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INTRODUCTION

Water erosion is a major challenge for agri-
cultural lands in the Mediterranean basin [1] and 
specifically in Morocco [2,3], with the highest 
soil loss rates reported in the Northern part of the 
country [4, 5]. In fact, Moroccan soils are not or-
ganogenic, they are generally of poor to medium 
organic matter contents and thus present a loose 
aggregate stability and a low resistance to water 
erosion. Added to the pedogenetic factors, one can 
owe the soil fragility in a large part of the Moroc-
can agricultural lands to the dominant agricultural 

management systems which are within degrad-
ing processes, in both smallholder and modern 
agriculture models [6, 7]. In this sense, the Mo-
roccan case is similar to other ones of vulnerable 
environments in Africa [8], South-East Asia [9, 
10] and Latin America [11]. At a global scale, till-
age, being an anthropogenic perturbation, stands 
as one of the four energy sources for soil erosion 
[12]. As an alternative to the intensive tillage-
based cropping systems, the no-till system, a pil-
lar of conservation agriculture, is reported to have 
benefic impact on soil physical properties, such 
as soil organic matter content and aggregates’ 
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ABSTRACT
The aim of this work is to assess the impact of no-till based cropping system on soil erosion using two indicators. 
The experiment plot was under no-tillage (NT) for four years, adjacent to a plot under conventional tillage (CT) 
with same other management practices. The two used indicators are Le Bissonnais soil aggregates’ stability test 
and the activities of the fallout radionuclides (FRN) 7Be and 137Cs. For each radionuclide, the reference sites were 
identified and sampled using grid sampling approach and the study sites (the two plots) were sampled by applying 
a one-dimensional point transect sampling. Five samples were collected from each study site with 10m increment. 
The results showed that the mean weighted diameter (MWD) was of 2.2 for the NT plot and 2.0 for the CT plot, 
this indicates a lower soil detachability under the no-till system. For the FRN results, the 7Be activity showed 
that the NT plot retained 79% of the reference site activity and the CT plot retained 54%. The 137Cs activity tests 
showed also that the NT plot retained more of reference site activity. The mass balance conversion models applica-
tion to the FRN results showed that the no-till system generated 10% less soil erosion rate than the conventional 
tillage. The results showed that in spite of needing more than 4 years implementation for statistical significance, 
no-till helps reducing water erosion in the hilly agricultural lands of Northern Morocco.
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stability, retrieving levels that could lower soils’ 
erodibility and prevent their vulnerability to vari-
ous hazards. In Morocco, several studies showed 
the impact of medium-term and long-term no-till 
based systems on soil physics in the agricultural 
lands, especially in the semi-arid and arid areas. 
In fact, a ten years no-till based cropping plot 
in rainfed Central Morocco accumulated more 
organic matter at the soil surface layer and en-
hanced its aggregate stability in comparison with 
a conventional tilled neighboring plot [7]. Similar 
results were found with a better behavior of the 
soil in the case of intensive cropping compared 
to wheat-fallow based system [13]. As per the 
residue component, a study in Central Morocco 
reported that significant soil sediment loss was 
observed starting from 50% mulch when coupled 
to no-till, for a 6 years no-till plot on a Mediter-
ranean vertisol of the Zaer zone [14]. At long 
term retrospective scale, a research work retriev-
ing results from up to 30 years no-till based sys-
tem trials, reported a continuous organic matter 
accumulation at the root zone layer, along with 
other various soil quality that are related to erod-
ibility [15]. Also, at long term prospective scale, 
several modeling studies show positive impact of 
no-till based systems on soil physics and vulner-
ability to water erosion in the Moroccan context 
[16] and in the similar North African environment 
of Tunisia [17].

Soil aggregate stability remains a key physical 
parameter when it comes to assess the impact of 
physical and biological anti-erosive measures on 
the soil vulnerability to water erosion. The aggre-
gate stability of the soil reflects its ability to con-
serve the particles’ arrangement during a splash 
or humectation event [18]. The same authors state 
that a low structural stability acts in favor of parti-
cle detachment. Thus, this physical parameter re-
flects the soil aggregates behavior under different 
erosive events. Several studies show the role of 
soil aggregate stability in assessing its erodibility. 
A study on the effect of different vegetation res-
toration measures in the Chinese Loess plateau, 
reported that the trend of the soil’s aggregate sta-
bility was parallel to its ability to resist erosion, 
along with other soil quality parameters like soil 
organic carbon [19]. Same insights were reported 
regarding afforestation effect on soil quality un-
der two plantations, where the increased aggre-
gate stability occurred with decreased erodibility 
and vice versa [20]. Other studies were concerned 
by this relationship in different pedo-landscapes 

like Southern Spain [21], Northwest Iran [22] and 
Turkey [23].

As important soil erosion indicators come 
the fallout radionuclides (FRN) inventories and 
fluxes. In fact, three FRN are used to trace soil 
erosion and accumulation: 137Cs, 7Be and 210Pbex 
[24–26]. These FRN have half-lifes ranging from 
53 days for 7Be to 30 years for 137Cs, allowing 
soil erosion and accumulation assessment with 
return periods ranging from recent rainfall events 
using 7Be to several decades using 137Cs. The use 
of FRNs based techniques for soil erosion quanti-
fication is reported in several research works. He 
and Walling [27] quantified soil erosion through 
FRN distribution in cultivated and uncultivated 
soils. Gaspar and Navas [28] used 137Cs for soil 
erosion assessment in several Mediterranean soil 
types under various cropping systems. In Mo-
rocco, several results show the effectiveness of 
FRN based techniques in assessing soil erosion 
at short, medium and long terms. In Central Mo-
rocco, Benmansour et al [29] showed correla-
tion between FRN based results and the RUSLE 
model on a Mediterranean vertisol. Nouira et al 
[30] used the 137Cs technique to quantify medium-
term soil loss rate in a representative agricultural 
field of the Oued El Maleh zone (Northwest Mo-
rocco). Meliho et al [31] used the same technique 
in the High Atlas Moroccan Mountains, with sce-
narios including soil properties (organic carbon), 
environment (slope gradient) and land use and 
management.

Our study is the first that highlights the ef-
fect of no-till in mid-slope hilly environments of 
Northwest Morocco. Available studies on no-till 
in Morocco are so far focused on plains and pla-
teaus of Central Morocco, with different land-
scapes and rainfall erosivity. Also, this study is 
one of the first to apply FRN based techniques in 
assessing the effect of no-till system in Morocco. 
These techniques are in fact sporadically used 
in Morocco, and this study aimed to show their 
effectiveness for the Moroccan crop lands, espe-
cially when comparing them to the more widely 
used aggregate stability parameter.

MATERIALS AND METHODS

Study area

Our research work concerned a mid-slop Ver-
tic Regosol (WRBSR classification, FAO [32]) 
using soil aggregate stability and two FRN (137Cs 
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and 7Be) on two neighboring plots, one under no-
till tillage and the other under conventional till-
age. The experimentation plot is located in the 
Dar Chaoui village, at 25 km West of the city of 
Tetouan, North-West Morocco, with GPS coor-
dinates 5°39’57’’W and 35°35’20’’N (Figure 1). 
The landscape is dominated by undulating envi-
ronment, where major soil types are Vertic Rego-
sols and Vertisols.The study area is of Mediter-
ranean sub-humid climate, mean annual tempera-
ture of 17°C and a average annual precipitation 
500 mm. The no-till experiment plot is of one-
hectare and was under no-till for four years, with 
cereals-legumes rotation cropping system. 

Experimental design and soil sampling

The effect of four years no-till was tested as a 
comparison between no-till (NT) and convention-
al tillage (CT) adjacent plots of one hectare, us-
ing two methods: (i) soil aggregate stability [33] 
and (ii) the flux of two FRN (137Cs and 7Be). Prior 
to the NT system implementation, the two plots 
were a part of single whole land and thus were 
subject to identical agricultural management.

Data analysis

Concerning the aggregates’ stability test, 
three undisturbed soil samples were taken from 
the two plots, then these three stability tests were 

conducted for the 2–5 mm soil fraction: (i) rap-
id humectation test, which simulates an intense 
rain event, (ii) slow rehumectation test, which 
indicates the particles’ behavior in moderate 
rain event after a dry period, (iii) disaggregation 
test in which the overall soil particle cohesion is 
tested. Seven aggregate fractions were then dif-
ferentiated through dry sieving (>2 mm, 1–2 mm, 
0.5–1 mm, 0.2–0.5 mm, 0.1–0.2 mm, 0.05 mm, 
<0.05 mm). The Mean Weighted Average (MWD) 
was calculated based on the aggregate weights in 
each sieve, using the equation below [33]:

MWD = [3.5×(% >2 mm) + 
+ 1.5×(% 1 to 2 mm) +  

+ 0.75×(% 0.5 to 1 mm) + 
+ 0.35×(% 0.2 to 0.5 mm) + 
+ 0.15×(% 0.1 to 0.2 mm) + 

+ 0.075×(% 0.05 to 0.1 mm) + 
+ 0.025×(% <0.05 mm)]/100

High MWD values indicate a good aggre-
gate stability. The 137Cs and 7Be activities of the 
two plots were compared to their activities in the 
reference sites. The reference site for the 137Cs is 
a neighboring forest and that of 7Be is a neigh-
boring long-time fallow. Nine grid samples were 
taken from each reference site to 1m depth for 
137Cs and to 40 cm depth for 7Be. These are the 
maximum depths that are reached by these two 
FRNs. For the study sites, five samples were tak-
en on a transect with 10 m increment. The FRN 
activities were measured using Gamma High 

Figure 1. Location map of the study area and study site
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Pure Germnium spectrometry. Finally, the Mass 
Balance Model II (MBM II) conversion model 
[34] was applied for the 137Cs activities to con-
vert them to medium-term (30 years) mean an-
nual soil loss rates. The MBM II model comes 
as a complement component of MS Excel, where 
the inputs include the FRN activities in the refer-
ence and study sites, added to a set of parameters 
of the soil and crop management. Table 1 shows 
the parameters used for the MBM II for the 137Cs 
activities medium-term conversion.

Student’s t test using the SPSS (Statistical 
Package for the Social Sciences) software was 
applied to statistically compare the MDW and the 
FRNs results.

RESULTS

The calculated MDW results for the two plots 
are shown on Table 2 and Figure 2. The FRN re-
sults are shown in Table 3. The average MWD 
of the three aggregate stability tests is of 2.2 mm 
for the NT plot and 2 mm for the CT plot. The 

FRN activities show a similar pattern, 7Be activi-
ties indicate that for the short term, the NT plot 
retained 79% of the reference site activity and the 
CT plot retained 54%. For the medium-term, the 
137Cs activities indicate that the NT plot retained 
22% of the reference site activity and the CT plot 
retained 17%. The mass balance II conversion 
model applied to 137Cs showed that, in a medium-
term retrospective, both plots have generated ero-
sion, with the NT plot generating 10% less soil 
loss rate compared to the CT plot.

For the three aggregate stability tests, the Stu-
dent’s t test showed no significance difference of 
the mean MDW between the two plots. A first data 
check show that the low t-value, leading to high 
difference probabilities, is due to the higher dif-
ference in the “within” component compared to 
that in the “between” component. The mean FRN 
activities and soil loss ratios (Table 3) show same 
t-value and p-value tendencies and same non sig-
nificance between NT and CT plots. As detailed 
in the discussion section, the non-significance is 
likely due to, among others reasons, on one hand 
the recent implementation of the no till system 

Table 1. Plot parameters for the application of the MBM II conversion model

Year of tillage commencement Soil bulk density (kg·m-3) Proportion factor Plough depth (kg·m-2) Relaxation depth

1954 1390 0.6 167 4

Table 2. Soil fraction percentages and MDW of the three aggregate stability tests for the two plots

Plot Test Repetition > 2 mm 
(%)

1–2 mm
(%)

0.5–1 mm
(%)

0.2–0.5 mm
(%)

0.1–0.2 mm
(%)

0.05–0.1 mm
(%)

<0.05 mm
(%) MDW

CT

Rapid 
humectation

1 21.39 20.91 18.46 17.38 9.71 6.41 1.26 1.28

2 6.36 25.70 25.17 24.69 10.60 4.57 0.88 0.90

3 14.07 30.25 22.79 18.97 7.37 3.30 0.70 1.20

Slow 
rehumectation

1 94.59 3.52 1.67 0.71 0.20 0.00 0.00 3.38

2 60.17 28.38 7.67 3.25 0.72 0.47 0.07 2.60

3 87.32 8.79 2.89 1.49 0.39 0.19 0.11 3.22

Disaggregation

1 28.98 31.46 18.63 11.69 4.10 2.16 0.61 1.67

2 22.38 37.21 21.80 11.72 3.35 1.52 0.41 1.55

3 54.16 23.82 11.08 6.59 1.81 0.85 0.24 2.36

NT

Rapid 
humectation

1 12.98 25.82 23.42 23.38 8.86 3.45 0.44 1.11

2 38.62 22.80 14.67 12.28 5.36 2.77 0.56 1.86

3 26.73 20.40 17.78 16.42 9.20 5.55 1.63 1.45

Slow 
rehumectation

1 86.27 11.15 4.88 2.51 0.69 0.35 0.14 3.23

2 60.32 22.74 11.54 5.99 1.33 0.49 0.15 2.56

3 97.78 5.58 1.50 0.62 0.16 0.00 0.00 3.52

Disaggregation

1 36.67 28.31 19.91 10.29 2.34 0.91 0.19 1.90

2 46.02 26.92 14.91 8.19 2.21 0.98 0.21 2.16

3 34.90 24.76 19.78 12.59 4.12 1.95 0.52 1.79
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at the time of the soil sampling, and on another 
hand the intrinsic variability of the two plots’ 
micro-reliefs due to the soil vertic characteristics 
and the slope gradient. The effect of some ver-
tic characteristics such as the gilgai environment 
is particularly reflected in the variability of the 
FRN activities through the sampling transects, 
where a higher value at a point in comparison to 
the precedent one indicates a soil accumulation at 
that point, though the process in the whole plot is 
towards soil erosion in comparison with the FRN 
activities in the reference sites.

DISCUSSION

Soil aggregate stability

The aggregate stability results indicate a ten-
dency towards a higher MDW for the NT plot, 
though statistically non-significant. The rapid 
humectation test shows the largest difference be-
tween NT and CT plots, followed by the disag-
gregation test. This reflects a better soil aggregate 
behavior in the case of intense rain events and 

better particle cohesion. The non-significance is 
likely due to the recent NT system implementa-
tion (4 years) at the time of the sampling and to 
the slope gradient that tends to overshadow the 
management in favor of soil particle detachment 
and transportation, especially in the first seasons. 
The NT system is known to require a number of 
seasons for maturation, especially under semiarid 
to sub-humid climate, in order to improve soil 
physical parameters affecting soil erosion. In the 
Moroccan context, a multi-date study covering 
three NT system sites with different implementa-
tion years in Central Morocco, showed that a sig-
nificant improvement of soil organic matter was 
noted on the 11 years NT plot for the 0–10 cm 
upper soil horizon, while the 32 years NT plot 
showed a significant improvement of soil organic 
matter up to 40 cm depth [15]. On a global level, 
Mondal et al [35] realized a meta-analysis on the 
effect of NT system on soil physics at different 
terms and under different environments. The me-
ta-analysis showed that long term (16 to 20 years) 
NT plots showed significant modifications in soil 
basic physical parameters like aggregate stability. 
The analysis also showed a lack of consensus in 

Figure 2. Soil aggregate stability test results

Table 3. Activities of 7Be and 137Cs and the MBM II model medium-term soil loss results for the two plots

Sample
7Be activity (Bq/m²) 137Cs activity (Bq/m²) MBM II 137Cs conversion (t/ha.y)

CT NT CT NT CT NT

1 133 237 183 233 -54 -48

2 193 280 192 246 -53 -46

3 114 170 101 156 -71 -59

4 127 182 120 95 -66 -73

5 168 203 839 1100 -16 -9

Avg. 147a 214a 287b 366b -52c -47c

Reference inventories : 7Be : 272 Bq/m² ; 137Cs : 1661 Bq/m²
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the literature when it comes to defining a refer-
ence time basis for the significant improvement 
of these parameters. Finally, a key message 
from the meta-analysis was that depending on 
climate and environment, MDW change under 
NT reaches equilibrium within certain duration, 
with the most rapid changes occurring under 
temperate, sub-tropical and tropical climate. 
This supports the hypothesis of an on-going 
maturing NT system in our study site that is lo-
cated under a Mediterranean climate. In another 
angle, with more focus on the MDW results, the 
non-significance can be also owed to the soil 
type (Vertic Regosol). In fact, the soil vertic 
properties result in an intrinsic high aggregate 
stability (shown through a relatively high aver-
age MDW for the CT plot), especially for the 
slow rehumectation and disaggregation tests. 
For the rapid humectation test, the MDW (1.13) 
is the component that, added to slope gradient, 
goes in favor of soil aggregate stability decrease 
in the case of intense erosive rain event.

Yet non-significant, the MDW results remain 
indicative of an evolution towards the enhance-
ment of the soil physical quality under NT sys-
tem based cropping. Our results are similar to 
those found by authors in Morocco [7, 13] with 
a tendency to a higher MDW for the slow hu-
mectation test in the case of flat environments of 
Central Morocco, in comparison to our slightly 
hilly study site. With the studies on no-tillage and 
conservation agriculture in Morocco being more 
focused on plains and plateaus, the results of our 
study states NT based cropping system as a buffer 
also facing rain events in a higher slope gradient, 
which happen to be more erosive and occur more 
in the last autumn/winter seasons in Morocco.

Fallout radionucleides activity

Parallel to the MDW, the FRN results also 
show a better soil behavior of the NT plot, through 
higher activities at the study site for both 7Be and 
137Cs and a lower soil loss rate at medium-term, 
though the difference is non-significant for likely 
the same reason as for MDW. The difference be-
tween the two plots was larger for the case of 7Be, 
this shows a better reaction to rain events occur-
ring within 53 days prior to the sampling date. The 
lower difference for the case of 137Cs is, as for the 
MDW, due to the recent implementation of NT at 
the time of sampling, 137Cs being a medium-term 
soil erosion tracer with a half-life of 30 years. 
Nevertheless, the difference between the NT and 
CT plots remains an indicator of the effectiveness 

of the NT based system, if we take into account, 
added to the recent implementation, the slow evo-
lution of the soils in the context of semiarid to 
sub-humid environments of the Moroccan pedo-
climate, especially in mid-slope cropping lands of 
the hilly environment of Northwest Morocco. In 
fact, in a similar way to that of soil aggregate sta-
bility, the non-significant difference between the 
medium-term soil loss rates under CT and NT can 
be owed to the initial soil loss rate in the study 
area, which in this case is more likely rooted in 
the slope gradient and rain erosivity than in the 
soil intrinsic erodibility.

CONCLUSIONS

The study results show the opportunity that 
offers NT based cropping system as an alterna-
tive to combat water erosion in the mid-slopes of 
Northern Morocco, yet needing more than 4 years 
implementation to insure statistical significance. 
NT helps reducing particle detachability and cre-
ating better soil particle cohesion, thus placing a 
better environment for the development of soil 
quality, especially in terms of biologic and hydro-
dynamic properties. On another hand, the study 
results show the effectiveness of FRN based tech-
niques in assessing soil erosion and adding value 
to the conventional techniques and indicators. 
FRN based techniques offer more quantitative, 
objective and site-specific measurements and 
evaluation of erosion and soil loss, with interest-
ing return period spans that can range from weeks 
to decades.
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