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Abstract: Organic matter (OM) decomposition is a fundamental ecosystem service in conservation
agriculture, but the response of this process to the conversion from conventional tillage (CT) to
no-tillage (NT) systems is not fully understood, especially during the transition period. Here, using a
litterbag experiment (tea bag technique), we studied OM decomposition in a chronosequence of NT
fields of different ages since conversion from CT (1 to 7 years) around Beauvais (northern France).
We found that, in contrast with physico-chemical soil properties, the decomposition of both high
quality (green tea) and low quality (rooibos tea) organic matter was significantly correlated with
the NT age. Irrespective of the OM quality, the OM mass losses linearly increased with the time
span since conversion from CT to NT. Taken together, our results suggest that adopting NT practices
provides more favorable habitats for microorganisms involved in OM decomposition.
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1. Introduction

The adoption of conservation tillage practices has been increasingly advocated to reduce the
depressive effects of intensive farming on soil quality; alleviate greenhouse gas emissions through
reducing fossil fuel consumption; and improve net returns by reducing operating, labor, and input
costs [1]. A fundamental principle of conservation tillage is no-tillage (NT; also known as drilling and
zero tillage), which consists of sowing crops without any prior loosening of the soil by cultivation
and keeping 30–100% of the surface covered with plant residues [2]. In Europe, the adoption of
NT is much less widespread than in other countries [3] and, although many studies have shown
that NT implementation might provide other advantages (e.g., soil C sequestration, soil biodiversity
enhancement, greater crop yield, weed suppression, etc.), recent studies indicate that these benefits
may not be as widely observed as previously thought [2,4,5]. In particular, whereas many studies
have reviewed the long-term effect of NT [6,7], the system behavior during the transition period is still
poorly documented [8].

An essential building block of developing sustainable farming practices is to evaluate their
effect on soil quality [9]. Soil quality is defined as the capacity of a specific kind of soil to effectively
function through supporting plant and animal survival without threatening environmental quality [10].
Indicators of soil quality should be sensitive to management and changes in soil functioning,
easily measurable and accessible to agricultural specialists, producers, conservationists, and policy
makers [11]. As a result of the availability of easy analysis techniques, soil quality studies initially
focused on chemical and physical soil properties. However, these properties are occasionally not
sensitive to changes that occur in soil, especially in the short run [12]. To overcome this, biological
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soil properties have been increasingly used as they were found to respond to small changes in soil
conditions, thus acting as early and sensitive indicators of subtle alteration of soil functioning and,
ultimately, soil quality [13,14]. For example, soil enzyme activities have been proposed as suitable
indicators because of their rapid response to change in soil management and their close link to soil
organic matter (OM) dynamics [15], which plays a key role in driving soil processes and properties [16].
However, most of the analyses related to soil biological attributes are too costly to be applied by
end-users such as farmers.

Recently, Keuskamp et al. [17] introduced a new and innovative methodology for studying the
decomposition of organic materials in situ and, more generally, the soil functioning. Commercially
available tea bags are used as litterbags and the approach has the benefits of being a cost-effective and
well-standardized method that can be used all over the world. By gathering data from 336 sites across
different ecosystems, Djukic et al. [18] have evidenced that this technique might be successfully used to
identify the drivers of early stage litter decomposition at both global and biome scales. Tóth et al. [19]
have also shown that this approach might be used as an ecological indicator to assess impacts of
agri-environmental schemes on soil functioning. Such observations gave rise to the idea of using the
tea bag technique to detect change in the potential of OM decomposition and, more generally, change
in the soil functioning, following the conversion from conventional tillage (CT) to NT practices.

The objective of the present work was therefore two-fold: (i) to gain insight into the impact of
NT on OM decomposition during the transition period using the tea bag technique, and (ii) to test the
short-term sensitivity of this approach to the adoption of NT, thereby allowing us to determine whether
or not it might be used earlier in the process of transition to NT to gauge short-term impacts of NT on
soil functioning. For this purpose, we investigated tea decomposition in soils along a chronosequence
of 13 plots of different years under NT in northern France. This approach allowed us to isolate the
effect of the time factor from other factors controlling OM decomposition, namely climatic conditions
and soil properties [18].

2. Materials and Methods

2.1. Study Area and Soil Sampling

One conventional and 12 NT farms with the same preceding cash crop (i.e., winter wheat) were
investigated around Beauvais (northern France, 49◦43′ N; 2◦08′ W; Figure 1). The climate was oceanic,
with mean rainfall of 669 mm per year and mean temperature of 10.7 ◦C. The selection of NT farms
was based on a synchronic approach (space-for-time substitution) in order to obtain a chronosequence
of farmer’s field managed under NT for different lengths of time. The time since adoption of NT
ranged from 1 to 7 years. All soils were loess-derived Hortic Luvisol [20].
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2.2. Soil Sampling and Analyses

In each site, four sub-sampling sites were randomly selected, avoiding atypical areas. At each
sub-sample site, approximately 1.0 kg of surface soil horizon (0–10 cm) was collected by composite
sampling. The collected soil was then air-dried at ambient temperature; sieved (2 mm); and
characterized for pH in water (1:5 soil/solution ratio), total C and N content using the Dumas
combustion method, and texture using the pipette method. Cation exchange capacity (CEC) was
measured using CH3COONH4 1 mol L−1 buffered at pH = 7 [21]. The available nutrient (Ca, K,
Mg, P) concentrations were determined using the ammonium acetate-EDTA soil test [22]. Selected soil
properties are shown in Table 1.

Table 1. Selected soil properties. NT—no-tillage; CEC—cation exchange capacity.

Site NT Age
(Years)

Clay
(%)

Silt
(%)

Sand
(%) pH CEC

(cmolc kg−1)
Organic C

(%)
Total N

(%) C/N

1 0 17.00 72.93 10.07 7.13 10.74 11.79 0.12 9.90
2 1 24.14 65.63 10.23 8.37 17.10 10.77 0.12 9.26
3 1 16.42 72.03 11.55 6.69 9.42 17.94 0.18 9.93
4 1 23.58 52.15 24.27 8.06 15.06 16.20 0.19 8.69
5 1 29.10 57.31 13.60 8.13 15.68 13.49 0.14 9.49
6 1 15.84 72.81 11.35 7.98 8.56 13.03 0.12 11.23
7 2 18.42 72.13 9.45 7.11 11.06 10.14 0.11 9.40
8 4 22.41 67.24 10.35 8.07 15.60 15.91 0.14 11.09
9 4 15.63 74.31 10.06 7.21 10.60 12.53 0.12 10.14

10 6 25.05 64.53 10.42 8.49 16.94 12.41 0.16 8.03
11 6 13.95 64.09 21.96 8.40 10.28 13.82 0.15 9.22
12 6 28.33 55.84 15.83 7.88 21.18 21.24 0.21 10.27
13 7 18.78 73.57 7.65 7.57 12.86 14.09 0.14 10.24

2.3. Tea Bag Experiment

The tea bag technique, recently developed by Keuskamp et al. (2013), was used in this study as a
potential indicator of change in soil functioning following NT adoption. On 1 May 2015, at each site,
two plastic tea bags containing either Lipton green tea or Lipton rooibos tea were buried pairwise in
the soil at a depth of 5 cm and left in the soil over a 30-day period in four replicates. The mesh size
of the tea bags is 0.25 mm. The initial element composition of both teas was analyzed by inductively
coupled plasma-atomic emission spectroscopy (ICP-AES; Jarrell Ash) after grinding and digesting
the dried biomass in a tri-acid mixture (HClO4, HNO3, and HF) [23]. Green tea presents a high
hydrolysable fraction (i.e., 0.842 g g−1), low C/N and C/P ratios (i.e., 12.23 and 329, respectively), and
high nutrient concentration (Table 2), and can therefore be considered as high quality OM. By contrast,
with a lower hydrolysable fraction (i.e., 0.552 g g−1), higher C/N and C/P ratios (i.e., 42.87 and
1219, respectively), and lower nutrient concentration (Table 2), rooibos tea is considered a low quality
OM [24,25]. At the end of the incubation period, tea bags were collected, cleaned, and dried at 70 ◦C
until the weight remained constant and litter mass loss was then calculated, following the guidelines
by Keuskamp et al. (2013).
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Table 2. Composition of green tea and rooibos tea. Values are mean ± SE.

Properties Green Tea Rooibos Tea

Hydrolysable fraction 1 (g g−1) 0.842 0.552
C 1 (%) 49.055 50.511
N 1 (%) 4.019 1.185

Al (mg kg−1) 1461 ± 21 86 ± 1
Ca (mg kg−1) 5850 ± 64 1918 ± 132
Fe (mg kg−1) 107 ± 4 98 ± 3
K (mg kg−1) 15251 ± 88 2799 ± 113

Mg (mg kg−1) 2108 ± 4 1561 ± 48
Mn (mg kg−1) 1030 ± 5 53 ± 2
Na (mg kg−1) 599 ± 51 2832 ± 10
P (mg kg−1) 2781 ± 15 425 ± 17
S (mg kg−1) 1489 ± 20 415 ± 14

1 Data from Keuskamp et al. [17].

2.4. Statistical Analyses

After testing the homogeneity of variances and normality of soil data using Levene and
Shapiro-Wilk tests, respectively, a paired t-test was used to compare litter decomposition between green
tea and rooibos tea. Pearson’s correlation coefficients (r) were used to investigate the relationships
between data. Analysis of variance (ANOVA) was used to evaluate the effects of NT age on tea
decomposition. All statistical analyses were performed using R version 3.2.2.

3. Results and Discussion

Soil properties were not significantly correlated with the time span since the adoption of NT
(NT age; Table 3), which is in line with previous studies indicating that physico-chemical properties
change very slowly after modifying management practices [15]. More generally, our results suggest
that physico-chemical properties alone were not sensitive enough to track any early change in soil
quality following the conversion from CT to NT.

Table 3. Pearson’s correlation coefficients between organic carbon (OC) and total N concentrations;
C/N ratio; pH; cation exchange capacity (CEC); available Ca, K, Mg, and P concentrations; green tea
(GT) and rooibos (RT) mass losses; and no-tillage age (NT age).

N C:N pH CEC Ca K Mg P GT Mass Loss RT Mass Loss NT Age

OC 0.90 *** 0.25 −0.05 0.39 0.27 0.75 ** 0.28 0.11 0.34 0.22 0.27
N −0.19 0.10 0.49 0.44 0.66 * 0.44 0.11 0.33 0.33 0.29

C/N −0.30 −0.26 −0.31 0.14 −0.33 −0.06 0.02 −0.22 −0.05
pH 0.53 0.37 −0.26 0.28 0.47 0.20 0.57 * 0.30

CEC 0.39 0.48 0.43 0.26 0.34 0.41 0.31
Ca −0.02 0.98 *** −0.37 −0.04 0.17 −0.22
K 0.09 0.17 0.38 0.03 0.28

Mg −0.40 −0.06 0.13 −0.23
P 0.30 0.33 0.50

GT mass loss 0.65 * 0.80 ***
RT mass loss 0.81 ***

* p < 0.05 ; ** p < 0.01 ; *** p < 0.001.

The effect of OM quality is known to be one of the key drivers of litter decomposition [26].
As expected, we found that high quality OM (green tea) was significantly (paired t-test, p < 0.001,
n = 13) more decomposed than low quality OM (rooibos tea; Figure 2), confirming the direct influence
of OM quality on mass loss rates [18,27].
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Figure 2. Average decomposed mass of green tea (high quality organic matter (OM)) and rooibos tea
(low quality OM). Data are presented as mean ± standard deviation. Asterisks denote significant
differences (paired t-test, *** p < 0.001, n = 13).

More importantly, the time span since conversion from CT to NT was significantly correlated with
and had a significant impact on the mass lost by both teas (Tables 3 and 4, respectively). This indicates
that, by contrast to physico-chemical properties, the tea bag technique is sensitive to changes in tillage
practices and, as a cost-effective and easily accessible method, it might possibly be used by end-users
as a proxy to track change in soil functioning in response to NT adoption. Moreover, the positive linear
relationship between OM decomposition and the age of NT (Figure 3) is especially meaningful as it
might, at least in part, explain why studies reported that OM mineralization was unaffected in the
short-term (e.g., Kristensen et al., 2013), but increased in the long-term (e.g., Schoenau and Campbell,
1996) after converting CT to NT. Consistent with Zuber and Villamil (2016) highlighting higher
microbial activity in long-term NT than in short-term NT, our results also indicate that the microbial
decomposition activity increases with the time span since the adoption of NT. High quality OM usually
favors the development of opportunistic bacterial taxa that increase with the greatest quantity of
labile C compounds. Conversely, lower OM quality promotes oligotrophic microbial communities,
dominated by fungi, that are more able to degrade recalcitrant compounds, such as lignin or litters
with high C/N ratios [28,29]. As the decomposition of both high and low quality OM (green tea and
rooibos tea, respectively) was positively related to NT age, our results provide indirect evidence that
the activity of both opportunistic bacteria and fungi increased with the time span since the conversion
from CT to NT. Although our findings should be substantiated by further microbiological analyses,
including microbial biomass and microbial community profiling, they are consistent with previous
investigations and likely result from the lack of disruption of the hyphal network under NT [30,31]
and the regular supply of C by cover crop, as well as the increase of soil aggregation over time
under NT [32], which provides a variety of new habitats and micro-environments for soil microbial
communities involved in the short-term processing of readily-decomposable organic C [12,33,34].

Many studies have shown that NT might increase microbial abundance, often resulting in
higher microbial activity [35–37]. However, this does not necessarily lead to higher organic matter
decomposition. In the short-term, tillage is known to cause a sharp increase of CO2 flux in the first
days after soil-disturbance. In the long-run, studies show contradictory results as the decomposition
of organic matter was found to be higher [38,39], similar [4,40], or lower [41–43] under CT compared
with NT. These inconsistencies across studies have been hypothetically attributed to differences of
water content; climate; and the amount, type, and stratification of organic matter [2]. Here, our study
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indicates that the NT age might also be behind some of these contradictory conclusions reported
in studies.

Table 4. Results from analysis of variance (ANOVA) examining the effects of no-tillage age on green
tea and rooibos tea decomposition. DF—degrees of freedom.

DF Sum Sq F Value p Value

Green tea 5 0.595 10.68 <0.001
Rooibos tea 5 0.332 7.30 <0.001
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Figure 3. Relationship between green tea and rooibos tea mass loss and years since conversion from
CT to NT (*** p < 0.001). Data are presented as mean ± standard deviation.

4. Conclusions

Organic matter decomposition is a fundamental ecosystem service in conservation agriculture
because it regulates soil fertility, nutrient recycling, C sequestration, and ultimately plant growth and
productivity [44,45]. The chronosequence approach used in the present study allowed us to isolate
time from the other factors controlling this process, namely climatic conditions and soil properties [18].
Our study indicates that converting CT to NT might favor the decomposition of both low and high
quality OM during the transition period. It must be noted that, even though the 30-day period of
this experiment provides insight into the early stage of organic matter decomposition, long term
decomposition involves other litter components [18], thus our results should not be extrapolated over
the long run. Moreover, although our findings are in line with the accumulating evidence supporting
the idea that microbial activity is higher in NT soil relative to CT soil, this work was a one-time
area-specific study. It will be thus essential to perform further research under other periods of the year,
as well as in various soil and climate contexts to assess the generality of the tea bag technique to be
used as an indicator of change in soil functioning following NT adoption.

Despite these limitations, our data support the fact that increased biological activity is a likely
outcome of adopting NT management. More generally, this preliminary study suggests that the
tea bag approach may help us better understand the consequence of adopting NT on soil organic
matter dynamics.
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