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Abstract 

Background: Minimum tillage (MT) and organic farming (OF) are increasingly conducted in agricultural manage-

ments from the interest of optimizing soil conditions and developing sustainable agriculture. Our understanding of 

their effects on water-extractable organic matter (WEOM) is still insufficient.

Methods: To study the effects of MT and OF on WEOM, we analyzed soil materials sampled at two depths (0–8-cm-

upper soil and 12–25-cm-deeper soil) from long-term field experiments using different farming and tillage methods. 

The content, composition, and quality of WEOM were examined.

Results: The results showed organic farming significantly decreased water-extractable organic carbon and nitrogen, 

but had positive effect on WEOM humic-like components revealed by parallel factor analysis with excitation–emission 

matrix, soil organic carbon (SOC), total nitrogen (TN), as well as SOC/TN. In addition, organic farming increased the 

aromaticity and condensation of WEOM as indicated by specific UV absorption and humification index. MT had no 

effect on WEOM both quantitatively and qualitatively but significantly decreased SOC and TN of the whole investi-

gated soil profile. The depth effect was significant with strong stratification of WEOM, WEOM components as well 

as SOC and total N in upper soil. Moreover, the WEOM spectroscopic quality showed sharp differences between the 

upper and deeper soils.

Conclusions: The results indicated that in the combined presence both tillage management and farming manage-

ment, farming management imposed more influence on WEOM than tillage, and organic farming may facilitate the 

transformation of WEOM and lead to formation of WEOM with high stability. MT significantly changed the distribution 

of SOC and WEOM in soil, profile but did not increase the contents of SOC and WEOM in the site of the present study. 

However, the presence of larger pool of WEOM in MT + OF treatment at upper soil is likely to fuel possibly greater 

microbial activity and more rapid nutrient cycling in soil which can be favorable practice with potential in improving 

soil conditions in view of developing a sustainable ecosystem in the studied site

Keywords: Agricultural soil management, Water-extractable organic matter, Minimum tillage, Organic farming, 

Excitation–emission matrix spectroscopy, Parallel factor analysis

© The Author(s) 2017. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License 
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, 
and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Open Access

*Correspondence:  shyrcy@126.com; munch@tum.de 
1 Chair of Soil Ecology, Technical University of Munich, Ingolstädter 

Landstr. 1, Neuherberg, 85764 Munich, Germany
5 Chair of Grassland, Technical University of Munich, WZW, Alte Akademie 

12, 85354 Freising, Germany

Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40538-017-0097-5&domain=pdf


Page 2 of 11Sun et al. Chem. Biol. Technol. Agric.  (2017) 4:15 

Background
Agriculture is a potential source of negative impacts on 

ecosystems. Tillage is basically used to prepare soil for 

plant growth, while organic farming, as a holistic man-

agement practice in agriculture, is conducted for achiev-

ing the objectives of protecting human health, conserving 

natural resources, and preserving the quality of environ-

ment while being economically sustainable [1]. Mini-

mum tillage and organic farming practices are reported 

as having a potential of retaining more soil organic mat-

ter and enhancing microbial biomass and activities [2–5]. 

Water-extractable organic matter (WEOM) is the solu-

ble fraction of organic matter extracted from the soil 

under various laboratory conditions, the most active and 

mobile fraction of soil organic matter (SOM). Although it 

is only a small part of soil organic matter, it has a strong 

influence on several ecologically relevant processes in 

soil [6–8]. It is a potential carbon source for soil micro-

organisms, modulating soil microbial community via the 

changes of quality and quantity of carbon compounds 

and their bioavailability [9, 10].

Land-use changes and management activities influ-

ence the dynamics of WEOM [6]. Reduced tillage and 

organic farming as alternative practices of conventional 

tillage and farming were reported to increase WEOC 

content by reducing soil disturbance and the addition of 

organic matter [11–14], while negative or neutral effect 

also existed [15–18]. However, most of the previous stud-

ies focused less on the quality of WEOM. Actually, the 

concentration, composition, and structural complexity 

of WEOM affect soil chemical reactions; soil physico-

chemical and physical degradation in soil ecosystem; and 

WEOM bioavailability and biodegradability [19, 20]. �e 

characterization of both concentration and composition 

will contribute to a better understanding of processes in 

soil and function of soil WEOM in agricultural system. 

�erefore, the study of WEOM can be of paramount 

importance to understand the dynamics of soil organic 

carbon pool and its implication in microbial activities, 

carbon fluxes, and climate change.

Characterization of WEOM has been performed using 

specific absorbance [8], the humification index [21], 

and fluorescence spectroscopy [22]. Furthermore, the 

advancement in fluorescence spectroscopy enables more 

detailed characterization on the chemical properties 

of fluorescing fraction of organic matter. Multidimen-

sional fluorescence spectroscopy is a rapid, nondestruc-

tive, and highly sensitive method [7, 19]. More spectral 

information could be obtained from multidimensional 

fluorescence spectroscopy than from the traditional 

fluorescence approaches. �e fluorescence index (FI) 

strongly correlated with the structural conjugation 

and aromaticity and was used to differentiate source of 

dissolved organic matter [23]. Biological/freshness index 

(BIX) or β/α index is an indicator of relative contribution 

of recently microbially produced dissolved organic mat-

ter [24, 25]. With the development of parallel factor anal-

ysis, it is also possible to decompose excitation–emission 

matrix (EEM) data into chemically meaningful compo-

nents rather than only extract the information by peak 

picking method [7].

�e availability of soils from long-term (21-year) field 

experiment in adjacent fields with the same soil forma-

tion offers an opportunity to evaluate management and 

tillage effects on SOM and WEOM. Further, the EEM 

combined with PARAFAC analysis provides a new insight 

into evaluating WEOM changes in response to tillage. 

�erefore, we hypothesized that (1) minimum tillage and 

organic farming increased content and changed the qual-

ity of WEOM, and (2) organic farming affects more on 

WEOM quality compared with minimum tillage.

Methods
Field experiment

Field experiments were carried out since 1992 at the 

Scheyern Research Farm (TERENO site, http://www.

tereno.net) located 40  km north of Munich, Germany 

(48.50°N, 11.45°E). �e altitude of the farm ranges 

between 445 and 500  masl. �e mean annual precipi-

tation and mean annual temperature are 803  mm and 

7.4 °C, respectively. �e central part of the research sta-

tion was divided into two parts: organic and integrated, 

each striving for ecological and economical sustainabil-

ity. Moreover, detailed studies on management-induced 

changes were carried out in plots subdivided into inte-

grated and organic farming [26]. �e soil types are sandy-

to-loamy Cambisols, derived from tertiary sediments and 

partly covered by loess, and most of the soils have loamy 

texture [27, 28].

Plot experiments to study tillage-induced [Plow till-

age (PL) and minimum tillage (MT)] and management-

induced [Integrated farming (IF) and Organic farming 

(OF)] changes to the systems were set up in two adjacent 

fields, with the same soil formation and basic soil prop-

erties. �e soils in both fields have a soil texture of silty 

loam (USDA), and the soil texture of top soil is composed 

of 22% sand, 58% silt, and 20% clay. �e field trial was 

arranged in a randomized factor design with three rep-

licate treatments for each factor. �e tillage practices in 

the study represent two possible tillage intensities under 

the local soil and climatic conditions. PL as a conven-

tional tillage system means to till the soil with moldboard 

plow (25–30  cm). MT in the study was cultivated soil 

with chisel mixing in the first 6–8 cm of soil.

For OF system, organic manure (as cattle manure 

30  t  ha−1, dry weight) was applied instead of synthetic 

http://www.tereno.net
http://www.tereno.net
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N-fertilizer, and no pesticides were applied. �e OF plots 

are 12 × 12 m in size, and the crop rotation is a seven-

crop rotation: (1) Grass–clover–alfalfa (GCA) (Lolium 

perenne L.  +  Trifolium pratense L.  +  Medicago sativa 

L.), (2) potatoes (Solanum tuberosum L.)  +  mustard 

(Sinapis alba L.) as cover crop, (3) winter wheat (Triti-

cum aestivum L.), (4) sunflower (Helianthus annuus 

L.) + GCA as cover crop, (5) GCA, (6) winter wheat, and 

(7) winter rye (Secale cereale L.) +  GCA as cover crop. 

In IF system, nitrogen fertilization was conducted with 

UAN (50% urea N + 50% ammonium nitrate N) with a 

modified boom sprayer with tubes to conduct the solu-

tion directly to the soil surface. Pesticide and herbicide 

were used for pest and weed control. Fertilizer rates were 

fixed for the cultivated crops (135 kg N ha−1 for winter 

wheat, 105 kg N ha−1 for maize, and 100 kg N ha−1 for 

potato), irrespective of credits due to effects of previous 

crop cultivation or mineralization in the soil. �e IF plots 

are 12 × 12 m in size, and the crop rotation was (1) pota-

toes + mustard as catch crop, (2) winter wheat, (3) maize 

(Zea mays L.) +  mustard as catch crop, and (4) winter 

wheat.

�erefore, there are four treatments in the present 

study in total: (1) organic farming + plow tillage (OPL); 

(2) organic farming + minimum tillage (OMT); (3) inte-

grated farming + plow tillage (IPL); (4) integrated farm-

ing  +  minimum tillage (IMT). �e assignments of the 

treatments to the plots were kept constant since 1992.

Sampling and soil properties

�ree replicates of composite samples (each a mixture 

from 5 cores taken randomly) of top soil were collected 

from plowing tillage and minimum tillage plots at two 

soil depths (0–8-cm-upper soil and 12–25-cm-deeper 

soil) in integrated and organic-farming systems in April 

2013. Soil organic carbon (SOC) and total nitrogen were 

determined using a CN analyzer (EA3000 Eurovector) 

with an aliquot air-dried soil samples. Soil texture was 

determined by wet sieving and pipette method [29]. In 

brief, sand and silt fractions ≥20 µm were measured by 

sieving after treatment with H2O2, silt, and clay <20 µm 

and using the pipette procedure. �e soil pH was meas-

ured in a soil suspension with 0.01 M CaCl2 solution (1:5, 

w/v).

WEOM extraction and spectroscopic characteristics

Soil WEOM was extracted according to the method 

of Zsolnay [30]. In brief, 2-mm mesh-sieved soil sam-

ples were centrifuged with 0.01 M CaCl2 at a ratio of 1:2 

(soil: volume) using an overhead shaker for 10 min. After 

10-min centrifugation at 3000g, the supernatant was fil-

tered through 0.4  µm polycarbonate membrane filter. 

WEON was quantified by subtracting inorganic N from 

soluble total N. Soluble total N, NO3–N, and NH4–N 

were quantified using an automated continuous flow ana-

lyzer (Skalar).

Specific UV absorption (SUVA), obtained by dividing 

the absorption at 254 nm by WEOC concentration, pro-

vides the information about the aromatic structures of 

WEOM. Absorption was determined using 1 cm quartz 

cells with a Varian Cary 50 Bio UV–Visible spectropho-

tometer [22].

Both pH and molecular concentrations can influence 

fluorescence [21, 31]. �erefore, to avoid concentration 

artifacts, dilution was made to have WEOC absorbance 

<0.1 cm−1 at 254 nm [21], and then WEOC extracts were 

acidified until reaching a constant standard pH of 2 with 

2 M HCl [8, 32]. At low pH, most metal complexes disas-

sociate, which should minimize the quenching of fluores-

cence due to metal complexation [23]. �e pH has been 

used for fluorescence spectra [8, 23, 32]. PARAFAC anal-

ysis was also used to decompose the EEMs measurements 

at a pH range of 2–12.5 [20, 33–35]. In present study, 

EEMs spectra and fluorescence spectra for humification 

index calculation were measured separately, and a round 

of whole measurement procedure including pH adjust-

ment was finished within half an hour, and no precipi-

tation was observed in the samples. All the fluorescence 

measurements for humification index were performed on 

a Varian Cary Eclispe fluorescence spectrophotometer 

using 1-cm quartz cells at 254-nm excitation. �e fluo-

rescence spectra were recorded (300–480 nm with 2-nm 

increment) at 21 ± 1 °C. Even though the optical density 

was adjusted by dilution in advance, the fluorescence 

emission spectra were corrected for “inner-filter effect” 

[36] according to Zsolnay [21] with a simplified formula 

that measured fluorescence emission multipliers, eA, 

where A is the absorbance in cm−1 at the 254-nm excita-

tion wavelength [8, 37]. Humification index (HIX) indi-

cating the complexity and condensation (H/C ratios) of 

WEOM was calculated as the ratio of integrated fluores-

cence emission peak at longer wavelength region (435–

480 nm) over shorter wavelength region (300–345 nm) at 

the 254-nm excitation wavelength [21].

EEMs were obtained by scanning over excitation wave-

lengths from 250 to 450 nm with an increment of 5 nm 

and emission wavelength from 300 to 600  nm with an 

increment of 5  nm. �e slit widths were set as follows: 

excitation slit: 10 nm, and emission slit: 20 nm. Fluores-

cence data were corrected for inner-filter effect using the 

absorption data as suggested by Lakowicz [38]:

where Icorr and Iobs are the corrected and uncorrected 

fluorescence intensities; and Aex and Aem are the absorb-

ance values at the excitation and emission wavelengths 

Icorr = Iobs × 10
0.5(Aex+Aem)
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of the fluorescence intensity values, respectively. �e 

correction is based on the assumption that the average 

path length of excitation and emission lights is 50% of the 

cuvette width, respectively. Although the correction fac-

tors of EEMs and fluorescence spectra for humification 

index calculation were different, this will not affect the 

results in a comparison study. First, EEMs spectra and 

fluorescence spectra for humification index calculation 

were measured separately, the correction for each was 

done in the same way, respectively. Second, the two cor-

rection formulas are both simplified from the same origi-

nal formula and based on the same theory as reported by 

Gauthier et al. [36].

�e fluorescence index (FI), which strongly correlated 

with the structural conjugation and aromaticity and was 

used to differentiate the sources of DOM, was calculated 

as the ratio of emission intensities at 470 and 520 nm at 

the fixed excitation wavelength of 370 nm [23]. Biologi-

cal/freshness index (BIX) or β/α index, an indicator of the 

relative contribution of the recently microbially produced 

DOM, was calculated as the ratio of emission intensity at 

380 nm (β) to the maximum emission intensity observed 

between 420 and 435 nm (α) for an excitation wavelength 

of 310 nm [24, 25].

PARAFAC modeling

PARAFAC provides a way to decompose a dataset of 

EEM into individual fluorescence components [39, 40]. 

An EEM can be reduced to trilinear terms and a residual 

array by

where, for the EEM fluorescence data, Xijk is the fluo-

rescence intensity of the ith sample at the kth excitation 

and at the jth emission wavelength. ain is directly pro-

portional to the concentration (here defined as scores) 

of the nth fluorophore in the ith sample. bjn and ckn are 

the estimates of emission and excitation spectra (load-

ings) of the nth fluorophore at the wavelengths j and k, 

respectively. F is the number of components, and εijk is 

the residual matrix of the model which represents unex-

plained variability by the model. For the full description 

about PARAFAC, reader can refer to Bro [39]. Compo-

nents extracted by PARAFAC can be ascribed to spe-

cific species of organic matter present in liquid samples, 

but they are more likely to represent groups of organic 

compounds having similar fluorescence properties. �e 

PARAFAC model identifies the number of components 

as well quantifies the scores for each component that is 

directly proportional to the component’s (fluorophore) 

concentration in the sample. �is concentration can be 

Xijk =

F∑

n=1

ainbjnckn + εijk ,

converted into actual concentration if specific absorp-

tion coefficient or quantum yields associated with exci-

tation and emission of each fluorophore are known [41]. 

�e concentration scores of the PARAFAC components 

were expressed as maximum fluorescence intensity (Fmax) 

(R.U.) [42] for each modeled component in current study. 

Fmax gives estimates of the relative concentrations of each 

component; however, direct comparison of relative con-

centrations between different components depends on 

the magnitude of their quantum efficiencies as well as on 

their individual responses to quenching effects [43].

Before the application of PARAFAC model, zero emis-

sion intensities were assigned for excitation wavelengths 

(λex) greater than emission wavelengths (λem). Raleigh 

scattering was minimized according to [19, 40]. An EEM 

of the 0.01 M CaCl2 solution was obtained and subtracted 

from the EEM of each sample in order to remove most of 

the Raman scatter peaks; any negative values produced by 

the subtraction were converted to missing values, and the 

fluorescence was normalized by dividing the integrated 

area (Ex 350 nm, Em 371–428 nm) under Raman scatter 

peak of the corresponding Milli-Q water of each set of 

measurement. �is calibration procedure is universal, and 

the Raman signal of water can be used irrespective of the 

sample solvent and matrix, and no spectral changes will 

occur from applying this method [44] and the fluores-

cence intensities were reported in Raman units (R.U.). In 

total, the dataset contained 36 corrected and standardized 

EEMs. After an initial exploratory analysis (calculating 

its leverage using DOMFluor), one outlier was identified 

and removed from the dataset. �erefore, 35 EEMs were 

performed with PARAFAC analysis in the end. Split-half 

analysis and examination of residual error plots were 

applied to get the appropriate number of components. A 

series of PARAFAC models were generated with Matlab 

(2009a) by means of DOMfluor toolbox specifically devel-

oped for PARAFAC analysis of DOM fluorescence [45].

Statistics

�e results presented in the tables are geometric means 

and expressed on dry-weight basis (for about 24  h at 

105 °C). �e significance of treatment effects was tested 

by a two-way ANOVA using tillage and farming manage-

ment as independent factors and soil depth as repeated 

measure. ANOVA and Pearson correlation coefficients 

were calculated using the vegan package of R [46].

Results
Soil total organic matter and water-extractable organic 

matter

�e contents of SOC and total N as well as the SOC/total 

N and WEOC/WEON were significantly higher in organic 

farming in comparison with integrated farming system, 
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while the contents WEOC, WEON, NO3–N as well as 

NH4–N were lower (Table 1). �e contents of WEOC and 

WEON as well as the SOC/total N and WEOC/WEON 

ratios did not differ between the tillage treatments, while 

MT significantly decreased the contents of SOC and 

total N but increased those of NO3–N and NH4–N. �e 

accumulation of SOC, total N, WEOC, WEON, NO3–N 

and NH4–N in the 0–8 cm layer was significant in com-

parison with 12–25  cm layer, usually leading to signifi-

cant tillage  ×  soil–depth interactions, except WEON 

and NH4–N. �e ratio of SOC/total N was significantly 

higher, while WEOC/WEON ratio was significantly lower 

at 0–8 cm in comparison with 12–25 cm. �e significant 

interactions of farming × tillage on SOC (Fig. 1), but also 

those on total N, SOC/total N, WEON, NO3–N, and 

NH4–N were caused by the much stronger tillage effects 

in the organic farming than in the integrated system.

Spectroscopic properties of WEOM

SUVA and HIX were significantly higher, while BIX was 

significantly lower in organic farming in comparison 

with integrated farming (Table  2). �e FI did not dif-

fer between farming systems. Tillage had no effect on 

any WEOM spectroscopic property. �e SUVA values 

were significantly higher at 0–8  cm than at 12–25  cm, 

which was especially true for the organic-farming sys-

tem (Fig.  2). �e HIX values were significantly lower at 

0–8  cm than at 12–25  cm, which was again most pro-

nounced in the organic-farming system (Fig. 3). In con-

trast, the BIX values did not change with depth and 

farming system (Table 2).

PARAFAC components

�ree EEM-PARAFAC components (C1, C2, C3), which 

account for 99.28% of the fluorescence variability, were 

extracted from the dataset (Fig.  4). �e C1 component 

had two excitation maxima at 240 and 325 nm and one 

emission maxima at 435  nm, similar to the humic-like 

substance identified by [47–49]. �e C2 component had 

two excitation maxima at <240 and 260  nm and one 

emission maxima at 360 nm, similar to the component 5 

in [50–52] or peak N in [53] and C4 component in [49]. 

Table 1 E�ects of tillage and farming practices on soil organic carbon, nitrogen, and water-extractable organic matter

The results presented in the table are geometric means of all plots within each main factor treatments

CV mean coe�cient of variation between replicate plots (n = 4)

Main e�ects SOC  
(mg g−1 soil)

Total N 
(mg g−1 soil)

SOC/
total N

WEOC  
(μg g−1 soil)

WEON  
(μg g−1 soil)

WEOC/ 
WEON

NO3–N  
(µg g−1 soil)

NH4–N 
(µg g−1 soil)

Organic farming 14.0 1.5 9.1 55 1.6 36.8 10.6 0.5

Integrated 11.9 1.3 8.9 62 5.0 27.4 37.9 0.6

Minimum tillage 12.7 1.4 9.0 59 3.6 32.9 25.5 0.7

Plowing 13.2 1.5 9.1 58 3.0 31.3 23.0 0.4

0–8 cm depth 15.0 1.6 9.2 65 5.3 23.3 40.3 0.7

12–25 cm 10.9 1.2 8.9 52 1.3 40.9 8.1 0.4

Probability values

 Farming <0.01 <0.01 0.05 0.09 <0.01 0.07 <0.01 NS

 Tillage 0.02 0.03 NS NS NS NS 0.02 0.07

 Depth <0.01 <0.01 0.01 <0.01 <0.01 0.01 <0.01 0.09

 Farming × tillage <0.01 0.01 NS 0.09 NS NS NS 0.06

 Farming × depth <0.01 <0.01 0.03 NS <0.01 <0.01 <0.01 0.04

 Tillage × depth <0.01 <0.01 0.02 <0.01 NS <0.01 <0.01 NS

 CV (±%) 2 3 2 14 17 24 9 20

Fig. 1 Soil organic carbon contents at 0–8-cm and 12–25-cm soil 

depths for all treatments. OPL organic farming + plowing tillage, OMT 

organic farming + minimum tillage, IPL integrated farming + plow-

ing tillage, IMT integrated farming + minimum tillage
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�e C2 component is characterized by tryptophan-like 

substance associated with biological production, and 

one shoulder could be found on the emission spectrum 

due to different fluorescence characteristics [54]. �e C3 

component had one excitation maxima at 265  nm and 

one emission maxima at 505  nm. �e C3 component is 

similar to humic-like substance reported before [41, 49, 

53, 54].

Concentrations of three components as indicated 

by the concentration scores followed an order of 

C1 > C2 > C3 (Table 2). �e two humic-like substances 

(C1 and C3) were significantly higher in organic farm-

ing in comparison with integrated farming, while the 

tryptophan-like substance (C2) did not differ between 

farming systems. �e effect of tillage on the three 

Table 2 E�ects of  tillage and  farming practices on  spectral characteristics and  spectrally identi�ed compositions 

of water-extractable organic matter of all treatments

The results presented in the table are geometric means of all plots within each main factor treatments

CV mean coe�cient of variation between replicate plots (n = 3), SUVA speci�c absorption, HIX humi�cation index, FI �uorescence index, BIX freshness index

Main e�ects SUVA (m−1 mg−1 C l) HIX C1 (R.U.) C2 (R.U.) C3 (R.U.) FI BIX

Organic farming 1.18 4.61 1.90 0.94 0.75 1.60 0.74

Integrated 0.79 3.25 1.53 0.93 0.60 1.62 0.77

Minimum tillage 0.95 3.94 1.76 0.93 0.69 1.60 0.75

Plowing 1.02 3.92 1.67 0.94 0.66 1.61 0.76

0–8-cm depth 1.14 3.53 1.98 1.18 0.80 1.58 0.76

12–25 cm 0.82 4.33 1.45 0.69 0.55 1.64 0.75

Probability values

 Farming <0.01 <0.01 0.01 NS 0.01 NS 0.06

 Tillage NS NS NS NS NS NS NS

 Depth <0.01 <0.01 <0.01 <0.01 <0.01 0.03 NS

 Farming × tillage 0.08 NS NS NS NS NS NS

 Farming × depth NS NS NS NS NS NS NS

 Tillage × depth NS 0.07 <0.01 <0.01 <0.01 0.06 0.09

 CV (±%) 9 6 8 7 9 1 2

Fig. 2 Specific UV absorptions of water-extractable organic matter 

at 0–8-cm and 12–25-cm soil of all treatments. OPL organic farm-

ing + plowing tillage, OMT organic farming + minimum tillage, IPL 

integrated farming + plowing tillage, IMT integrated farming + mini-

mum tillage

Fig. 3 Humification indexes of water-extractable organic matter at 

0–8-cm and 12–25-cm soil of all treatments. OPL organic farm-

ing + plowing tillage, OMT organic farming + minimum tillage, IPL 

integrated farming + plowing tillage, IMT integrated farming + mini-

mum tillage
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EEM-PARAFAC components was insignificant. �e 

three EEM-PARAFAC components were significantly 

higher at 0–8 cm than those at 12–25 cm. All three EEM-

PARAFAC components were significantly correlated to 

SOC and total N at both depths (Table 3), although the 

relationships were always closer at 12–25  cm. �is was 

also true for the relationships to WEOC, which were 

already insignificant for C1 and C2 at 0–8 cm. �e rela-

tionships to WEON were only significant for C1 and C2 

at 12–25 cm.

Fig. 4 Split-half analysis of the three components of WEOM extracted by PARAFAC model for all treatments
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Discussion
Soil organic carbon and nitrogen

In the present study, our results showed MT and organic 

farming significantly increased SOC and TN in upper 

soil (Table 1). �e results agreed with the results of sev-

eral previous studies [11, 12, 55]. Higher contents of SOC 

and TN in MT at upper soil could be attributed to the 

fact that MT reduces the mineralization of SOM [14] and 

improves the physical protection of SOM via reducing 

the disruption of soil aggregates and avoiding physical 

access of SOM by microbes [56] compared with con-

ventional tillage. Furthermore, crop residues accumulate 

in the upper layer of soil, while plowing tillage incorpo-

rates crop residues into the whole tillage horizon of soil 

more uniformly resulting in dilution effects of C and N 

[57, 58]. When the two soil depths were considered, the 

effect of MT was negative, this being perhaps because of 

dilution effect in deeper soil part. �e results agreed with 

the findings of Luo et al. [59] that no-tillage changed dis-

tribution of C in the soil profile significantly, but did not 

increase the total SOC, as the increase of SOC in surface 

soil compensates for the loss of SOC in deeper soil. In 

terms of organic farming, similar findings [60, 61] were 

reported, although some inconsistent findings occurred 

where no obvious improvement of SOC was observed 

[2, 62]. �e difference between studies can be attributed 

to the difference in the climatic conditions of the stud-

ied sites. In the study of Parras-Alcantara et al. [62], their 

trial site (Los Pedroches Valley) is characterized by cold 

winters and warm, dry summers with temperatures rang-

ing from −2 to 40  °C (extreme temperatures) and an 

average annual rainfall of 600  mm, while the climate of 

our study is milder with mean precipitation of 803  mm 

and mean temperature of 7.4 °C. �erefore, different deg-

radations and turnovers of organic matter might occur in 

the two study sites. Further, their soils were sandier. �is 

supports the hypothesis that the tillage-induced changes 

of soil are soil and site specific [63]. �e beneficial effect 

of organic farming could be associated with the con-

tinuous inputs of organic matter by manure, plants, and 

legume catch-crop-based crop rotations [60]. It is also 

recognized that the addition of organic manure increases 

the soil water repellency, thus increasing the aggregate 

stability [64] and carbon sequestration [65]. In addition, 

the diverse microbial community under organic farm-

ing facilitates the degradation of plant materials, thus 

increasing the SOM from the decayed plant debris [64].

WEOM components

WEOM is believed to originate from plant roots, litter, 

and soil humus and is a labile substrate for microbial 

support and transformations [11]. In the present study, 

organic farming significantly decreased the contents of 

WEOC and MT resulting in significant accumulation of 

WEOC in upper soil. �e decreased WEOM in organic-

farming treatments could be attributed to the sampling 

time. Bausenwein et al. [9] reported significant effect of 

sampling time on WEOC, and the higher WEOC was 

observed in October in the same research station as 

ours but with samples from different fields. Our sam-

ples were collected in 2013 after a long winter when 

the snow ended in May. In addition, we also observed 

increased microbial biomass compared with integrated 

farming [3]. �erefore, due to more WEOC consumption 

than its production, the production and consumption 

of WEOC became unbalanced. Organic farming signifi-

cantly decreased the content of WEON. One explanation 

could be that microbial communities in organic farming 

are more N-depleted, and the N fertilization in integrated 

farming changed the microbial community’s structure 

thus resulting in the alteration of organic N mineraliza-

tion [66]; this agreed with Embacher et  al.’s report that 

the fertilizer itself is not the direct source of WEOM 

but affects WEOM via the biota [32]. �e increased 

WEOC in upper soil under MT treatments was consist-

ent with other findings [11, 12], although some authors 

also reported tillage had no significant effect at any soil 

depth [15]. �e reason behind this might be that, on the 

one hand, the MT reduced the mineralization of WEOM 

[13], and that, on the other hand, the diverse microbial 

community in MT [67] increased the degradations of 

SOM, and the plant residues accumulated in upper soil 

contributed to WEOM.

Organic farming significantly increased the compo-

nents 1 and 3 (humic-like substance components). �is 

is in line with the result of Zhang et al. [16] who observed 

that the application of manure increased the humic-like 

substance identified by EEM-PARAFAC; but contrary 

to the result reported by Ohno et  al. [68] that tillage 

and cropping management did not affect the humic-

like substance components 1 and 5 and amino acid-like 

component 4. But they found N sources (NH4NO3 and 

poultry litter) significantly affected the identified com-

ponents of WEOM. In the present study, organic farm-

ing caused significantly lower NO3–N in comparison 

with integrated farming. �us, the increased humic-like 

substance in organic-farming treatments indicated that 

WEOM in organic farming was highly microbial pro-

cessed which can also be reflected by SUVA and HIX 

of WEOM (Table  2). Besides, EEM-PARAFAC compo-

nents of upper soil were significantly higher than those 

of deeper soil. �is can be explained by the accumulation 

and degradation of accumulated organic matter by MT 

in top soil which can be proved by the close association 

of EEM-PARAFAC components with SOC and total N 

(Table  3). Compared with humic-like substance, C2 as 
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tryptophan-like substance with simpler chemical struc-

ture can be degraded more easily by microbes and will 

return to background level; this can be a reason for the 

tillage and organic-farming practices having insignificant 

effects on C2.

Spectroscopic properties of WEOM and relations to soil 

characteristics

In comparison with tillage effect, farming practices are 

the main factor that influenced the quality of WEOM. 

Increased values of SUVA and HIX in organic farming in 

the present study implied that WEOM in organic farming 

is more aromatic and condensed compared with that in 

integrated farming. �is might be because of the altered 

diverse microbial community’s structure in organic farm-

ing [69], which might promote the degradation of WEOM 

in comparison with integrated farming. What’s more, the 

different crop rotations which affected WEOM by crop 

root exudates, and the return of crop residues might be 

another reason to explain the different SUVA and HIX 

values of WEOM. Our result suggested that complex crop 

rotations release WEOM with higher aromaticity and 

humification. �is is opposite to that of Xu et al. [18] who 

reported the inclusion of a perennial crop alfalfa in a crop 

rotation, which releases WEOM with lower aromaticity 

and lower extent of humification. �is may be attributed 

to simpler crop rotations in their study and different crop 

species they planted compared with our study. Although 

FI values of WEOM at upper and deeper soils were statis-

tically different, according to McKnight et al. [23], FI value 

of WEOM around 1.4 indicates WEOM derives from 

terrestrial source, while FI around 1.9 indicates WEOM 

derives from microbial source. �erefore, FI values in the 

present study were around 1.6 indicating the influence 

of both terrestrial and microbial source on WEOM. �e 

lower BIX (freshness index) in organic farming indicated 

that less recently microbial-derived organic matter con-

tributed to WEOM in organic farming, while the higher 

BIX in MT implied that more freshly derived WEOM 

contributed to WEOM in MT.

Conclusions
In the present agricultural long-term field study, soil 

WEOM responded diversely to the long-term appli-

cations of MT and OF. MT resulted in negative depth 

gradients of soil properties and SOC, total N as well as 

WEOM and its components accumulated in upper soil. 

In contrast, MT had no effect on the quality and WEOM 

components. OF had significant effects on SOM and 

WEOM. Specifically, OF increased SOC, total N content 

as well as the humic-like components and the complex-

ity of WEOM, while the content of WEOM was lowered 

by OF. �e results indicated that the minimum tillage 

changed the distribution of SOM in soil profile rather 

than increasing SOM in the field-trial region of the pre-

sent study, and organic farming dominated the quality 

change of WEOM. �e combined organic farming plus 

minimum tillage would be a better option of agricultural 

practice to improve soil conditions as indicated by the 

improved soil WEOM at upper soil and is likely to fuel 

possibly greater microbial activity, favoring the devel-

opment of nutrient cycling in view of sustainable agri-

cultural practice at the site of present study. Minimum 

tillage may be considered in the concerned landscape as a 

more acceptable way in realizing the balance between the 

yield loss and improved soil conservation [70].
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