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Abstract 

 

Lake Patzcuaro extinction is being caused by the prevalent hillslope agricultural system.   
Conservation tillage is an alternative to reduce erosion and runoff in hillslope agriculture. The aim of 
this work is to demonstrate that conservation tillage reduces runoff and soil losses, as well as identify 
erodability and infiltration parameters under rainfall simulation. Simulation was carried out in 
Patzcuaro lake watershed. Rainfall simulation was performed in two runoff plots, conservation tillage 
(CT) and conventional tillage (TT) under dry and wet soil conditions. Rill (Kr), interill erosionability (Ki), 
shear (ττττ) and critic shear stress (ττττc), and hydraulic conductivity (Ks) were computed for the two 
treatments. Results indicated that erosion parameters are directly related to erosion susceptibility, TT 
was higher susceptibility (Ki= 1,262,608 kg s m

-4
; Kr= 0.08 sm

-1
; ττττc=1.3 Pa) than CT (Ki= 2,552 kg s m

-4
; 

Kr= 0.0002 sm
-1

; ττττc=2.1 Pa). Hydraulic conductivity was higher in CT Ks=82.8 (dry), and Ks=64.4 mm/h 
(wet), than TT 48.6 (dry) and 55.2 mm/h (wet).  
 
Keywords: Watershed management, no tillage, rainfed maize, infiltration, erosion parameters. 

 
 
INTRODUCTION 
 
Soil erosion is widely recognized as a major threat to 
agriculture production, particularly in less developed 
countries, where it not only degrades the land and reduces 
food production but also harms the economy by reducing 
income and increasing poverty.In fact soil erosion is the firs 
step to land degradation that eventually can lead to 
collapse of societies (Fisher, 2005). Approximately 80% of 
the world’s agricultural land presents moderate levels of 
erosion (Jara et al., 2009). It can also have serious offsite 
effect. Intense rainfalls and soil detachment from hillslope 
lands could cause human casualties and economic 
injuries (Sánchez et al, 2011). The potential for soil 
erosion and runoff water losses are highly dependent of  
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rainfall intensity and slope gradient (Boer and 
Puigdefabregas, 2005). This problem also damages 
Mexican field due to practicing steep slope rainfed 
agriculture (McAuliffe et al., 2001). Mexico loses one 
million hectares per year of forests affecting hydrological 
cicle and natural resources (Oropeza et al., 2002). 
Climatic change caused for deforestation has increased 
0.4 °C of mean temperature and rainfall intensity in 
Central México (Tapia et al, 2011). Some endorreic 
Mexican lakes have disappeared like Chalco, Zumpango, 
Cuitzeo, etc. and others like Xochimilco, Zirahuen, 
Chapala and Patzcuaro are constantly losing water 
surface due to soil particles ingressions on the water.  The 
prevalent rainfed agriculture management involves intense 
soil movement in maize production system, and the 
topographic conditions enhance sediment outlets to the 
bottom of the endorreic watershed: the lake. However, 
local knowledge on land management  has  demonstrated  
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that soil erosion and fertility depletion can be handled and 
agriculture could remain sustainable over centuries 
(Barrera-Bassols and Zinck, 2003).   

Farmers of the Patzcuaro watershed are used to till 
practices, since the colonial era (Fischer et al., 2003). 
These practices along the hillslope soils promote runoff 
and sediment yields rates up to 3.5 ton/ha per year (Bravo 
et al., 2005b). Most rainfed agricultural lands (35,000 ha), 
sown with maize receive intensive rain events of 82 mm 
hour

--1
 or upper when most of the maize field still has less 

than 70% of cover ground (Tiscareno et al., 2004). This 
rainfall intensity causes soil detachment and runoff 
increases off-site impacts, and these particles may 
eventually get the lake. Suspended or settled soil particles 
are causing lake eutrophication and serious problems for 
aquatic life where some species are unique (white fish 
Chirostoma estor, Jordan, and achoque Ambystoma 
dumerilii Jordan) (Orbe-Mendoza et al., 2002). The 
transportation of minerals and organic matter by surface 
flow becomes easier with deforestation. This flow 
increases nutrient inputs to the lake, promoting a massive 
bloom of diatoms (A. Granulata and Stephanodiscus sp.). 
Ingressions of 0.48 mg/l of phosphorous have been 
measured by Bradbury, (2000), causing the eutophication 
of the lake. 

Interrill (Di) and rill detachment (Dr), are related to how 
susceptible are the soils to erosion (Romero et al., 2007). 
Conservation tillage is a practice that increases water 
infiltration (Dimanche and Hoogmoed 2002), whereas 
continuous soil tillage reduces saturated hydraulic 
conductivity (Poulenard et al., 2001). Soils minerolgy and 
texture may influence infiltration rates and soil losses 
(Wakindiki and BenHur, 2001). The top residue soil cover 
in conservation tillage increases soil organic matter which 
generates better soil structure and aggregate stability 
(Salinas-García et al., 2002). Soils of Patzcuaro 
watershed are weakly structured and easily disaggregated 
by water. Rainfall simulation research in rangelands of 
Patzcuaro watershed was made to obtain Ki and Kr 
parameters (Bravo et al 2005a, Bravo et al 2006), but the 
agricultural lands are the most important surfaces 
susceptible to erosion (Tapia-Vargas et al., 2001), and the 
hydraulic conductivity of this soils has not been described 
in alterantive soil managements. The aim of this work is to 
demonstrate that conservation tillage reduces runoff and 
soil losses, as well as identify erodability and infiltration 
parameters of each tillage method under rainfall 
simulation. 
   
 
MATERIALS AND METHODS 
 
The experimental site was at Ajuno, located in the lake of 
Patzcuaro watershed. This Experimental Station belongs 
to the National Forestry Livestock and Agricultural 
Investigations Institute of Mexico (INIFAP), placed at km  
17.5 of the toll highway Patzcuaro-Uruapan. The climate is 

 
 
 
 
CW2 which means tempered subhumid with a rainfall 
season from June to October. Annual mean precipitation 
is 990 mm with usually dry and cold winter. Soils are 
mainly derived from volcanic ashes at most Patzcuaro 
watershed. The soil of the Experimental Station is Hydric 
Hapludand (Alcalá et al., 2001) 
 
 
Rainfall simulation 
 
In the experimental sites rain simulation was performed on 
the two treatments, conservation tillage (CT) and 
traditional tillage (TT). It was utilized the variable intensity 
rainfall simulator operated with a solenoid (Miller, 1987). 
The rainfall simulator (Figure 1), works with a 110 VAC 
that activates an engine with an arrow, which in each cycle 
activates and deactivates the electrical switchers of the 
solenoid valves, that in the close-open fast cycle regulates 
the spray water flux from the nozzles constructed within 
the solenoid, producing an intermittent form of rainfall to 
the preconstructed 1*1 m and 1*3 m plots. Residue and 
litlle stones were removed outside the plots, grass and 
other little plants were clipped just above of the soil.  
Water to simulator is supplied by an electrical water pump, 
0.75HP, 110 VAC, with a volume of 0.0007 m

3
 s

-1
. Water 

energy is controlled by a valve conected to a manometer, 
which is usually set at 0.29 MPa; flux intensity generally is 
controlled by the engine speed or the water energy (Miller, 
1987). 

The simulation was performed on dry and wet soil 
(after 24 hours) with two replications in different places of 
the same treatment. Initial conditions were similar to both 
treatments although in CT the volumetric soil water was 
30% higher. Previously, simulator was calibrated to apply 
rainfall intensity from 95 to 120 mm/hr, for the two-
contrastant treatments, was measured with pluviometers 
during 85 minutes. This rain intensity is the maximum 
reported rain intensity in the Patzcuaro watershed 
(Tiscareno et al., 2004). Database was obtained from the 
evaluated variables: Runoff (l and mm), and soil losses (g) 
on samples taken every 5 minutes of simulation, but peak 
runoff discharge (l min

-1
) and time to runoff (s) was 

registered one time in the two replications. Soils losses 
were weighted to obtain the output of sediments rate (g s

-

1
). 

 
 
Rill detachment 
 
On previously wet soil, an increasing flow from 5 to 35 l 
min

-1
 was applied on the upper limit of each tillage 

treatment in the simulation plot just as was explained by 
Villar et al., 1999. Each flow was individually applied until a 
steady flow was reached, which was invariable 
accomplished between 6 to 8 minutes of application. 
When the steady flow was reached, a 1.0 liter water 
sample   was   taken;   measuring   the  time  of  filling  and  
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Figure 1. Rainfall simulator solenoid operated utilized in experimental plots 
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Figure 1. Rill detachment coefficient (Kr), in two soil management 

treatments of Patzcuaro watershed. 

 
 
evaluating the sediments produced in the flow; at the 
same time the flow width, depth and speed was taken. 

With this information the hydraulic radius of the flow for 
each flux was determined with  the  section  area  and  wet  
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perimeter relationship. For all flow levels, the pair of shear 

stress data (τ ) and the discharge of sediments where 
adjusted by linear regression using the following 
expression: 

 Dr = τc + Kr τ       (1) 
Where: 
  Dr = Rill Detachment (kg s

-1
 m

-2
) 

  τ = shear stress (Pa), obtained with the 
expression for uniform flow (Haan et al.,  
     1994) the shear stress is due for: 

   τ = Rh * S   (2) 
Where: 
  Rh = rill hydraulic ratio (m) 
  S = rill slope (ad.) 

  τc = critic shear stress (Pa) 
  Kr = rill detachment (s m

-1
) 

According to Elliot et al., (1989), the slope of the 
regression is the value of the rill detachment coefficient 

(Kr), while the critic shear stress (τc ) is the quotient of the 

regression constant and the slope (τc = -a/b). 
 
 
Interill detachment (Di) 
 
The effect of constant rainfall simulation on the considered 
tillage treatments was evaluated for each sampling time, 
to obtain the interill detachment coefficient (Ki) with the 
expression: 

fSI

Ki
Di

2
=                         (kg s m

-4
)       (3) 

Where: 
 Di  = interill detachment rate  (kg s

-1
 m

-2
) 

 I  = rainfall intensity (m s
-1

) 
Sf = slope factor (ec. 18) 
 
The ratio of interill detachment coefficient (Ki) was 
obtained during rainfall simulation, directly from the runoff 
by sampling at equal times (5 minutes), measuring the 
filling time of the sampling container and computing the 
intensity of the rainfall period. Graphics for each treatment 
were obtained to calculate Kr and to compute the Di value 

as well as the values of the different variables (τ,τc, Dr). 
Tillage effects on each treatment were compared with the 
magnitudes reported by Elliot et al., (1989) for some 
simulations sites in U.S.A. and Mexico (Villar, 1999).  
 
 
Infiltration model adjustment 
 
Data of the runoff and rainfall ratio of the simulation events 
were processed to calculate the Hillel (1980), model 
parameters which present, under no saturated conditions, 
the following form: 

bttaI +=  (4) 

 I   = accumulated infiltration (mm h
-1

) 

  
   
 
 
            t = acumulated time (h) 
 a y b= regresion coefficients  
Under saturated conditions the model becomes to: 
I = a + b t (5) 
Infiltration rate is obtained from  

a
t

b

dt

dI
+=  (6) 

when t tends to infinite the limit of accumulated infiltration 
(4) and infiltration rate (6), is : 

aa
t

b

dt

dI

t
=








+=

∞→

limlim    (7) 

where a is the steady state infiltration or saturated 
hydraulic conductivity. Notice that this expression is the 
same as the  limit of the infiltration rate. The derivation of 
the saturated infiltration equation (5), yields: 

b
dt

abt

dt

dI

t
=







 +
=

∞→

lim    (8) 

Where b is a steady state of hydraulic conductivity when 

t→∞. 
The steady state hydraulic conductivity in both soil 
management treatments can be compared to detect 
significative differences, the statistic t parameter is: 
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2
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−
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Where: 
a1 and a2  = regression parameters for CT and  TT 
equations respectively. 
SS1 and SS2= square sum for regression model 
MSE1 y MSE2 = mean square error equations with  n-2 + 
n-2 degrees of freedom 
 
 
RESULTS AND DISCUSSION 

 
Rainfall Simulation Results 
 
Hidrological variables of rainfall simulation on both soil 
management treatments are presented in Table 1. The 
differences are evident: TT yielded more runoff and soil 
erosion than CT. A big difference is observed in soil losses 
with 18,800 g m

-2
 in TT versus 410 g m

-2
 in CT. The worst 

effect occurs under wet soil where both runoff and soil 
losses are 100% higher than dry soil. These results verify 
previous works that found major soil erosion susceptibility 
of this andisols under wet soil conditions (Tiscareno  et  al.,  
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Table 1. Evaluated hydrological variables of two soils till managements in the Patzcuaro watershed. 

 
 
 
 
 
 
 
 
 
 
 

 
Notice: Numbers among parentheses are standard error  

 
 

Table 2. Rainfall simulation results in two soil management treatments. 
 

Treatment Interill detachment Rainfall Total runoff 
 (g s

-1
m

-4
) (mm h

-1
) (mm) 

Dry    
Traditional till (TT) 3.61 (±0.26) 111.6 (±6.2) 69.9 (±6.4) 
Conservation till (CT) 0.01 (±0.005) 119.4 (±6.0)) 25.9 (±7.5) 
Wet    
Traditional till (TT) 7.0 (±1.05) 101.2 (±7.7) 100.1 (±11.8) 
Conservation till (CT) 0.1 (±0.05) 124.1 (±6.5) 60.3 (±6.0) 

 
Notice: Numbers among parentheses are standard error 

 
 
2004). Sediment concentration and peak runoff discharge 
were also higher in TT than CT in both soil conditions. 
Sediment concentration is low in CT with only 2 g l

-1
 while 

in TT is plentiful with 347 g l
-1

 these results reflect that  
streams outgoing from these agricultural lands could 
improve its quality by implementing CT as was shown by 
Kogelman et al., (2006). It is remarkable that time to runoff 
was higher in dry soil condition in TT than in CT. This 
could be caused by lower soil humidity content in TT than 
in CT. 

The measured soil loss from TT was significantly and 
linearly correlated with storm runoff. The relationships 
under dry and wet soil respectively, were expressed by: 
Soil loss = 30.4 (runoff) + 5.95 r

2
= 0.61  

               ** 
Soil loss = 35.1 (runoff) + 86.3 r

2
= 0.67  

         **         
The response of sediment concentration respect the 
discharge rate in TT soil management under dry and wet 
soil simulation was: 
Sediment conc. = 24.9 (discharge) + 5. 13 r

2
= 0.38  

        * 
Sediment conc. = 81.3 (runoff) –65.9 r

2
= 0.94  

           ** 
The same relationship was obtained for CT treatment, on 
dry and wet conditions: 
Sediment conc. = -0.46 (discharge) + 0.27   r

2
= 0.15        

Sediment conc. = 1.45 (runoff) – 0.37 r
2
= 0.38  

        * 
(*) and (**) regression coefficient is significant p≤ 0.05 and 

p≤ 0.01, respectively. 
The expressions reflect the difference of each 

treatment to reduce soil losses and runoff, and clarify the 
problem of soil loss, intensified when soil is wet. Values of 
regression coefficient in TT are larger in wet soil (a=86.3; 
b=35.1) than in dry soil (a=5.9; b=30.4), just this 
quantification should alert about problem seriousness. 
Although not well correlated in CT, the correlated low 
values of regression coefficients indicate that soil losses 
are reduced on both wet and dry soil. 

Nowadays, climatic change has provoked intense 
rainfalls until 250 mm in 24 hours on July (Tapia et al., 
2011). Furthermore, first precipitations on June moisten 
the soil fastly. Subsequent rainfalls on July enhance soil 
erodability because soil is wet and rainfall has great kinetic 
energy, more than 1000 MJ mm ha

-1
 h

-1
. This energy is 

dissipated by soil detachment due to the fact that crop 
cover is still less than 30% (Tiscareno et al., 2004). This 
effect is causing huge sediments output from hillslope 
agricultural lands.     
 
 
Interill detachment (Di) 
 
The results of rainfall simulation are presented in Table 2. 
The difference between the two soil management systems 
is clear with respect to interill detachment rate (Di) and 
runoff (Q), CT yielded 0.01 g s

-1
 m

-4
 and 25.9 mm while 

TT yielded 3.61 g s
-1

 m
-4

 and 69.9 mm, of Di and Q, 
respectivlely.      Jimenez   et   al.,  (2006),    suggest    that  

Treatment Soil loss Sediment concentration  Peak runoff Discharge Time to runoff 

 (g m
-2

) (g l
-1

) (l min
-1

) ( s) 

Dry simulation     

Traditional till 18,820 (±2424) 347 (±99.1) 2.32 (±0.4) 731 (±53.5) 

Conservation till 410 (±154) 2 (±0.78) 0.74 (±0.05) 485 (±69) 

Wet simulation     

Traditional till 35,491 (±6415) 333 (±95.5) 1.74 (±0.11) 310 (±25.5) 

Conservation till 441 (±113) 7 (1.5) 0.76 (±0.06) 393 (±22) 
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Table 3. Ki and Kr parameter values for the two tillage treatments in Patzcuaro watershed.  

 

Parameter Soil till management treatment Soil from USA
1
 Soil from Chiapas

2
 Rangeland Patzcuaro 

  Conservation till Traditional till    

Dry Condition      
Ki (kg. s m

-4
) 2,552.0 1,262,608.0 1,170,000.00 2,901,000.00 407,216 

Kr (s m
-1

) 0.0002 0.080 0.0031 0.0043 0.0022 

τc (Pa) 2.1 -1.3 0.24 2.7 3.5 

Wet Condition      
Ki (kg. s m

-4
) 19,271 3,113,579.0   979,650 

 
Source: 

1
Norton y Brown (1992). 

2
 Villar et al., (1999). ). 

3
Bravo et al, (2005a) 

 
 
 
undisturbed Andisols are considered to be highly stable 
and resistant to water erosion, CT promotes undisturbed 
soil but TT implies soil movement that facilitates soil 
detachment. This performance explains that CT had lower 
erosion rate under continuous rainfall, when compared to 
a continuously tilled soil. Undisturbed soil in this region 
improves its stability which holds more water and helps to 
reduce the runoff and the transport of detached 
sediments, contrary to TT. Also, Q is enhanced in TT 
under dry simulation while CT had lower value, meaning 
that 63% of the applied water was infiltrated into the soil. 
Hence, is clear that CT is able to increase water infiltration 
and to reducing Q from hillslope lands.  

Soil movement caused by TT elevates soils 
susceptibility to rill erosion. Norton and Brown (1992) 
demonstrated that as the time passes, younger tillage 
produced higher detachment among rills than the old 
tillage. This may explain what is occurring in the productive 
units of the watershed, where the continous movement of 
the soil with TT promotes soil vulnerability to rill erosion, 
which is the first detachment factor leaving the soil 
susceptible to be removed if the flow among rills has 
enough capacity to transport it out of the plots. 

This problem happens in these disturbed soils like the 
ones in the hillslopes at the Patzcuro watershed, which 
can be seen in the rainfall simulation results (Table 2). 
This soil is highly sensible to interill detachment with 3.61 g 
s

-1
 m

-4
 (dry) and 7.0 g s

-1
 m

-
4 (wet), so sediments 

detached will be available to be transported out of the plot 
by the rill flow. The difference between the dry and wet 
rainfall simulation was quite noticeable. In absolute terms 
CT treatment shows how the soil reaches detachment 
stability with 0.01 g s

-1
 m

-4
 (dry) and 0.1 g s

-1
 m

-4
 (wet). It 

was expected that when the soil is wet it should present a 
lower erosion rate, as was demonstrated by Simmanton et 
al., (1988) and Meyer and Harmon (1992) who found a 
higher transport of sediments in dry rainfall simulation 
conditions (94.8 Mg ha

-1
), than in wet simulation (33.3 Mg 

ha
-1

). In Andisol soils of Patzcuaro, it was found that the 
detachment was higher in wet soil with high maginitude of 
Di, meaning more harmfull in the steady wet condition of 
the rainfall season. 
 
 

Rill detachment (Dr) 
 
Values for the Ki and Kr parameters are shown in Table 3. 
Rill erosionability information from soils of similar texture 
from USA( Laflen et al., 1991, Norton and Brown 1992), 
Chiapas (Villar et al., 1999 and Pátzcauro (Bravo et al., 
2006) are presented, the found values are by its 
magnitude, consistent with here evaluated (1170 x 10·

3
 kg. 

s m
-4

  and 939 x 10·
3
 kg. s m

-4
 in USA sandy soils, 2,901 x 

10·
3
 kg. s m

-4
 in Chiapas and 407.2 x 10·

3
 kg. s m

-4
 in 

Patzcuaro rangelands, against  1,293 x 10·
3
 kg. s m

-4
 here 

observed). Meanwhile, the parameter values differ 
considerably in CT with just 2.5 x 10

3
 kg. s m

-4
. Under wet 

simulation CT increased to 19.2 x 10
3
 kg. s m

-4
 and TT 

increased to 3,113 x 10
3
 kg. s m

-4
. Soils under this 

condition lacks protection to reduce raindrops impact 
which produce high Ki  values only comparable to the 
higher ones found by different authors in the most erodible 
soils of the USA (Elliot et al., 1989, Norton and Brown, 
1992).  

Linear adjustment for the rill detachment data, (Dr) 
obtained from increasing flow simulation plots for the TT 
and CT, are presented in table 3. As it could be 
appreciated there is a contrasting behavior between the rill 
detachment obtained with CT and TT in huge proportions. 
While in the CT Dr Rates are of the order of 0 to 1.5 g. m

-2
 

s
-1

, in TT rates start in more than 100 to 500 g. m
-2

 s
-1

. 
This clearly shows the superiority of CT in reducing the rill 
erosion and lowering the production of sediments than the 
TT. These effects were obtained in equal inflow 
conditions, indicating that soil protection by conservation till 
is very important to reduce erosion, and rill and interill 
detachment. 

This unequal response is also partly due to the less 

required critic shear stress (τc) to produce high rates of 
detachment in TT. Differences between treatments may 
be detected through the difference in the required values 
to produce rill erosion shown in both x axe of the Figure 1. 

Although both soils belong to the same site, it seems 
like the CT soil is more mature and consolidated as was 
corroborated by Norton and Brown (1992), when they 
evaluated the  erosion  differences  in  two  soil  types. This  
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Figure 2. Accumulated infiltration (I), in dry and wet soil in two soil 
managements, traditional till (TT) and conservation till (CT), of Patzcuaro 
watershed.  

    

 
 
 
may indicate that CT conferees better soil properties, 
according to the Dr obtained values, make it to behave like 
more evolved and consolidated soil. 

The obtained parameter values of Kr in dry and wet 
sandy soils are higher in TT than those registered in CT. 
The Kr parameter is the slope of the equation between Dr 
and shear strees data and its magnitude reflected in CT 
(2.0 x 10

-4
 s m

-1
) a consolidated soil condition instead the 

value of TT (830 x 10-4 s m
-1

), that is a soil susceptible to 
erosion, agree with Bravo et al., (2006), whose evaluated 
Kr (0.5 x 10-4 s m

-1
), for soil rangeland defined as 

consolidated soil. This results suggest that in hillslope soils 
of Patzcuaro watershed, should not be tilled and the 
farmers should utilize the application of CT practice with 
vegetal and clipping weeds residues, to improve soil 
consolidation. 

 

Referring to the critical shear stress in rills (tc), the 
measured CT= 2.1 Pa and TT= -1.3 Pa is clearly 
contrasting. Soil in TT had so low stability that value of 
critic shear stress to initiate detachment is negative. The 
necessary energy to detach particles is too low in TT. 
Although, when comparing the values of the two 
treatments, this characteristics pointed out that a bigger 
energy was required in CT to initiate sediment detachment 
than the energy required in TT to begin the same 
phenomena (Figure 1). Both CT and TT are lower in both 
treatments to those reported in Chiapas (2.7 Pa) and 
Bravo et al (2006) (3.5 Pa). This means that less effort is 
required to detach soil particles.  
 
 

Infiltration model adjustment 
 
Hillel model infiltration curve (I) for the rainfall simulation in 
Ajuno for both treatments (CT and TT) is drawn in Figure 
2. At the beginning of the simulation (first five minutes), 
infiltration rates are high for both treatments; however CT 
has the capability to maintain high infiltration rates, while 
TT quickly diminished the soil infiltration capacity. This 
phenomenon is directly related with the runoff of both 
treatments. This means that if one treatment provides 
bigger infiltration rate, which is the case of CT, runoff will 
be limited and maintained low. Also, typically erosion 
increases with decreasing infiltration (Jiménez et al 2006). 
As it was expected, steady state infiltration was obtained at 
0.58 hours of simulation, but under wet condition this 
situation was reached earlier, at 0.48 hours in both 
treatments (Figure 2).   

CT treatment increases substantially the infiltration 
rate, from the beginning of the precipitation and maintains 
a high rate during all the simulation time. On these data it 
can be observed that conventional tillage (TT) does not 
maintain the high infiltration rates shown at the beginning 
of the precipitation, and this promotes runoff and sediment 
transportation by the flow and a detachment of higher 
particles occurs. CT treatment maintains high infiltration 
rates, reduces runoff and the effects on erosion are 
inverse to those of TT. This increasing of infiltration rates 
shown in CT was also registered by Zhang et al., (2007), 
who found that CT increases infiltration rates  due  surface  
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Table 4. Hidraulic conductivity (Ks) statistic comparison in two system 
management soils under rainfall simulation  

 

Treatment Ks SS EMS tc 

Dry     
Traditional till (TT) 48.6 6316.2 0.79 2,011.8** 
Conservation till (CT) 82.8 9484.5 1.36  
Wet     
Traditional till (TT) 22.2 1,170.9 0.24 1,050** 
Conservation till (CT) 64.4 13,949.1 2.92  

 
SS: regression square sum, EMS: error mean square, tc : t computed 
p≤ 0.01 (*), p≤ 0.05 (**), respectively. 

 
 
 
soil porosity is enhanced. 

In this analysis the importance of the hydraulic 
conductivity magnitude (Ks) is directly related to the 
treatment capacity to admit a bigger precipitation rate and 
it can be infiltrated faster into the soil profile. CT presents a 
higher K than the TT, indicating that it can support higher 
precipitation rates due to its infiltration capacity, which 
reduces runoff (Table 4). 

Differences found in the Ks values during rainfall 
simulation may be directly attributed to soil management 
treatment. As it is argued by Jasso (1997), the soil 
consolidation may be altered by the tillage method. In this 
study case CT has improved the soil structure and 
consequently has increased its infiltration capacity. This 
improvement could be made through the development of 
greater porosity in the top soil zone of CT which promotes 
an increase in infiltration rates (Rhoton et al., 2002). 

Dry and wet simulation allowed knowing Ks differences 
for the two-soil management methods. This evaluation 
indicates the superiority of non tillage management to 
produce higher Ks values in both dry and wet conditions. 
CT behaves like an authentic sponge that can absorb 
higher precipitation rates and maintains a high 
disproportion with respect to TT, which is higher more than 
100% in dry condition and more than 200% in wet 
condition. This differential is what allows CT to show a 
uniform behavior, maintaining higher infiltration rates 
throughout the storm, while TT rapidly reduces Ks which is 
reflected in lower infiltration rates and an early start of 
runoff. 

Infiltration rate analysis also permited detecting 
differences between treatments. Table 4 shows the better 
performance of CT treatment by allowing water flow 
trough the soil with 82.8 mm/hr under dry condition and 
64.4 mm/h under wet condition, compared with those 
obtained by TT with only 48.6 mm/h and 22.9 mm/h in 
respectively under dry and wet conditions. 

Statistic analyses to Ks values detected highly 
significant differences between both treatments. Hydraulic 
conductivity registered in CT is different from that obtained 
in TT under dry (tc= 2,011.8), and wet (tc=1050.1) 
conditions. In both cases CT was  significantly  different  of  
 

TT (p≤ 0.01). This indicates that CT acquires better soil 
structure and adequate soil aggregation to improve soil 
infiltration capacity. 
 
 
CONCLUSIONS 
 
Rainfall simulation showed that traditional tillage produced 
more runoff than conservation tillage. Hence interill 
detachment is higher in TT than in CT. Also, all the 
erodability parameters like erodability coefficient and 
erosionability coeffcien are higher in TT than in CT. 
Meanwhile, hydraulic conductivity parameter was 290% 
higher in CT than TT. This allowed making comparisons 
among the evaluated parameters magnitudes as well as 
knowing what causes the conventional treatment to be 
susceptible to produce high rates of runoff and sediment. 

The application of the erosionability parameters 
quantified in this work can be used to represent 
hydrological events in the Patzcuaro watershed hillslope 
agriculture. This represents certain advantages with 
respect to the empirical parameters in representing the 
hydrological process that occurs in the soil management 
treatments. With the application of the erosion parameters 
farmers and technicians may obtain a significant 
advantage in the comparison of the soil erosion process. 
Conventional tilled hillslope agriculture land is the main 
source of sediments that are diminishing the Patzcuaro 
lake water storage capacity. Fortunately, the amount of 
sediment left by the production unites may be located, 
forecasted and reduced with conservation tillage. 
However, this study requires further research to better 
document the alternative soil management with the use of 
complementary hydrological files for future truly modeling. 
 
 
ACKNOWLEDGEMENT 
 
The authors are grateful to the Consejo Nacional de 
Ciencia y Tecnología- México, which supported this 
research project. Also, Dr. Oussama Mounzer for his 
assistance.   To   Teresa   and   Mariana   (In memoriam). 
  



 

 
 
 
 
REFERENCES 
 
Alcala MJ, Ortiz SCA, Gutierrez CMC (2002). Clasificación de suelos de la 

meseta Tarasca, Michoacán. Terra: 19:227-239 
Barrera-Bassols N, Zinck A (2003). Land moves and behaves: Indigenous 

discourse on sustainable land management inn Pichataro, Patzcuaro, 
Basin, Mexico. Geo. Ann. 85(3-4):229-245 

Bradbury JP (2000). Limnologic history of Lago de Patzcuaro, Michoacan, 
Mexico for the past 48,000 years: impacts of climate and man. 
Palageo. Palaclim. Palaeco. 163: 69–95 

Bravo E, Fregoso TL, Medina OLE (2006). Parámetros de erosionabilidad 
del modelo Wepp para andosoles con uso pecuario en la cuenca del 
lago de Pátzcuaro, Michoacán. Tec. Pec. Mex. 44(1):129-141 

Bravo EM, Mendoza CM, Volke HV (2005a). Simulación de pérdidas de 
suelo con el modelo WEPP para dos sistemas de labranza en 
andosoles. pp. 35-51.  In: Sánchez-Brito C. et al (ed.). Avances de 
investigación en agricultura sostenible III. Bases Técnicas para la 
construcción de indicadores biofísicos de sostenibilidad. INIFAP-
CENAPROS. Uruapan, Mich. México 

Bravo EM, Ruiz VJ, Volke HV (2005b). "Cultivo de maíz en sistemas de 
labranza con barreras biofísicas en Andosoles de ladera". Terra 
Latin. 23(3):371–380 

Buig M, Puigdefábregas J (2005). Effects of partially structured vegetatrion 
patterns on hillslope erosion in a semiarid Mediterranean environment: 
a simulation study. Earth Surf. Proc. Landforms. 30(2):149-167 

Dimanche PH, Hoogmoed WB (2002). Soil tillage and water infiltration in 
semi-arid Morocco: the role of surface and subsurface soil conditions. 
Soil Till. Res.  66(1):13-21 

Elliot JW, Liebenov AN, Laflen JM, Khol KD (1989). A compendium of soil 
erodability data from WEPP crolpland soil field erodibility experiments 
1987-88. NSERL Report 3. Ohio State University-USDA-ARS. 
Purdue, IN.  pp. 289 

Fisher CT (2005). Demographic and Landscape Change in the Lake 
Patzcuaro Basin, Mexico: Abandoning the Garden. Am. Anthropo. 
107(1):87-95 

Fisher TC, Pollard HP, Israde AI, Garduño MV, Banerjee SK (2003).  A 
reexamination of human-induced environmental change within the Lake 
Pátzcuaro Basin, Michoacán, Mexico, PNAS 100(8):4957-4962 

Gómez TA (1994). Tres niveles de erosion en la cuenca de Pátzcuaro, 
Mich., como base para acciones y obras de conservación. Folleto 
Técnico 26. INIFAP.-SARH. Pp.18 

Haan TC, Barfield BJ, Hayes JC (1994). Design hydrology and 
sedimentology for small catchments. Academic Press. San Diego, Cal. 
Pp.689.  

Hillel D (1980). Applications of soil physics. Academic Press, New York, 
N.Y. USA ; pp. 5-46 

Jara RR, Bravo UE, Díaz OJ (2009). Adopción de prácticas de 
conservación de suelo en la pequeña agricultura de Chile. Econ. Agr. 
13:69-77 

Jasso CC (1997). Efecto de la labranza en la estructura del suelo y su 
relación con el rendimiiento de los cultivos. In: Avances de 
investigación en Labranza de Conservación. INIFAP. Libro Técnico 
1:215-225 

Jiménez CC, Tejedor M, Morillas G, Neris J (2006). Infiltration rate in 
andisols: Effect of changes in vegetation cover (Tenerife, Spain). J 
Soil Water Cons., 1991(46):39-44. 

Kogelmann WJ, Bryant V, Lin HS, Beegle DB, Weld JL (2006). Local 
assessments of the impacts of phosphorus index implementation in 
Pennsylvania. J. Soil Water Cons. 61(1):20-30 

 
 
 
 
 
 
 
 
 
 
 
 

Vargas et al.  275 
 
 
 
Laflen JM, Elliot WJ, Simanton JR, Holzhey CS, Kohl KD (1991). WEPP: 

Soil erodibility experiments for rangeland and cropland soils. J. Soil 
Water Cons 46(1):39-44 

Mcauliffe J, Sundt PC, Valiente BA, Casas A, Viveros JL (2001). Pre-
columbian soil erosion, persistent ecological changes, and collapse of 
a subsistence agricultural economy in the semi-arid Tehuacan Valley, 
Mexico´s ‘Cradle of Maize’. J.  Arid Env. 47(1):47-75 

Meyer LD, Harmon WC (1992). Soil erosion varies during the crop year. 
Trans. Of the ASAE. 35(2):459-464 

Miller WP (1987). A solenoid-operated, variable intensity rainfall simulator. 
Soil Sci. Am. J. 51:832-834 

Norton LD, Brown LC (1992). Time-effect on water erosion for ridge tillage. 
Trans. of the ASAE 35(2):473-478 

Orbe MAA, Acevedo GJ, Lyons J (2002). Lake Pátzcuaro fishery 
management plan, Reviews in Fish Biology and Fisheries. 12:207-217  

Oropeza MJ, Rios D, Larose M (2002). Hydrological behavior of diverse 
vegetable covering under different environment conditions, In: A. Faz, 
R. Ortiz, A.Z. Mermut. (eds). Sustainable use and management of 
Soils in Arid and Semiarid regions. Quaderna Ed. Cartagena, Spain. 
Pp.533-534  

Poulenaard J, Podwojewsky P, Jeanau JL, Collinet J (2001). Runoff and 
soil erosion under rainfall simulation of andisols from the ecuatorian 
Páramo: effect of tillage and burning. CATENA. 45(3):185-207 

Rhoton FE, Shipitalo MJ, Lindbo DL (2002) Runoff and soil loss from 
midwestern and southwestern US silt loam soils as affected by tillage 
practice and soil organic matter content. Soil  Till. Res. 66(1):1-11 

Romero CC, Stroosnijder L, Baigorria AG (2007). Interill and rill erodability 
in the nothern of the Andean Highlands. CATENA 70(2):105-113   

Salinas GJR, Velásquez GJ, GallardoVM, Díaz MP, Caballero HF, Tapia 
VLM, Rosales RE (2002). Tillage effects on microbial biomass and 
nutrient distribution in soils under rain-fed corn production in central-
Western Mexico. Soil Till. Res. 66(2):143-152 

Sánchez JM, Serrano ME, Sangermán JD, Navarro A, Vera R, Cuevas AJ, 
Macías JL (2011). Eventos hidrometeorólogicos extremos y desastres 
en comunidades rurales y urbanas en Motozintla, Chiapas. Rev. Mex. 
Cs. Agric. Pub. Esp 2:167-181 

Simmanton JR, Johnson CW, Nyhan JW, Rommey EM (1988). Rainfall 
simmulation on rangeland erosion plots. In: Rainfall Simulator 
Workshop. USDA-ARS Tucson, USA pp. 11-17 

Tapia VLM, Larios A, Vidales I, Pedraza ME, Barradas VL (2011). El 
cambio climatico en la zona aguacatera de Michoacan: análisis de la 
precipitación y la temperatura a largo plazo. Rev. Mex. Cs. Agric. Esp. 
2:325-335 

Tapia VM, Tiscareno LM, Baez AD, Amador A, Fernández D (2001). 
Simulacion de perdidas de suelo en sistemas de manejo agricola en la 
cuenca del lago de Patzcuaro con percepcion remota. Ing. Hidr. Méx.. 
16(4):107-115 

Tiscareno LM, Velázquez VM, Salinas GJ, Baez AD (2004). Nitrogen and 
organnic matter losses in no till corn cropping systems. J. Am. Water 
Res. Associa., 40(2):401-408 

Villar SB, Figueroa SB, Oropeza MJ,  Landois PL, Volke HV (1999). 
Erosionabilidad de suelos y su impacto en la productividad del maíz en 
el trópico mexicano. Agrociencia. 32:199-208 

Wakindiki IIC, Ben-Hur M (2001). Soil Mineralogy and Texture Effects on 
Crust Micromorphology, Infiltration, and Erosion Soil Sci. Soc. Am. J. 
66(3):897-905 

Zhang GS, Chan KY, Oates A, Henan DP (2007). Relationship between 
soil structure and runoff/soil loss after 24 years of conservation tillage. 
Soil Till. Res. 92(1-2):122-128 

  
 
 
 
 
 
 
 

 


