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Abstract

Conservation agriculture (CA) relies on low soil disturbance, mulching, and crop rotation, and
these characteristics present CA as a good candidate to control soil degradation and preserve
soil fertility. Therefore, agricultural scientists promote it as an efficient technique to sustain
agricultural production. Conventional tillage (CT) dominates many semi-arid regions of
Morocco, like Chaouia. However, crop/livestock management worsens degradation of soil
organic matter and thus soil fertility. Since the eighties’, controlled experimental trials tried
to promote No-Till (NT) system in these regions. But it is still experiencing a low level of
adoption. This on-farm research study aimed to evaluate NT effect on some Vertisols'
physicochemical properties of this region. Analysis of variance only found a significant NT
effect on soil organic matter (SOM), but factorial analysis provided evidence of a behavior of
its effect on several physicochemical properties such as active limestone (CaCO3), total
nitrogen (TN), nitrate (NO3’), calcium (Ca2+), potassium (K*) and cation exchange capacity
(CEC). Furthermore, pH, Electrical Conductivity (EC) and sodium (Na*) did not show any
significant difference between the two tillage treatments. This study also found that
continuous cereal cropping with no mulching management mostly explains this low
improvement in soil quality. This last approach, reduce CA to NT process. To promote CA in
these regions, more efforts are still needed for a satisfactory up-scaling and a sustainable soil
fertility conservation.
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Introduction

Thinking of soil as a natural resource drives attention to preserve it for future generations by protecting it
from the harmful impact of climate change and intensive agricultural practices. Mismanagement such as
frequent soil tillage enhances soil quality depletion. It leads to soil physical structure disturbance and
reduces soil organic matter (SOM) content through its mineralization and carbon emission.

In semi-arid regions, plowing of Vertisols induces 4.99 gm-2h-! emission of CO; (Moussadek et al., 2011). This
burning effect lowers both soil physical properties and SOM, exposes soil profiles to water and wind erosion,
and compaction when heavy machinery is used (Ryan et al,, 2006).

Conservation Agriculture (CA) has been developed as a solution to soil quality depletion managed under
conventional agriculture. It is promoted on three pillars: No-Till (NT) or minimum soil disturbance, plant
cover or mulching and crop rotation (FAO, 2011). It addresses challenges related to natural resource
degradation, sustainability of production systems, food security, climate change, and high-energy costs
(Kassam et al., 2012). Agricultural scientists defined it as a method of managing agro-ecosystems for
improved and sustained productivity and food security (Busari et al, 2015). In addition to its main role in
restituting organic matter to agricultural lands, it also preserves soil and water resources (Hobbs, 2007;
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Zheng et al, 2014). Worldwide, it gained attention through its optimization use of purchased inputs and its
reduction of crop establishment costs (Kassam et al., 2012). Despite these useful advantages, the scale-up of
its adoption, in North Africa regions, remains limited.

Soil organic matter (SOM) is one of the important indicators of soils quality (Larson and Pierce, 1991). It
preserves soil water retention and improves its infiltration capacity (Gregorich et al., 1994), increases soil
stability and reduces vulnerability to water and wind erosion. The increasing of SOM content reflects carbon
sequestration which improves physicochemical properties of the soil profiles and activates biological life
(fauna, flora and microflora). This improvement leads to enhance bioavailability of nutrients such as N, P,
and K (Ashworth et al,, 2017). In this regard, CA becomes a better candidate to improve soil quality,
especially in semi-arid areas, where low levels of SOM prevail. Furthermore, maintaining crop residues is an
attribute to enhance these pools of soil physical and biochemical attributes (Garcia et al., 2013). However, in
the absence of residue management and crop rotations, the practice adopted in the region cannot be
described as CA. Therefore, we will focus instead on NT.

At the national level, studies that dealt with NT were carried out under controlled trials. Some in Chaouia
region at Sidi El Aidi experimental station (Bessam and Mrabet, 2003). Others in Central Moroccan regions,
Zaer-Rabat at Merchouch experimental station (Laghrour et al,, 2014). Thus, all results and conclusions are,
in general, confined to these controlled environments. In Morocco, on-farm NT research is still lacking. This
study aimed to assess the effect of NT on some physicochemical properties of Vertisols.

Material and Methods

Description of sampled sites

The regional climate is semi-arid with a winter rainfall pattern characterized by hot summer (35°C to 45°C)
and relatively cold winter (5°C to 15°C). Fluctuating from year to year, rainfall is low. The mean annual
precipitation is around 350 mm (Bessam and Mrabet, 2003).

The studied soil is classified as Vertisols characterized by high content of clay minerals that shrink and swell
as they change water content. Because of their high water-holding capacity, Vertisols are suited to dryland
crop production in semi-arid environments with uncertain and heavy rainfall (Hess and Shoen, 1964; Icole,
1964; Coulombe et al., 1996).

Soil sampling was carried out during the first week of November 2016 before cereal crop establishment.
This study concerned four rural counties reaching a total of 27 farmers’ fields (Figure 1). All sampled soils
were of a Vertisols type.
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Figure 1. Map of Chaouia region.
(Note: Field trials where NT is adopted are in subregions number 6, 8, 10 and 11)

Table 1 presents their characteristics. Seventeen fields were managed under NT system, while the rest, ten
fields, were of conventional one. In each county, a sampling of a conventional field was taken as a control.
Within each field, soil samples were collected at 0 to 20 cm depth and taken from different locations.
Collected samples were thoroughly mixed to constitute a composite sample of about half a kilogram which
was bagged, labelled and taken to the laboratory. Before physical and chemical characterization, all samples
were air-dried and sieved through 2 mm mesh.
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Table 1. Characteristics of sampled soils field under NT and Conventional Tillage (CT).

Cropping Previous Current Year of Number of NT
Sample Id County . ]
System crop crop adoption adoption years
1 Ouledbouziri NT Lentils Wheat 2010 6
2 Ouledbouziri CT Maize Wheat 2016 0
3 Ouledbouziri NT Wheat Wheat 2012 4
4 Ouledbouziri NT Wheat Wheat 2012 4
5 Ouledbouziri NT Wheat Lentils 2014 2
6 Ouledbouziri NT Forage Wheat 2013 3
7 Ouledbouziri NT Maize Barley 2012 4
8 Ouledbouziri CT Maize Wheat 2016 0
9 Ouledbouziri NT Barley Wheat 2012 4
10 Ouledbouziri NT Barley Barley 2010 6
11 Ouledbouziri NT Wheat Wheat 2012 4
12 Ouledbouziri CT Lentils Wheat 2016 0
13 Ouled said 1 CT - Wheat 2016 0
14 Ouled said 1 NT Barley Barley 2014 2
15 Ouled said 1 CT - Wheat 2016 0
16 Ouled said 1 NT Wheat Barley 2014 2
17 Ouled said 1 NT Wheat Barley 2014 2
18 Gdana NT - Wheat 2010 6
19 Gdana CT - Wheat 2016 0
20 Gdana NT - Wheat 2010 6
21 Gdana CT - Wheat 2016 0
22 Gdana NT - Wheat 2010 6
23 Gdana CT - Wheat 2016 0
24 Ouled said 2 NT Barley Barley 2015 1
25 Ouled said 2 CT Barley Barley 2016 0
26 Ouled said 2 NT Wheat Wheat 2015 1
27 Ouled said 2 CT Wheat Wheat 2016 0

Note: - not available.

Soil analysis

For each soil sample, two measures were undertaken to assess chemical analysis reliability. A pH meter and
a conductivimeter measured soil pH and electrical conductivity (1:2 w/v soil/water extracts) respectively
(McLean, 1982). Walkey and Black method helped to determine SOM (Walkey and Black, 1934). This method
is based on titration with potassium dichromate, and on this equation (SOM=1.72x0C). Kjeldahl method
(Buchi, Switzerland) evaluated total nitrogen concentration (TN), and complexation with chromotropic acid
helped to measure nitrate content by using absorbance in a spectrophotometer (Spectronic, USA) fixed at
410 nm (Hadjidemetriou, 1982). Colorimetry method fixed at 882 nm determined phosphorus content
(Olsen et al., 1954). Solutions of soil extract with ammonium acetate were processed in a flame photometer
(Elico, Italy) to quantify potassium (K*), sodium (Na+*), and calcium (Ca2*) components (Knudsen et al.,
1982). Soil cation exchange capacity (CEC) was determined by extraction with sodium and ammonium
acetate and solutions were burned in a flame photometer. The active calcium carbonate (CaCO3) was
assessed by ammonium oxalates and titrated by potassium permanganate (KMnO4) (Drouineau, 1942).

Data Analysis

First, an analysis of variance was carried out to assess the significance of the tillage effect on all measured
soil characteristics and the mean differences were tested at a significance level of 5%. Solution of a mixed
model analysis (Littell et al., 1996) estimated tillage effects of two levels, taken as fixed factors. Whereas,
Farmers’ field, nested within counties, as random factor. Second, a factorial analysis used CEC, Caz+, OM, TN,
K+, active limestone and NOsvariables after their standardizing to a mean zero and a standard deviation of
one. This last analysis used a varimax rotation option and a principal component analysis of the factor model
(Johnson and Wichern, 2007). All the statistical analyses were performed by SPSS statistics software (IBM
SPSS, 2011).
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Results and Discussion

NT impacts on physicochemical properties
SOM

NT system was found to affect only soil organic matter content (Table 2). Soils under this system had a SOM
content of 2.6% compared to only 2.2% in plowed soils (Table 2). Over these years (1 to 6 years) of NT
adoption (Table 1) and with an adequate crop rotation and mulching, this increase of 17% in SOM could
have been higher (Table 1). In general, soils of semi-arid rainfed areas, such as those of the West-Asia and
North-Africa regions have less than 1.5% SOM (Estefan et al. 2013). SOM improvement would help soil water
retention and decreases the harmful impact of dry seasons. Indeed, in these regions, water is a main limiting
factor for crop development under rainfed conditions (Moreno et al., 2006). Furthermore, Morocco was also
impacted by climate change and thus experiences an increase in drought frequency that made yields of field
crops variable and generally low (Karrou and Oweis, 2014). Which explains the enhance of crop yields in dry
seasons. This claim is in agreement with Moreno et al. (2006) who pointed out that the efficiency of
conservation tillage for reducing soil erosion and improving water storage is universally recognized.

Table 2. Soil mean characteristics for NT and CT systems.

Cropping EC Active lime TN NOs- P K+ Na* Ca% CEC
System pH (dSm1) OM (%) (%) (mg Kg-1) (meq 100g1)
. 723 021 2.25 4.95 0.12 27.63 29.24 241.26 90.80 7458.66 56.83
Conventional
(0.06) (0.02) (0.14) (0.33)  (0.07) (1.36) (2.13) (25.09) (8.05) (211.98) (1.78)
No-Till 728  0.16 2.63 5.39 0.12 25.02 29.99 264.31 86.03 7760.90 57.98
(0.05) (0.02) (0.12) (0.28)  (0.06) (1.15) (1.83) (21.15) (6.78) (178.74) (1.50)
Puatue 0.581 0.149  *0.043 0311  0.741 0.816 0.788 0.478 0.647 0.274 0.619

Note: Values within parentheses are standard errors of the mean; * significant at P<0.05; TN=Total nitrogen.

Vegetation growth period of less than 180 days is prevalent in these regions along with a mixed crop-
livestock farming system. The main constraint is the low primary productivity resulting from frequent low
rainfall and the more severe this constraint is, the less important crops become. In this regard, livestock
turns-out to be a primary source of income and subsistence. Therefore, the livestock consumes almost every
bit of straw produced.

In the long run, NT as it is managed in this context (Table 1) could hardly affect SOM any further. NT
performance may result from minimal soil disturbance, formation of soil aggregation and OM protection (Six
et al., 2000). Furthermore, modification of soil properties might restrict SOM biodegradation (Mrabet et al.,
2012). In this regard, Paustian et al. (1998) pointed out that the rate of SOM accumulation under NT was
300-800 kg carbon.ha'lyear-l. Additionally, NT improves the quality of this component by increasing the
level of organic matter at the soil surface (Table 2). But this latter characteristic is proportional to levels of
residues left on the soil (Mrabet et al,, 2003). The low SOM content of a 2.2% for soils under CT is probably
due to higher mineralization or to soil structure deterioration according to Busari et al. (2015), and to the
inversion of topsoil during plowing which shifts less fertile subsoil to the surface (Ali et al, 2006).

Active limestone (CaCO3)

The mean active limestone (CaCO3) content was found to vary around 5% for both NT and CT (Table 2).
However, in the long run, NT would increase this soil property in this region (Figure 1). According to
Neugschwandtner et al. (2014) and Fernadndez-Ugalde et al. (2009), soil CaCO3 was not affected by soil
tillage, whereas Moreno et al. (2006) observed that the loss of CaCO3; was reduced by conservation tillage
due to greater retention of water in soil profiles.

Exchangeable cations and CEC

Soil Na content was similar in both No-Till and conventional systems, and this is consistent with results of
Mrabet et al. (2012). In contrast, on-farm NT, in these regions, has a behavior to increase exchangeable
calcium content with 8661 mg kg1 and 7598 mg kg! for NT and CT systems respectively. Busari et al. (2015)
also conclude that exchangeable cations are often influenced by tillage systems. Likewise, Ismail et al. (1994)
and Rahman et al. (2008) reported that exchangeable cations could be higher in the topsoil profiles managed
under NT.

An increase behavior was also observed for CEC, with values of 66.8 and 58.02 meq 100g! for NT and CT
systems respectively. These values define these soils in the high CEC group, and the behavior for an increase
in CEC could be more pronounced if mulching was managed as needed. Retention of crop residues can
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increase CEC in the 0-5 cm profile compared to bared soil. Similarly, the expressed SOM contents in NT soil
in this region, may also stimulate CEC content (Duiker and Beegle, 2006; Verhulst et al. 2010).

Total Nitrogen (TN), Nitrates and Phosphorus

Within soil profiles, SOM accumulation induces changes in concentration and distribution of nitrogen where
NT had significantly higher TN than in the CT (Mrabet et al., 2001, Govaerts et al, 2007; Verhulst et al.,
2010). The observed increase in SOM also induced this behavior in increased of TN at farm levels of these
regions. TN content was found to increase linearly with an increase in crop residues left on the soil (Ibnou-
Namr, 2005). Organic matter revitalizes soil biological activity, which consequently activates mineralization
of organic nitrogen. This study reveals that total and mineral nitrogen contents (in nitrate form) decreases
with an increase in active limestone, Ca, and CEC. In this regard, lack of vegetal cover or mulching, and low
restitution of organic matter to soil may explain this observed relationship.

Tillage systems had not a significant effect on soil phosphorus content; it is probably due to applying
phosphorus fertilizers during crop establishment. NT management improves soil surface with low mobility
nutrients (Bravo et al., 2006; Mrabet, 2012). It might be an advantage when P is a limiting nutrient especially
under alkaline soil conditions like the study area, but could be a source of environmental concern with
possibility of its losses by runoff water (Verhulst et al., 2010). It is also clear that progressive mineralization
of SOM was the most important source of these nutrients under NT (Mrabet, 2012). However, these two
cropping systems had similar quantities of nitrogen as NOsz-, phosphorus and potassium. This is mostly due
to limited restitution of organic matter due to low mulching level.

Exploratory Factor Analysis
In this study, exploratory factor analysis generated two factors that explain 73% of variability.
Table 3 lists these factors with their loadings, and indicates how much each factor explains an

independent variable. The first factor contrasted CEC, Ca2* and active limestone with NO3z-. While
the second factor is characterized by SOM, TN and K*.

Table 3. Factor loadings after a varimax rotation

Soil variable Factor 1 Factor 2
SOM (%) 0,053 0,924
Activelimestone (%) 0,777 0,405
TN (%) -0,028 0,785
NOs (mg Kg-1) -0,704 0,517
K* (mg Kg-1) -0,123 0,636
Ca?z* (mg Kg-1) 0,964 -0,084
CEC (meq100g1) 0,928 -0,151

Data visualization of these two factors reveals that in each soil, two measurements were close together in
Figure 2, and therefore reveals a good reliability in analysis of the soil chemical contents. Figure 2 also shows
an increase’s behavior of active lime, Caz*, CEC, SOM, TN and K* contents with a decrease in NO3-, when NT
system is adopted. It is evident that the enrichment of soil with OM increases CEC and total nitrogen
contents and by consequence, induced retention of cations such as calcium and potassium ions.

Observations (Factor 1 and 2: 68,01 %)

after Varimax rotation
3,0 -

2,5 T .’WI"
2,0 SAF L
15 *£er
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-1,0
-1,5 : (7?
-2,0
-2,5
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<25 -2 -1,5 -1 -0,5 0 0,5 1 15 2 25

Factor 1 (39,61 %)
Figure 2. Exploratory Factor Analysis scattered plot representing soil characteristic behavior in NT and CT systems.

Note: One soil under Conventional system is depicted in the upper right quadrant and refer to the sampled soil Id 8
(two repetitions) in Table 1.
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EC, sodium contents and pH level were not included in Exploratory Factor Analysis because of their low
loadings in both factors, and NT had not any significant effect on these soil characteristics. According to
Mrabet et al. (2012), tillage system did not affect exchangeable cations contents. However, results of Busari
et al. (2015) supported that tillage effect on pH depends on climatic conditions, soil type and on-farm
management. But contrasting results reveal that tillage practices affect soil pH and salinity (Verhulst et al.
2010).

Conclusion

Long term NT adoption should be effective in enhancing SOM depth of 0-20 cm depth under semi-arid
condition of Chaouia. This performance was evident in the evolution of active limestone, Ca2*, CEC, TN and K+
soil contents. But, non-adoption of a suitable rotation and lack of mulching may be among factors that
hamper the scale-up of this technique in this region. Results herein infer that CA adoption should also
concern suitable crop rotations and residues management. Otherwise, this adoption will be reduced to a
simple NT practice. Furthermore, more efforts are needed to properly manage CA because Moroccan
smallholder farmers have very limited understanding of soil chemical properties, impact of tillage practices
on soil components, and are not aware of the negative impact of plowing on soil properties.

Adoption of CA is recommended, worldwide, and especially for arid and semi-arid regions where SOM is
generally low. It is presented as a good strategy for soil quality improvement (Bessam and Mrabet, 2003).
But this study revealed that this system when it is not applied properly has only induced small
improvements in soil quality in the studied region. Despite decades of ongoing promotion efforts under the
present agronomic practices, CA still needs large-scale implementation because of limited access to critical
inputs such as fertilizers, herbicides, pesticides along with specialized machinery. Finally, and for
sustainable adoption, research in large farms should be targeted to expand adoption of CA.
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