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Abstract. Understanding the differences of labile soil organic matter between plastic film mulching at all 

growing stages (FM) and plastic film removal after the silking stage (RM) is essential to identify changes in 

soil quality and N availability. Compared to the FM treatment, the RM treatment significantly decreased the 

microbial biomass C (MBC) content, water soluble organic C content in the 0-20 cm layer and extractable 

organic C content in 2011 at milk stage (R3); however, it significantly increased the MBC content at 

planting time (PT) or the 6th leaf stage (V6) of the next growing season. Moreover, compared with the FM 

treatment, the RM treatment significantly increased the microbial biomass N content from silking stage to 

physiological maturity (R6) in the 0-20 cm layer and extractable organic N (EON) content at R6 in 2012; 

however, it significantly decreased the water soluble organic N (WSON) content at R3 and the WSON and 

EON contents at PT or V6 of the next growing season. Thus, plastic film mulching with film removal during 

the maize reproductive stages could be an excellent option for maintaining soil quality and improving soil N 

availability in the temperature- and rainfall-limited regions of northwest China. 

Keywords: plastic film mulching, microbial biomass carbon, microbial biomass nitrogen, dissolved 

organic carbon, dissolved organic nitrogen 

Introduction 

Plastic film mulching is a worldwide agricultural technology with direct economic 

and environmental benefits, such as improving crop productivity, increasing water-use 

efficiency, improving soil quality, reducing greenhouse gas emissions, and reducing 

nitrate leaching (Wang et al., 2017; Liu et al., 2014b, 2015, 2016). The Loess Plateau 

has a typical semi-arid monsoon climate, in which maize (Zea mays L.) is one of the 

most common grain crops; however, low temperature and drought in the early growth 

stage of spring crops often lead to low crop yield (Liu et al., 2009). Up to this day, 

plastic film mulching has been widely used on the Loess Plateau (Zhou et al., 2012; Liu 

et al., 2014c; Li et al., 2018), which can significantly improve crop yield by increasing 

soil moisture and topsoil temperature (Liu et al., 2010; 2014a; Bu et al., 2013b). The 

rainy season on the Loess Plateau ranges from July to September and coincides with the 

spring maize reproductive stages (RS) (Liu et al., 2010). During this period, plastic film 

mulching is detrimental to crop yield, in some conditions (e.g., high air temperatures), 
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most likely because it increases soil temperature and accelerates leaf and root 

senescence during the spring maize RS (Liu et al., 2010, 2014a). Compared with plastic 

film mulching for the entire maize growing season, plastic film removal during the 

spring maize RS decreased the leaf and root senescence rate and increased the final crop 

yield (Liu et al., 2014a; Luo et al., 2016). Although there are some reports about the 

effects of different mulching periods during crop growing season on crop yield and soil 

properties (Wang et al., 2009; Luo et al., 2016), there is limited information about the 

effects of plastic film removal during the spring maize RS on labile soil organic matter 

(SOM) pools, relative to retaining them throughout the whole maize growing season. 

Our previous studies have shown that plastic film removal during the spring maize RS 

significantly increased soil organic carbon (SOC), total nitrogen (TN), extractable 

organic C (EOC), KMnO4-oxidizable C (KMnO4-C) and C management index (CMI) in 

the 0-20 cm layer, as well as light fraction organic C (LFOC), light fraction organic N 

(LFON), microbial biomass C (MBC), EOC, extractable organic N (EON), KMnO4-C 

and CMI in the 20-40 cm layer after the 5-yr cultivation (Luo et al., 2016). 

As labile SOM pools, soil microbial biomass and dissolved organic matter are 

strongly affected by soil management and therefore sensitive and important parameters 

of soil fertility and quality (Haynes, 2005). Soil microorganisms are responsible for 

transforming organic matter into inorganic nutrients (Ryan et al., 2009). Dissolved 

organic matter (DOM) represents a mobile source of energy and food for soil 

microorganisms (Kalbitz et al., 2000) and a primary source of mineralizable N, P and S, 

thus making a significant contribution to nutrient availability and cycling (Haynes, 

2005). Accordingly, measuring labile SOM fractions such as MBC, microbial biomass 

N (MBN), water soluble organic C (WSOC), water soluble organic N (WSON), EOC 

and EON are essential to identifying changes in soil quality and fertility. A few studies 

have investigated the effects of fertilization and plastic film mulching on the changes of 

soil microbial biomass during maize growth (Liang et al., 2011; Liu et al., 2014c). Until 

now, little has been known about the effects of plastic film removal during the spring 

maize RS on the changes of soil microbial biomass and other labile SOM fractions in 

semiarid farmland. This study was designed to: (1) reveal the impacts of plastic film 

removal during the spring maize RS on the labile SOM pools during the whole maize 

growth; and (2) evaluate the effects on soil fertility and environmental sustainability. 

We hypothesized that the changes in labile organic C and N pools with the plant growth 

vary largely between retaining and removing plastic film during the spring maize RS, 

thereby generate the cumulative effect of early season residue inputs for the next 

growing season. This information will be useful for understanding the SOM dynamics 

and developing the integrated management practices to improve SOM quantity and 

quality in a spring maize cropping system on the semiarid Loess Plateau. 

Materials and methods 

Site description 

The study was conducted in 2011 and 2012 at Changwu Agricultural and Ecological 

Experimental Station (35.28°N, 107.88°E, 1200 m altitude), which is located in 

semiarid area on the Loess Plateau of China (Fig. 1). The environmental information 

and soil properties of study site were described in Luo et al. (2016). The annual mean 

air temperature is 9.7 °C, and the average annual precipitation from 1957 to 2010 is 

582 mm with 73% of this falls during the maize growth season. The soil at the study site 
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is developed from loess and had a silt loam texture according to the USDA texture 

classification system. The soil properties at the top 20 cm were: bulk density 1.3 g cm-3, 

pH 8.4, SOC 8.2 g kg-1, TN 1.05 g kg-1, mineral N 28.8 mg kg-1, available phosphorus 

(Olsen-P) 20.7 mg kg-1, and available potassium (NH4OAc-K) 133.1 mg kg-1 in April 

2009, prior to the start of the experiment (Luo et al., 2016). 

 

 

Figure 1. The location of Changwu Agricultural and Ecological Experimental Station (35.28°N, 

107.88°E, 1200 m altitude) on the Loess Plateau of China. (Luo et al., 2019) 

 

 

Experimental design and field management 

The detail information of experimental design and field management were described 

in Luo et al. (2016). We applied two treatments, including plastic film mulching during 

all growing stages (FM) and plastic film removal at the silking stage (RM), to maize 

plots with a density of 85,000 plants ha-1. A high-yielding maize hybrid (Pioneer 335) 

was used in this study. The treatments were applied to 56 m2 (8 m × 7 m) plots arranged 

in a randomly block design with three replicates. After ridging the treatment plots, 

chemical fertilizers were broadcast over the soil at a rate of 90 kg N ha-1 in the form of 

urea (containing 46% N), 40 kg P ha-1 in the form of calcium super phosphate (12% 

P2O5), 80 kg K ha-1 in the form of potassium sulfate (45% K2O), and 30 t ha-1 organic 

manure was broadcast over the soil; the soil was then plowed to mixed the fertilizer into 

the subsurface. Plastic film (0.005 mm thick, 1.2 m wide and transparent) was used to 

cover the soil. The maize was planted at 5 cm deep using a hole-sowing machine on 21 

and 28 April in 2011 and 2012, respectively, and maize plants were harvested on 5 and 

19 September in 2011 and 2012, respectively. 

All of the plots were top-dressed twice with 67.5 kg N ha-1 (urea, 46% N) during the 

10th leaf stage (V10) and silking stage (R1) recorded according to the standardized 

maize development stage system (Ritchie et al., 1992), using the same handheld device 

as used for sowing. 
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Sampling and measurements 

The standardised maize development stage system was used to identify the 

vegetative (VS, from seedling emergence to silking) and reproductive (RS, from silking 

to physiological maturity) stages of the entire growing season (Ritchie et al., 1992). 

During the growing season, three adjacent plants were sampled at the 6th leaf stage 

(V6), V10, R1, milk stage (R3) and physiological maturity (R6) to measure the 

aboveground biomass. At maturity, the grain yield was measured for all plants selected 

from a 10 m2 area in each plot. The aboveground biomass and grain yield were 

determined based on the average of three plot replicates, and all samples were dried to a 

constant weight in a fan oven at 75 °C. 

Soil samples were collected at planting time (PT, before fertilization and sowing), 

V6, V10, R1, R3 and R6. At each plot, soil cores were drilled randomly using a 4-cm 

diameter auger with five replications and then mixed together to form one composite 

sample for every soil depth (0-20 cm and 20-40 cm). Soil moisture of each sample was 

measured after removing visible plant residues and sands, and then soil sample passed 

through a 2-mm sieve. The samples were refrigerated (0-4 °C) until MBC, MBN, 

WSOC, WSON, EOC and EON were determined. 

MBC and MBN were measured using a modified chloroform fumigation-extraction 

method (Brookes et al., 1985; Vance et al., 1987). Briefly, 12.5 g fresh soil samples 

were fumigated with alcohol-free chloroform at 25 °C for 24 h. Excess chloroform was 

removed by repeated evacuation, the fumigated and non-fumigated samples promptly 

were extracted with 50 mL 0.5 mol L-1 K2SO4 (soil/solution ratio of 1:4 w/v) on a rotary 

shaker at 220 r min−1 for 0.5 h. After shaking, the supernatant was filtered using a 

membrane filter, and then filtrate was immediately frozen at -20 °C. Total organic C 

concentration in the filtrate was measured using an automated total organic C analyzer 

(TOC-Vcph, Shimadzu, Japan). Total soluble N in the filtrate was followed by alkaline 

persulfate oxidation and measured by dual-wavelength ultraviolet spectrophotometry 

(Norman et al., 1985; Cabrera and Beare, 1993). MBC and MBN were calculated by 

taking the difference between total organic C and soluble N of the fumigated and non-

fumigated soils, respectively. A KC value of 0.45 (Vance et al., 1987) and a KN value of 

0.54 (Brookes et al., 1985) were used to calculate the C and N content of the microbial 

biomass. 

WSOC and WSON were extracted from 20 g fresh soil with 40 mL deionized water 

(soil/solution ratio of 1:2 w/v) at 25 °C. After shaking at 250 r min−1 for 0.5 h, and then 

centrifuging for 10 min at 8000 r min−1, the supernatant was filtered using a 0.45-μm 

membrane filter, and then filtrate was immediately frozen at -20 °C (Liang et al., 1998). 

EOC and EON were extracted from 10 g of fresh soil with 50 mL 0.5 mol L-1 K2SO4 

(soil/solution ratio of 1:5 w/v) at 25 °C. After shaking for 1 h at a speed of 220 r min−1, 

the supernatant was filtered using a 0.45-μm membrane filter, and then filtrate was 

immediately frozen at -20 °C (Jones and Willett, 2006). Total organic C concentration 

in the filtrate was measured using an automated total organic C analyzer (TOC-Vcph, 

Shimadzu, Japan). The filtrate was later defrosted at room temperature and analyzed for 

mineralization N (NH4
+-N and NO3

--N) with a continuous flow analyzer (FLOWSYS, 

Italy), and total soluble N by dual-wavelength ultraviolet spectrophotometry after 

alkaline persulfate oxidation (Cabrera and Beare, 1993; Norman et al., 1985). Total 

organic N concentration in the filtrate was calculated by taking the difference between 

total soluble N and mineralization N. 
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Statistical analysis 

The effects of plastic film removal on the measured parameters were evaluated using 

Independent-Samples T-Test. In all cases, differences were deemed to be significant if 

p < 0.05 using SPSS version 20.0. 

Results 

Air temperature and precipitation 

The monthly precipitation and mean air temperature at the study site during the two 

experimental years were measured at the Changwu meteorological monitoring station, 

which is situated within 50 m of the experimental site (Fig. 2). One wet year occurred in 

2011 and one dry year occurred in 2012 compared with the average for the preceding 

54 yr (1957–2010). In this study site, the annual mean air temperatures were both 9.4 °C 

in two years, and the precipitation was 644 mm in 2011 and 481 mm in 2012. During 

the maize growth season (May to September), the mean air temperature was 18.2°C in 

2011 and 18.7 °C in 2012, which is lower than the 54-yr mean (19.0 °C), and the 

precipitation was 14% greater than the 54-yr mean (426 mm) in 2011 and 15% less than 

the 54-yr mean in 2012. The precipitation during the rainy season (July to September) 

was 25% greater than the 54-yr mean (310 mm) in 2011 and close to the 54-yr mean in 

2012. Compared with the 54-yr mean, the precipitation was greater in spring maize 

reproductive stages of 2011, and lower in spring maize vegetative stages of 2012. The 

mean air temperature during the rainy season was 18.4 °C in 2011 and 19.1 °C in 2012, 

which is lower than the 54-yr mean (19.8 °C). 

 

 

Figure 2. The monthly precipitation (P) and mean air temperature (T) at the study site 

 

 

Total aboveground biomass and grain yield 

Compared with the FM treatment, the RM treatment significantly increased the total 

aboveground biomass at V6 and V10 in 2011 and at V10 in 2012 (Table 1). However, 
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there was no significant difference in the total aboveground biomass between the two 

treatments from R1 to R6 (Table 1). Table 1 shows that plastic film removal had no 

significant effect on the aboveground biomass during the RS (from R1 to R6) of the 

current growing season, but it may promote the aboveground biomass during the VS 

(V6 or V10) of the next growing season. Compared with the FM treatment, the RM 

treatments lightly increased the grain yield by 8.7% in 2011 and 4.1% in 2012, while 

the differences were not significant (Table 1). 

 
Table 1. Effects of plastic film mulching (FM) and removal (RM) on the total aboveground 

biomass and grain yield in 2011 and 2012 

Sampling time 
Total aboveground biomass (t ha-1) Grain yield (t ha-1) 

FM RM FM RM 

2011 

V6 0.58b 0.71a   

V10 4.92b 5.71a   

R1 12.76a 11.78a   

R3 19.69a 19.67a   

R6 23.56a 24.43a 14.42a 15.67a 

2012 

V6 0.75a 0.76a   

V10 5.25b 5.83a   

R1 11.63a 11.79a   

R3 17.10a 16.85a   

R6 23.65a 24.17a 14.57a 15.17a 

Means (n = 3) followed by different lowercase letters within a row are significantly (p < 0.05) different 

between mulching practices. V6, V10, R1, R3, R6 denote the 6th leaf stage, the 10th leaf stage, silking 

stage, milk stage and physiological maturity, respectively 

 

 

Microbial biomass C and N 

Microbial biomass C content ranged from 175.9 to 454.0 mg kg−1 in the 0-20 cm 

layer (Fig. 3a, b), compared to a range of 107.9 to 227.8 mg kg−1 in the 20-40 cm layer 

(Fig. 3c, d). The MBC content was higher in the 0-20 cm layer than that in the 20-40 cm 

layer (p < 0.001). Meanwhile, the MBC content was higher during the wet year (2011) 

than that during the dry year (2012) at sampling times from V6 to R1 (p < 0.001). For 

most of sampling times, the two layers had a similar trend in the MBC content. 

Compared with the FM treatment, the MBC content under RM significantly increased at 

V6 in 2011 and at PT in 2012 in the 0-20 cm layer (Fig. 3a, b), as well as at PT in 2011 

and 2012 in the 20-40 cm layer (Fig. 3c, d); the MBC content under RM significantly 

decreased at R3 in 2011 and 2012 in the 0-20 cm layer (Fig. 3a, b). Figure 2 shows that 

plastic film removal had a significant negative effect on the MBC content at R1 of the 

current growing season in the 0-20 cm layer, but it may promote the MBC content at PT 

or V6 of the next growing season in the two layers. 

Microbial biomass N content ranged from 17.5 to 76.9 mg kg−1 in the 0-20 cm layer 

(Fig. 3e, f), compared to a range of 14.2 to 37.3 mg kg−1 in the 20-40 cm layer (Fig. 3g, 

h). The MBN content was higher in the 0-20 cm layer than that in the 20-40 cm layer 
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(p < 0.001). The MBN content was lower during the wet year (2011) than that during 

the dry year (2012) at sampling times from V10 to R6 (p < 0.001). For most of 

sampling times, the two layers had a similar trend in the MBN content. 

 

Water soluble organic C and N 

Water soluble organic C content ranged from 51.2 to 122.7 mg kg−1 in the 0-20 cm 

layer (Fig. 4a, b), compared to a range of 29.3 to 76.5 mg kg−1 in the 20-40 cm layer 

(Fig. 4c, d). The WSOC content was higher in the 0-20 cm layer than that in the 20-

40 cm layer (p < 0.001). For most of sampling times, the two layers had a similar 

change trend in the WSOC content. In 2011, compared with the FM treatment, the RM 

treatment generally decreased the WSOC content in the 0-20 cm layer, whereas 

increased that in the 20-40 cm layer (Fig. 4a, c). Compared with the FM treatment, the 

RM treatment significantly decreased the WSOC content in the 0-20 cm layer at PT in 

2011 and at R3 and R6 in 2012 (Fig. 4a, b), whereas significantly increased that in the 

20-40 cm layer from R1 to R6 in 2011 and from V10 to R3 in 2012 (Fig. 4c, d). 

Figure 3 shows that plastic film removal had a significant active effect on the WSOC 

content in the 20-40 cm layer during the rainy season (from R1 to R3) in two years. 

Water soluble organic N content ranged from 2.6 to 20.0 mg kg−1 in the 0-20 cm 

layer (Fig. 4e, f), compared to a range of 1.5 to 15.5 mg kg−1 in the 20-40 cm layer 

(Fig. 4g, h). For most of sampling times, the two layers had a similar change trend in 

the WSON content. Compared with the FM treatment, the RM treatment significantly 

decreased the WSON content in the 0-20 and 20-40 cm layers at R3 in two years 

(Fig. 4e-h); meanwhile, the RM treatment significantly decreased the WSON content in 

the 20-40 cm layer at PT in two years and at V6 and R6 in 2012 (Fig. 4g, h). Figure 3 

shows that plastic film removal had a significantly negative effect on the WSON 

content in the whole 0-40 cm layer at R3 and this negative effect may persist into the 

early stage of the next growing season in the 20-40 cm layer. 

 

Extractable organic C and N 

Extractable organic C content ranged from 58.7 to 144.3 mg kg−1 in the 0-20 cm 

layer (Fig. 5a, b), compared to a range of 27.9 to 68.1 mg kg−1 in the 20-40 cm layer 

(Fig. 5c, d). The EOC content was higher in the 0-20 cm layer than that in the 20-40 cm 

layer (p < 0.001). For most of sampling times, the two layers had a similar change trend 

in the EOC content. Compared with the FM treatment, the RM treatment significantly 

decreased the EOC content in the 0-20 and 20-40 cm layers at R3 in 2011 (Fig. 5a, c); 

meanwhile, the RM treatment significantly decreased the EOC content at R3 in the 0-

20 cm layer in 2012 (Fig. 5b). Fig. 4 shows that plastic film removal had a significantly 

negative effect on the EOC content in the 0-20 cm layer at R3 in two years and this 

negative effect may extend into the 20-40 cm layer at R3 in the wet year (2011). 

Extractable organic N content ranged from 8.2 to 26.0 mg kg−1 in the 0-20 cm layer 

(Fig. 5e, f), compared to a range of 5.6 to 16.2 mg kg−1 in the 20-40 cm layer (Fig. 5g, 

h). The EON content was higher in the 0-20 cm layer than that in the 20-40 cm layer 

(p < 0.001). For most of sampling times, the two layers had a similar change trend in 

the EON content. Compared with the FM treatment, the RM treatment significantly 

decreased the EON content in the 0-20 cm layer from PT to V10 in 2012 (Fig. 5f) and in 

the 20-40 cm layer at PT in two years (Fig. 5g, h), but the RM treatment significantly 

increased the EON content in the 0-20 and 20-40 cm layers at R6 in 2012 (Fig. 5f, h). 
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Figure 3. Microbial biomass C and N under different mulching practices in the 0-20 and 20-40 

cm layers during the maize growing season in 2011 and 2012. Error bars represent standard 

errors of the means (n = 3). FM denote the treatment with plastic film mulching during all 

growing stages, RM denote the treatment with plastic film removal at the silking stage. PT, V6, 

V10, R1, R3, R6 denote the planting time before fertilization and sowing, the 6th leaf stage, the 

10th leaf stage, silking stage, milk stage and physiological maturity, respectively 
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Figure 4. Water soluble organic C and N under different mulching practices in the 0-20 and 20-

40 cm layers during the maize growing season in 2011 and 2012. Error bars represent standard 

errors of the means (n = 3). FM denote the treatment with plastic film mulching during all 

growing stages, RM denote the treatment with plastic film removal at the silking stage. PT, V6, 

V10, R1, R3, R6 denote the planting time before fertilization and sowing, the 6th leaf stage, the 

10th leaf stage, silking stage, milk stage and physiological maturity, respectively 
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Figure 5. Extractable organic C and N under different mulching practices in the 0-20 and 20-

40 cm layers during the maize growing season in 2011 and 2012. Error bars represent standard 

errors of the means (n = 3). FM denote the treatment with plastic film mulching during all 

growing stages, RM denote the treatment with plastic film removal at the silking stage. PT, V6, 

V10, R1, R3, R6 denote the planting time before fertilization and sowing, the 6th leaf stage, the 

10th leaf stage, silking stage, milk stage and physiological maturity, respectively 
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Discussion 

Effects of plastic film removal on soil microbial biomass C and N 

Maintenance of satisfactory level of SOC and TN are necessary for crop productivity 

and sustainable agro-ecosystems (Dong et al., 2018), because they play crucial roles in 

the soil quality and fertility (Zhao et al., 2015). Soil nitrogen (N) is one of the necessary 

nutrients for plant growth and development, as well as a major nutrient limiting factor 

for crop yield (Karra et al., 2018; Huang et al., 2018). Soil organic N content of 

approximately 70%-90% in surface soil could not only maintain soil N fertility (Xu et 

al., 2003), but also has an important function for soil N supply capacity (Ju et al., 2004). 

However, it is difficult to detect the significant changes of SOC and TN in response to 

management practices in the short-term (Haynes, 2005; Gong et al., 2009). It is known 

that soil C and N cycling in agro-ecosystems is mediated by soil microorganisms. Due 

to the rapid generation time of soil microbial biomass, MBC and MBN are thought to be 

the most labile SOM fractions (Brookes, 2001; Chen et al., 2009). MBC regulates soil 

organic matter decomposition, and MBN represents both a source and sink of mineral 

N; thus, they play key roles in maintaining agricultural ecosystems sustainability. Our 

previous studies have shown that the RM treatment could decrease soil water and 

temperature during the maize RS compared with the FM treatment (Bu et al., 2013a; 

Liu et al., 2014a). The lower topsoil moisture and temperature might decrease the decay 

of plant roots (Liu et al., 2014a), which could lead to increased input of root biomass 

and rhizodeposits under the RM treatment. In this study, plastic film removal had a 

significant negtive effect on the MBC contentat R1 of the current growing season in the 

0-20 cm layer, but it may promote the MBC content at PT or V6 of the next growing 

season in the two layers (Fig. 3). Meanwhile, the higher topsoil moisture and 

temperature provide more substrates for promoting microbial biomass activity, which 

could lead to higher microbial biomass (Li et al., 2004; Zhou et al., 2012). Taken 

together, these observations suggest that plastic film removal significantly increased soil 

microbial biomass at PT or V6 (the maize VS), which was affected by the cumulative 

effect of early season residue inputs; however, it significantly decreased soil microbial 

biomass at R3 (the maize RS), which was affected by the lower topsoil moisture and 

temperature during the current growing season. Moreover, the uptake capacities of 

inorganic and organic N by plants varied with development stages and seasonal changes 

(Simon et al., 2011). In this study, plastic film removal generally increased the MBN 

content in the dry year (2012), especially in the upper layer of the maize RS (Fig. 3). 

Considering soil microbes generally compete effectively against plant roots for mineral 

N in soils (Dunnet al., 2006), plant roots may shift towards enhancing the utilization of 

organic N to avoid the intense competition between plants and microbes during the 

active growing stages (e.g., the maize RS with high N demands), when plant N demands 

are highest in the fields with low N availability (Rennenberg et al., 2009). These results 

probably reflect that the plastic film removal decreases the decay of plant roots, 

therefore increases the plant N demands; therefore, the increasing plant N demand 

enhances the utilization of organic N by plants and increases the microbial N 

immobilization. 

 

Effects of plastic film removal on soil dissolved organic C and N 

Dissolved organic matter (DOM) is the main source of available C and nutrients 

(e.g., N and P) for soil microorganisms and plants, therefore, largely governs nutrient 
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cycling in soil ecosystems (Marschner and Kalbitz, 2003). Although DOM fractions 

(e.g., dissolved Organic C (DOC) and dissolved Organic N (DON)) constitute only a 

very small proportion of the total SOM pool, they respond rapidly to the changes in soil 

moisture and temperature resulting from management practices (Luo et al., 2015a, b; 

2016). Among the DOM fractions, DOC is retained in mineral soil horizons mostly by 

sorption onto mineral surfaces (Kaiser and Guggenberger, 2000), and is a readily 

available substrate for microorganisms and contains a mineralizable proportion of up to 

95% (Don and Kalbitz, 2005); meanwhile, DON is composed of amino acids and other 

light organic molecules, and may represent a labile N source for soil microorganisms 

(Jones and Kielland, 2002). Dissolved organic C and N pools have been measured in 

various extracts, e.g., hot water (hot water extractable), cold water (simply water 

soluble, refer to WSOC and WSON used in this study), 0.5 M K2SO4 (refer to EOC and 

EON used in this study), and 2 M KCl etc (Ghani et al., 2003; Jones and Willett, 2006). 

WSOC is composed of an array of molecules generally reflecting the composition of 

total SOC because the soluble phase tends to be in equilibrium with the solid phase of 

SOC (Chantigny, 2003), and is regarded as an indicator of soil quality and functioning 

(Saviozzi et al., 2001). In this study, compared with the FM treatment, the RM 

treatment significantly decreased the WSOC content in the 0-20 cm layer, whereas 

significantly increased that in the 20-40 cm layer at R3 in two years (Fig. 4). This most 

likely reflects that the plastic film removal helps the upper WSOC infiltrate into the 

lower layer with soil water migration during the rainy season. EOC is the primary 

energy source for soil microorganisms and is an indicator of the carbon availability to 

soil microorganisms; moreover, microbial metabolites also constitute a significant 

proportion of EOC (Kalbitz et al., 2000). In this study, compared with the FM 

treatment, the RM treatment significantly decreased the EOC content in the 0-20 cm 

layer at R3 in two years; however, in the 20-40 cm layer, this negative effect was 

significant in the wet year (2011) and insignificant in the dry year (2012) (Fig. 5). These 

results probably reflect that plastic film removal leads to a lower microbial reproduction 

rate and is more significant in the case of wet year and upper layer (high soil water 

content condition). DON is derived from microbial degradation of fresh and partially 

decomposed organic residues, including autochthonous soil organic N (Murphy et al., 

2000). In general, the salt solution (e.g., 0.5 M K2SO4) extracted more soil organic N 

than coldwater. A salt extraction may disturb the adsorption equilibrium on soil 

surfaces, and organic N measured in these extracts may include N originally adsorbed 

on the surface of soil mineral and organic clays (Murphy et al., 2000). WSON is widely 

used as a surrogate for DON in soil solutions and includes the DON present in 

macropores and some smaller pores (Chantigny et al., 2008). In this study, compared 

with the FM treatment, the RM treatment significantly decreased the WSON content at 

R3, which may persist into the early stage of the next growing season in the 20-40 cm 

layer (Fig. 4). Taken together, these observations suggest that plastic film removal leads 

to the less release of soluble N that occurs after microbial degradation of the crop 

residues and/or the more utilization of soluble N by plants. Meanwhile, compared with 

the FM treatment, the RM treatment generally decreased the EON content during the 

maize VS period, but significantly increased the EON content at R6 in 2012 (Fig. 5). 

Taken together, these observations suggest that plastic film removal reduces the release 

of EON, which may be due to the less amounts of extracted N that are originally 

adsorbed on the surface of soil mineral and organic clays and/or the greater amounts of 

extracted N that are reused by soil microbes. 



Wang et al.: Response of labile SOM fractions to plastic film removal during maize growth 

- 13669 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(6):13657-13672. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1706_1365713672 

© 2019, ALÖKI Kft., Budapest, Hungary 

Conclusions 

Removing plastic film during the maize RS may promote the aboveground biomass 

during the VS (V6 or V10) of the next growing season. Meanwhile, compared with the 

FM treatment, the RM treatment significantly decreased soil microbial biomass and 

SOM mineralization, whereas significantly increased soil microbial N immobilization at 

R3 of the current growing season; however, it significantly increased soil microbial 

biomass, whereas significantly decreased the DON pools at PT or V6 of the next 

growing season. Thus, plastic film mulching with film removal during the maize RS 

could be an excellent option for enhancing crop productivity, improving soil N 

availability and maintaining soil quality in the temperature- and rainfall-limited region 

of northwest China. The response of net soil organic nitrogen mineralization to RM 

should be further investigated in the future. 
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