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Abstract: We evaluated the effects of the amount and type of C compounds (labile/recalcitrant) of crop residues on the
soil organic matter (SOM) components under no-tillage practices in semiarid region of Argentina, with the aim of
establishing criteria for sustainable agriculture. Five agricultural situations were evaluated: soybean/wheat rotation (wheat
crop and at bare fallow); soybean monoculture; soybean/maize rotation and maize/wheat/potato rotations with biannual
ploughing. In each situation crop residues and soil samples were collected. In residue samples, biomass (total and compo-
nents), organic carbon, insoluble fibers, and soluble C compounds were evaluated. In soil samples total SOM, non-humic
substances (NHS), humic substances (HS), humic (HA), and fulvic acids (FA) were analyzed. The total biomass and its
components differed among situations and were lower in the situation with plough, while the fiber contents were higher in
situations that includes wheat crop. Total SOM, NHS, HA content were higher in the plowed situation (57.20 g kg", 47.30
g kg, 7.80 g kg™! respectively). We concluded that the total SOM quantity in continuous no-tillage is not affected by the
different crop rotations and sequences, but the HA quantity (stable SOM) seems to be favored by the high recalcitrant
compounds amount of the crop residues (particularly wheat). For these reasons, the following criteria for sustainable agri-
culture management in semiarid zones can be suggested: a) continuous no-tillage utilization; b) summer crop annual rota-

tions; and c¢) winter wheat crop instead of bare fallow.
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INTRODUCTION

The wide diffusion of no-till systems (NT) in some agri-
cultural regions was due to the many advantages in eco-
nomic, productive and environmental aspects, for example
lower fuel consumption, lower soil erosion, higher crop
yields, lower CO, emissions, increases of soil organic matter
(SOM), etc. [1-3].

However, many of these beneficial aspects of the NT are
still under study because of the high variability of data and
the discrepancy in the available information, particularly
about the increase of SOM and its consequent implication in
C sequestration [1, 2, 4-6]. Much of the differences between
studies have been explained by the many factors affecting
the NT, such as weather conditions, management type,
previous crops, time since the adoption of NT, etc. [2, 7-10].

Most available information of the NT effect on soil has
been obtained in humid and sub-humid regions [10-13].
However, little information from more arid regions with high
climate variability, both seasonal and inter-annual is
available [2, 14, 15]. Moreover, in most studies of NT effect
on SOM, the focus of analysis is made on the relationship
between the harvest residue characteristics and the total
SOM [6, 13]. It is well known that each crop produces
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different quantity and quality of residue, however the C type
compounds (labile or recalcitrant) that the residues can
turnover to soil depends on the weather conditions that
define the decomposition dynamics of the residue chemical
components [16]. For these reasons the residue C
compounds can vary substantially from harvest, particularly
if the residue remains for years without decomposition (older
weathered remaining residue). The remaining residues are
especially relevant in long term NT systems, but are rarely
considered [1].

It is widely known that SOM is a heterogeneous substance,
which includes low molecular weight compounds (non-humic
substances) and high molecular weight compounds (humic
substances) [17]. The non-humic substances are easily
decomposable by microorganisms and they can undergo
leaching [18]. Contrarily, the humic substances are highly
resistant to biodegradation and strongly associated to soil min-
eral phase, and they are considered the stable SOM [19].

It has been demonstrated that the proportion of both
SOM compounds, non-humic and humic substances, de-
pends on the quantity and C type of organic residues [20,
21]. Residues with high proportion of labile compounds
(soluble C) contribute to non-humic substances content,
while residues with high C recalcitrant content (insoluble
fiber) favor the humic substances synthesis [22, 23].

Moreover, humic substances can be separated into fulvic
and humic acids on the basis of their solubility. Fulvic acids
are soluble in both alkali and acid, and humic acids are solu-
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ble in alkali but precipitate in acid. These fractions differ in
molecular size and functional group content, particularly in
aromatic group proportion [17]. Accordingly, humic acids
are more polymerized and aromatized than fulvic acids, and
in consequence, the fulvic/humic acids ratio indicates the
SOM maturity degree [24].

The sustainable productivity in agroecosystems focuses
on goals to maintain and improve SOM content, particularly
stable components (humic substances). However, the
mechanisms that are responsible for the humus synthesis are
not sufficiently understood. From this point of view, the
analysis of the relationship between residue and soil la-
bile/recalcitrant C may contribute to fill this gap [25].

In the central zone of Argentina (semiarid), there is a
clear tendency to the advance of agriculture on rangelands.
Due to the particular climatic conditions of this zone,
farmers apply crop management practices under NT different
from that applied in humid zones [2]. Because the rains are
concentrated in the summer, the most common cropping
systems are: a) summer rainfed crop (with and without crop
rotation) with bare fallow during winter, b) summer rainfed
crop (with and without crop rotation) with bare fallow or
cereal crop during winter, and c) irrigated crop with different
annual crop sequences. These variations in the crop
management practices strongly affect the relationship
between residue and soil compounds. Therefore, detailed
analysis is justified to provide a pattern of stable SOM
dynamics under NT for the semiarid regions.

In this study we evaluated, realistic conditions from
agriculture farms, the effect of the amount and type of C
compounds (labile/recalcitrant) of crop residues on the SOM
components under more frequent NT management practices
in central region of Argentina, with the aim of establish
criteria for sustainable agriculture in semiarid zones.

MATERIALS AND METHODS

The study was conducted in central semiarid zone of
Argentina which is characterized by flat to gently undulating
relief. The original vegetation corresponds to marginal
Chaco Woodland [26] with predominance of xerophytic
species of low size and dense shrub stratum and summer
grasses. The climate is template-warm with a precipitation
gradient East-West (850-500 mm). The rainfall is
concentrated in summer. Three study sites were selected
within the central zone according to the precipitation
gradient, which present different histories of crop systems
management. Accordingly, we defined 5 situations of
analysis (Table 1).

SAMPLING DESIGN

Sampling design was similar in all situations. In each
site, 3 crop residues (0.16 m?) and 3 composite samples (10
subsamples) of soil (0-20cm) were taken. The samples were
collected in the period without crops to avoid the influence
of living roots. Thus, the sampling dates were: a) on Decem-
ber in 1-site, immediately after wheat harvest (1ISW) and at
final of bare fallow period (1SF); b) on August in 2-site, in
the middle of the bare fallow period (three months) for two
situations (2SF and 2SMF); and c) on July in 3-site, immedi-
ately before wheat sowing (3MWP) (Table 1).
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LABORATORY ANALYSIS

Crop residue samples were weighted and fractionated to
determine: a) total residue biomass, b) soybean residue bio-
mass, ¢) wheat residue biomass, d) maize residue biomass,
and e) non identifiable residue biomass (NIR), that consist in
the older weathered remaining residue. For chemical analy-
sis, crop residue samples were oven-dried at 60°C (until con-
stant weight), and milled, to determine: a) organic carbon
(ROC) by wet digestion method [27], modified for plant ma-
terial [28], b) insoluble fibers by enzymatic gravimetric
method [29], and c) soluble C after extraction with water at
80° C [30] and wet digestion method.

Soil samples were air-dried for 24 hours and sieved
through a 2 mm mesh. For each soil sample, we measured: a)
total SOM (SOMLt) content by the wet digestion method of
Walkley and Black [27] and b) humic substances content
(HS) by alkali extraction (NaOH). In the extract, the humic
acids (HA) were precipitate with H,SO4 and fulvic acids
(FA) were calculate by difference between HS and HA [18].

CALCULATIONS AND STATISTICAL ANALYSIS

The following calculations were made with soil and crop
residue data: NHS: non-humic substances (SOMt-HS); HI:
humification index (HA/SOMt); PI: polimerization index
(HA/FA), [21, 18] and NRC: net recalcitrant C of crop resi-
due (insoluble fibre concentration X total residues biomass).
Differences among situations were analyzed using ANOVA
and Tukey test for means comparison (P < 0.05). Pearson
correlation analysis was performed to test for linear relation-
ships between soil and residue variables (P < 0.05).

RESULTS
Crop Residue Characteristics

Total residue biomass and its components (soybean,
maize, wheat and NIR) differed significantly among situa-
tions (Table 2). The total residue biomass was lower in
3MWP than other situations. In the situations that present
soybean residue (1-site and 2-site), the lowest biomass was
detected in 2SMF, while situations with wheat residues (1-
site) showed the highest values in 1SW. The maize residues
biomass was higher in 2SMF than in 3MWP, while NIR was
higher in 1SF, 2SF and 2SMF, which differed from 1SW and
3MWP.

The insoluble fiber and soluble C values showed signifi-
cant differences among situations, while ROC content did
not differ (Table 2). Fibers values were highest in 3MWP
and in the both 1-site situations (1SF and 1SW), and the
lowest values were detected at 2-site (2SF and 2SMF). Ac-
cordingly, the net recalcitrant C values (kg ha™') were higher
in the two situations of 1-site, but 1SF did not differ of
2SMF (Table 2). The soluble C compounds were higher in
3MWP and 1SW and lower in the two situations of 2-site
(Table 2).

Soil C Compounds

The 3-site showed the highest SOMt, NHS and HA
values, while 1-site showed the lowest SOMt and NHS
values. The HA content of 1SW situation was the highest
and similar to 3MWP. The situation of 2-site generally
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Table 1. Study Site Characteristics in Agricultural Zone of Central Region of Argentina

Abril et al.

Site 1

(Los Guanacos Farm)

Site 2
(Manfredi Agricultural Station)

Site 3
(El Alamo Farm)

Location and e

daphoclimatic characteristics

Geographic position

28°21°S,61°42° W

31°49’ S, 63°46° W

31°437S,65°24" W

Precipitation

850 mm

750 mm

500 mm

Soil classification

Typical and Entic Hapludols

Typical and Entic Haplustols

Molic Entisols

Soil texture

Silty loam
(Clay 22%, Silt 68%, Sand 9%)

Silty loam
(Clay 25%, Silt 68 %, Sand 8%)

Course silt
(Clay 0%, Silt 24 %, Sand 75 %)

Summer: soybean (Sb), sowing De-
cember harvest March

Winter: bare fallow (BF) or wheat
(Wh), sowing Jun, harvest November

No fertilization

Summer: soybean (Sb), sowing De-
cember harvest March

Winter: bare fallow (BF)

(1SW)
Rainfed
Crop sequence: bi-annual
Wh-Sb-BF-Sb-Wh

Summer: soybean (Sb), sowing De-
cember harvest March

Winter: bare fallow (BF) or wheat
(Wh), sowing Jun, harvest November

No fertilization

(2SMF)
Rainfed
Crop rotation: annual
Sb-BF-Mz-BF

Summer: soybean (Sb) or maize (Mz),
sowing December harvest March

Winter: bare fallow (BF)
N fertilization: in maize (100 kg N ha™)

Agricultural management
Time since clearing

woodland 25 years > 60 years 8 years
Time since NT imple-

mentation 10 years 14 years 8 years
Management practice . . .

between clearing and NT Extensive rangeland Conventional tillage
(1SF) (2SF) (3MWP)

Agricultural practices Rainfed Rainfed Sprinkling irrigation

situations Crop sequence: bi-annual Crop: soybean monoculture Crop sequence: Biannual

BF-Sb-Wh-Sb-BF Sb-BF Mz-Wh-Pt

Summer: maize (Mz), sowing Decem-
ber harvest March

Winter: wheat (Wh), sowing April,
harvest November or potato (Pt), sow-
ing march, harvest Jun

No-Till: in maize and wheat
Biannual conventional tillage: in potato
N fertilization:

Potato: 200 kg N ha™ and 33 kg S ha™
Wheat: 110 kg N ha” and 23 kg P ha™
Maize: 100 kg N ha” and 22 kg P ha™

Table 2. Crop Residue Characteristics in the Study Sites. Site Descriptions in Table 1. Letters Indicate Significant Differences
Among Crop Situations

Site 1 Site 2 Site 3
(Los Guanacos Farm) (Manfredi Agricultural Station) (El Alamo Farm)
1SF 1SW 2 SF 2 SMF 3 MWP
Total biomass
0 11476.1 b 182355a 6166.2 be 119723 b 4064.8 ¢
(kg ha™)
Soybean residue
0 5641.8 a 5632.7 a 35552b 2780.0 b 0.0c
(kg ha™)
Wheat residue
r 1469.6 b 10167.0 a 0.0c 0.0c 0.0c
(kg ha™)
Maize residue
o 0.0c 0.0c 0.0c 5695.8 a 27702 b
(kg ha™)
Non identificable
. r 36119 a 1835.1 b 26109 a 2920.6 a 303.7 ¢
residue (NIR) (kg ha™)
Organic carbon
0 542.51a 458.73 a 519.03 a 482.10 a 45520 a
(ROC) (gkg™)
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Site 1 Site 2 Site 3
(Los Guanacos Farm) (Manfredi Agricultural Station) (El Alamo Farm)
1SF 1SW 2 SF 2 SMF 3 MWP
Insoluble fibres
r 840.2 a 8409 a 320.0b 500.7 b 8309a
(gkg?)
Soluble carbon
p 7.57b 8.22 ab 5.63¢ 515¢ 9.08 a
(gkg?)
Net recalcitrant C
0 9.67 ab 1553 a 2.00c 5.40 be 3.40 be
(NRC) (kg ha™)

Table 3. Soil Organic Matter Characteristics in the Study Sites. Site Descriptions in Table 1. Letters Indicate Significant Differences

Among Crop Situations

Site 1 Site 2 Site 3
(Los Guanacos Farm) (Manfredi Agricultural Station) (El Alamo Farm)
1SF 1SW 2 SF 2 SMF 3 MWP

Soil organic matter

4 3330c¢ 34.10¢c 36.50 be 37.80b 5720 a
SOM (gkg™)
Non-humic substances (NHS)
r 26.60 be 24.10 ¢ 29.70 b 29.40 b 4730 a
(gkg)

Humic substances 7.90 10.00 6.80 8.40 9.90
(HS) (g kg ‘ ‘ ‘ ‘ ‘
Fulvie acids 2.80 2.00 2.00 2.90 2.20
(FA) (gkg™) ‘ ‘ ‘ ‘ ‘
Humic acids

B 510b 8.00a 4.80b 550b 7.80a
(HA) (gkg™)
Polimerization index
1821 ¢ 4170 a 26.31 be 1891 ¢ 35.92 ab
(PT) (%)
Humification index
12.00 b 23.00 a 14.00 ab 13.00 b 14.00 ab
(HD (%)

showed intermediate values (Table 3). The HI followed simi-
lar pattern that HA content: 1SW < 3MWP = 2SF > 2SMF =
1SF, while pattern of PI was: 1SW > 3MWP > 2SF > 2SMF
= ISF (Table 3).

The following significant correlation were detected be-
tween: a) PI with NIR (negative), (Fig. 1a), b) HI with wheat
residue biomass and total residues biomass (Fig. 1b), and ¢)
NRC with wheat residue (Fig. 1¢).

DISCUSSION
Total and Component Residue Biomass

It is well known that the quantity of crop residue on soil
surface (including the remaining residue from previous
years), is strongly impacted by the tillage system and the
crop rotations [6, 31]. In our study, the total residue biomass
in the analyzed different situations clearly responds to both
factors (tillage and crop rotations) as well at the time since
the new residue deposition [14]. Accordingly, due to the
proximity of the wheat harvest, the ISW is the situation with
the highest amount of residue biomass.

The crop rotation was very important for total residue
biomass in 2SMF (soybean in rotation with maize) related

with annual maize input. It is known that the maize harvest
leaves high amount of residues [31, 32]. It is important to
note that the annual input of maize residue is not a usual
farmers’ practice in the semiarid region, where summer rota-
tions are biannual or 3-annual [7, 12].

The tillage system affected the total residue biomass (the
lowest values) in 3-site due to its the only site that supports a
biannual previous potato crop ploughing. Lopez et al. [22]
concluded that mouldboard ploughing incorporates over 95%
of the superficial residue. The fact that the 2SF situation pre-
sents biomass values close to 3SMWP would indicate that the
soybean monoculture (with winter bare fallow) leaves simi-
lar low residue as ploughed site. For this reason the soybean
monoculture practice would be not recommended as a sus-
tainable system in a semiarid condition [32].

Although the results of total residue biomass are easily
explainable from the available information, it is complex to
establish the factors that justify the proportions of residues
component that were obtained. For example, the high pro-
portion of wheat remaining residue from previous harvest
(13%) in 1SF probably responds to the wheat residue chemi-
cal composition (high quantity fibers) and the residue depo-
sition date. It is well known that the fiber fraction is de-
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Fig. (1). Significant correlations between crop residue and soil
organic matter characteristics.

graded in the second phase of the decomposition process
[16], which in this semi-arid region is coincident with the
dry winter season [2]. In consequence, the high persistence
of one-year-wheat residue would be result of semiarid cli-
matic conditions [22, 33]. Moreover it is worth to highlight
that the crops of 1-site was not N fertilized. It is widely ac-
cepted that N fertilization favors the microbial activity in-
creasing the residue decomposition rates [33].

Abril et al.

Similarly, the high persistence of the soybean residue at
six months after harvest in the 1-site-two situations, would
respond to the same factors: a) the high residue fiber content
(stems), and b) the residue deposition date (beginning of the
dry season). In consequence, it is possible to assume that
both residue components (wheat and soybean) are degraded
mostly during the wet season. This affirmation agrees with
Santanatoglia et al., [34] who estimate that the degradation
time for 95% of wheat and soybean residues is similar (ap-
proximately 1.5 years).

The differences in maize residue amount between 2SMF
and 3MWP clearly respond to the tillage system. In maize
residue under NT, are easily observed the plant recalcitrant
components (cobs and stems), which correspond to a previ-
ous maize harvest (2 year). However, plant recalcitrant com-
ponents were not observed in 3-site, due to that previous
maize residues were incorporated by ploughing. Accord-
ingly, the NIR component in 3-site was the lowest detected.

Few studies mention NIR as a characteristic component
of the residue under NT [1, 31, 32]. These authors state that,
contrarily to conventional tillage, after many years under
NT, old weathered residues (which include a mix of residues
from different species and inorganic soil particles) are accu-
mulated. It is noteworthy that the NIR component would be
an important and highly mobile nutrient reserve which con-
tributes to the availability of nutrients for future crops [32].

The differences between NIR proportion of both situa-
tions of 1-site (1SF=32% vs. 1ISW=10%) may be due to a
winter crop (wheat). The live plant cover provides different
soil environmental conditions than bare fallow [2]. It is well
known that microorganisms responsible for decomposition
of residues are favored by conditions under the live plants:
low insolation, low desiccation and scarce temperature varia-
tions [2, 12]. Therefore the NIR degradation could be fa-
vored by a winter crop in semiarid regions, with the conse-
quent nutrient release for summer crops [32].

Residue C Recalcitrant Compounds

The concentrations of recalcitrant compounds found in
this work are near between the ranges mentioned by others
for the same crops in neighboring agricultural regions. For
example, Ernst et al, [16] found 56% to 62% range of acid
detergent fiber (equivalent to insoluble fiber) vs. the 32% to
84% range found in this work. The differences may be due to
these authors measuring fiber content immediately after
harvest, while the most of our situations were evaluated in
fallow.

The fact that the recalcitrant compound concentration is
very similar in the 1-site-two situations is a very interesting
aspect from the agriculture management perspective. Our
results indicate that 56% of wheat residue recently harvested
plus 31% of soybean residue remaining (six month of fal-
low), is equivalent to 13% of one-year-wheat residue plus
50% of soybean (six month of fallow). This comparison in-
dicates that the winter crop favors the continuity in the recal-
citrant compound deposition during biannual crop sequence
(soybean/fallow/soybean/wheat), although due to the differ-
ences in residue biomass, the net fiber is higher after wheat
harvest (NRC=10% vs. 16%).



Residue and Soil C Compounds

The similar residue fiber concentration found in 2-site-
two situations (although of 2SMF include both soybean and
maize residue and 2SF soybean residue only), agrees with
Ernst et al. [16] and Andriulo and Cordone [35], whose
found similar fiber content in soybean and maize residue.
Therefore, the mentioned higher residue cover in maize rota-
tion reported by several authors may be due to the net fiber
amount instead of residue fiber concentration [31, 32]. This
state is clear in our NRC results: 2SF=2.0 kg ha™' vs. 2SMF=
5.4 kg ha™'. Moreover, the high recalcitrant compound con-
centration in 3MWP, results from recently harvested maize
residue plus a considerable proportion of lignified stems
(20%) of a summer weed (Chenopodium sp) (A. Abril per-
sonal observation).

The significant correlation between NRC and wheat resi-
due biomass, highlight the important contribution of wheat
residue for the soil cover persistence. This result not agrees
with the more accepted criteria that the most persistent resi-
due is originated from maize crops [16].

Residue C Labile Compounds

The variations detected in residue labile compound con-
tent are related to dynamic decomposition process. It is
widely known that decomposition dynamics include two
phases. During the first phase (rapid phase) the decomposi-
tion of labile fractions prevails, and in the second phase
(slow phase), the decomposition of recalcitrant compounds is
the main process [16, 36].

Accordingly, the residue labile C content depends on: a)
the fresh residue chemical composition [35], b) the time
since residue deposition, and c) the climatic conditions
which modified the microbial activity [28, 37-39]. From this
point of view, the two situations with higher labile C content
(BMWP and 1SW), correspond to recently deposited residues
(approximately one month since harvest). Accordingly, the
labile compound source is the fresh residue composition.
Contrarily, the low labile C contents in 2SF and 2SFW are
related with the short winter fallow period (3 months). The
labile C compounds in the first phase of decomposition are
consumed by microorganisms [16]. The intermediate labile
C values in 1SF (six months of winter fallow) agree with the
second decomposition phase during raining period, which
favored the microbial activity (recalcitrant compound degra-
dation and C labile release) [28].

Relationship Between Residue and Soil Compounds

Little information is available about the effect of crop
residue C compounds in different cropping and tillage sys-
tems of the semiarid region, on SOM compounds. In this
work, the significant differences detected in the SOMt con-
tent among situations,—-may result from the biannual tillage
impact instead of the residue chemical characteristics.

The higher SOMt found in 3MWP, where tillage is
needed for potato crop, do not agree with the widely ac-
cepted concerning that NT have higher SOM content than
continuous plowed soils [2,7]. Our results probably arise
from the fact that the residues incorporated 1.5 years ago are
still in decomposition process, which agree with our results
of high NHS content. In this way de Varennes and Torres
[15], found that after one year since the residue incorpora-
tion, the SOMt increase due the additional C sources by the
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ploughing. Bono et al. [2] found that 40% of the buried resi-
due remains before one year since the ploughing. The dis-
crepancy in the bibliography about differences in SOMt con-
tent between conventional tillage and NT [7, 19, 6] may be
due to that decomposition dynamic generally is not consid-
ered.

Also, it is important to mention that 3-site was cleared
eight years ago and their original soils have higher SOM
content (5.28%) [40], than the others sites. In 1-site and 2-
site conventional tillage agriculture started more than 20
years ago. According to the historic records, the 1-site and 2-
site soils previous to the NT presented 2% [41] and 2.6% of
SOMt, respectively [42].

The scarce variation in SOM content in all situations un-
der NT with different rotation systems and crop sequences,
agree with Gal et al. [43], who found no differences in total
SOM between maize monoculture and maize/soybean rota-
tion after 28 years. Likewise, other authors suggest that resi-
due quantity and rotation system would be not a key factor
for C retention in agriculture soil [44, 45]. This is in agree-
ment with no significant correlations detected between resi-
due characteristics and total SOM values. Accordingly, abso-
lute amount of C sequestration under NT in semiarid regions
could be associated mainly with climatic conditions [22].

Information about agricultural practice effects on soil C
compounds (humic and non-humic substances) is very
scarce, particularly for crops under NT [11, 46]. The great
similarity in HS and FA values detected in all situations sug-
gests that the management practices affects the HA content
only, which highlight the importance to use the stable SOM
as sustainability indicator [47, 48].

It is worth to mention that the most researches on SOM
under NT, refer to SOM fractions separate by physical meth-
ods (assuming that big size particles correspond to new in-
corporate SOM) [49, 50]. However, this physical fragmenta-
tion was developed for conventional tillage systems, and in
consequence it does not apply for NT system, because resi-
dues are not incorporated into soil and this fraction included
residues from roots only [19]. For this reason the comparison
between information obtained by physical methods and our
results would be not adequate and un-realistic.

The fact that the variations in non humic substances did
not follow the same pattern that humic substances, would be
due to tillage effect. For example, the biannual plowed site
(3MWP) presents 82.7% of NHS vs. 75% in continuous NT
situations, which corroborate the mentioned assumption that
SOMt in plowed site includes a great proportion of incorpo-
rated residues in decomposition process [15]. Moreover, it is
worth to mention that not disturbed soils in 3-site have high
content of HA. In un-disturbed soils (Chancani Reserve),
10.9 mg kg ! of HA was found (un-published data), accord-
ingly, neighboring 3-site in eight years would have lost ap-
proximately 30% of HA.

The higher HA values and indexes related with humifica-
tion process (PI and HI) in 1SW may be due to the crop se-
quence history. The fact that we did not identify remaining
wheat residue (corresponding to 2 years ago), indicates the
total decomposition of the residue, and in consequence their
recalcitrant C would be incorporated in HA molecules, in-
creasing its concentration [11, 47]. Our results do not agree
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with Blanco-Canqui and Lal [8], who found that after one
year, 33% of the wheat residue is humified.

The significant correlation detected between HI and the
total and wheat residue biomass agrees with Gonzalez-Pérez et
al., [45], who state that the HA chemical composition is more
defined by residue accumulation than by tillage systems and
crop sequences. On the other hand, the negative correlation
between PI and NIR indicate that the older weathered residues
are labile and their contribution to stable SOM is scarce [32].
This agrees with Dieckow et al. [47], who found that under
NT the SOM has bigger lability potential.

CONCLUSIONS

We concluded that: a) the effect of crop residues quantity
on the SOM components is very variable and depends
mostly on the management practices under NT; b) the bian-
nual frequency tillage strongly affects the total SOM quan-
tity by increasing non-humic substances due to the incorpo-
rated residues, therefore, it is recommended more than two
years of ploughing frequency to avoid losses of the SOM
stable components; and c) the total SOM quantity in con-
tinuous NT is not affected by the different crop rotations and
sequences, but the HA quantity (stable SOM) seems to be
favored by the amount of high recalcitrant compounds of the
crop residues (particularly wheat).

Based on our conclusions, the following criteria for sus-
tainable agriculture management in semiarid zones can be
suggested: a) continuous NT utilization; b) summer crop
annual rotations; and c¢) winter wheat crop instead of bare
fallow.
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