
Li et al.: Soil microbial carbon source utilization under different land use patterns along the Yellow River, China 

- 1339 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 22(2):1339-1353. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/2202_13391353 

© 2024, ALÖKI Kft., Budapest, Hungary 

SOIL MICROBIAL CARBON SOURCE UTILIZATION UNDER 

DIFFERENT LAND USE PATTERNS ALONG THE YELLOW 

RIVER, CHINA 

LI, W. S.1 – ZHUANG, J. J.2 – XU, P.2 – XU, X. B.2* – BIBI, Z.3 

1Medical College, Xinxiang University, Xinxiang 453000, China 

2School of Biological Engineering, Xinxiang University, Xinxiang 453000, China 

3Faculty of Agriculture, Department of Soil Science, the University of Agriculture, Dera Ismail 

Khan 29050, Khyber Pakhtunkhwa, Pakistan 

*Corresponding author 

e-mail: 421690071@qq.com 

(Received 28th Oct 2023; accepted 19th Jan 2024) 

Abstract. In this study biology-eco microplate culture technology was used to study the differences in 

carbon source utilization of soil microorganisms in land use patterns along the Yellow River in China. At 

the same time, physical and chemical indices of soil such as soil organic carbon and alkali-hydrolyzable 

nitrogen contents, three soil enzyme activities and two secondary metabolites contents were measured to 

explore the relationship between soil microbial carbon source utilization and soil characteristics. The results 

showed that farmland was the best carbon source utilization land use pattern, followed by poplar forest 

land, Ligustrum lucidum land and grassland. The consumption of carbon sources by the soil microorganisms 

in the four land use patterns were mainly carbohydrates and amino acids. The farmland showed the highest 

diversity of microorganisms. Furthermore, redundancy analysis (RDA) analysis showed that the metabolic 

functions and activities of four land use patterns microbial were mostly affected by the contents of organic 

carbon, alkali-hydrolyzed nitrogen and sucrase activity. Significant differences were observed among the 

physicochemical properties and microbial carbon source utilization of the four land use patterns along the 

Yellow River. Organic carbon, phosphatase and sucrase activities were the main factors affecting microbial 

diversity. This study provided a theoretical basis for future research on planning land use and helping soil 

ecological restoration along the Yellow River. 

Keywords: Yellow River, land use patterns, soil microbes, carbon source utilization, soil enzyme activity 

Introduction 

Soil microorganisms, as an important component of soil ecosystems, participate in the 

formation of soil structure, nutrient cycling, and energy flow through the decomposition 

of animal and plant residues, which is of great significance for the maintenance of normal 

soil functions. Therefore, the diversity of soil microbial functions is one of the main 

criteria for evaluating soil quality (Zhong et al., 2010; Fei et al., 2010). Carbon source 

metabolic diversity, as an important indicator of functional microbial community 

changes, provides a reliable basis for understanding microbial metabolic functional 

diversity (Fan et al., 2014; Gorka et al., 2023). Among them, the Biolog-Eco microplate 

method can reflect microbial metabolic functional diversity based on the utilization 

ability of different microbial communities to different single carbon sources (Tian et al., 

2011). This method has the advantages of high sensitivity and strong resolution. It can 

maximize the preservation of the original metabolic characteristics of microbial 

communities, playing an important role in revealing changes in soil microbial structure 

and functional diversity (Xi et al., 2003; Denier et al., 2022). 
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Land use patterns are the main manifestation of human agricultural activities. Changes 

in land use patterns can affect the circulation and supply of soil nutrients, directly leading 

to changes in soil texture and underground microbial community structure (Ji et al., 2019; 

Liu et al., 2022), thereby causing changes in soil microbial diversity. Deng et al. (2018) 

used Biolog Eco technology to study the impact of different land use methods on the 

diversity of soil microbial communities in the Liao-dong mountainous area. The results 

showed that the soil microbial diversity in forest land was higher than that in cultivated 

land. Zhu et al. (2018) also found that the soil microbial metabolic activity in arable land 

is the lowest, while the soil microbial metabolic activity in grassland is the strongest, and 

the microbial biomass carbon is also the highest, followed by forest land. Moreover, the 

relative utilization efficiency of soil microorganisms for six types of carbon sources in 

these three land use methods is highest in sugars, amino acids, and carboxylic acids. Qin 

et al. (2017) pointed out that forest land can fix, retain, and retain more soil nutrients, 

with high bacterial and fungal diversity. 

The Yellow River floodplain is a typical ecotone of water land interfaces, which can 

affect local climate, water resource balance, and biodiversity (Verones et al., 2013). With 

population growth and increased agricultural activities, nearly half of the world's 

floodplains have been transformed (Field et al., 2014). Different land uses in flood plain 

ecosystems may have many ecological consequences, such as changes in soil microbial 

community structure and carbon, nitrogen, and phosphorus cycling in the soil (Guo et al., 

2012). At present, there are few reports on the structure and diversity of soil microbial 

communities in the Yellow River floodplain under different land use patterns. Therefore, 

this study focused on four patterns of soil utilization methods in the Yellow River 

floodplain, and Biolog Eco was used to study the impact of land utilization methods on 

the structure and diversity of soil microbial communities. In this experiment, Biolog-Eco 

microplate culture technology was used to study the differences in carbon source 

utilization of soil microorganisms in land use patterns along the Yellow River in China. 

At the same time, physical and chemical indices of soil such as soil organic carbon and 

alkali-hydrolyzable nitrogen contents, three soil enzyme activities and two secondary 

metabolites contents were measured. This study aimed to explore the relationship 

between soil microbial carbon source utilization and soil characteristics. Therefore, the 

findings of this study will a theoretical basis for future research on planning land use and 

helping soil ecological restoration along the Yellow River in China. 

Materials and methods  

Overview of the experimental community 

The area along the Yellow River (114°14′ -114°46′ E, 34°53′ -35°14′ N) belongs to a 

warm temperate continental climate with distinct four seasons and an average temperature 

of 14 ℃ over the years. The precipitation in August is the highest, with an average annual 

precipitation of 573.4 mm, a frost-free period of 220 days, and approximately 2400 hours 

of sunshine throughout the year. The surface is sandy loam soil. The area is based on 

farmland, with production and living land distributed along the embankment, with a large 

proportion of farmland and sparse distribution of forest, wetlands, and grasslands (Xie et 

al.,2023; Guo et al., 2024) (Fig. 1). 
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Figure 1. A GIS map of the Yellow River floodplain showing the distribution of sampled 

stations in the study area 

 

 

Collection of soil samples 

At the research site, four land use patterns (farmland, poplar forest land, Ligustrum 

lucidum land, grassland) were sampled in November 2021. Five plots were extracted from 

each land use pattern. The area of each plot is 20 meters × 20 meters, with a buffer zone 

of at least 200 meters between any two plots to avoid pseudo duplication (Li et al., 2020). 

In each plot, according to the cross-sampling method, soil samples at a depth of 0-20 cm 

were collected using a soil auger, including the rock cores in the four corners and middle 

of each plot. A total of 25 soil samples were obtained from each land use pattern and sub 

samples from each plot were collected. Each plot is treated as a duplicate sample, and the 

five duplicate plot samples are separated. In total, each of the four patterns of land use 

has five replicates. Each sample is divided into two sub samples, placed in a self-sealing 

plastic bag in the refrigerator, and then transported to the laboratory for chemical and 

microbiological analysis. After removing all visible roots and stones, one sub sample was 

air dried and passed through a 0.25 mm sieve to measure the chemical composition of the 

soil, while the other sub sample group was stored at -20 ℃ for Phospholipid Fatty Acid 

Analysis (PLFA) measurement (Qu et al., 2016; Xue et al., 2021). 
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Determination of physical and chemical properties of soil 

The pH values of soil were measured by pH meter (Leici PHS-3G, China), and the 

water to soil ratio were kept as 5:1. Soil moisture contents were determined by drying 

method at 65 ℃. The alkali-hydrolyzed nitrogen contents of soil were determined by 

alkali-hydrolyzed diffusion method. The organic carbon contents of soil were measured 

using elementar total organic carbon analyzer (Elementar Vario TOC, Germany) (Cotrufo 

et al., 2022). 

Determination of flavonoids and total phenols in soil 

The total soil flavonoids and total phenol contents were determined by NaNO2-

Al(NO3)3 colorimetric method and Folinol colorimetric method, respectively. 

colorimetric method with rutin as the reference. The linear regression equation of 

absorbance and concentration of standard samples were established. The preparation and 

reaction of samples were carried out according to the reference method, and the detection 

was performed on Spectrophotometer (Persee T700, China) with 510 nm wavelength. The 

total flavonoids contents in soil samples were calculated by standard curve. The Folin-

phenol colorimetric method was used to determine the total phenolic content in soil with 

gallic acid used as a control. The standard curve was established according to the 

reference method, and the preparation and determination reaction of phenolic extract in 

soil were carried out. The detection wavelength was set at 760 nm, and the total phenolic 

content in the extract was calculated according to the working curve (Li et al., 2015). 

Determination of soil enzyme activities 

Urease activity was determined by indophenol blue colorimetry. 5 g soil sample 

volume was selected, and the sample processing and reaction were carried out according 

to the method of reference (Guo et al., 2012; Kim et al., 2022), and the detection 

wavelength was 578 nm. The experiment control group was set at the same time. The 

standard curve was established before sample detection, and the concentration of NH3-N 

was calculated using the standard curve, and the urine enzyme activity was expressed as 

the number of milligrams of NH3-N per gram of soil in 24 hours (unit is mg g-1·24 h-1). 

The sucrase activity was processed and reacted by 3, 5-dinitrosalicylic acid colorimetric 

method according to the reference method. The detection wavelength was 508 nm and 

was expressed as mg g-1 24 h-1 of glucose produced by 1.0 g of soil after 24 h. The 

phosphatase activity of soil was determined by the colorimetric method of benzene 

disodium phosphate, and the sample was processed and reacted according to the reference 

method. The detection wavelength was 510 nm, and the number of phenol released in 

1.0 g of soil after 24 h was expressed as mg g-1·24 h-1. 

Culture of Biolog-ECO MicroPlate 

The absorbance value of Biolog EcoPlate was measured by microplate reader 

(PerkinElmer EnSpire, United States) according to the method of reference (Yao et al., 

2012; Kim et al., 2022). Soil samples were screened through a 1-mm sieve prior to the 

Biolog test. The water content of sample was measured, which was used to add the 

amount of fresh soil sample equivalent to 10 g of dried mass. Briefly, the soil samples 

were first mixed with 0.85% NaCl sterile water and were placed in a triangular flask in 

shaking incubator at a speed of 200 r/min for 30 min. Post 2 min of standing at 0℃, the 

supernatant (5 mL) was collected, mixed with 45 mL of sterile water, and poured in a 
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triangular flask. Soil extract (1:1000) was prepared by 3 times increase in its dilution, and 

enzyme-linked immunosorbnent assay (ELISA) was carried out immediately. For 

continuous culture at 28℃ for 10 days, 150 μL of soil extract was preheated to a biolog-

eco plate well at 25℃. After every 12 h, the plates were read on a microplate reader and 

the absorbability values were measured at 590 nm and 750 nm to obtain C590 and C750. 

Each experiment was performed in triplicates with three replicas for each sample. 

Statistics 

Microsoft Excel.2010 and SPSS19.0 software were used for data and variance 

analysis, respectively. Analysis of variance (ANOVA) was carried out to determine the 

differences between the measured parameters for different treatments. The least 

significant difference (Duncan) at p = 0.05 was used to elucidate any significant 

differences. RDA was performed on software R-4.1.2. 

Average well color development (AWCD) was used to check the soil microbial 

metabolic intensity of each well using formula as follow: 

 

 AWCD = ∑(C590 + C750)
31
⁄  (Eq.1) 

 

C590 is the absorbance value of carbon source well in the reaction plate at 590 nm 

minus the control well, and C570 is the absorbance value of carbon source well in the 

reaction plate at 570 nm minus the control well. 

To evaluate the diversity of soil microbial community, Shannon-wiener index (H), 

Pielou evenness index (EH) and Gini diversity index (D) were used, and the calculation 

formulas were followings (Yao et al., 2012; Kim et al., 2022): 

 

 H = −∑(Pi × ln Pi) (Eq.2) 

 

 EH = 𝐻
𝐻𝑚𝑎𝑥
⁄ = 𝐻

ln 𝑆⁄  (Eq.3) 

 

 D = 1 −∑Pi2 (Eq.4) 

 

 Pi =
(C590 − C750)

∑(C590− − C750)
⁄  (Eq.5) 

 

where, S is the number of color changing holes in the ECO plate. 

Results 

Comparison of soil physicochemical properties 

Significant differences in the physiochemical properties of selected four land use 

patterns were showed in Table 1. The soil moisture content, organic carbon content, and 

alkaline nitrogen content in farmland soil were the highest, with soil moisture content and 

organic carbon content significantly higher than the other three land use patterns. The 

alkaline nitrogen content in farmland soil was not significantly different from that in 

poplar forest soil, but significantly higher than that in grassland and Ligustrum lucidum 
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forest soil. The pH values of the four land use patterns are all between 7.82 and 8.33, but 

there was no significant difference between them. 

 
Table 1. Comparison of soil physicochemical properties 

Land use patterns pH of soil 
Moisture content of 

soil (%) 

Organic carbon 

(mg·L – 1) 

Alkaline hydrolysis 

nitrogen (mg·g - 1) 

Ligustrum lucidum 

land 
7.82 ± 0.11 a 15.26 ± 1.34 b 12.61±0.44 c 1.46±0.04 b 

Grassland 8.33 ± 0.21 a 11.48 ± 1.89 c 6.64±0.26 e 0.53±0.03 c 

Poplar forest land 7.98 ± 0.16 a 16.00 ± 1.27 b 15.06±0.18 b 1.73±0.03 a 

Farmland 8.12 ± 0.17 a 24.62 ± 1.49 a 17.88±0.33 a 1.82±0.11 a 

Note: Data are “mean ± standard error”. Different lowercase letters in the same column indicate 

significant differences between different vegetation types at the P<0.05 level 

 

 

Comparison of soil total phenol and flavonoid contents 

As shown in Table 2, the highest total phenol was found in poplar forest 

(0.057 mg·g-1), but no significant difference was observed between poplar forest, 

Ligustrum lucidum land and farmland. The content of flavonoids in the poplar forest was 

the highest (3.14 mg·g-1), which was not significantly different from farmland, but had 

significant differences from the fields of Ligustrum lucidum and grassland. 

 
Table 2. Comparison of total phenolic and flavonoid contents in soil 

Land use patterns The total phenol (mg·g - 1) Flavonoids (mg·g - 1) 

Ligustrum lucidum land 0.051 ± 0.002 ab 2.40 ± 0.03 b 

Grassland 0.047 ± 0.003 b 2.06 ± 0.08 b 

Poplar forest land 0.057 ± 0.004 a 3.14 ± 0.10 a 

Farmland 0.056 ± 0.009 a 3.04 ± 0.10 a 

Note: Data are “mean ± standard error”. Different lowercase letters in the same column indicate 

significant differences between different land use patterns at the P<0.05 level 

 

 

Comparison of enzyme activities 

The phosphatase activity of farmland soil was 203.05 mg·g-1·24h-1, which was 

significantly higher than that of the other soil and 3.12 times that of grassland (Table 3). 

The sucrase activity of Farmland was the highest (17.88 mg·g-1·24h-1) but was not 

significantly different from that of the poplar forest land. The Sucrase activity of 

grassland soil was the lowest (6.64 mg·g-1·24 h-1). Compared with the other soil types, 

urease activity (0.58 mg·g-1·24 h-1) was the highest in the Farmland soil. 

Comparison of average absorbance values of soil microorganisms 

The AWCD values of soil microorganisms in the four land use patterns were increased 

with the increase of culture time (Fig. 2). Post 24 h of early culture, the AWCD values of 

soil microorganisms did not changed significantly. The metabolic activity and the rate of 

carbon consumption of soil microorganisms were increased rapidly from 96 h to 180 h. 

After that, consumption of carbon source was slow down and the metabolic function 
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became weakened. The AWCD values of soil microorganisms in the farmland and poplar 

forest land were increased rapidly, and the range was higher than that of the Ligustrum 

lucidum and grassland soil. Grassland soil showed the slowest increase, but the trend of 

increase was consistent. The AWCD value of soil microorganisms in the farmland was 

the highest, showing that soil microorganisms of farmland had better utilization of carbon 

source. 

 
Table 3. Comparison of soil properties of different land use patterns 

Land use patterns 
Phosphatase 

 (mg·g- 1·24 h- 1) 

Sucrase 

(mg·g- 1·24 h- 1) 

Urease  

(mg·g- 1·24 h - 1) 

Ligustrum lucidum land 177.14 ± 6.71 b 12.61 ± 0.44 b 0.30 ± 0.005 c 

Grassland 65.44 ± 5.16 c 6.64 ± 0.26 c 0.12 ± 0.007 d 

Poplar forest land 181.19 ± 8.60 b 15.06 ± 0.18 ab 0.45 ± 0.01 ab 

Farmland 203.05 ± 8.04 a 17.88 ± 0.33 a 0.58 ± 0.02 a 

Note: Data are “mean ± standard error”. Different lowercase letters in the same column indicate 

significant differences between different land use patterns at the P < 0.05 level 

 

 

Figure 2. Variation curve of AWCD of soil bacteria in different land use patterns 

 

 

Fingerprint analysis of physiological carbon metabolism of soil microorganisms 

In terms of the types and quantity of carbon sources used, performance of farmland 

soil was better than the other three patterns, followed by poplar forest land (Fig. 3). The 

results showed that soil microorganisms of farmland used all 29 kinds of carbon sources, 

except α-cyclodextrin and L-threonine, while Poplar forest land used eight carbon 

sources, such as L-asparagine, L-serine and Ttwain, but almost not used the three carbon 

sources, such as D-glucosaminic acid, L-threonine and α-buketoic acid. Soil 

microorganisms in grassland utilized 4 carbon sources, including Ttwain and L-

asparagine, but hardly utilized 7 carbon sources, such as D-glucosamine, D-galactolactate 

and 2-hydroxybenzoic acid. The soil microorganisms of ligustrum lucidum land had 

better utilized 7 carbon sources, such as D-fibrinose, D-galacturonic acid and L-

asparagine, but hardly utilized 6 carbon sources, such as β-methyl-D-glucoside, I-alginol 

and α -butanoic acid. 
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Figure 3. Soil bacterial physiological carbon metabolism fingerprint. Note: G1. D-cellobiose; 

H1. a-D-lactose; A2. β-Methyl-D-glucoside; B2. D-Xylose; C2. I-Algitol; D2. D - Mannitol; E2. 

N-acetyl-D-glucamine; F2. D-glucosamine acid; G2. α-D-glucose-1-phosphate; H2. D, L-α- 

Glycerol phosphate; A3. D-Galactonic acid lactone; B3. D-Galacturonic acid; A4-F4 are 

amino acids, including A4. L-arginine; B4. L-asparagine; C4. L-phenylalanine; D4. L-serine; 

E4. L-threonine; F4. Glycyl-L-glutamic acid; B1-H3 is carboxylic acid, including B1. methyl 

pyruvate; E3. γ - Hydroxybutyric acid; F3. itaconic acid; G3. α - Butanone acid; H3. D-Malic 

acid; C1-F1 is a polymer, including C1. Tween; D1. Tween 80; E1. α- Cyclodextrin; F1. Liver 

sugar; C3-D3 are phenolic acids, including C3. 2-hydroxybenzoic acid; D3. 4-hydroxybenzoic 

acid; G4-H4 is amine, including G4. Phenylethylamine H4. Putrescine 

 

 

Utilization of different carbon sources 

The carbon sources of Biolog ECO microplate include sugars, amino acids, carboxylic 

acids, polymers, phenolic acids, and amines. The utilization of carbon sources by soil 

microorganisms is stable after 180 h. Based on the 180 h AWCD value, the utilization of 

these six carbon sources by soil microorganisms was evaluated. Among the six carbon 

sources, carbohydrates and amino acids are the most easily utilized sources by soil 

microorganisms, followed by polymeric acids and carboxylic acids, phenolic acids, and 

amines. There was no significant difference in the utilization of six carbon sources 

between farmland soil and poplar forest soil (Fig. 4). The utilization efficiency of 

grassland for six carbon sources is significantly lower than the other three land use 

methods. The utilization efficiency of carbohydrates, amino acids, polycarboxylic acids, 

and phenolic acids in farmland is higher than that of other land use methods, but there is 

no significant difference compared to poplar forest land. The poplar forest land has the 

highest utilization of amines, but there is no significant difference compared to farmland. 
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Figure 4. Comparison of the utilization of six types of carbon sources by soil bacteria in 

different land use patterns. Note: Different lowercase letters indicate differences in the use of 

six identical carbon sources by different land use methods (P < 0.05) 

 

 

Diversity indices of soil microbial carbon source utilization 

Based on AWCD value of 180 h, the diversity indices of soil microbial carbon source 

utilization were calculated. The results showed that the diversity indices of soil microbial 

community to carbon source utilization was different among different vegetation types 

(Fig. 5). Shannon-wiener index, Pielou evenness index and Gini diversity index of the 

farmland were the highest, which were 3.15, 0.91 and 2.77, respectively. However, no 

significant difference was found between the soil of ligustrum lucidum land and poplar 

forest land, and the three soil were significantly higher than that of the grassland. The 

diversity and uniformity of microbial carbon source utilization were better in the 

farmland, ligustrum lucidum land and poplar forest land, with higher microbial diversity. 

The diversity and evenness of grassland soil were the lowest. 

Utilization of soil microbial carbon source and redundancy analysis of soil 

physicochemical indices 

By RDA analysis of AWCD values at 180 h, the correlation between the degree of 

carbon source utilization by soil microbial community and soil physicochemical indices 

were evaluated. As shown in Fig. 6, different samples showed certain regularity, and the 

difference of carbon source utilization was mainly dependent on different plant 

communities. All soil test parameters explained that 82.69 % of the total variables of soil 

microbial community were changed (Monte Carlo displacement test, P = 0.01). Among 

them, first axis was regarded as the constraint axis, which explained various test index 

variables around 27.16%. In terms of arrow direction and length, soil organic carbon, 

alkali-hydrolyzed nitrogen, and soil sucrase activity were the most important factors 

affecting soil microbial carbon utilization. 
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Figure 5. Comparison of soil carbon source utilization diversity indices for different land use 

patterns 

 

 

Figure 6. Redundancy analysis between the absorbance values of in 31 wells and soil 

physicochemical properties. Note: TP: total phenols, TF: total flavonoids, UR: Urease, PE: 

Phosphatase, Sucrase, OC: organic carbon, AN: Soil alkaline hydrolyzable nitrogen. Y-1: 

Ligustrum lucidum land, Y-2: Grassland, Y-3: Poplar forest land, Y-4: Farmland 
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Discussion 

Properties of the four land use patterns along the Yellow River in Xinxiang were 

significantly different. Compared with the other three patterns, the soil water content, 

organic carbon, alkali-hydrolyzable nitrogen and phosphatase activities were 

significantly higher in farmland soil. The organic carbon, alkali-hydrolyzable nitrogen, 

total phenol, and flavonoids contents as well as the activities of phosphatase and urease 

in grassland soil were the lowest. The correlation analysis showed that soil properties and 

their enzyme activities were significantly correlated with the soil organic carbon and 

alkali-hydrolyzable nitrogen contents. The results of this study are consistent with that of 

Xu et al. (2009) in which the effects of wheat straw returning to field were evaluated on 

soil physicochemical properties and enzyme activities. 

Hu et al. (2019) showed that characteristics including soil structure, physicochemical 

properties have significant influence on microbial biomass and different soil enzyme 

activities. RDA analysis showed that soil organic carbon content, alkali-hydrolyzed 

nitrogen content and sucrase content were the most important factors which affected soil 

microbial carbon source utilization in plant community. Qu et al. (2016) also obtained 

similar results in their study on the differences of metabolic fingerprints of soil microbial 

carbon sources in Songnen grassland with different grazing intensities. In short, soil 

properties are closely related to the utilization of carbon sources by soil microorganisms. 

Biolog-eco micro-plate culture method is used to obtain a large amount of valuable 

data and information and is thus an important method to study the functional diversity of 

soil microbial community. It has various advantages including simplicity, high efficiency 

(Du et al., 2016), and can intuitively observe the trend of soil microbial utilization of 

carbon sources under different vegetation. The results showed that with the passage of 

time, the average color values of soil microorganisms in the four land use patterns covered 

by the Farmland were increased, which were consistent with the metabolic status of soil 

microorganisms. The AWCD value of soil microorganisms were increased slowly in 0-

24 h, which might be due to the adaptation process of soil microorganisms to the 

microplate environment. Post 24 h, an exponential period of rapid growth was observed. 

At 180 h, the growth rate reached at its peak which then became stationary called the 

stationary period of soil microbial growth. These results are consistent with that of Dong 

et al. (2011) and Qu et al. (2016). The basic reason is that microbes have their phases of 

growth. At log phase, they start to grow, and the division rate of the population is close 

to zero. After adaptation, metabolic activities gradually become vigorous and the RNA 

contents in cells starts increasing. The population then enters the logarithmic phase (log 

or exponential), and the growth rate of microorganisms become rapidly increased with a 

steady geometric number. After that, a stationary phase is observed in which the growth 

rate becomes equal to the inflection point. In this experiment, the AWCD values of soil 

microorganisms in the four land use patterns were all in line with the growth rule over 

time. 

Based on the diversity and evenness of soil microbial community, the composition and 

stability of soil microbial community can be further reflected (Chakraborty et al., 2019; 

Yu et al., 2020). The diversity indices of soil microbial community in the farmland were 

the highest, indicating that a number of (kinds and quantities) of microorganisms were 

found with high metabolic activity in this land use pattern. Zhang et al. (2002) studied the 

relationship between the number of soil microorganisms and soil fertility under land use, 

and found that the number of soil microorganisms were positively correlated with a 

number of tested nutrient indices. It could be considered that the number of 
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microorganisms depends on nutrient contents. Among the four kinds of soils, the soil 

organic carbon content, alkali-hydrolyzable nitrogen and other physicochemical 

properties of the farmland were the highest. The diversity index of farmland was also 

higher than that of the other four kinds of soil. The reason is that the farmland has external 

input of carbon and nitrogen sources, and its soil water contents were significantly higher 

than other land use patterns, which has a positive impact on the process of nitrogen and 

carbon transformation and is beneficial to soil microbial activity and community 

structure. 

The analysis of difference in soil microbial community's ability to use different carbon 

sources plays an important role in discovering the function of microbial community 

(Cheng et al., 2021). In this study, it was found that soil microorganisms of ligustrum 

lucidum land, poplar forest land and the farmland used the most carbon sources, 

especially carbohydrates, amino acids, and polymers, but the utilization rate of phenolic 

acids was the lowest. The number and types of carbon sources used by grassland were 

less. These results indicated that the types and numbers of microorganisms that 

metabolize different carbon sources are more in the soil of farmland. It is speculated that 

the types and quantities of soil carbon sources depends on the difference of land use 

patterns, the number and distribution of microorganisms metabolizing different carbon 

sources in soil. The leading factors to such differences include ecological factors such as 

plant species composition, soil physical and chemical properties, and may also be related 

to plant residues and root exudates (Tang et al., 2021). Studies (Hawes et al., 2012; Huang 

et al., 2013) have shown that composition of root exudates can be used as carbon sources 

by microorganisms and as mediators of interactions between plants and microorganisms. 

Therefore, it can be speculated that soil microorganisms of different plant communities 

have different degrees of carbon source utilization. 

Conclusions 

This study indicated that farmland was the best carbon source utilization land use 

pattern, followed by poplar forest land, Ligustrum lucidum land and grassland. The 

farmland showed the highest diversity of microorganisms. Furthermore, RDA analysis 

showed that the metabolic functions and activities of four land use patterns microbial 

were mostly affected by the contents of organic carbon, alkali-hydrolyzed nitrogen and 

sucrase activity. Significant differences were observed among the physicochemical 

properties and microbial carbon source utilization of the four land use patterns along the 

Yellow River. Organic carbon, phosphatase and sucrase activities were the main factors 

affecting microbial diversity. This study provided a theoretical basis for future research 

on planning land use and helping soil ecological restoration along the Yellow River. 
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