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Abstract 

 

The conservation farming systems coupled with stubble retention are now widely adopted in southern 

Australia to improve soil fertility. However, little information is available about the effects of winter crops 

on soil labile organic carbon (C) and nitrogen (N) pools, especially in an arid agricultural ecosystem. In this 

study, eight winter crop treatments were used to investigate their effects on soil labile organic C and N pools 

and microbial metabolic profiles and diversity in temperate Australia. These treatments included two legume 

crops (capello woolly pod vetch and field pea), four non-legume crops (rye, wheat, Saia oat and Indian 

mustard), and a mixture of rye and capello woolly pod vetch as well as a nil-crop control. At the crop 

flowering stage, soil and crop samples were collected from the field and we examined aboveground crop 

biomass, soil NH4
+-N, NO3

--N, extractable organic C (EOC) and N (EON) concentrations using methods of 

2 M KCl and hot water, microbial biomass, biologically active organic C (CBio), and substrate-induced 

respiration (SIR) using the MicroResp method. Results showed that the crop treatments had lower soil 

moisture content, NO3
--N and the ratios of EOC to EON, but higher pH, NH4

+-N, EOC, EON, CBio, 

microbial metabolic diversity index (H) and Evenness index compared with the control. There were no 

significant differences in microbial biomass C and N among the treatments. No pronounced differences in 

EOC and EON concentrations were found between the legumes and non-legumes. However, the legume 

treatments had lower SIR and higher H than the non-legume treatments, indicating higher soil N quality 

under the legumes. Principal component analysis showed that soil microbial metabolic profiles under the 

crops were different from those of the control, and the crop treatments had a clear separation along principal 

component 2. In addition, redundancy analysis showed that soil pH and moisture content were the most 
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important influencing factors, along with EON and crop biomass, determining the patterns of microbial 

metabolic profiles under the crops.  

 

Keywords: extractable organic C and N, microbial biomass, biologically active organic C, substrate-induced 

respiration, metabolic diversity, crop species 

 

Introduction  

 

Concerns about global warming have led to increasing interests in sequestering atmospheric carbon dioxide 

(CO2) in agricultural ecosystems (Sainju et al., 2008). Studies have shown that short-term cover crops are 

usually planted to control weeds and replenish crop biomass into the soil to improve soil fertility (Ngouajio 

and Mennan, 2005). In a dry environment, however, these crops can also use the limited soil water through 

transpiration and decrease soil moisture content during the growth of crops, resulting in stronger drought 

stress in comparison with the control (King and Berry, 2005). Until now little information is available about 

the effects of the short-term cover crops on soil organic matter (SOM) and microbial metabolic diversity in 

dry environments, especially in agricultural ecosystems of temperate Australia. 

  The SOM is an important ecosystem property and widely regarded as a key indicator for soil quality 

(Chen et al., 2004; Huang et al., 2008; Xu et al., 2009). However, it may take years to detect significant 

changes in SOM as a result of changes in management practices. The bioavailability of SOM largely 

depends on SOM quality and soil biological, chemical and physical characteristics (Mathers et al., 2003). A 

number of techniques have been used to fractionate SOM into labile or rapidly decomposed, and stable or 

slowly decomposed pools (Mathers et al., 2003; Chen et al., 2004). Labile pools of SOM such as extractable 

organic C (EOC) and N (EON) are especially important because they control ecosystem productivity in the 

short term and are sensitive to the change of management practices (Ros et al., 2009). For example, labile 

organic C and N pools extracted by 2 M KCl and hot water are considered to degrade rapidly and may be 

immediate energy sources for microorganisms (Jandl and Sollins, 1997). In addition, biologically active 

organic C (CBio) derived from C mineralization using laboratory incubations is also regarded as an indicator 

of soil labile organic C for microorganisms (Needelman et al., 1999). 

  Labile C pools comprise the easiest available sources of energy for microorganisms and therefore, it is 

useful to study them when analyzing the soil microbial community functional diversity (Chapman et al., 

2007). As an important microbiological parameter, soil microbial metabolic diversity has been suggested as 

a possible indicator for soil quality and may be sensitive to management practices (Bending et al., 2000). 
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Microbial metabolic diversity can be measured as the community level physiological profile based on C 

source utilization using the MicroResp method, which has been shown to be more sensitive and 

discriminatory than the Biolog method (Campbell et al., 2003; Chapman et al., 2007) and the multiple 

substrate-induced respiration (SIR) method (Degens and Harris, 1997). Biolog sole C source tests are 

constrained by measuring growth of fast growing culturable microorganisms, while the MicroResp method 

uses whole soil and measures non-growth responses within 6 hours (Campbell et al., 2003). 

The objectives of this study were to (1) investigate the effects of winter crops on soil EOC and EON pools 

using two extraction methods, microbial biomass, CBio, SIR and microbial metabolic diversity, and (2) 

quantify the relationships between microbial metabolic profiles and crop and soil properties under different 

crops. We hypothesized that short-term winter cropping could improve soil C and N cycling, resulting in 

higher soil EOC and EON and microbial metabolic diversity in the crop treatments compared with the 

control.  

 

Materials and methods 

 

Experimental site and field trial 

 

This study was conducted at the Wagga Agricultural Institute in NSW, southeastern Australia (147o20’E, 

35o05’S). The climate in this area is temperate with mean daily maximum temperatures ranging from 

12.5 ℃ in July (mid winter) to 31.2 ℃ in January (mid summer). A meteorological station is maintained 

nearby the field experiment and long-term records indicate that the mean annual rainfall is 550 mm with 

relatively even distribution across the year in this region, whereas 2009 was a dry year with 389 mm 

recorded (Zhou et al., 2011). The soil is a Chromic Luvisol according to the FAO classification with 48.4 ± 

2.2% sand, 19.5 ± 2.1% silt and 32.1 ± 2.1% clay. The study site has been cropped with winter wheat before 

2005 and has been fallowed prior to the experiment. The eight crop treatments consisted of rye (Secale 

cereale), wheat (Triticum aestivum), Saia oat (Avena strigosa), capello woolly pod vetch (Vicia villosa; 

designated as vetch), field pea (Pisum sativum), Indian mustard (Brassica juncea; designated as mustard), 

and a mixture of rye and capello woolly pod vetch (designated as mixture) as well as a nil-crop treatment as 

a control (CK). Treatments were arranged in a randomized complete block design with three replicates. Each 

plot was 40 m2 (4×10 m) with a rowing space of 22 cm between plots. The crops were broadcast-seeded at 

80, 80, 80, 50, 100 and 5 kg ha-1 for rye, wheat, oat, vetch, pea and mustard, respectively and 45 (rye) and 
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40 (vetch) kg ha-1 for the mixture treatment on May 29th, 2009. Di-ammonia phosphate was applied at a rate 

of 80 kg ha-1 (including 20 kg N, 18 kg P & 2-3 kg S ha-1) for all plots at sowing. During the growth of the 

crops, no other fertilizers and management practices were applied on the plots.  

 

Crop biomass and soil sampling  

 

After cover crop harvest on October 9th, 2009, the crop residue biomass was applied evenly on the ground 

by cutting at the ground level within each plot to improve soil fertility. The biomass of each crop was 

assessed from two random quadrats of 1 m2 in each plot on the same day. The aboveground crop biomass for 

each plot was then combined and oven-dried at 70 ℃ for three days. Soil samples were collected by taking 

five random cores (5-cm in diameter) to a depth of 10 cm in each plot. The five soil cores were immediately 

mixed thoroughly and kept in a cooler (ca. 4 ℃). After passing through 2-mm sieve, the soil samples were 

stored at 4 ℃ prior to analysis. The sub-samples were air-dried and stored at room temperature for hot water 

extraction.  

 

Analyses of basic soil properties and crop C and N 

 

Soil moisture content was determined after being oven-dried at 105 ℃ overnight. Total C (TC) and total N 

(TN) of soil samples and crop C and N contents were determined using an Isoprime isotope ratio mass 

spectrometer with a Eurovector elemental analyzer (Isoprime-EuroEA 3000). Soil pH was measured at a 

1:2.5 dry soil/water ratio.  

 

Determination of soil EOC and EON  

 

Two extraction methods were used to determine soil EOC and EON (Huang et al., 2008). For the hot water 

and KCl extracts, 5 g (dry weight equivalent) of field moist soil samples was extracted with 50 ml of hot 

water and 30 ml of 2 M KCl, respectively, in an end-to-end shaker for 1 h and filtered through a Whatman 

no. 42 paper. The concentration of inorganic N was measured using a Lachat Quickchem automated analyzer 

(Quick Chem method 10-107-064-D for NH4
+ and 10107-04-1-H for NO3

- and NO2
-). Extractable inorganic 

N (EIN) is calculated as the sum of NO3
--N and NH4

+-N. EOC and total soluble organic N (TSN) in soil 
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extracts were determined using SHIMADZU TOC-VCPH/CPN analyzer (fitted with a TN unit) as described by 

Chen et al. (2005).  

 

Measurement of biologically active organic C (CBio) 

 

Amounts of CBio were calculated by cumulative CO2-C over one-month incubation (Chen et al., 2004). 

About 30 g (dry weight equivalent) of field soil samples was adjusted to 60% of the water holding capacity 

and incubated aerobically in a 1-L sealed jar at 22 ℃. The CO2 evolved from soils over the incubation 

period (3 h, 1, 3, 7, 10, 17, 24 and 31 days) was trapped in 0.1 M NaOH and measured using 0.05 M HCl 

titration after the precipitation of carbonate with 1 ml of 1 M BaCl2. The amounts of CBio were calculated by 

the cumulative production of CO2 from the soils during the 31-day incubation.  

 

Analyses of soil microbial properties 

 

Microbial biomass C (MBC) and N (MBN) were measured by the chloroform fumigation-extraction method 

using an EC factor of 2.64 (Vance et al., 1987) for MBC and an EN factor of 2.22 for MBN (Brookes et al., 

1985).  

 The microbial metabolic profiles were measured using the MicroRespTM CO2 detection system. 

Sieved-soil (<2 mm) was pre-incubated at 40% of water holding capacity for 7 d prior to the metabolic assay. 

Soil was delivered to a deep-well microplate (0.20 g per well) containing a solution of pre-dispensed C 

sources in relevant wells, as described by Campbell et al. (2003). Basal respiration was measured in wells 

with only water added (25 μl). SIR was measured by adding one of 15 different C sources, applied in 25 μl 

to achieve a final concentration of 30 mg g-1 soil water. All measures were done in triplicate and with two 

soil samples per plate after 6 h incubation. The 15 C sources were chosen to cover a range of low molecular 

weight compounds that are commonly in root exudates, including carbohydrates, amino acids and carboxylic 

acids (Campbell et al., 2003). The carbohydrates included D-galactose, D-fructose, D-glucose, D-trehalose, 

L-arabinose and N-acetyl glucosamine; the carboxylic acids included citric acid, γ-amino butyric acid, 

L-malic acid, oxalic acid and 3,4-OH benzoic acid; and the amino acids included L-alanine, L-arginine, 

L-cysteine and L-lysine. The absorbance was measured twice at 590 nm using ELISA plate reader, one 

immediately prior to sealing the soil microplate, and the other at the end of 6 h incubation at 22 ℃. 

Absorbance values were converted to CO2 concentration, following construction of a standard curve as 
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described by Campbell et al. (2003), and CO2 evolution from individual wells was determined. The 

metabolic diversity as measured by Shannon diversity index H was calculated using the equation: 

H=-∑Pilog(Pi), where Pi is the ratio of the SIR of each C source to the sum of SIR of all C source for each 

soil sample. Evenness (E) was calculated based on the equation of E=H/Hmax, where Hmax was the largest H 

within a specific sample (Zhou et al., 2010).  

 

Statistical analyses 

 

One-way analysis of variance (ANOVA) was employed to determine the effect of crops on the crop and soil 

properties. A correlation matrix of different properties was based on Pearson’s correlation coefficients 

(P<0.05). For the MicroResp physiological profile data (μg CO2-C g-1 h-1, n=8), principal component 

analysis (PCA) using a correlation similarity matrix was used. For each data set, an ANOVA was carried out 

to determine the effect of the winter crops on SIR. Regression analysis was used to determine the 

relationship between the substrates and principal component (PC) scores. The differences were considered 

significant at P<0.05. All ANOVA, PCA and regression analyses were performed using SPSS 12.0 software 

(SPSS Inc., USA). 

  Redundancy analysis (RDA) was used to examine the relationship between biochemical variables (crop 

biomass, crop TC and TN, soil moisture, pH, soil TC and TN, NH4
+-N, NO3

--N, EOC, EON, the ratios of 

EOC to EON and CBio) and microbial metabolic profiles. Data were first analyzed by detrended 

correspondence analysis using Canoco Software 4.5 (Microcomputer Power, USA). RDA correlated each C 

source to soil biochemical variables by linear combinations of these variables that gave the smallest residual 

sum of squares (Kennedy et al., 2004). 

 

Results  

 

Crop and soil properties 

 

There were significant differences in the aboveground crop biomass produced by the different crops. Wheat, 

vetch and pea produced the highest crop biomass of more than 5100 kg ha-1, while the mustard only 

produced a biomass of 3514 kg ha-1 (Table 1). Crop C contents did not differ significantly across the 

treatments, while the vetch treatment had the highest N contents followed by the mustard and oat treatments. 

The wheat treatment had the highest crop C:N ratios, followed by the rye, pea and mixture treatments (Table 
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1).  

  Soil pH was significantly higher in the crop treatments than in the CK, while the CK had significantly 

higher soil moisture content compared with the crop treatments (Table 1). No significant differences were 

found in soil total C and N across the treatments. The wheat treatment had the highest ratio of soil total C to 

total N, which was significantly higher than those in the mustard and CK treatments (Table 1). 

 

Soil inorganic N, EOC and EON concentrations 

 

Soil NH4
+-N, NO3

--N, EOC and EON concentrations in the hot water extracts varied significantly among the 

treatments (Table 2). The CK had lower soil NH4
+-N, EOC and EON concentrations, but had higher NO3

--N 

and the ratios of EOC to EON in comparison with the crop treatments. It was interesting to note that total 

soluble N in the CK was largely dominated by inorganic N, while NO3
--N was predominant in the inorganic 

N throughout (Table 1). No pronounced differences in soil NH4
+-N, NO3

--N, EOC and EON concentrations 

were found between the legume and non-legume treatments, with large variations between the crops.  

Soil EOC and EON concentrations in the hot water extracts were 7.3-11.9 and 5.1-26.6 times greater than 

those in the KCl extracts (data not shown), respectively. There were significant correlations between the 

NO3
--N concentrations for the two extraction methods. Soil EON concentrations in the hot water extracts 

correlated well with those in the KCl extracts (r2=0.53, P<0.001, n=24). 

 

Soil microbial biomass and biologically active organic C (CBio) 

 

Soil MBC ranged from 392 mg kg-1 in the oat treatment to 462 mg kg-1 in the pea treatment. Microbial 

biomass N (MBN) ranged from 65 mg kg-1 in the vetch treatment to 84 mg kg-1 in the wheat treatment (data 

not shown). However, no pronounced differences in MBC and MBN were found across the treatments. Soil 

EOC and EON concentrations in the hot water extracts were correlated well with MBC and MBN 

(r2=0.17-0.35, all P<0.05, n=24) across the treatments.  

During the 31-day incubation, a rapider evolution of CO2-C evolved from the soils with the crop 

treatments was observed in comparison with the CK (data not shown). Over the incubation, the CK had the 

lowest CBio, which was significantly lower than the crop treatments. Among the crop treatments, the wheat 

treatment had the highest CBio, which was significantly higher than that in the mixture treatment (Fig. 1). 

The amounts of CBio were correlated well with soil EOC (r2=0.44, P<0.001, n=24) (Fig. 1) and EON 

(r2=0.41, P<0.001, n=24) in the hot water extracts across the treatments.  
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Substrate-induced respiration (SIR) and microbial metabolic diversity  

 

The SIR measured using the MicroResp is shown in Fig. 2. When the SIR of all C sources was considered 

together for each treatment, the mixture treatment had the highest average of SIR (1.13 μg CO2-C g-1 h-1), 

32% higher than that in the CK (0.86 μg CO2-C g-1 h-1) (Table 3). The average of SIR among the crops 

decreased in order of mixture > oat > wheat > mustard > vetch > pea > rye treatments. Individually, except 

for D-galactose and γ-amino butyric acid, the other 13 C sources differed significantly among all the 

treatments. The highest SIR was found in the mixture treatment with citric acid and L-lysine, with the lowest 

SIR being found in the oat, vetch and pea treatments with L-alanine and L-cysteine.  

The MicroResp physiological profiles were analyzed by PCA (Fig. 3). The PC1 and PC2 explained 47% 

and 16% of the variances of the data, respectively. The CK differed from the crop treatments with higher 

ordinate scores on the PC1, while the pea treatment differed from the other crop treatments with lower 

ordinate scores on the PC1. There was a clear separation between the mixture treatment and other crop 

treatments along the PC2. Carbon sources with high correlation coefficients for the PC1 were L-arginine, 

L-malic acid, oxalic acid, L-lysine, D-fructose, citric acid and L-alanine; while the C sources showing high 

correlation coefficients for the PC2 were D-trehalose, N-acetyl glucosamine and D-glucose. The metabolic 

diversity index showed a different pattern from the underlying SIR, with the pea, vetch and mustard 

treatments being significantly greater than the other treatments, followed by the wheat, oat and mixture 

treatments, and the lowest in the CK (Table 3). The evenness index showed the similar patterns to Shannon 

diversity index across the treatments.  

 

Relationships between soil biochemical factors and microbial metabolic profiles 

 

Eigenvalues of RDA indicated that axes 1 and 2 explained 37% and 23% of the overall variances within the 

soil microbial metabolic profiles among the treatments, respectively. Species-environment correlations for 

both axes were 0.98, indicating that soil microbial metabolic profiles were strongly correlated with 

environmental parameters. The plot can be interpreted quantitatively using the length of the arrow to 

indicate how much variance is explained by that factor; the direction of the arrows for individual crop and 

soil properties indicating an increasing concentration of that factor. The soil sample arrows pointing in 

approximately the same direction as the crop and soil property arrows indicate a high positive correlation 

(the longer the arrow, the stronger the relationship; Kennedy et al., 2004). The arrows for soil pH and 
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moisture content were longer than those of the other variables, indicating that these factors accounted for the 

greatest proportion of variances in the soil microbial metabolic profiles. The patterns of microbial metabolic 

profiles in the CK showed positive relationships with soil moisture content, soil NO3
--N and the ratios of 

EOC to EON, while those in the crop treatments were largely influenced by soil pH, crop biomass, EON, 

CBio and EOC. Crop and soil TC and TN as well as microbial biomass C and N explained to some extent to 

the changes in the microbial metabolic profiles across the treatments (Fig. 4).  

 

Discussion  

 

Comparison of soil labile organic C and N pools  

 

Soil labile organic C and N pools play an important role in maintaining soil nutrient cycling in agricultural 

ecosystems (Needelman et al., 1999; Chen et al., 2005). These pools of organic matter are ready to be 

decomposed by microorganisms and acts as a short-term nutrient reservoir for plants (Wichern et al., 2007). 

Some studies used the microbial biomass as a sole indicator of labile soil organic C and N pools (Degens 

and Sparling, 1996), whilst others considered the hot water extractable C and N pools (Ghani et al., 2003; 

Chen et al., 2005; Curtin et al., 2006). In this study, soil labile organic C and N pools using the different 

methods showed similar trends between them among the treatments. Size differences among them reflect 

differences in the nature of these pools extracted by different methods (Burton et al., 2007; Chen et al., 

2005). The hot water extraction method is thought to extract the readily decomposable soil EOC and EON 

that originates from soil microbial biomass, root exudates and lysates, while the KCl extracts are considered 

to represent an adsorbed or exchangeable fraction of soil labile organic matter (Chen and Xu, 2008). This 

can contribute to higher soil EOC and EON in the hot water extracts in comparison with those in the KCl 

extracts and microbial biomass.  

 

Soil labile organic C and N pools under crops 

 

Previous studies have shown that plant species exert close relationships with soil microbial communities and 

plants can provide C and N sources to soil microorganisms via root exudates and litter decomposition (Bever, 

2003; Wichern et al., 2008), which can result in higher soil EOC and EON under crops (see Table 2). The 

higher soil inorganic N in the CK can be attributed to the remaining of N fertilizer applied in the early stage 

of the experiment. As it is a dry environment in this region, lower rainfall may result in lower leaching 
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(Ngouajio and Mennan, 2005), which may favor the retention of the applied N in the surface soil. 

Studies have shown that legume crops can fix N from the atmosphere using 15N labeling techniques and 

subsequently improve soil N quality (Bilgo et al., 2007; Oberson et al., 2007). In this study, however, no 

pronounced differences were found in soil labile organic C and N pools between legume crops and 

non-legume crops using the different methods. In fact, improving soil N quality was decoupled with an 

increase in soil N availability. Wichern et al. (2008) reported that similar amounts of N were released into 

the soils between legume and non-legume species. In addition, Zhou et al. (2011) also found no pronounced 

differences in soil inorganic N, soluble organic N and potential N availability between legume and 

non-legume crops in an arid environment.  

 

Biologically active organic C (CBio) 

 

Quality and quantity of C input and nutrient availability in the soil are important factors affecting microbial 

activity. Interaction of these factors can shift the microbial community, consequently changing organic C 

turnover (Fontaine et al., 2004). Despite being small pools, soil EOC and EON can perhaps characterize soil 

C mineralization since its turnover is mediated by enzyme-catalyzed depolymerization (Yao et al., 2009; 

Tian et al., 2010), which was evidenced by significant correlations between soil CBio and EOC as well as 

EON concentrations in the hot water extracts among the treatments (both P<0.05). However, no pronounced 

differences were found in CBio between the legumes and non-legume crops, which were in accordance with 

the results of soil EOC concentrations in the hot water extracts (see Fig. 1).  

 

Substrate-induced respiration (SIR) and microbial metabolic diversity 

 

The ability of microorganisms to utilize a range of C substrates is fundamental to all the ecological functions 

in soils (Campbell et al., 2008). The SIR measured by the MicroResp has been thought not to change the 

community structure during the short incubation period (Pennanen et al., 2004). The SIR is directly 

influenced by the soil N pools and increases with inorganic N levels (Lagomarisino et al., 2007), which may 

explain a higher average of SIR in the CK compared with the vetch, pea, rye, wheat and mustard treatments 

(see Table 3). The crop treatments had a clear separation from the CK (see Fig. 3). The separation along the 

PC1 was largely attributed to the differences in C substrates such as L-arginine, L-malic acid and oxalic acid. 

Grayston et al. (2001) found that addition of various C sources to the soil could result in a greater utilization 

of these compounds. The greater utilization of carbohydrates by soil microorganisms in the crop treatments 
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suggested that crops released more of these compounds into the soils during the growth compared with the 

CK.  

Soil microbial metabolic diversity reflects interaction between environmental and biochemical factors and 

previous studies have demonstrated that microbial metabolic diversity is largely influenced by organic 

substrates available to microorganisms (Degens et al., 2000), especially soil EOC and EON (Huang et al., 

2008). In this study, higher microbial metabolic diversity under crops was attributed to higher evenness 

index (see Table 3), indicating higher C substrates via root exudates. Similarly, the legume crop treatments 

had higher microbial metabolic diversity, indicating more diverse C substrate availability compared with the 

non-legume crop treatments. It is surprising to note that the mixture treatment has higher average of SIR and 

lower microbial metabolic diversity compared with the rye and vetch monoculture treatments. The 

interactions of plant species and soil microorganisms are complex. Our results were in contrast to the finding 

that grass and legume mixtures could yield more nitrogen than legume pure stands due to mutual stimulation 

of nitrogen uptake from symbiotic and non-symbiotic sources (Nyfeler et al., 2011). Recently, Ladygina and 

Hedlund (2010) reported that in a mixture treatment, soil microbial communities were largely influenced by 

a highly productive or keystone plant species. According to this idea, the mixture treatment should represent 

similar SIR and microbial metabolic diversity with the vetch treatment since vetch is keystone crops with 

higher crop biomass (see Table 1). However, lower microbial metabolic diversity under the mixture crops 

were different from the initial expectation, indicating that the mixture treatment could be influenced by the 

other crop and soil properties, which were evidenced by the results of RDA (see Fig. 4). Further work needs 

to be carried out about the interactions of plant species and soil microorganisms under a mixture of plant 

species.   

 

Key factors driving changes of soil microbial metabolic profiles 

 

Previous studies have shown that soil microbial metabolic profiles are strongly affected by the soil 

biochemical factors, such as soil TC (Degens et al., 2000), EOC (Huang et al., 2008), C:N ratio (Graham 

and Haynes 2005) and aboveground biomass of keystone plant species (Zhou et al., 2010). In this study, we 

found that soil pH and moisture content, along with EON and crop biomass, determined the patterns of 

microbial metabolic profiles under the crops. For the CK, soil moisture content was an important influencing 

factor, which also showed a strong correlation with soil NO3
--N (r=0.85, p<0.001, n=24) and EON in the 

two extracts (both P<0.001, n=24). In contrast, the crop treatments were largely influenced by soil pH, EON, 

crop biomass, CBio and EOC. Strong relationships between soil labile organic matter and microbial 
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communities addressed the important roles played by labile organic matter, consistent with the previous 

studies (e.g., Degens et al., 2000; Huang et al., 2008). However, different from previous studies and our 

initial expectation, soil pH exerted more influence on soil microbial communities in comparison with the 

other soil and crop properties. If we excluded the CK and analyzed the relationships between crop and soil 

properties and soil microbial metabolic profiles, we found that soil pH, along with crop TC and TN and soil 

EON and EOC, exerted large influences on the soil microbial communities (data not shown). 

 

Conclusion 

 

The growth of winter crops increased soil labile organic matter and microbial metabolic diversity compared 

with the CK. Although no pronounced differences in soil labile organic matter were found between the 

legume crops and non-legume crops, the legume crop treatments had lower SIR and higher H than the 

non-legume crop treatments, indicating higher soil N quality under the legume crops. Soil microbial 

metabolic profiles under the crops were different from those of the CK. Redundancy analysis shows that soil 

pH and moisture content were the most important influencing factors, along with EON and crop biomass, 

determining the patterns of microbial metabolic profiles under the crops.  
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