata is suitable crop for continuous monoculture. Its tubers dry weight and quality 
under 20-years continuous monoculture 14.29% higher than tubers from 1-year 
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monoculture (14,23). Li et al. (26) found that in a 50 year continuous monoculture system, 
the soil extracts activated the genes encoding the key enzymes involved in terpene and 
flavonoid synthesis, which increased the synthesis of stimulators that released the plants 
nutrients into the soil and thereby promoted the growth of Achyranthes. The stimulators in 
soil may originate not only from Achyranthes but also from the products of soil 
microorganisms (1,15). Earlier studies have shown that continuous monoculture not only 
alters the physical and chemical properties of the soil but also contributes to the 
development of diverse microbial flora in the soil (3,29,36,38,44,55). In addition, 
continuous monoculture can also disrupt the balance between pathogenic microorganisms 
and other soil microbes (3,7,58,59). Our previous study (51,52) on soil biological 
properties of continuously monocultured R. glutinosa and P. heterophylla suggested that 
continuous monoculture induces changes in the biodiversity of microbes and the function 
of soil ecosystem. In the soil of 2-years continuous monoculture, population of beneficial 
bacteria decreases significantly, but the population of pathogenic bacteria increases than 
control and newly planted soils (52). 

This study aimed to examine the effects of A. bidentata monoculture for different 
lengths of time on the shifts in microbial community structure and catabolic diversity 
using Biolog, PLFA and T-RFLP. 

 

MATERIALS AND METHODS 

 
I. Collection of soil samples 

Fields of different years of continuously monocultured A. bidentata plants were 
identified at the Wen Xian Agricultural Institute, Jiaozuo City, Henan Province (34°56′N, 
112°58′E). This area is ideal for A. bidentata cultivation, has continental monsoon climate, 

annual average temperature of 14.3 ℃ and mean annual precipitation of 552 mm. The soil 

was alkaline. A. bidentata ‘Niuqi’, cultivar is planted widely in this region. The planting 
material is tuberous root, planted in April and harvested in October. Following harvest, the 
fields are kept fallow (not used to grow any other crop) till next April.  

Three fields were selected i.e. (i). 20-years continuous monoculture field, (ii). 2-
years continuous field and (iii). field with out A. bidentata cultivation and no farming. 
These three fields were 500-1000 m apart. Three soil samples from each field were 
collected (500 g, 25 cm depth) at random sites, from the 20-years and 2-years continuous 
monoculture fields and from the nearby field without Achyranthes cultivation as control 
(CK). Soil samples were mixed well and divided into two parts. One part (250 g) was air-
dried, sieved (0.45 mm pore size) and kept at room temperature for determining soil 
physical-chemical properties. The other was used for biolog, PLFA and T-RFLP analyses.  

 

ⅡⅡⅡⅡ. Soil physicochemical properties 

Organic matter (SOM), pH, nitrogen (N), phosphorus (P) and potassium (K) of 
soils were determined as per Lu (32). Total N was determined by the Kelvin method (32). 
Total phosphorus and potassium by the H2SO4-HClO4 method and NaOH melt-flame 
photometry, respectively. Available nitrogen was determined by alkali solution diffusion 
(32). Nitrate N was determined by using phenol disulfonic acid (32). Available phosphorus 
was extracted using 0.5 M NaHCO3 solution and determined by the Mo-Sb colorimetry 
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method (32). Available potassium was extracted using a 1 M NH4OAC solution and 
determined by flame photometry (32). The potassium dichromate-sulfuric acid oxidation 
method was used to determine the organic matter content (32). Soil pH was determined by 
pH meter with water (soil and water 1:1 ratio) (32). The soil moisture content was 
determined by the gravimetric method (32). All soil parameters were calculated on dry 
weight basis. All tests were done in triplicates and expressed as the mean ± standard error 
(SE). The data of these indexes was analyzed based on soil dry weight and all data were 
subjected to analysis of variance using the Statistical Analysis System Programme (SPSS).  

 

ⅢⅢⅢⅢ. Biolog method  

The Biolog Eco MicroplateTM system (Biolog Inc., Hayward, CA, USA) was used 
to assess the community level physiological profiles (CLPP). Each plate had 96 wells 
consisting of three replicates of 31 sole carbon substrates and a water blank. (51). Five g of 
fresh soil was soaked in 100 mL distilled water containing 0.85% NaCl and rotated at 120 
rpm for 30 min, then put in an ice bath for 2 min. The soil solution was centrifuged at 2000 
rpm for 5 min. The supernatant was removed into a 100 mL sterile triangular bottle and 
then diluted into 1000-fold. The diluted solution (150 µL), was then added in each slot in 
the Biolog plate, preheated to 28°C. The plates were incubated at 25°C for 168 h. The 
colour in each well was recorded at 24 h intervals as optical density (OD) at 590 nm using 
a plate reader (Thermo Scientific Multiskan MK3, Shanghai, China). Average well-color 
development (AWCD) was used to indicate the microbial activity in each microplate and 
determined as under:  
 

AWCD = [∑(C–R)]/N, 
 
Where, C: OD590 value of each well, R: OD value of control well, and N: 31 carbon 
substrates subdivided into 6-categories [polymers, carbohydrates, carboxylic acids, amino 
acids, amines and phenolic compounds (8)].  

The OD value at 96 h was used for principal component analysis (PCA) and 
cluster analysis as described by Gomez et al.’s (12) and Han et al.’s (13).  

 

ⅣⅣⅣⅣ. PLFA analysis 

PLFA were extracted from the soil and derivatized as per Kourtev et al. (21) and 
Denef et al. (9). Phospholipids were methylated by methanolic KOH to form fatty acid 
methyl esters (FAME). The FAME solution was filtered through a 0.45 µm filter before 
injecting into a GC-MS system equipped with phase multi-purpose GC column 
chromatograph (Varian, Palo Alto, California, U.S.A., VF-5 ms, 30 m × 0.25 µm). The 
injection volume was 1 µL with the injector temperature was 280°C. Helium was the 
carrier gas with the flow rate adjusted to 1 mL min–1. The oven temperature was initially 
programmed at 70°C for 1 min, then increased to 170°C at a rate of 20°C min–1 and 
stabilized at 170°C for 2 min, increased from 170°C to 280°C at a rate of 5°C min–1 and 
remained at 280°C for 5 min, and then increased from 280 to 300°C at a rate of 20°C min–1 
and remained at 300°C for 1.5 min. MS data were acquired in the negative ionization 
mode. The full scan mass covered a range from 50 to 1000 m/z. The peaks were identified 
based on relative retention time vs. several external standards: a mixture of 26 Bacterial 
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Acid Methyl Esters (47080-U, Supelco Inc., Bellefonte, PA, USA), a mixture of 37-
component FAME Mix (47885-U, Supelco Inc., USA) and several individual FAMEs 
(Larodan Inc., Malmö, Sweden). Individual PLFA was quantified by comparing peak area 
with that of the internal standard 19:0 (nonadecanoic methyl eater) of known concentration. 

Twenty-five PLFAs were detected and named by the rules of fatty acid 
nomenclature described by Wilkinson et al. (49). PLFAs were classified into several broad 
taxonomic microbial groupings, according to group-specific characteristic of PLFAs. 
Branched and saturated PLFAs (a15:0, a17:0, i14:0, i15:0 and i16:0) were used to 
indicated Gram-positive bacteria (Gram (+)), while monoenoic, unsaturated and 
cyclopropyl PLFAs (16:1omega7c, 16:1omega9t, cy17:0, 18:1omega7c and cy19:0) were 
used as indicators of Gram-negative bacteria (Gram (–)). The methyl-substituted PLFAs, 
10Mel 17:0 and 10Mel 18:0 represented the actinomycetes. PLFAs 18:1omega9c and 
18:2omega6, 9 were regarded as biomarkers for fungi and PLFA 20:4omega6 represented 
protozoans (4,17,18,35). Straight-chain PLFAs (12:0, 13:0, 16:0, 18:0, 20:0, 23:0 and 
24:0), 20:5omega3 and 22:1omega9t were used as biomarkers for non-specific PLFAs. The 
following ratios were also calculated: Gram (+)/Gram (−) PLFA ratio, fungal/bacterial 
PLFA ratio and cyclopropyl PLFA (cy17:0+cy19:0) to their metabolic precursors 
(16:1omega7c+18:1omega7c) ratio (cy/pre) which are indicators of physiological stress in 
microbial communities (2). The resulting levels of individual PLFAs were subjected to 
PCA and cluster analysis using UPGMA (Unweighted Pair Group Method with Arithmetic 
Mean) through SPSS software Version 11.5 and DPS software Version 7.05, respectively.  
 

ⅤⅤⅤⅤ. Terminal restriction fragment length polymorphism (T-RFLP) method 

Total microbial DNA was extracted from soil samples using the high salt/SDS 
method (27). Bacterial 16S rRNA genes were amplified by PCR using the general bacterial 
primers 8F-FAM 5-AGAGTTTGATCCTGGCTCAG-3 and 1492R 5-
GGTTACCTTGTTACGACTT-3. PCR reactions and purification of PCR products 
followed the method of Wang et al. (48). Purified bacterial 16S rRNA fragments were 
digested with restriction endonucleases Rsa I, Hae III, Msp I and Alu I, for 5 h at 37°C. 
The 2 µl aliquot of each restriction digest reaction was mixed with 12 µl of formamide and 
0.5 µl of standard (GeneScan-1000ROX, Applied Biosystems, Foster City, CA, U.S.A.). 
Samples were denatured at 96°C for 4 min, chilled on ice, and then run on an automated 
ABI DNA sequencer (Model 3130, Applied Biosystems) to determine fragment sizes.  

T-RFs were identified and quantified using GeneMarker Version 1.2 software. T-
RFs that differed within ± 1 bp were considered to be identical. T-RFs ranged in size from 
50 to 600 bp. The relative abundance of each T-RF was calculated as the individual T-RF 
peak area divided by the total area of all T-RF peaks. The fragments were classified using 
online T-RFLP analysis at the Ribosomal Database Project II website (47). 

 

Statistical analysis 

 Statistical analysis of T-RFLP profiles was performed based on complete sample 
profiles. The T-RFLP profile matrix analysis program from the RDP II website was used to 
determine the similarity among T-RFLP profiles (34). The proportion of shared terminal 
fragments from T-RFLP analysis was used to calculate similarity coefficients (39). 
Subsequently, three commonly used indices (Shannon's diversity index, Margalef index, 
and evenness index) were calculated using the Bio-Dap software package following 
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standard procedures (33). The resulting levels of individual T-RF were subjected to PCA 
and cluster analysis using an UPGMA clustering algorithm through SPSS software version 
11.5 and DPS software version 7.05, respectively. 

 
RESULTS AND DISCUSSION 

 
Soil chemical properties 

The cultivation of A. bidentata soils improved the most physico-chemical 
properties [Total K (TK), available K (AK), nitrate N (N-N) and pH than control] of soil 
(Table 1). Total N (TN), total P (TP), total K (TK), ammonium N (A-N) and available P 
(AP) were significantly higher in 20-years monoculture soil than in the 2-years 
monoculture soil. However, the 2-years monoculture plots had significantly higher content 
of nitrate N and available K than the 20-years monoculture plots. There was no significant 
difference in organic matter (OM) and pH between 2-years and 20-years monoculture plots.  

 
Table 1. Chemical properties of 3-soil samples 
 
Samples TN 

(g/kg) 
TP 

(g/kg) 
TK 

(g/kg) 
A-N 

(mg/kg) 
N-N 

(mg/kg) 
AP 

(mg/kg) 
AK 

(mg/kg) 
OM 

(mg/kg) 
pH 

Control 0.48c 0.72c 7.01b 0.11c 17.68b  23.17c 228.67a 11.77b 8.12a  
2-years 
monoculture 

0.64b 1.02b 6.57c 0.13b 28.16a 31.69b 182.25b 12.40a 7.86c  

20-years 
monoculture 

0.77a 1.43a 7.34a 0.20a 12.48c 43.58a 114.87c 12.99a 7.98b  

The values are on air dry weight basis. Different letters in columns indicate significant differences 
determined by Tucky’s test (P ≤0.05, n=3). TN: Total nitrogen, TP: Total phosphorus, TK: Total potassium, 
A-N: Ammonium nitrogen, N-N: Nitrate nitrogen, AP: Available phosphorus, AK: Available potassium 
and OM: Organic matter. 

 

Biolog analysis  

Except for amino acids and polymers, the 96 h AWCD data 4-substrates groups 
(amines, phenolic compounds, carboxylic acids and carbohydrates) were highest in 2-years 
monoculture soil (Fig. 1). The microbial communities from the control soil exhibited the 
lowest levels of amino acids, amines, polymers, phenolic compounds and carbohydrates 
utilization. The AWCD values of polymers showed no significant differences between the 
soils of 2-years and 20-years monocultures. Also, no significant difference was seen in the 
AWCD values (carboxylic acids) of the 20-years monoculture and control soil. The total of 
AWCD values of phenolic compounds, carboxylic acids and amino acids (Fig. 2) was the 
highest in the 2-years monoculture soil and lowest in the control soil.   

The microbial community in the 2-years monoculture soil showed a greater 
potential for use of carboxylic acids, phenolic acids and amino acids. However, these 
communities declined in the 20-years monoculture soil. This may be because of the 
accumulation of acidic-compounds from root exudates in the 20-years monoculture soil 
was less than that in 2-years monoculture soil. This however needs further investigation. 
Singh and Mukerji (43) reported that the root exudates may eliminate soil bacteriostasis  
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Figure 1. Inhibitory/stimulatory effects of monocultures on the physiological profiles of soils  
                        2 Years monoculture,       20 Years monoculture 
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Figure 2. Sum of AWCD values of carboxylic acids, phenolic compounds and amino acids at 96 h.  

                 2 Years monoculture,        20 Years monoculture 

 
and act as chemo-attractants that selectively promote the growth of specific microbes. Wu 
et al., (52) reported that under continuous monoculture, R. glutinosa releases a large 
number of low molecular weight components in the root exudates including sugars, 
carboxylic acids, amino acids and phenolics. Wu et al. (51) also reported that the microbial 
community showed a greater potential for use of carboxylic acids, phenolic acids and 
amino acids in the second and third year of R. glutinosa continuous monoculture. In these 
soils, some microbes gradually became dominant, suggesting that the soil microbial 
community structure in the second and third year of monoculture soils are similar 
compared with the soil community in the newly planted plants and control soils. However, 
the cluster results based on Biolog data in our present study revealed that the control and 
20-years monoculture soils of A. bidentata share a similar soil microbial community 
structure. 

Principal component analysis with Biolog data showed that 96 h AWCD data 
distinguished very well between the community responses of 3-soil samples to the carbon 
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substrates (Fig. 3). The first two principal components (PC), PC1 and PC2, accounted for 
62.71% and 22.68% of the total variation in ECO microplate data, respectively. The PCs 
could clearly separate the catabolic diversity of the microbial community in three 
treatments (CK, 2-years and 20-years). Table 2 lists the five carbon substrates with the 
most negative and positive scores on PC1 and PC2. Cluster analysis (Fig. 3) showed the 
Euclidean distance of different soil samples, implying a shift in soil microbial community 
structure and catabolic diversity after A. bidentata continuous monoculture. The cluster 
results showed that the catabolic diversity of 20-years monoculture was close to that of 
control soil. 
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Figure 3. Classification of treatments by principal component (A) and UPGMA cluster analysis (B) 

with Biolog data. 

 
Table 2. Most discriminant 5-carbon substrates as determined by PCA on the data of community 

level carbon source utilization  
 

Substrate No. PC1 Score PC2 Score 

1 Tween 40  -0.66 Tween 40 -0.75 
2 Phenylethylamine -0.60 i-Erythritol -0.34 
3 D-Malic Acid -0.42 Tween 80 -0.29 
4 D-Mannitol -0.33 D-Xylose -0.27 
5 Glucose-1-Phosphate -0.32 D, L-α-Glycerol Phosphate -0.19 
1 α-Cyclodextrin 1.00 L-Threonine 1.00 
2 Glycogen 1.00 Glycyl-L-Glutamic Acid 1.00 
3 Pyruvic Acid Methyl Ester 1.00 2-Hydroxy Benzoic Acid 0.99 
4 γ-Hydroxybutyric Acid 1.00 L-Asparagine 0.98 
5 α-D-Lactose 0.99 Glucose-1-Phosphate 0.95 

 

 A. bidentata and R. glutinosa are two well-known TCM plants grown in China 
and are predominantly planted in Henan Province. These two tuberous medicinal plants 
exhibit an opposite phenomenon during continuous monoculture. A. bidentata is 

monocultured continuously for more than 50-years at the same site (26), while R. glutinosa 

needs to be replanted once every 15-20 years (51,52). Recent studies have reported that 
soil health has a close relationship with soil microbial dynamics (3,29,37,53); Earlier, an 
imbalance of nutrients or the autotoxicity of root exudates were considered to be related to 
soil health (37,38,55). Studies with R. glutinosa continuous monoculture by Wu et al. (51) 



Chen et al 204 

suggested that there was no consensus on the relationship between soil nutrients and the 
problems experienced. Our studies with A. bidentata monocultured continuously confirm 
these results. 

 

Phospholipid fatty acid profiles 

PLFA could be used for fingerprinting soil microbial community by detecting 
shifts in broad groups of soil organisms, including bacteria, fungi and actinomycetes 
groups (16). Table 3 lists the concentrations of specific, non-specific and group-specific 
PLFAs in different soil samples. In all soil samples, the amounts of bacterial PLFAs were 
significantly higher than fungal and actinomycetes PLFAs. The levels of total PLFA, 
Gram(+) and Gram(−) bacteria, fungi, actinomycetes and the fungal/bacterial ratio were 
lowest in the control soil, except for the Gram(−)/Gram(+) ratio and Cy/Pre ratio (Fig. 4 
and Fig. 5). The level of these PLFAs was highest in 2-years monoculture soil, except for 
actinomycetes and the fungal/bacterial ratio (Fig. 5). Many bacterial-specific PLFAs, 
including 15:0, a15:0, i14:0, i15:0, i16:0, 16:1omega7c, 16:1omega9t, cy17:0 and cy19:0, 
showed the same trend, and were highest in the 2-years monoculture soil.  

 
Table 3. Concentrations of various specific PLFAs, sum of total, Non-specific and Group-specific 

PLFAs  
 

PLFA Control 2-years 
monoculture 

20-years 
monoculture 

Comment  

1  15:00 5.60±0.29 c 8.90±0.14a  6.19±0.06b  Bacteria 
2  a15:0 3.28±0.36b 5.13±0.04a  3.68±0.07b  Gram(+) 
3  a17:0 8.28±0.39c 17.05±0.79a  9.50±0.20b Gram(+) 
4  i14:0 2.71±0.20b 3.24±0.08a  2.52±0.06b Gram(+) 
5  i15:0 3.96±0.73b 4.95±0.12a 3.96±0.13b  Gram(+) 
6  i16:0 16.75±0.91c 22.10±0.56a  19.74±0.57b  Gram(+) 
7  16:1omega7c 12.09±0.97c 20.61±0.31a  17.53±0.52b  Gram(−) 
8  16:1omega9t 8.31±0.63b 9.06±0.38a  7.16±0.41c Gram(−) 
9  18:1omega7c 1.40±0.25a 1.36±0.11a 0.92±0.19b  Gram(−) 
10 cy17:0 1.46±0.20c 2.90±0.03a 2.25±0.11b  Gram(−) 
11 cy19:0 7.38±0.39b 12.29±0.93a  7.40±0.29b  Gram(−) 
12 10Me17:0 0.89±0.02c 1.49±0.15b  1.87±0.08a  Actinomycete 
13 10Me18:0 2.22±0.17c 2.99±0.12b  3.42±0.12a  Actinomycete 
14 18:1omega9c 25.46±2.15c 35.63±3.65a  29.56±1.80b  Fungi 
15 18:2omega6,9 7.52±0.71c 17.06±2.18a  14.54±0.56b  Fungi 
16 20:4omega6 2.55±0.16b 3.02±0.13a  2.95±0.10a  Protozoan 
17 Non-specific 23.07±0.88b 30.39±1.22a 24.12±1.08b  Bacteria 
Total PLFA 133.27±8.05c 198.17±2.90a  156.33±3.97b  1-17 
Gram(+) 34.98±1.79c 52.47±0.82a  39.40±1.85b  2-6 
Gram(−) 30.65±1.87c 46.22±0.66a  35.28±0.93b  7-11 
Bacteria 71.57±4.44c 107.59±1.11a 79.87±1.76b  1-11 
Actinomycete 3.11±0.19c 4.48±0.24b  5.29±0.55a  12-13 
Fungi 32.97±2.86c 52.69±0.83a  44.10±1.23b  14-15 
Gram(−)/Gram(+) (%) 88.49±2.81a 88.10±1.93a 89.85±0.84a   
Fungi/Bacteria (%) 46.03±1.33c 48.98±0.75b 55.21±0.69a  
Cy/Pre (%) 65.79±4.39b 69.13±1.17a 52.32±1.67c (10+11)/(7+9) 

Concentration expressed in (nmol g−1 d.m. soil) 
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 Figure 4. Inhibitory/stimulatory effects of monocultures on PLFA of soils.         2 Years monoculture,        
                        20 Years monoculture 
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Figure 5. Inhibitory/stimulatory effects of monocultures on Gram (+), Gram (-), Bacteria, 
Actinomycetes and Fungi.       2 Years monoculture,       20 Years monoculture 

 

 
Also the levels of total PLFAs, Gram positive and Gram negative bacteria, 

actinomycetes and fungi were much higher in the second and third year of R. glutinosa 
continuous monoculture soils than in the control and in newly planted soils (51). Gram 
negative bacteria in particular, are prone to feed on low molecular weights carbon 
compounds exuded by the plants roots (22). Termorshuizen and Jeger (46) found that 
many fungi and Gram negative bacteria were shown to be pathogenic towards plants. A 
High Gram(−)/Gram(+) and fungal/bacterial ratio of PLFA could reflect that the soil is 
unhealthy (2,51). However, the Gram(−)/Gram(+) ratio showed no significant difference 
between the control and soils of the 2-years and 20-years monocultures. Also, the 
fungal/bacterial ratio was lower in the control and 2-years monoculture soils than in the 
20-years monoculture soil.  

In addition, the Cy/Pre ratio (cyclopropyl fatty acids/monoenoic precursors ratio) 
of soils could be grouped as: 2-years monoculture > control > 20-years monoculture. This 
finding is different from that observed in R. glutinosa continuous monoculture. Wu et al. 
(51) found that the Cy/Pre ratio significantly increased with the increasing years of 
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monoculture for R. glutinosa. Several studies (2,10,35) have reported that when microbial 
communities suffered physiological stress, the cis-monounsaturated precursors 
(16:1omega7c, 18:1omega7c) could modify into the more stable cyclopropyl fatty (cy17:0, 
cy19:0) for maintaining a functional living membrane during stress.  

  The level of actinomycetes was highest in 20-years monoculture than in the other 
treatments analyzed here. Most actinomycetes function as antagonistic microorganisms 
against to soil-borne pathogens (42). The results of PLFA analysis indicated that 
continuous monoculture had no negative effect on the structure of the microbial 
community in soils of a monoculture system of A. bidentata. 
 Principal component analysis was applied to analyze the PLFA data from 
different soil samples. PC1 and PC2 accounted for 60.25% and 20.59%, of the total 
variation in the PLFA data, respectively. The Gram(−), Cy/Pre ratio and 18:1omega7c, 
10Me17:0 were discriminated most positively with PC1 and PC2 scores, respectively, 
while 18:1omega7c, fungal/bacterial ratio and Cy/Pre ratio, actinomycetes were 
discriminated most negatively with PC1 and PC2 scores, respectively. The control and 20-
years monoculture soils had similar characteristics of, indicating that they might share 
similar soil microbial community structures. 

 

T-RFLP analysis of bacterial communities 

T-RFLP was used to further study the shift occurring in bacterial communities in 
the soil of A. bidentata under continuous monoculture. Bacteria account for 70% of the 
microorganisms in the soil and constitute the microbial fraction that is most active in 
promoting energy flow and nutrient cycling (47). Changes in bacterial populations and 
activities could serve as excellent indicators of changes in soil health (3,11,19,20,31,44). In 
the present study, based on the Rsa1’s T-RF data, diversity index (Table 4) and principal 
component analysis were applied to analyze the shift in the bacterial communities of the 
three soil samples. The diversity indices showed no significant difference between the soils 
of the 2-years and 20-years monocultures (Table 4). The diversity indices of the control 
soil were the lowest of the three soil samples, while the diversity indices showed no 
significant difference between soils of the 2-years and 20-years monocultures, except for 
the Shannon Index. 

 
Table 4. Diversity index of bacterial community in the A. bidentata soil under continuous 

monoculture  
 

Cropping System Simpson Shannon Pielou Brillouin McIntosh 

Control 0.9529b 5.4248c 0.8709b 4.6086b 0.8437b 
2-Years Monocolture 0.9850a 6.0837a 0.9118a 5.1387a 0.9301a 
20Y- Monocolture   0.9782a 5.9990b 0.9069a 5.0521a 0.9100a 

 

PC1 and PC2 accounted for 53.55% and 46.45%, respectively, of the total 
variation in the Rsa1’s T-RF data. Eight and seven T-RF digested by Rsa1 were 
discriminated most positively with PC1 and PC2 scores (Table 5 and Table 6), respectively; 
also, six and three T-RF digested by Rsa1 were discriminated most negatively with PC1 
and PC2 scores (Table 5 and Table 6), respectively. These bacteria identified from the  
T-RF with the most positive and negative with PC1 and PC2 scores had functions related  
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to C metabolism, N metabolism, S cycling, and as probiotics, pathogen and saprophytes. 
The abundance of potential pathogens (Clostridium paraputrificum and Clostridium spp.) 
in 20-years soil was significantly higher than that in 2-years monoculture soils.  

The abundance of probiotic organisms (Pseudomonas mendocina, Bacillus 

subtilis and Bacillus edaphicus) were higher in 20-years monoculture soil than those in 2-
years monoculture. However, Chen et al. (6) found that the abundance of beneficial 
decreased while and detrimental microbes increased, in the soil of R. glutinosa during 
continuous monoculture. The denitrifying bacteria and anaerobic cellulose decomposing 
bacteria increased, while the aerobic cellulose decomposing bacteria and probiotic bacteria 
decreased. Pseudomonas mendocina, Bacillus subtilis and Bacillus edaphicus have been 
reported to be antagonistic bacteria to soil-borne pathogens (42). Burdrnan et al. (5) 
isolated a strain of Bacillus subtilis A-13, which could effectively inhibit fungal diseases 
and promote the growth of many plants.  

 

CONCLUSIONS 

 
Our results of Biolog, PLFA and T-RFLP analyses revealed that the microbial 

community structure and functional diversity in the soil of A. bidentata remains in good 
condition over time; this observation is significantly different from R. glutinosa under 
long-term continuous monoculture. Berendsen et al. (3) have pointed out that a complex 
plant-associated microbial community contains thousands of species of enormous diversity. 
They referred to this condition as the second genome of the plant crucial for plant health. 
The high yield and good quality of A. bidentata depends on a benign microbial community 
during a long-term continuous monoculture. Based on this study, we believe that under the 
continuous monoculture conditions, A. bidentata may secrete many substances that act as 
positive stimulators to promote the development of plant growth-promoting 
microorganisms and these maintain the soil health. In our future work, we plan to extract 
these substances that act as positive stimulators from A. bidentata, and also isolate the 
beneficial microorganisms from A. bidentata soil, for use for in soil improvement at sites 
where other medicinal plants are cultivated under continuous monoculture.  
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