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ABSTRACT

Conventional tillage (CT) is a soil management system commonly used by small farmers in
the Ecuadorian highlands; they remove the soil during seedbed preparation to eliminate weeds,
improve soil aeration, avoid compaction, and develop adequate rooting space. CT causes changes
in physical, chemical, and biological soil properties but, in the long run, have negative effects on
crop performance. Most of these effects can be avoided by using no-tillage (NT). The objective of
this study was to determine the initial effects of NT, different fertilization rates and depth levels of
sampling on yield and soil chemical and physical properties after the first crop cycle (prior to crop
rotation scheme). A long-term field experiment was established to study the soil changes derived
from the transition from CT to NT systems in a volcanic soil of the Ecuadorian highlands cultivated
with the following crop rotation schemes: beans (Phaseolus vulgaris L.)-corn (Zea mays L.)-beans and
beans-amaranth (Amaranthus caudatus L.)-beans. The results for the first crop cycle show that bean
yield was 42% higher under NT compared to CT, indicating that the soil improvements promoted by
NT had effects on crop yield; however, only the changes in pH and water storage capacity presented
significant differences, levels of soil organic matter, total N, available P, and bulk density showed a
trend towards improvements under NT. This suggests that NT allows for increased crop yield and
improved crop rotation performance in the medium and long term.
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RESUMEN

La labranza convencional (CT) es una practica agricola ampliamente usada por los pequeiios
agricultores de la sierra del Ecuador. En la operacion de labrado, se remueve suelo durante la
preparacion de la cama de siembra, para eliminar malezas, mejorar la aireacion, evitar compactacion
y desarrollar un adecuado ambiente para el crecimiento radicular. Esta remocion causa cambios en
las propiedades fisicas, quimicas y bioldgicas del suelo, que con el tiempo tienen efectos negativos
en los cultivos. Muchos de estos efectos se pueden evitar usando siembra directa (NT). El objetivo
de este estudio fue determinar los efectos iniciales de la siembra directa, diferentes tasas de
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fertilizacion y niveles de profundidad del muestreo sobre el rendimiento y las propiedades quimicas
y fisicas del suelo después del primer ciclo de cultivo. Se implement6 un experimento a largo plazo
para determinar los cambios promovidos por la transicion de labranza convencional (CT) a siembra
directa (NT) en un suelo volcanico de la sierra del Ecuador cultivado bajo dos esquemas de rotacion:
fréjol (Phaseolus vulgaris L.)-maiz (Zea mays L.)-fréjol y fréjol-amaranto (Amaranthus caudatus L.)-
fréjol. Los resultados correspondientes al primer ciclo de cultivo indican que el rendimiento del fréjol
fue 42% mas alto con la siembra directa, sugiriendo que los cambios en el suelo promovidos por este
sistema de labranza tienen efecto en el rendimiento del cultivo. A pesar de que solamente fueron
significativos los cambios en pH y contenido de capacidad de almacenamiento de agua, los resultados
sobre materia organica del suelo, nitrégeno total, P disponible y densidad aparente muestran
una tendencia de mejoramiento con la siembra directa, lo que sugiere que esta practica mejora el
rendimiento inicial y promoveria un mejor comportamiento de las rotaciones a mediano y largo plazo.

Palabras clave: Sierra de Ecuador, labranza, fréjol, rotaciéon de cultivos.

INTRODUCTION

Ecuador is crossed by the Andes mountain
range, which divides the country in three natural
continental regions: the Coastal plain, Highlands,
and Amazonia. The Highlands inter Andean
basins, which are narrow and long depressions
(1.4 million ha) at an altitude from 1600 to 3000
meters, are suitable for growing a wide range of
temperate climate crops (Moreno et al., 2018).
Spaces devoted to agriculture have a rugged
topography thatisnotsuited forintensive farming.
Furthermore, land tenure is characterized by
a high percentage of small productive units of
less than 5 ha, which are exposed to intensive
land use. Soils remain uncovered and subject to
erosion because farmers use crop stubble to feed
livestock, and also lack knowledge on farming
systems without soil removal (Espinosa and
Moreno, 2018).

No-tillage (NT) is one of the soil conservation
practices that effectively controls soil erosion,
with other widely recognized beneficial effects
(Khan et al., 2017). There is scarce published
information on the use of no-till farming in
Ecuador, but the studies conducted during
the past few years indicate there is a tendency
towards improved yields with NT in volcanic
highland soils. In general, only one crop cycle
has been reported, but the effects of NT on soil
properties with respect to conventional tillage
(CT) were partially described (Alvarado et al.,
2011).

It has been reported that NT and crop rotations
are complementary to maintain medium and
long-term soil quality (Munkholm et al., 2013).
However, at national level, there is not enough
information on the contribution of crop rotations,
particularly in small farms. Then, it is important
to document the effects of NT and rotation
schemes on soil properties and carbon dynamics,
which is especially relevant in the framework of

the current global climate change.

The objective of this study was to determine
the initial effects of NT, different fertilization
rates and depth levels of sampling on yield and
selected soil chemical and physical properties
after the first crop cycle under two common
rotation schemes.

MATERIALS AND METHODS

Experimental site

This study was conducted at the Experimental
and Teaching Farm La Tola, Universidad Central
del Ecuador, located at La Morita, Pichincha
province. The site is located at 78°21"18"" W and
00°13'49"" S, with an altitude of 2505 m.a.s.l.,, a
mean annual rainfall of 868 mm, a temperature
of 17°C and relative humidity of 73.9%. The
soil is a Mollisol of volcanic origin classified as
Entic Durustolls of sandy loam texture, pH-H,O
6.9, organic carbon (OC) 1.89%, total nitrogen
(TN) 0.22%, available-P (Olsen) 140 mg kg7,
exchangeable K*1.27 cmol kg, Mg* 5.12 cmol kg™,
and Ca* 9.5 cmol kg™. Two rotation schemes were
implemented under NT and CT: common bean-
maize and common bean-amaranth. Common
bean was used because of its N contribution to
the second crop.

The experimental design was a complete
random block design in a split plot arrangement
with eight replications. The experimental site was
previously planted with oats to homogenize soil
fertility, and residues were discarded. After a
3-month fallow period, oat regrowth and weeds
were treated with glyphosate herbicide. Tillage
systems (CT and NT) were the main plot and
the subplots were the treatments based on the
following fertilizer rates: N,, N2, and N, with 11,
22, and 33 kg N ha' asurea, and P, P2/ and PS/ with
22, 44, and 66 kg P ha'as Triple Superphosphate,
respectively. A control plot with no fertilizer
application was also included.
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Plots under NT were treated with herbicide
to control weeds avoiding soil movement. All
plots were manually planted under the same
agronomic management throughout the growing
season. Experimental plots were sown with
common bean in the middle of the rainy season
and fertilizer rates were applied 21 days after
planting. The seed rate used was 90 kg ha' in
plots of 12 x 7 m (84 m?), spaced at 0.70 m between
planting rows and 0.30 m between planting sites.
Beans were harvested at maturity after 4 months
growing cycle. Soil sampling and analysis were
performed immediately after harvest.

For the second cycle, the large plots of NT and
CT were divided into two subplots. For each plot,
one subplot was sown with Corn (C) and the other
with Amaranth (A) using four fertilization rates
and three repetitions. So two rotation schemes
were established: the first was beans-corn-beans
and the second beans-amaranth-beans. The
results presented in this article correspond to the
first crop cycle.

Measurements. After harvest, bean grain were
classified, cleaned, and dried at 12% moisture.
The harvested grain were weighed and expressed
in kg ha'. Measured soil properties were as
follows: bulk density (Blake, 1976); water storage
capacity (Gardner, 1976), soil pH-H,O (Peech,
1979); total nitrogen (TN) (Bremner, 1979);
phosphorus (P) Olsen (Sims, 2000); potassium

(K), calcium (Ca) and magnesium (Mg) (Heald,
1979; Pratt, 1979). soil organic matter (SOM) was
calculated using the soil organic carbon (SOC)
procedure proposed by Allison (1979) using 1.892
as conversion factor.

Statistics. The factorial ANOVA analysis and
mean comparison (DMS 0.05 and post hoc
multiple range test of Tukey) were conducted
using Infostat (Di Rienzo et al, 2018). The
ANOVA was used for each of the proposed
sampling depths. Soil core samples were taken at
two sampling depths (0-5 and 5-20 cm).

RESULTS AND DISCUSSION

Effects of tillage systems and fertilizer rates on
bean yields

There were significant differences in grain
yield and 100-seed weight between CT and NT
at all fertilizer rates (Table 1). In fact, yield was
higher under NT than CT, suggesting that no soil
disturbance improves the general conditions for
crop growth. Previous studies on the effect of the
transition from CT to NT on yield indicate that
NT results in higher production or at least equal
to that of CT (Derpsch et al., 2010). These results
indicate that there is potential for the successful
production of dry beans using NT. There is no
information on the effect of tillage disturbance
on bean yields in the Highlands of Ecuador, but

Table 1. Grain yield of common beans (Phaseolus vulgaris L.) cultivated in a volcanic Mollisol under
two contrasting tillage systems at four different fertilizer rates.

Tillage system Fertilizer rates Yield 100-seed weight
(kg ha-1) (g
N,P, 2518.7 a 56.6 a
NT? N,P, 2464.5 ab 56.5 a
N,P, 2559.9 a 572 a
N,P, 2547.2 a 57.7 a
N,P, 2028.4 bc 50.1 ¢
CT N,P, 1524.5 d 51.2 bc
N,P, 1753.4 cd 52.1 bc
N,P, 1786.4 cd 52.7b
ANOVA
Tillage 31.27%** 84.74%**
Fertilization 0.74 1.97 ns
Tillage*Fertilization 0.49 ns 0.35ns

INT = No-tillage; CT = Conventional tillage

*p <0.05; **p <0.01; **p < 0.001.

Different letters in a column indicate statistical differences according to Tukey's multiple

range test at p <0.05.
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land degradation has been identified as one of
the problems in this area (Espinosa and Moreno,
2018). However, recent experiments have
reported that NT yields of different crops are
as high as, or higher than, those obtained under
CT (Alvarado et al., 2011; Quichimbo et al., 2012;
Gallager et al., 2017). The study conducted by
Alvarado et al. (2011) with open pollinated corn
for human consumption, which is common in the
Highlands of Ecuador, reported a grain yield of
5.2 tha' for NT and 4.3 for CT.

The higher yields obtained in the check plot
(N,P,) with NT and CT, could be due to the effect
of the experimental site conditions prior to our
experiment. Despite the actions taken to level
soil fertility, there might be some persistence
from different potato fertilization experiments
conducted for certain period of time.

Effects of tillage systems and fertilizer rates on
soil physical characteristics

Although the long-term effects of conservation
tillage on crop yield have been extensively
described (Derpsch et al., 2010), there is limited
information regarding tillage-induced changes
on soil properties in the first years of transition
from CT to NT. The use of both tillage systems
might result in soils having different soil physical
and chemical properties, since the soil matrix
undergoes less disturbance and such differences
can be greater with time under NT (Blanco
Canqui, 2012; Lal, 2015). However, changes in
soil physical properties are expected to develop
slowly after the initiation of NT (de Moraes et al.,
2015).

In this study, changes in bulk density and
water storage capacity were evaluated at two soil
layers, 0-5 and 5-20 cm from the soil surface. Data
analysis (Table 2) shows that the beneficial effects
of NT on these soil physical characteristics are
more noticeable in the 0-5 cm layer than in the
deeper layer. As plowing involves the breaking
of soil aggregates, changing soil structure and
promoting SOM losses by C mineralization due
to rootlets and fungal hyphae crushing, lower
densities are expected in undisturbed soils
(Blanco-Canqui et al., 2009; Wingeyer et al., 2015).
Bulk density is usually highly correlated with
clay content and tillage in the upper soil layer
(Bronick and Lal, 2005; Alvarez et al., 2009), and
NT helps to reduce soil compaction (Singh et
al., 2014). In our study (in a volcanic Mollisol),
the effect of tillage on bulk density showed no
statistical significance (1.34 and 1.39 g cm? for
NT and CT, respectively) at the 0-5 cm soil layer,
while the same trend was observed at the 5-20 cm
layer (Table 2). However, the literature contains
conflicting information regarding the effect of

NT on bulk density. Data collected by Li et al.
(2007) in a Cambisol from China, with a wheat
monoculture for 15 years, showed a higher bulk
density in NT plots during the first six years
probably due to tractor traffic. Furthermore, an
experiment conducted by Roldan et al. (2007) in
a high clay Vertisol from Mexico in a maize-bean
rotation recorded a higher bulk density under NT
compared with that obtained under CT at the end
of a four-year period. In addition, these authors
reported higher values of soil macroaggregates
in NT soils at 0-20 depth. In the present study,
the interaction of tillage and fertilizer rates on
bulk density was highly significant (p < 0.01) at
both sampling depths (Table 2). This suggests a
synergism of these two factors in the performance
of bulk density as an indirect effect of fertilizer
application on SOM accumulation promoted by
increased root biomass (Sainju et al., 2005).

Water storage capacity is of great importance in
soil fertility because it is useful to describe water
availability and usually predicts its incidence on
plantroot growth and crop production (Morison et
al., 2008). The increment of SOM promoted by NT
also increases soil macroaggregates, soil aeration
and the number of small channels that are filled
with water and dissolved nutrients, affecting
plant growth and soil root ability and workability
(Dexter, 2004). In the present study, water storage
capacity was higher under NT compared to CT
at both depths, particularly in the upper layer
(Table 2). The greater water storage capacity
observed in NT beans (20.01%) compared to that
in CT (15.57 %) can be explained by the protective
effect produced by plant residues on the soil
surface; such residue accumulation also prevents
soil exposure to sunlight and wind, promoting
a greater water storage capacity for the crop
(Vidal et al., 2002; Crovetto, 2006). The changes
in water storage capacity values for NT and CT
were not significant at the 5-20 cm soil layer, but
the interaction tillage and fertilizer rates were
highly significant (p < 0.01), suggesting again a
tight synergism between these two factors. When
comparing the effects of NT and CT on bulk
density and water storage capacity content, it is
observed that these two parameters are negatively
correlated, showing that plots with lower density
have higher gravimetric water content (- 0.04
ns). The data obtained also show that the NT
treatment with the highest N and P fertilization
(N,P,) presents a lower bulk density value (1.31
g cm”) and a higher water storage capacity (22.17
%) than the CT- N,P, treatment, with values of
1.41 g cm™® and 15.29%, respectively; however, no
statistical differences were observed. This trend
has been well documented in other research sites
(Khan et al., 2017; Tormena et al., 2017).
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Effects of tillage systems and fertilizer rates on
soil chemical characteristics

Changes in the main soil chemical
characteristics due to tillage and fertilizer rate
were more evident at 0-5 cm compared to 5-20
cm depth layer. Soil pH in the control plot was
significantly lower for NT compared to CT at
both depths; such differences were higher at
5-20 cm depth (Table 2). It has been reported that
pH tends to be lower in NT compared to CT,
probably due to plant detritus accumulation and
decomposition in the soil upper few centimeters,
which enhances microbial biomass activity,
increasing C and N mineralization, producing
phenolic organic acids and promoting changes
in soil chemical characteristics, including soil pH
(Balota et al., 2004; Rahman et al., 2008).

Soil management, particularly the application
of ammoniacal N fertilizers, can produce
acidification that can lead to negative soil
conditions for crop growth (Bloom and Skyllberg,
2012; Havlin et al., 2014). Initially the N content
of the original plant materials along with urea
hydrolysis cause a pH increase associated with the
formation of ammonium carbonate, but protons
are further released by nitrification processes,
producing a moderate soil acidification. It is
important to note that such changes in pH are
small and tend to modify the acidity towards
values close to neutrality due to MOS buffer
capacity. In this sense, a better pH buffering
condition is expected under NT due to higher
SOM content (Singh et al., 2014; Jat et al., 2019).
However, these changes usually require more
than one crop cycle to be evident (Diaz-Zorita
et al., 2004). The main effect of fertilizer rates on
soil pH was significant (p <0.05) at both sampling
depths, suggesting a trend of acidification with
increasing N fertilization.

As it was expected, at this point in the
experiment (first cycle), the effects of tillage and
fertilizer rate application on SOM and TN were
not statistically significant (Table 2), but small
differences were more noticeable in the upper soil
layer. The SOM build up is quantitatively more
evident only when consecutive cycles of NT and
crop rotation are applied (Blanco-Moure et al.,
2011; Basanta et al., 2012).

On the other hand, initial soil available P
at the beginning of this experiment was 140
mg kg', but values recorded after harvest
decreased to 124 and 93 mg P kg’ in the NT
and CT control plots, respectively, suggesting
that P use efficiency was higher under NT than
CT, based on the higher yields and lower soil P
consumption observed in the NT control plot.
The same behavior was observed with K. There
was no significant difference for the main effect

of tillage but differences in soil P promoted by the
fertilizer application were highly significant (p <
0.01) under both tillage systems, with a constant
P buildup in the 0-5 cm soil layer. However,
an important and significant decrease in P
concentration was observed at 5-20 cm soil layer
(p < 0.05). The lack of soil movement with the
consequent residue accumulation on the surface
of NT soils, as well as the low P mobility, promote
the stratification of plant nutrients, particularly
P, resulting in P accumulation in the 0-5 cm soil
layer, which gradually decreases with soil depth
(Lupwayi et al., 2006; Grove et al., 2007).

The differences in the main effect of tillage on
soil K and sum of cations (K, Ca and Mg) were
statistically significant (p < 0.05) in the 0-5 cm
soil layer suggesting again that there is a trend
of nutrient accumulation in NT plots (Table 2)
rather than in CT plots.

The lack of expected SOM accumulation in
NT over CT is probably due to the fact that the
crop initiating the rotation scheme is a legume
with a low C/N ratio, which favors residue
mineralization, thus delaying organic carbon
accumulation in the soil profile (Zotarelli et al.,
2012; Raphael et al., 2016).

The correlation for interdependency of
the principal components presented in Fig.
1 discriminates the effects of NT and CT and
suggests that there is a strong association
among total grain yield and weight of 100
grains is strongly associated with bulk density,
gravimetric water content, soil P and fertilizer
rates in the NT system. The data obtained
indicate that NT provides better soil conditions
for bean yields.

The clustering analysis of the data in Fig.
2 provides an insight over the impact of the
measured variables on bean yield. Clustering
collected the NT-N,P, 100 and NT-N,P, 150
treatments as one main group and CT-N,P, 100
and CT-N,P, 150 as a different group, suggesting
that NT soil conditions provide a better ambient
for yield response to fertilizer application.

This study complements biological results
recently obtained by Avila-Salem et al. (2020)
in the same soils and allows concluding that,
at this initial point in the transition from CT to
NT, common bean yields are higher for NT. This
represents an important technical argument for
promoting farmer adoption of this conservation
tillage system in the Highlands of Ecuador.

CONCLUSIONS
The yield of common bean, which was the

initial crop prior to long-term rotation schemes,
was significantly higher under no tillage (NT)
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Fig. 2. Analysis of non-hierarchical conglomerates of experimental units considering all response
variables studied for two tillage systems and nitrogen rates after the first cycle of beans of two
crop rotation schemes. CTF = conventional till N rate; NTF no till N rate.

compared to that obtained with conventional
tillage (CT). This suggest that NT allows for a
more adequate set of soil physical and chemical
characteristics, leading to better crop yields.
There was a significant difference in favor of NT
in the 0-5 cm soil layer in terms of water storage
capacity, pH, soil P and K. In spite of the lack of
significance for SOM and TN, the trend of higher
values for NT is evident, indicating that no soil
disturbance improves soil conditions for plant
growth even when no fertilizers are applied.
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