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Abstract 
Vegetables productions systems are done normally with intense soil tillage 
causing a strong decline of soil quality. Use of conservation systems can be an 
alternative to recover this quality. In order to evaluate the effects of such sys-
tems on soil organic matter, an experiment has been conducted in rando-
mized blocks design and factorial scheme 3 × 2: three soil management sys-
tems (no-tillage; reduced tillage and conventional tillage) and two cover crops 
(maize single; and intercropping maize with gray velvet bean—Stizolobium 
niveum); and repeated measures over time. Soil samples were collected before 
the implementation of the experiment and at the end of each crop cycle until 
the fifth crop cycle. Carbon associated with humic substances is also deter-
mined in 0 - 5 cm, 5 - 10 cm and 10 - 30 cm at the end of the last crop cycle. 
The SOM content was higher in RT (48.34 g·kg−1) than in the CT (39.48 
g·kg−1) at the end of the fifth crop cycle. SOM content in NT (44.92 g·kg−1) was 
statistically equal to RT and CT, during the same period. In 0 - 5 cm, carbon 
contents associated to the humic substances present the same behavior of 
SOM contents in 0 - 10 cm. Probably these results are associated with the ca-
pacity of each system to improve superficial contents of SOM stable fractions. 
It follows that the conservation systems used are alternatives to the cultivation 
vegetables in order to improve soil organic matter contents. 
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1. Introduction 

Soil management can improve carbon sequestration and makes this an impor-
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tant way to mitigate atmospheric greenhouse gases (GHG) emissions, principal 
responsible for global warming observed nowadays (Machado, 2005) [1]. How-
ever, soil degradation can significantly reduce their capacity to mitigate GHG 
emissions and also leads to an increase of GHG emissions from terrestrial envi-
ronments. This process is closely associated to qualitative and quantitative loss 
of soil organic matter (SOM) due to the unsustainable use of soil (Johnson et al., 
2007) [2]. Several studies in tropical soils have pointed to occurrence of drasti-
cally reduce of SOM as a result of non-conservation management system adop-
tion (Souza et al., 2009; Figueiredo et al., 2010) [3] [4]. 

Vegetable production systems normally adopted in Brazil use intense soil til-
lage leading to a strong decline of soil quality. SOM can be understood as a key 
indicator of soil quality and changes in their quantity and quality have important 
impacts in many processes linked to agricultural and environmental sustainabil-
ity as soil erosion, water infiltration and nutrients cycles  (Franzluebbers, 2002) 
[5]. SOM is defined as the total soil biomass and substances resulting from the 
decomposition of terrestrial and aquatic plants, including peatlands  (Dick et 
al., 2009) [6]. It can be divided into at least two groups related to their complex-
ity and lability. Accordingly, there are less complex and labile SOM as organic 
acids with low molecular weight, carbohydrates, fats, waxes and proteins, and 
those more complex and non-labile as pyrogenic C and humic substances (HS). 
The latter, commonly represented by fulvic (FAC) and humic (HAC) acids, and 
by humin (HUMC) have chemical complexity increasing in that order and are 
determined by solubility in different pH conditions. The HS commonly consti-
tute the major part of the SOM in tropical environments (Santos et al., 2013) [7] 
and present chemical composition that can affect the chemical, physical and bi-
ological soil properties. HS also have effect on the development of higher plants, 
on the carbon and nutrients cycles, and on the pollutants leaching [8]. 

Use of conservation systems in agriculture has partially reversed the tendency 
of soil degradation. SOM levels can increase when reduced tillage (RT) and 
no-tillage (NT) are adopted, especially if the soil had been managed convention-
ally before. The NT potential to improve carbon contents in tropical and sub-
tropical soils have been reported by other studies (Conceição et al., 2013) [9]. In 
a vegetable production area of the Brazilian Cerrado, Souza et al. (2014) [10] also 
observed that the use of conservation systems improved the quantity and quality 
of SOM. However, there is little knowledge about the temporal dynamic of SOM 
contents in vegetables production areas when conservation systems are adopted, 
an important question to improve the sustainability of the agricultural soils. The 
studies cited previously show clearly the importance of addition of plant residues 
and reduced soil disturbance to increase both labile and no-labile SOM and thus 
increase C contents sustainably. 

A relevant strategy for evaluation of temporal variation of a particular phe-
nomenon is the conduction of experiments with repeated measures over time. 
At this point, it is important that a brief discussion should be done about such 
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experiments. They present random effects (associated with experimental design) 
and fixed effects (associated with, for example, the soil samples collected over 
time), which often needs to use mixed models for data analysis. PROC MIXED is 
a Statistical Analysis System’s (SAS) procedure that provides a flexible environ-
ment in which it is possible to model many types of data from experiments with 
repeated measures whether in time, space, or both, by using mixed models. Cor-
relations among measures taken in the same experimental unit can be modeled 
using random effects, random regression coefficients and through specification 
of a covariance structure. PROC MIXED offers a wide range of usual covariance 
structures to model the covariation in time and space  (Moser, 2016) [11], 
which makes them a good choice for analyzing data from experiments with re-
peated measures over time. The use of General Linear Models Procedure (GLM) 
sometimes can lead to erroneous and limited results because it does not allow to 
model the covariance structure of the data (Freitas et al., 2005) [12]. 

The present study aimed to understand the SOM contents variation over time 
in a Rhodic Ferralsol (FAO, 2015) [13] cultivated with vegetables using conser-
vation systems during four crop cycles. It also aimed to evaluate the carbon con-
tents associated with HS at the end of the last cycle and verify the existence of 
relations between their contents and those of SOM. 

2. Materials and Methods 
2.1. Characterization of Experimental Area 

The experiment was conducted in Embrapa Vegetables experimental field, lo-
cated in the rural zone of Gama-DF, with geographical coordinates 15˚56'S and 
48˚0'W and altitude of 997.6 m. 

The local climate is Aw of Köppen classification (tropical savanna with rainfall 
concentration in summer). The annual average temperature and the total annual 
average rainfall of the period in which the experiment was conducted were, re-
spectively, 22.92˚C and 1516.4 mm, according data measured in Embrapa Vege-
tables weather station. 

The soil used could be classified as a Rhodic Ferralsol with clay silt texture 
whose chemical characteristics in the 0 - 20 cm layer determined prior to the 
experiment implementation are described as follows: pH—5.6; P disponível—4.8 
mg·dm−3; K—170 mg·dm−3; S—45 mg·dm−3; Ca—10.3 cmolc·dm−3; Mg—3.6 

cmolc·dm−3; Al trocável—0.0 cmolc·dm−3; H + Al—5.8 cmolc·dm−3; MOS—25.3 
g·kg−1. 

2.2. Experimental Design and Soil Management Systems 

It was conducted five crop cycles one per year, from 2008 to 2012. The original 
vegetation is grassland (Campo Sujo-Cerrado) and the area was used with vege-
tables conventional production systems since 1980s. The experiment was im-
plemented in a completely randomized block design with four replications and 
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factorial scheme 3 × 2 (three soil management systems and two cover plants). 
The soil management systems used are no-tillage (NT), reduced tillage (RT) and 
conventional tillage (CT), while the cover crops are maize (M) and intercrop-
ping maize (Zea mays) with gray velvet bean (Stizolobium niveum) (MM). The 
cover crops grown in the summer and the vegetable specie were planted in the 
winter of each year. Each experimental plot had 9 m × 12 m, covering an area of 
108 m2. 

In NT the soil was not plowed and just the opening of the planting lines or 
holes was performed. Straw was kept on surface in NT during all cultivation 
cycle. In RT, the straw was incorporated at subsurface (approximately 10 cm) 
using a leveling disk harrow. Finally, in CT were used plowing and harrowing 
operations for soil management and straw was incorporated into deeper layer 
(approximately 20 cm) than in RT. A brief history of vegetables and cover crops, 
as well as used fertilizations can be found below: first cycle—onion cultivation, 
fertilization at planting with 600 kg·ha−1 of NPK 04-30-16 and topdressing with 
400 kg·ha−1 of ammonium sulfate; second cycle—cabbage cultivation, fertiliza-
tion at planting with 1250 kg·ha−1 of triple superphosphate + 250 kg·ha−1 with 
ammonium sulfate and topdressing with 400 kg·ha−1 of ammonium sulfate; third 
cycle—broccoli cultivation, fertilization at planting with 1000 kg·ha−1 of triple 
superphosphate + 250 kg·ha−1 of ammonium sulfate and topdressing with 500 
kg·ha−1 of ammonium sulfate; fourth cycle—pumpkin cultivation, fertilization at 
planting with 300 kg·ha−1 of simple superphosphate and topdressing with 150 
kg·ha−1 of ammonium sulfate; fifth cycle—cabbage cultivation, fertilization at 
planting with 1000 kg·ha−1 with triple superphosphate + 250 kg·ha−1 ammonium 
sulfate and topdressing with 500 kg·ha−1 of ammonium sulfate. Soil correction 
with lime was carried out at the establishment of experiment. 

The corn seeding was performed with spacing of 0.80 m and five seeds per li-
near meter. It was used a corrective fertilization using 100 kg·ha−1 of P2O5 and a 
commercial hybrid Ag 1051 Agroceres®, which was cultivated with a plant pop-
ulation of 55.000 plants·ha−1. The gray velvet bean was seeded with spacing of 
1.60 m and two seeds per meter, thirty days after seeded the maize, just in the 
experimental plots that used these cover crops. Straw were formed using a 
shredding, followed by the use of herbicides (Glyphosate and Paraquat). 

2.3. Cover Plants Biomass Sampling and Determination 

The cover crops biomass was sampled using a template (a frame with dimen-
sions 1 m × 1 m) disposed on the soil surface at two different points of each ex-
perimental plot. Sampling was performed soon after rotary shredders and herbi-
cide application. 

All material present inside the template was collected and stored in plastic 
bags. After, it sent to the Soil Fertility and Plant Nutrition laboratory where it 
was dried at 65˚C and subsequently their mass was determined using an analyti-
cal balance. 
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2.4. Soil Sampling and SOM Analysis 

Soil samples were collected at the end of each crop cycle at the 0 - 10 cm and 
10 - 30 cm layers. Samples of the fourth crop cycle were not used because the 
experiment was severed damaged by a hailstorm. For soil sampling were opened 
four mini trenches per experimental plot where single soil samples were col-
lected to form one composite soil sample. Samples were then stored in properly 
labeled plastic bags and subsequently led to the Soil Fertility and Plant Nutrition 
laboratory. They were then air dried, macerated and all material was sieved in a 
2 mm sieve. 

SOM contents were determined in soil samples collected per experimental 
plots at the end of each cultivation cycle. It was collected four simple samples to 
form one composite sample. In laboratory, the determination of total organic 
carbon (TOC) was performed by Walkley-Black method (Embrapa, 1997) [14]. 
SOM contents were determined multiplying TOC contents by 1,724 (van Bem-
melen factor). 

Samples collected for assessing the organic carbon (OC) content associated to 
HS were taken at the end of the fifth growing season, in the 0 - 5 cm, 5 - 10 cm 
and 10 - 30 cm layers. HS fractionation was performed by difference of solubility 
in different pH conditions and followed the method proposed by Benites et al. 
(2003) [15]. Finally, Carbon contents were determined by the Walkley-Black 
method (Embrapa, 2013) [14]. 

2.5. Statistical Analysis 

SOM data were initially checked for normal distribution at 5% by Shapiro Wilk 
test. Later there was applied the Mauchly Sphericity test at 5% to verify possible 
correlations between the samples taken in different cycles for each depth eva-
luated. When significant, the PROC MIXED provided by SAS® was used. Other-
wise, when the test was not significant, it was used the PROC GLM, analyzing 
the data similarly to those obtained in split plot experiments. 

When PROC MIXED was used, the covariance structure was selected using 
Akaike Information Criteria (AIC) (Akaike, 1973) [16]. The following structures 
were tested: Heterogeneous Autoregressive (1) (ARH 1), Heterogeneous Com-
pound Symmetry (CSH), Compound Symmetry (CS), Autoregressive (1) (AR 1), 
Variance Components (VC), and Non-structured (UN). Then, the means were 
estimated by least squares and tested by Tukey-Kramer test at 5%. In turn, in the 
cases in which the PROC GLM was used, the means were tested by Tukey test at 
5%. 

The effects of tillage and cover crops, as well as the interactions among those 
factors on the HS carbon contents in the fifth cultivation cycle were verified by 
ANOVA by the application of F test and the means were tested by Tukey test at 
5%. Finally, the relationships among SOM and HS were established by the de-
termination of Pearson’s correlation coefficients. 
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3. Results and Discussion 

The sphericity test was significant only for the 10 - 30 cm layer (P < 0.0001) re-
quiring the analysis using the mixed procedure (PROC MIXED). Instead, the 
lack of significance observed for the SOM data determined for the 0 - 10 cm 
layer (P < 0.3411) results in the analysis using PROC GLM. Use of univariate 
methods for analysis in repeated measures experiments is possible since the co-
variance matrix satisfies the sphericity or roundness conditions. The sphericity 
test assumes as null hypothesis that the covariance matrix to be tested is of 
spherical type. When non-significant at a given level, it is concluded that the co-
variance matrix is spherical and the data can be analyzed using univariate me-
thods. On the contrary, if the sphericity test is significant the data must be ana-
lyzed in a multivariate analysis (Freitas et al., 2005) [12]. 

Use of PROC MIXED for the analysis of data concerning the SOM contents 
variation over time in the layer of 10 - 30 cm led to the need for application of 
AIC to set the best covariance structure. The AIC is originated from the mini-
mizing of the Kullback-Leibler information (K-L), which can be considered as 
an estimate measurement between a real model and a candidate model. The es-
timate of K-L information in AIC is based on Log Likelihood function in its 
maximum point added of a penalty associated with the number of model para-
meters (Dal Bello, 2010) [17]. Among the tested structures, the CS was chosen 
due to the lower value of AIC presented. The calculated AIC values were: ARH1 
—486.10; AR1—479.30; CSH—480.70; CS—476.70; VC—479.90; Un—491.70. 
According to Freitas et al. (2005) [12], the lowest values of AIC when they are 
positive means a best fit of the covariance structure to the data set. 

Significant interaction between tillage systems and crop cycle can be observed 
for the SOM data originated from samples taken in the 0 - 10 cm layer. Already, 
just effect of the crop cycle on SOM contents are observed for the data concern-
ing to the 10 - 30 cm layer. 

SOM increments were observed for RT and NT over the period evaluated 
(Table 1). However, in CT, it was observed that the SOM contents increased 
only between the first and the second crop cycle and remained stable thereafter 
until the end of the study period. Despite this stability, SOM contents observed 
in CT calls attention by a strong reduction in their absolute values between the 
last and the second last crop cycle. Nevertheless, it is not possible to infer about a 
possible maintenance of this trend in subsequent periods. 

Effects of different soil management systems on SOM contents were observed 
only in the last crop cycle. The highest SOM contents were observed for RT. The 
SOM contents found in NT were similar to RT and CT. Additionally, SOM con-
tents observed in CT were lower than those found in RT. Already, SOM contents 
in the 10 - 30 cm layer increased over the evaluation period in the three soil 
management systems but it was not observed distinct effects of them in any year 
evaluated. 
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Table 1. Soil organic matter variation in a Rodhic Ferralsol cultivated with vegetables in 
conservation systems. 

Management 
systems 

Before the experiment 
implementation 

Crop 
cycle 1 

Crop 
cycle 2 

Crop 
cycle 3 

Crop 
cycle 5 

0 - 10 cm (g·kg−1) 

NT 28.82 aC 39.03 aB 41.52 aAB 44.64 aA 44.92 abA 

RT 28.82 aD 37.61 aC 41.71 aBC 43.67 aB 48.34 aA 

CT 28.82 aB 37.61 aA 40.52 aA 43.26 aA 39.48 bA 

10 - 30 cm (g·kg−1) 

NT 20.75 aC 32.54 aB 30.50 aB 32.17 aAB 36.23 aA 

RT 20.75 aC 29.99 aB 29.06 aB 31.57 aB 36.55 aA 

CT 20.75 aC 29.23 aB 31.08 aB 33.40 aAB 35.60 aA 

NT—No-tillage; RT—Reduced tillage; CT—Conventional tillage. Means followed by the same small letters 
(columns) and capital letters (line) are not different by Tukey test (0 - 10 cm) or Tukey-Kramer test (10 - 30 
cm) (P < 0.05). 

 
Zikeli et al. (2013) [18] showed that the reduction of intensity and depth of 

tillage improves SOM contents in a Germany Luvisol. Use of NT resulted in pos-
itive effects on SOM in subtropical and tropical soils (Conceição et al., 2013) [9]. 
Frequently has been cited in literature that NT normally maintain higher super-
ficial SOM contents than RT, especially in long-term experiments (Prasad et al., 
2016) [19]. It was possible that, in the present study, the time of adoption of the 
systems has not been enough for the NT show its full potential to improve SOM 
contents. 

The carbon contents associated to the HS were determined in samples col-
lected at the end of the last crop cycle (Table 2). Means of organic carbon asso-
ciated to the HS in the 0 - 5 cm layer presents similar behavior to those of SOM 
contents quantified in the 0 - 10 layer, as discussed in the preceding paragraphs. 
Thus, it is possible to infer that there is a possible positive relationship between 
the accumulation of stable fractions as HS and the observed SOM accumulation 
in superficial layers. No effects of management systems on SOM and HS con-
tents in the deeper layers (5 - 10 cm and 10 - 30 cm) were found. There were also 
no observed effects of cover crops on carbon contents associated to the HS in 
any layer evaluated. 

Positive relationship between TOC contents and the C contents associated to 
the HS in the 0 - 5 cm layer can be confirmed by Pearson Correlation Coeffi-
cients (FAC and TOC = 0.92; HAC and TOC = 0.93; HUMC and TOC = 0.87) 
(Table 3). Concomitant occurrence of higher HS and TOC contents in subtrop-
ical and tropical soils is a well-documented fact as can be exemplified by the 
study of Ebeling et al. (2011) [20]. 

It was observed a predominance of HUMC in comparison with the others HS 
in all layers, as can be shown by the EAC:HUMC relationship lesser than zero.  
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Table 2. Carbon associated to the humic substances in a Rhodic Ferralsol cultivated with 
vegetables, in conservation systems, after five crop cycles. 

 TOC (g·kg−1) HAC (g·kg−1) FAC (g·kg−1) HUMC (g·kg−1) HAC:FAC EAC:HUMC 

0 - 5 cm 

Soil management systems 

NT 27.52 b 3.57 ab 7.24 ab 12.22 ab 0.49 0.88 

RT 31.29 a 4.28 a 7.66 a 13.27 a 0.56 0.90 

CT 23.84 c 2.46 b 6.31 b 11.48 b 0.40 0.76 

Cover crops 

M 27.73ns 3.76ns 7.16ns 12.58ns 0.53 0.87 

MM 26.68ns 3.11ns 6.98ns 12.07ns 0.46 0.84 

5 - 10 cm 

Soil management systems 

NT 23.64ns 4.43ns 5.30ns 9.86ns 0.84 0.99 

RT 23.64ns 3.82ns 5.13ns 10.74ns 0.74 0.83 

CT 24.01ns 4.19ns 4.87ns 10.14ns 0.86 0.89 

Cover crops 

M 24.14ns 4.21ns 5.13ns 10.33ns 0.82 0.90 

MM 23.39ns 4.08ns 5.07ns 10.16ns 0.80 0.90 

10 - 30 cm 

Soil management systems 

NT 21.02ns 4.54ns 3.60ns 9.79ns 1.26 0.83 

RT 21.20ns 3.99ns 3.78ns 9.58ns 1.06 0.81 

CT 20.65ns 4.10ns 3.38ns 9.44ns 1.21 0.79 

Cover crops 

M 20.52ns 4.28ns 3.61ns 9.60ns 1.19 0.82 

MM 21.39ns 4.14ns 3.56ns 9.60ns 1.16 0.80 

Means followed by the same letter are not different by the Tukey test (P < 0.05). nsNon-significant by the F 
test (P < 0.05). 

 
Table 3. Pearson correlation coefficients between total organic carbon and carbon asso-
ciated to the humic substances contents in a Rhodic Ferralsol cultivated with vegetables, 
in conservation systems. 

 FAC HAC HUMC 

TOC (0 - 5 cm) 0.92* 0.93* 0.87* 

TOC (5 - 10 cm) −0.20ns −0.13ns 0.09ns 

TOC (10 - 30 cm) −0.59ns −0.08ns 0.05ns 

*significant (P < 0.05); nsNon-significant (P < 0.05); TOC—Total Organic Carbon; FAC—carbon associated 
to the fulvic acids; HAC—carbon associated to the humic acids; HUMC—carbon associated to the humin. 
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Also, it was quantified higher contents of FAC than HAC in the 0 - 5 and 5 - 10 
cm layers. Predominance of HUMC in subtropical and tropical soils has been 
strongly reported in scientific literature, as done by Brancalião & Moraes (2008) 
[21]. These authors also reported the predominance of FAC when compared 
with HAC in a Rhodic Nitisol cultivated with soybean under different soil and 
cover crops biomass management systems. Bezerra et al. (2013) [22] checking 
the effects of integration-crop-livestock-forest and no-tillage systems on the soil 
organic matter of a Rhodic Ferralsol in Brazilian Cerrado found contents and 
behavior of HS similar to those reported in the present study. 

It is possible that the higher TOC contents observed in RT may be linked with 
the reduction of soil tillage and the faster straw decomposition in relation to NT. 
In the latter case, the subsurface incorporation of cover crops biomass leads to 
acceleration of decomposition processes (Carvalho et al., 2008) [23]. It was ob-
served a similar (no statistical significance at 5%) initial dry biomass production 
for all soil management systems and cover crops, as follow: NT—1069.63 g; 
RT—810.88 g; CT—938.00 g; M—933.25 g; MM—945.75 g. Them, the faster 
decomposition of plant residues associated with low disturbance in RT could 
lead to an acceleration of HS formation and therefore increase the presence of 
stable organic matter and consequently the TOC contents. It is worth noting that 
the incorporation of cover crops biomass in RT was done by leveling disk har-
row at subsurface (approximately 10 cm), just where the effects of management 
systems on TOC and HS were noticed. The degradation of organic residues is an 
important step for the activation of the main routes of HS formation and it is 
also essential for the supramolecular arrangements formation (Piccolo, 2002) 
[24]. 

There are doubts, however, about the long-term sustainability of RT to main-
tain higher TOC contents than the NT, as indicated by results of other studies 
such as those of Prasad et al. (2016) [19]. It is possible that in NT the absence of 
cover crops incorporation leads to a more gradual increase of SOM and HS con-
tents than in RT, resulting in lower contents in short and medium term experi-
ments. In different edaphoclimatic conditions, Zhang et al. (2016) [25] showed 
that the full capacity of NT to accumulate soil carbon is reached in about ten 
years after its adoption, especially when the soil was previously in agricultural 
use with conventional systems. Thus, it is possible that the maturity of the NT 
has not been reached in the present study. However, it is worth mentioning that 
the vegetable production systems present important peculiarities as high fertili-
zation rates and lower commercial species biomass production that can lead to 
different behavior of SOM and its fractions. Thus, it becomes clear that there is 
need for further studies to understand SOM dynamics in vegetables conservation 
systems. 

Finally, it should be noted that the CT promoted a strong initial increase of 
SOM contents. This result is different from those commonly found in other stu-
dies and previously cited in this paper. It is possible that this fact is due to the 
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incorporation of a great quantity of cover crops biomass. 

4. Conclusions 

Conservation soil management systems increased initial SOM contents in both 
0 - 10 cm and 10 - 30 cm layers. 

At the end of the last crop cycle, the RT and the NT improved more efficiently 
the SOM contents in the 0 - 10 m layer. 

RT maintained the higher TOC contents in the 0 - 5 cm layer, probably asso-
ciated with the high contents of HS. 
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