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Abstract: Plant residues decomposition transfers organic matter and nutrients to soil, and plays a decisive role in carbon 
(C) cycling. The aims of our study were to analyze under realistic field conditions the annual decomposition and C dy-
namics of crop residues mixtures under long-term no-till management and their effect on soil organic carbon (SOC). 
Three treatments were evaluated: soybean monoculture, soybean rotation (maize as preceding crop), and maize rotation 
(soybean as preceding crop). In each treatment soil samples and crop residue samples were collected. In crop residues 
samples we determined: total residue mixture biomass, soybean residue biomass, maize residue biomass, non identifiable 
residue biomass, total C, soluble C, insoluble fiber. In soil samples, SOC were analyzed. Decomposition rates were calcu-
lated for residues mixture, soybean and maize residue before and after deposition of fresh residue. Decomposition rates of 
all residues analyzed showed a high variability between treatments. Total C, soluble C and insoluble fiber concentrations 
of the residues mixtures showed a great similarity among treatments. Contrarily, their annual dynamics differed between 
sampling dates in all treatments. We concluded that decomposition and C dynamics of crop residues mixtures in long-
term no-till systems in the semiarid central Argentina are strongly influenced by: the interaction of the chemical quality of 
the residues, the proportion of the residues from different crops and/or with different decomposition degree,and the sea-
sonal effect. The greater C amount in residues mixture of rotation was not reflected in SOC contents, and further studies 
are recommended. 
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INTRODUCTION 

 Plant residues decomposition transfers organic matter 
and nutrients to soil, and plays a decisive role in carbon (C) 
cycling in terrestrial ecosystems. Soil organic matter (SOM) 
content in ecosystems is strongly influenced by the rates of 
addition and decomposition of organic residues, and by soil 
erosion processes. Consequently, SOM content in agroeco-
systems would be highly dependent on farmers’ practices, 
particularly crop rotations, crop residue management and 
tillage system. Knowledge about the dynamics of crop resi-
dues decomposition becomes essential for a sustainable man-
agement of agricultural ecosystems. 
 In the semiarid region of Argentina, no-till system (NT) 
has been widely adopted in order to prevent soil erosion dur-
ing bare fallow periods, and other benefits were associated 
with this management system, including increases in SOM 
[1, 2]. The importance of SOM in maintaining soil chemical, 
physical and biological fertility is well known, and its poten-
tial to reduce greenhouse gases and improve the sustainabil-
ity of agroecosystems is also recognized [3]. 
 Residue decomposition and nutrient release are affected 
by residue quality [4-6], environmental conditions, like  
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humidity and temperature [4, 7], and decomposer commu-
nity composition and diversity [8]. The vast majority of stud-
ies define the quality of plant residues as their relative ease 
of mineralization by decomposer microorganisms [9], and 
evaluate the initial biochemical composition of plant mate-
rial because of its major influence on decomposition and 
nutrient release patterns [10, 6]. In this sense, the C/N ratio 
has been accepted as a general index of quality of crop resi-
dues [11, 12], assuming that mineralization rates decrease 
with increasing C/N ratio [13]. Additionally, different stud-
ies found that other biochemical characteristics, (e.g. soluble 
C, cellulose, hemicellulose, lignin, etc.) are also useful resi-
due quality indicators [14, 15]. 
 From a decomposition point of view, NT systems have 
very important similarities with natural ecosystems that must 
be considered when assessing decomposition process, such 
as: a) deposition of plant residues on the soil surface, and b) 
presence of plant residue mixtures. Surface placement of 
crop residues in NT reduces the residue-soil contact as com-
pared with tillage practices. This consideration affects mi-
croclimatic conditions, nutrient availability and microbial 
community, and subsequently, decomposition dynamics [16, 
17]. Secondly, in NT systems, as well as occurs in natural 
ecosystems, crop residues usually become mixed and de-
compose simultaneously with other crop residues from dif-
ferent species (depending on the crop sequence, intercrop-
ping, etc.) and with different decomposition degree (depend-
ing on the time since their deposition in soil surface). In this 
regard, it has been suggested that plant residue mixtures fre-
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quently produce non-additive effects on decomposition dy-
namics [8, 18, 19], and that these interactions may vary de-
pending on the residue quality of the component species 
[20], and residue mixing proportion [21, 22], among others. 
Consequently, as suggested by Mao and Zeng [22], residue 
decomposition dynamics in agroecosystems should be as-
sessed on the basis of residue mixtures for a better under-
standing and management of nutrient dynamics. Despite 
these considerations, the broad majority of studies in agro-
ecosystems have focused on decomposition and nutrient dy-
namics of single or _more scarcely_ mixed fresh residues [4, 
15, 23-25]. However, information about the decomposition 
of realistic crop residues mixtures in NT systems (i.e., mix-
tures of residues with different decomposition degree) or its 
contribution to crops nutrition and soil fertility is very scarce 
[2, 26, 27]. 
 The aims of our study were to analyze: a) the decomposi-
tion dynamics of crop residue mixtures (based on residue 
weight), b) the annual changes of residue C compounds, and 
c) the effect of residue characteristics on SOM content, un-
der realistic field conditions in two typical crop sequences in 
the central region of Argentina (soybean monoculture and 
soybean/maize rotation) after long-term NT management. To 
our knowledge, this would be the first study that evaluates 
dynamics of decomposition and C mineralization of crop 
residues mixtures under realistic conditions of long-term NT 
systems, and despite some methodological limitations, it 
provides a very valuable information in a still very poorly 
evaluated area. 

MATERIALS AND METHODOLOGY 

 The study was conducted in Manfredi INTA Experimen-
tal Station, located in a semiarid zone of Córdoba, Argentina 
(31°49’ S and 63°46’ W), which is characterized by flat to 
gently undulating relief. The original vegetation corresponds 
to marginal Chaco Woodland with predominance of 
xerophytic species of low size and dense shrub stratum and 
summer grasses. During the sampling period, total annual 
precipitation in Manfredi was 779.0 mm, concentrated from 
October to April. This value was higher than the historical 
average for the area (759.5 mm). Mean annual temperature 
was 16.9 ºC. Soils are Typical Entic Haplustolls, slightly 
acid, and with low organic matter content (<2%).  

Experimental Design 

 The experimental units were plots of 35m x 110m, with a 
completely randomized design with two replications. Two 
agricultural practices were studied: i) soybean monoculture, 
and ii) soybean/maize annual rotation, both under NT man-
agement since 1992 and weed chemical control in the fallow 
period (winter bare fallow). The treatments evaluated in this 
work were: a) soybean monoculture (SbM), b) soybean rota-
tion (maize as preceding crop) (SbR), and c) maize rotation 
(soybean as preceding crop) (MzR). 
 Soybean and maize were sowed in November and har-
vested (maize manually harvested) in April. Soybean treat-
ments (SbM and SbR) were fertilized with 70 kg ha-1 of 
diammonium phosphate (DAP) at sowing. Maize treatment 
(MzR) was fertilized with 90 kg ha-1 of DAP at sowing and 
200 kg ha-1 of urea-ammonium nitrate (UAN) at 4-5 leaves 
stage.  

Sampling Design 

 Ten samples of soil (0-20 cm) and 5 samples of surface 
crop residue (by a square of 40 cm side) were randomly col-
lected in each plot every month during one year (August 
2005-July 2006). Samples were pooled to have an unique 
sample for month and plot. November and April samples 
were collected after sowing and harvesting, respectively.  

Laboratory Analysis 

 Crop residue samples were weighted to determine resi-
dues mixture biomass, and fractionated to determine: a) soy-
bean residue biomass; b) maize residue biomass, and c) non 
identifiable residue (NIR) biomass. For chemical analysis, 
residues mixture samples were oven-dried at 60ºC (until 
constant weight), weighed and milled, to determine: a) mois-
ture by gravimetric method; b) total C by wet digestion 
method [28], modified for plant material [29], c) soluble C 
after extraction with water at 80ºC [30], d) insoluble fiber by 
the gravimetric-enzymatic method [31], and e) total N by 
Kjeldahl. 
 Soil samples were air-dried and passed through a 2 mm 
pore sieve. Total organic carbon (SOC) content in sieved soil 
samples was determined by the Walkley-Black wet digestion 
method [28]. 

Calculations and Statistical Analysis 

 Age and proportion of the residues components in all 
treatments were carefully detailed (Fig. 1) for an accurate 
comprehension of the residues decomposition process under 
realistic and un-manipulated conditions. 
 Two annual periods were separated by the ocurrence of 
the deposition of fresh residues from the crops. On the basis 
of residues weight, decomposition rates (k) were calculated: 
kB for the period before deposition of fresh residue (BFR 
period) and kA for the period after deposition of fresh residue 
(AFR period). The decomposition rates were calculated for 
residues mixtures, and soybean and maize components. The 
continuous and simultaneous inputs and outputs that charac-
terize the dynamics of the NIR biomass did not allow us to 
calculate its decomposition rate with the methodology used 
in this study [27]. The decomposition rates were calculated 
using the negative exponential model of Olson [32]: xt/x0 = 
e-kt, where x0 is the initial (time t0) residue dry weight and xt 
is the residue dry weight at time t. 
 Data of chemical analysis in residues mixture samples 
were transformed to net values (kg ha-1) by multiplying 
measured concentrations with total biomass of residues mix-
ture. Data of SOC concentration were transformated to net 
values (Mg ha-1) (bulk density = 1.23 Mg m-3). 
 Differences between sampling dates and treatments were 
analyzed using ANOVA and Tuckey test for mean compari-
son (p≤0.05). The statistical program InfoStat [33] was used 
for the statistical analysis. 

RESULTS 

Biomasses and Decomposition Rates of Residues Mixture 
and its Components 

 The proportion (%) of different components in residues 
mixtures was highly variable and depended on treatment and 
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on sampling date (Fig. 1). Residues mixture biomass and its 
components (soybean, maize and NIR) differed significantly 
among sampling dates in all treatments (Fig. 2). In SbM, the 
highest biomasses of residues mixture and soybean residue 
were detected in March, but did not differ of April and June. 
Similarly, in SbR the greatest biomass of the residues mix-

ture and soybean residue were observed in March, but in the 
case of the residues mixture only differed of July and Octo-
ber, whereas soybean residue differed of the rest of the sam-
pling dates. In MzR, biomass of the residues mixture showed 
the highest value in May and maize residue biomass in 
April-July was higher than in August-March (Fig. 2). 

(a) 

(b) 

(c) 

Fig. (1). Age (mo) and proportion in the residues mixture (%) of the residues components corresponding to the different treatments: a) soybean 
monoculture, b) soybean rotation (maize as preceding crop) and c) maize rotation (soybean as preceding crop). NIR: non identifiable residue. X 
mo: Age of the residue (time since its deposition on soil) in months (mo). + F.R.: Deposition of fresh residue. Au to Jl: August to July.  
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(d) 

Fig. (2). Annual dynamics of the residues mixture and its components (soybean residue, maize residue and NIR residue) biomasses corre-
sponding to the different treatments. SbM: soybean monoculture, SbR: soybean rotation (maize as preceding crop), MzR: maize rotation 
(soybean as preceding crop). a) Residues mixture biomass, b) soybean residue biomass, c) maize residue biomass, and d) NIR residues bio-
mass. Error bars correspond to SD (p≤0.05). NIR: non identifiable residue. Au to Jl: August to July. Horizontal arrows indicate decomposi-
tion periods: references in Table 1. 

Table 1. Decomposition Rates (k) for Residues Mixture, Soybean Residue and Maize Residue, and Their Characteristics in Two DE-
COMPOSITION Periods (BFR and AFR) and in All Treatments. NIR: Non Identifiable Residue. X mo: Age of the Residue 
(Time Since its Deposition on Soil) in Months (mo). Au to Jl: August to July 

 BFR Period AFR Period 

 kB (month-1) Residue Characteristics kA (month-1) Residue Characteristics 

Residues Mixture 

SbM 0.136 
Sb (5-10 mo) + 

NIR 
0.181 a 

Sb (1-4 mo) + 
NIR 

SbR 0.016 
Mz (4-9 mo) + 

Sb (17-22 mo) + NIR 
0.233 a 

Sb (1-4 mo) + 
Mz (12-15 mo) + NIR 

MzR 0.044 
Mz (15-20 mo) + Sb (5-10 

mo) + 
NIR 

0.100 b 
Mz (1-2 mo) + 

NIR 

Soybean Residue 

SbM 0.126 b Sb (5-10 mo) 0.239 b Sb (1-4 mo) 

SbR 0.034 b Sb (17-22 mo) 0.271 a Sb (1-4 mo) 

MzR 0.364 a Sb (5-13 mo)  

Maize Residue 

SbM - - - - 

SbR 0.174 a Mz (3-14 mo)  

MzR 0.026 b Mz (15-20 mo) 0.153 Mz (1-2 mo) 

SbM = Soybean monoculture, SbR = Soybean rotation (with maize as preceding crop), MzR = Maize rotation (with soybean as preceding crop). 
Sb= Soybean residue, Mz = Maize residue, NIR = Non identifiable residue. 
BFR: Decomposition period before the deposition of fresh residue (soybean or maize residue). 
AFR: Decomposition period after the deposition of fresh residue (soybean or maize residue) 
kA: Decomposition rate corresponding to the BFR period. 
kB: Decomposition rate corresponding to the AFR period. 
Letters within column indicate significant differences among treatments (Tuckey test p≤0.05). 
 
 Decomposition rates of the residues analyzed (residues 
mixture, soybean residue component and maize residue 
component) showed a great variability between treatments  
(Table 1). In BFR period, soybean residue decomposed sig-

nificantly faster (higher decomposition rate) in MzR than in 
SbM and SbR, maize residue decomposed faster in SbR than 
in MzR, and residues mixture did not differ significantly 
among treatments (Table 1). In the AFR period, decomposition 
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Table 2. Concentration of Quality Parameters (g kg-1) of Residues Mixture Corresponding to the Different Treatments 

  Au Se Oc No De Ja Fe Ma Ap My Jn Jl 

SbM 301.8 590.1 b 501.5 252.3 b 497.1 376.5 533.5 545.1 a 398.3 421.5 468.0 404.1 

SbR 280.2 497.1 c 510.2 311.1 b 366.3 319.8 513.1 513.1 a 428.8 411.3 526.2 661.4 
Total C 
(g kg-1) 

MzR 280.3 659.9 a 521.8 463.4 a 377.9 396.8 473.9 452.0 b 423.0 450.6 460.8 530.6 

SbM 6.5 5.7 a 7.4 8.9 4.6 3.7 17.3 a 21.7 a 4.2 a 8.0 ab 8.5 ab 6.1 

SbR 6.0 4.5 b 6.6 6.5 4.8 4.3 22.2 a 15.1 ab 4.0 a 9.5 a 5.6 b 4.1 
Soluble C  

(g kg-1) 
MzR 6.1 5.2 ab 7.0 6.0 5.1 3.6 4.7 b 11.8 b 2.4 b 7.7 b 9.3 a 5.0 

SbM 322.8 b 407.6 572.5 291.3 c 488.2 479.1 603.2 728.0 a 782.4 765.4 713.6 722.7 b 

SbR 646.7 a 443.3 625.9 483.9 b 526.9 409.4 560.2 561.9 ab 829.4 724.0 720.0 760.2 ab Insoluble 
fiber (g kg-1) 

MzR 363.5 b 545.5 359.7 693.4 a 435.4 305.6 465.1 495.3 b 743.1 794.2 698.0 825.2 a 

SbM 6.2 b 8.7 9.5 7.5 4.8 7.1 5.3 5.7 a 5.7 6.8 b 8.6 7.5 a 

SbR 7.1 b 6.6 8.4 8.4 5.3 4.2 3.8 4.1 b 7.8 13.6 a 9.3 6.0 a 
Total N  
(g kg-1) 

MzR 10.1 a 8.0 9.9 7.1 4.4 6.5 6.9 4.2 b 4.4 5.0 c 6.0 3.6 b 

SbM 49 71 58 34 b 104 59 102 ab 96 b 69 64 b 55 59 b 

SbR 44 75 65 39 b 90 86 140 a 127 a 68 30 c 63 111 ab C/N ratio 

MzR 29 92 56 66 a 87 65 76 b 111 ab 105 92 a 82 150 a 

SbM: soybean monoculture, SbR: Soybean rotation (maize as preceding crop), MzR: Maize rotation (soybean as preceding crop). 
The letters indicate significant differences among treatments (Tukey test, p≤0.05). Au to Jl: August to July. 
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Fig. (3). Annual dynamics of residues mixture C compounds net values corresponding to the different treatments. SbM: soybean monocul-
ture, SbR: soybean rotation (maize as preceding crop), MzR: maize rotation (soybean as preceding crop). a) Residue total C, b) Residue solu-
ble C, and c) Residue insoluble fiber. Error bars correspond to SD (p≤0.05). Au to Jl: August to July. 
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Fig. (4). Annual dynamics of SOC corresponding to the different treatements analyzed. SbM: soybean monoculture, SbR: soybean rotation 
(maize as preceding crop), MzR: maize rotation (soybean as preceding crop). Error bars correspond to SD (p≤0.05). Au to Jl: August to July. 
 

rate of soybean residue in SbR was significantly higher than 
in SbM, whereas residues mixture showed higher decompo-
sition rates in SbM and SbR than in MzR (Table 1). 
Residues Mixture C Compounds  
 The total C, soluble C and insoluble fiber concentrations 
(g kg-1) of the residues mixtures showed a great similarity 
among treatments during the evaluation year (Table 2). Total 
C concentration differed significantly between treatments 
only in September and November (highest value in MzR), 
and in March (highest values in SbM and SbR). Soluble C 
concentration showed significant differences among treat-
ments in the half of the sampling dates, with the highest val-
ues in SbM and SbR during February-May period. Insoluble 
fiber concentration only differed between treatments in 
August, November, March and July. 

 The annual dynamics of the amount of the residues mix-
ture C compounds showed significant variations among 
sampling dates in all treatments analyzed (Fig. 3). Thus, in 
SbM the net amount of total C (Fig. 3a), soluble C (Fig. 3b) 
and insoluble fiber (Fig. 3c) of the residues mixture showed 

their highest values in March, although total C and insoluble 
fiber values did not differ from April, May and June. Simi-
larly, total C (Fig. 3a) and soluble C (Fig. 3b) amount in 
SbR were higher in March, and insoluble fiber (Fig. 3c) val-
ues were higher in August and in March-June period. In 
MzR, total C amount (Fig. 3a) differed only between Sep-
tember and May (highest values) and December (lowest 
value), whereas soluble C amount (Fig. 3b) showed the 
greatest value in May and the lowest in April. The greatest 
amount of insoluble fiber (Fig. 3c) in MzR residues mixture 
was observed in April-June period and in November. 

Soil Organic Carbon 

 The amount of total SOC only differed among treatments 
in September, December and June, with the highest values in 
MzR (but similar to SbM in September and similar to SbR in 
December) (Fig. 4).  

 Besides, all the treatments evaluated showed variations 
among sampling dates in the evaluation year, although such 
variations were not always significant. (Fig. 4). 
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DISCUSSION 

Biomass Dynamics and Decomposition Patterns 

 Biomasses of the residues mixture and its components 
(soybean, maize and NIR) showed an annual dynamic highly 
influenced by: i) the deposition of fresh residue from the 
crop cultivated on each plot; ii) the preceding crop in the 
crop sequence, and iii) the persitence of each residue on the 
soil surface. 
 The major increases in the biomass of residues mixture in 
soybean treatments (SbM and SbR) observed in the pre-
harvest sampling (March) reflect the great addition of soy-
bean fresh residue when soybean crop senesces and defolia-
tion occurs. However, the effect of this contribution is only 
significant in the monoculture, since the presence of large 
amounts of old maize residue from previous crops in SbR 
dilutes its relative effect on the residues mixture biomass. In 
MzR, the manual harvest leaded to a more gradual deposi-
tion of maize fresh residue (mainly during April and May) 
instead of the great contribution that would be expected im-
mediatly after a mechanical harvest, and this is reflected in 
the great similarity in the annual dynamics of the mixture 
biomass. 
 Before the sowing of maize and soybean crops (i.e., Oc-
tober sampling), an amount of 1.69 Mg ha-1 of maize residue 
from two-years ago maize crop persisted in the residues mix-
ture of the MzR treatment, whereas soybean residue from 
two-years ago soybean crop was barely found in the residues 
mixture of the SbR. In this regard, it is widely accepted that 
legume residues decompose faster than grasses residues [6, 
34-36]. Nevertheless, the large particle size of maize residue 
and the high amount of residue biomass from the maize crop 
would have also impact significantly on the ability of this 
residue for remaining in soil surface over time [36, 37].  
 The C/N ratio is usually considered a key factor control-
ling decomposition and nutrient release and a good predictor 
of litter decomposition rates in many ecosystems [5, 6]. The 
greater lability of soybean fresh residue compared with 
maize residue explains the greater decomposition rates found 
in residues mixture of soybean treatments (SbM and SbR) 
during the AFR period, and in agreement with the lower av-
erage C/N ratio in soybean treatments compared with maize 
treatment (SbM = 69 and SbR = 80 vs. MzR = 108). Simi-
larly, before the deposition of fresh residue (BFR period), 
the decomposition rates of residues mixture were similar 
between treatments, with average C/N ratio highly similar 
(SbM = 63, SbR = 67, MzR = 66). Our results agree with 
several studies which stated that plant residues with higher 
C/N ratios show lower decomposition rates [5, 13, 35]. 

 It is noteworthy that the decomposition rates of soybean 
residue varied depending on the residues mixed with it. In 
this regard, although the contributions of fresh residue from 
soybean crop in SbM and SbR are assumed similar in quan-
tity and quality, and therefore similar decomposition rates 
would be expected, soybean residue decomposed faster in 
the rotation treatment than in the monoculture treatment. 
Thus, the decomposition rate of soybean residue in the first 4 
months of decomposition was significantly higher when it 
was mixtured with remaining maize residue from previous 
crops than when it was deposited on remaining soybean resi-

due (SbR=0.271 vs. SbM=0.239). Moreover, the same pat-
tern was observed from the fifth month of decomposition, by 
comparing kB values of soybean residue in MzR and SbM 
respectively (MzR=0.364 vs. SbM=0.126). These results 
strongly suggest that in NT systems, the presence of remain-
ing residues from previous crops in the soil surface deter-
mines, in some way, the rates of decomposition of the differ-
ent residue fractions that constitute the residues mixture, and 
agree with those reported by different authors about the exis-
tence of interactions that affect the decomposition process 
when residues with different quality are mixed [8, 18, 20, 
38]. Furthermore, and as suggested by Mao and Zeng [22], it 
is possible that the greater number of plant residues in the 
rotation treatments would lead to a more efficient nutrient 
transfer, as well as a greater habitat complexity [8], and this 
consideration would maintain a greater diversity of the 
decomposer community, enhancing the decomposition rate 
by a more efficient use of substrates [39]. 
 In this work, decomposition rates of soybean and maize 
residues under rotation showed a dynamic pattern different 
to the expected pattern. It is widely accepted that the decom-
position process can be divided in a first rapid phase, con-
trolled by the decomposition of labile fractions, and a second 
slow phase when decomposition of recalcitrant compounds 
prevails [40]. Some authors observed that the highest bio-
mass loss in decomposing crop residues occurred at the early 
months of decomposition and then slows down as time pro-
gresses [23, 24]. Contrarily, in our study, soybean residue in 
rotation with maize decomposed more slowly during the first 
4 months of the decomposition process (SbR, k= 0.271) than 
during the following 9 months of decomposition (MzR, k= 
0.345). It is likely that autumm climatic conditions (low 
temperature and drought) negatively affected microbial ac-
tivity, whereas the subsequent months coincided with the 
warm and wet season and this would have promoted the de-
composition of crop residues [7]. Similarly, maize residue 
decomposed more slowly during the first 3 months of de-
composition (MzR, k= 0.153) than after 4-15 months of de-
composition (SbR, k= 0.174), newly related to environ-
mental conditions. Our results agree with others who stated 
the impact of a seasonal effect in the decomposition of plant 
residues, particularly in arid and semiarid zones [15, 7, 5]. 
Furthermore, Seastadt [41] and Scherer-Lorenzen [38] sug-
gested that nutrient release from rapidly decaying residues 
may result in a fertilizer effect through nutrient transfer and 
that would enhance the decomposition of adjacent and more 
recalcitrant residues. In this connection, the deposition of the 
labile, soybean fresh residue in the residues mixture of the 
SbR treatment would have stimulated the decay of the more 
recalcitrant, old weathered maize residue [8]. Our results 
agree with Sakala et al. [42] who state that decomposition of 
residues mixtures can not be accurately measured on the 
basis of the decomposition dynamics of individual species.  

 The lowest k values corresponding to soybean residues 
after 17-22 months of decomposition (SbR=0.034) and 
maize residue after 16-21 months of decomposition (MzR= 
0.026) reflect the high recalcitrance of the residues in their 
last stages of decomposition. 

 In general, the k values calculated in our work are lower 
than those obtained by Mao and Zeng [22] for decomposing 
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soybean and maize residues, and more similar to Santanato-
glia et al. [26] for soybean residues in a rotation with wheat. 
In this relation, it must be borne in mind that the vast major-
ity of studies in plant residues decomposition evaluate this 
process through laboratory incubations or mesh bag proce-
dures. These methodologies facilitate the calculations of de-
composition rates, since biomass and chemical composition 
of vegetal residue is known, and enable a greater control of 
the decomposition process as time goes by. However, gener-
ally these procedures use highly manipulated residues (e.g., 
residues are often chopped, milled, dried, moistened,...) and 
in highly controlled conditions, for example, decompositon 
of residues of one specie isolated, residues on phenologial 
stages previous to harvest maturity or natural senesce, resi-
dues mixtures with random residue proportions, mixtures of 
residues with identical time in decomposition_what would 
mean that their are deposited exactly at the same time in soil 
surface_ , controlled conditions of temperature, humidity, 
availability of nutrients, microbial and fauna activity, etc., 
that too often are excessively different to the realistic condi-
tions in the agroecosystem. By contrast, despite the lower 
accuracy of the metholody used here, our work analyzes 
residues decomposition in realistic conditions of long-term 
NT systems, i.e., mixtures of different species and/or differ-
ent decomposition degree which interact one to each other, 
without any manipulation of the residues and/or environ-
mental conditions that determine the microbial activity. 
Thus, the comparison among k values obtained by laboratory 
incubations, mesh bag procedures, etc, and our results would 
be not adequate.  

C Compounds of Residues Mixtures 

 Here we analyze the concentration of the different C 
compounds (total C, soluble C, and insoluble fiber) meas-
ured in the residues mixture of each treatment analyzed. In 
this regard, the great similarity among treatments in the con-
centration of their residues mixture C compounds would be 
due to: i) the mixture of residues from different species; ii) 
the initial chemical composition of each residue, and iii) the 
C-mineralization dynamics in plant residues. 
 Mixtures of residues from different species have chemi-
cal characteristics intermediate to those of their component 
species alone [23, 25, 38], and this has been specifically ob-
served in grass-legume mixtures [43, 44]. In addition, An-
driulo and Cordone [45] and Ernst et al. [34] found insoluble 
fiber concentrations very similar between soybean and maize 
residues. Both considerations would have greatly contributed 
to the similarity between treatments in the C composition of 
their residues mixtures. 
 Moreover, it is known that the greatest variation in plant 
residues C concentration occurs in the early stages of de-
composition, related to the labile C mineralization, whereas 
recalcitrant C declines very slowly as decomposition pro-
gresses [14, 24]. This could explain both, the higher concen-
tration of soluble C in residues mixtures of soybean treat-
ments in February-May, in coincidence with the deposition 
of soybean fresh residues (with high contents of soluble com-
pounds), and the huge similarity among treatments in the con-
centration of all C-compounds during the rest of the year, in 
coincidence with the more advanced stages of decomposition.  

C Compound Dynamics of Residues Mixtures 

Total C Dynamics 

 Annual dynamics of the amount of residues mixture total 
C is clearly conditioned by the annual dynamics of the mix-
ture total biomass. Besides, we found that when soybean is 
cultivated in rotation with maize, annual average of total C 
amount of the surface residues is more than twice the amount 
in soybean monoculture (6.27 Mg ha-1 vs. 2.89 Mg ha-1). 
This would be somehow indicating that agricultural practices 
that return higher amounts of crop residues to the soil surface 
(e.g., crops rotation with maize) would promote C sequestra-
tion and improve SOM in agricultural soils [46, 47]. 
Soluble C Dynamics 

 Our work indicates that annual dynamics of soluble C 
amount in residues mixtures depends on: i) chemical compo-
sition of fresh residues; ii) time since their deposition on soil 
surface, and iii) climatic conditions.  
 The deposition of a great amount of pre-harvest soybean 
fresh residue in January-March leads to a notorious increase 
in the amount of soluble C in SbM and SbR. Subsequently, 
microbial activity in the more labile C fractions [48, 49] and 
losses by leaching [23, 48] due to the important rainfall in 
April (121mm) would be resposible for the enormous decline 
(80-90%) of soluble C amount detected in March-April. 
 In MzR, the stepwise deposition of maize fresh residue, 
in coincidence with the dry season, and its lower amount of 
soluble compounds [16, 45] would justify the greater stabil-
ity detected in the soluble C dynamics. 
Insoluble Fibers Dynamics 

 As observed in the total C amount dynamics, the annual 
dynamic of the amount of insoluble fiber in residues mix-
tures is conditioned by the annual dynamic of the mixture 
biomass, with the highest values in the months of preharvest 
and postharvest deposition of fresh residues. In coincidence 
with total C amount, annual average of insoluble fiber 
amount of the residues mixture when soybean is cultivated in 
rotation with maize is newly more than twice the amount 
detected in soybean monoculture (8.57 Mg ha-1 vs. 3.99 Mg 
ha-1). Our results indicate the possibility that the inclusion of 
maize in the crop sequence would lead to a greater accumu-
lation of lignin in soil surface that would promote the forma-
tion of SOM in agricultural soils. 
 It is noteworthy that the significant decay of insoluble 
fibers in SbM and SbR during March-May period would be 
in connection with the previously mentioned “fertilizer ef-
fect” resulting from mixing residues with different chemical 
characteristics. Thus, it seems that the great amount of soy-
bean fresh residue deposited in March, with high concentra-
tion of soluble compounds and low C/N ratio, together with 
warm and wet climatic conditions, would have enhanced 
microbial abundance and activity, and promoted the decom-
position of the more recalcitrant residues from preceding 
crops [8, 38, 41]. 

Soil Organic Carbon Content 

 Contrarily to what expected on the basis of our residues 
analysis, SOC showed a great similarity between treatments. 
These results are in coincidence with Gal et al. [42], who 
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found no differences in SOM between maize monoculture 
and soybean-maize rotation after 28 years, and others who 
suggest that residue quantity and rotation sequence would be 
not a key factor for C retention in agricultural soils [50, 51].  
 Several studies state that total SOC is not a good indica-
tor for the effects of management practices in the short time 
compared with the more labile fractions of SOC [50-52]. As 
observed by Álvarez et al. [47] and Sainju et al. [53], it is 
possible that in our work do indeed exist greater differences 
corresponding to the labile SOC content that are not detected 
through the total SOC analysis. Despite this, it can be ob-
served a slight tendence to increase SOC after periods of 
soluble C mineralization from residues, and this could be 
suggesting increases in the more labile fraction of SOC. 
  Besides, as suggested by Jia et al. [54], it is possible that 
in our study, nitrogen fertilization applied in maize crop 
would have leaded to a decrease of soil C/N ratio, with a 
subsequent SOC decomposition due to a growth of microbial 
population that would obtain energy from SOC and as a con-
sequence, would reduce the humification process [55]. If we 
consider that our results indicate that residues mixture from 
rotation treatments would be provinding to the soil a 45% 
more C than the soybean monoculture, but this difference is 
not detected in SOC amount, we might assume that increas-
ing nitrogen fertilization in maize crop would have a signifi-
cant negative effect on SOC accumulation that should be 
considered and evaluated in future studies.  

CONCLUSION 

 Based on our results, we concluded that decomposition 
and C dynamics of crop residues mixtures in long-term NT 
systems in the semiarid central Argentina are strongly influ-
enced by: i) the interaction of the chemical quality of the 
residues, particularly soluble C and insoluble fiber, ii) the 
proportion of the residues from different crops and/or with 
different decomposition degree, and iii) the seasonal effect. 
 The inclusion of maize in the crop sequence leads to 
greater amounts of total C and insoluble fiber in residues 
mixtures that were not reflected in the rotation SOC values, 
probably related to the low suitability of SOC as indicator of 
variations in the short time. However, an evaluation of the 
effects of increasing nitrogen fertilization on SOC minerali-
zation in recommended for future research.  
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