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Abstract:

Background:

An experiment was conducted to evaluate the effect of redesign and management upon soil quality variation using three agro-
ecosystems: agro-ecosystem Al (grasses, Alnus acuminata Kunth); agro-ecosystem A2 (grasses, Acacia melanoxylon R. Br.) and
agro-ecosystem A3 (Rangeland).

Methods:

The trees were planted along the contour lines in December 2015. The total area was divided into three agro-ecosystems (AES).
These consisted of 7.50, 4.64 and 6.25 ha managed with ten to eleven cows in A1, A2 and A3 respectively. The AES were divided
into paddocks by means of electric fences. Composite soil samples were evaluated at the baseline and ten months later. Principles of
rational grass management were applied with low input sustainable agriculture. The tree population density was 1000 ha', planted in
double rows, separated two meters apart. The genetic composition of dairy cows was 80 and 20% of Holstein and crossbreed
Holstein x Jersey, respectively.

Results:

The effect of interaction between AES x year was not found. The effect of the agro-ecosystems upon the soil quality only showed
significant differences (p <0.05) in pH (5.64, 5.68, 5.55); SOM (14.65, 16.11, 16.23); P,0O; (34.67, 19.50, 33.48) and K,O (.16, .19,
.12) meq 100 mL™ to Al, A2 y A3, respectively. On the contrary, the year’s effect showed differences (p <0.05) on chemical
variables: NH, (-83.00 ppm); SOM (-1.91%); P,O; (-10.79 ppm); K,O (-.04) meq 100 mL" and Mg (-.42) meq 100 mL", excepted pH
(.025) and Ca (1.04) meq 100 mL" when it was compared 2015 vs. 2016. It is suggested to continue evaluating the dynamics of soil
chemical variables in the subsequent two years to find out the real potential capacity of soil-plant-animal-management interactions to
enhance soil quality of Andosols in dairy sector, Carchi province, Ecuador.
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1. INTRODUCTION

A considerable amount of literature has demonstrated positive impact of agroforestry systems to enhance the AES
resources. Nevertheless, these systems have declined in Europe in the last century, while those that maintain traditional
systems are being replaced by modern agroforestry practices [1, 2].

The combination of trees and crops leads to a better resources management of the agro-ecosystems, such as solar
radiation and water. However, neutral and negative interactions were reported in those AES [3]. The European Union
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provided an opportunity for national and regional governments to provide financial support for the establishment of new
agroforestry systems [4]. Moreover, it was discussed in the current study an innovative proposal to ameliorate the
environmental degradation, enhance soil fertility and protect water resources in Carchi province, Ecuador [5].

Assessment of land degradation in Sub-Saharan Africa was evaluated by the impact of population density on
different land use systems with different soil quality, affecting the sustainability and food security in African soils due
to intensification processes. Some agro-ecological technologies were discussed about soil fertility management in which
woody leguminous trees were used in conservation agriculture [6].

Previous studies have pointed out the effects of trees on physical and chemical soil properties, focusing on
agricultural systems in Amazonia, while this review was addressed to show the effects of trees on soil physical and
chemical properties in tropical, subtropical, and temperate regions, covering both natural ecosystems and agro-
ecosystems [7].

There are multiple benefits of the Silvopastoral Systems (SPS) in the region of Latin America by combining
different arrangements with improved pastures and trees for the high tropical conditions [8]. The main advantage is the
significant improvement of soils and their effects on the sustainability of systems containing trees [9]. Moreover, SPS
are part of traditional farming systems throughout Latin America and the Caribbean, these lead to multiple benefits that
contribute to the sustainability of production systems on the basis of the synergistic interactions in crop-livestock
integration [10].

The variation of some chemical indicators in different land uses and management in Colombia, indicated the highest
values of Soil Organic Matter (SOM) in the agro-ecosystem Alder (4lnus acuminata Kunth) - Acacia (Acacia
melanoxylon R. Br.) and suggested that this variable is more sensitive to detect the effect of soil management. Thus,
Alder is a fixing nitrogen tree through the Actinomycetes which colonizes its roots [11]. Similar benefits have Acacia
but, its nitrogen fixation is through the bacteria of the genus Rhizobium [12]. An active area of research must be applied
as a precondition to adopt any specific form of agroforestry understanding barriers of adoption and developing
strategies to overcome these barriers [13].

Most studies in SPS have only been carried out in a small number of areas. Besides, there have been no controlled
studies which compare differences in soil quality through the time using a rational grass management with an integrated
approach in the province of Carchi. Ecuador. Therefore, the aim of this study was to evaluate the effect of redesign and
management of SPS systems upon soil quality.

2. MATERIALS AND METHODS

2.1. Location

The study was conducted in the parish “El Carmelo”, Canton Tulcan, Carchi, Ecuador. It is located in the
hydrographic area 230, between 0° 41' and 3” N and 77° 36' and 42' W, altitude 2955 m.a.s.1 [14]. The soil is classified
as Andosols, which is distinguished by a high content of Fe and Al, melanic horizon andic properties, highly humified
organic matter, lower ratio of fulvic/humic acids, blackish [15]. The precipitation and temperature (Fig. 1) during 2016
were recorded [16].
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Fig. (1). Precipitation and temperature.
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2.2. Silvopastoral Systems

The experimental design was a completely randomized design with three AES. Two silvopastoral arrangements
were used and a control experiment composed only with grasses. The predominant grasses in all AES were: Kikuyo
(Pennisetum clandestinum L.), Ray grass (Lolium perenne L.), Holco (Holcus lanatus L.) and White clover (Trifolium
repens L.). The AES consisted of: Al (grasses and trees of Alder, Alnus acuminata Kunth); A2 (Grasses and acacia
trees, Acacia melanoxylon) and A3 (Rangeland).

The trees were planted in December 2015. Double electric fences were established both to make paddocks and
protect the young trees from animal damages. The rotation of ten to eleven cows and staying periods in the paddocks
were recorded in each AES. The genetic composition of dairy cows was 80 and 20% of Holstein and crossbreed
Holstein x Jersey, respectively. Rational grass management in paddocks of 1000 m’ was used. Fencing took into
account the contour lines. The tree population density was 1000 ha”, planted in double rows, separated two meters
apart, in Al and A2. The area was divided into 7.50, 4.64 and 6.25 ha in A1, A2, and A3 respectively.

2.3. Soil Sampling Process and Testing

Field area to sample was geo-referenced with a global positioning system and sampled in the same location in
subsequent years, before planting the trees, 2015 (22-11-2015) and 10 months later, 2016 (22-09-2016). An aerial
photograph of the AES was shown (Fig. 2). The sampling layout was of six parallel transects. In every AES, six
composite samples were collected, each sample contained 20 subsamples, taken across the slope [17], separated two
meters apart from the tree rows, 20 cm depth. The soil samples were analyzed in the laboratories of the National
Institute for Agricultural Research and in the laboratory of soil and water management belonging to “Santa Catalina”
Experimental Station both in Ecuador. The chemical variables were determined by the following procedures: soil test
pH (water, 1: 2.5); NH,, P,O,, K,O, Ca and Mg [18], and soil organic matter [19].
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Fig. (2). Aerial photograph of the agro-ecosystems.

2.4. Statistical Analysis

ANOVA tests were used to analyze treatment data, using the following mathematical model, with p value of 0.05.
Yijk =p+S,+ Pj + (S, P)ij+ €k

Where: Y, observation corresponding to the chemical variable k in the agro-ecosystem i and year j; u: general mean
of the population; Si: effect of the i-ésimo agro-ecosystem; P;: effect of the j-ésimo year; (S, P);: effect due to the
interaction of the i-ésimo agro-ecosystem with the j-ésimo year and «¢,: experimental error. The fixed effects were the
agro-ecosystem and year using the chemical variables as dependent variables. The effect of interaction between AES x
year was not found, then both AES and year as separated effects were analyzed. A paired-samples T- Test was used to

analyze the year’s effect [20].
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3. RESULTS

3.1. Soil pH

There were no significant differences (p <0.05) between Al and A2, these AES showed differences with A3 (Table
1). On the contrary, the year’s effect did not show any difference (Table 2). The pH was classified as moderately acidic
in A3, although in Al and A2, pH was classified as slightly acidic. In general sense, the pH was higher in SPS

compared to rangeland and the year’s effect was not strong enough to produce any significant changes in pH.

Table 1. Effect of the agro-ecosystems on the soil quality.

AES(pH (H,0)|NH, ppm|SOM, % (P,O,, ppm K,0, meq 100 mL" Ca, meq 100 mL" Mg, meq 100 mL"
Al | 5.637° | 121.583 | 14.650° | 34.667° 164" 6.658 737
A2 | 5682 | 114417 | 16.108" | 19.500 .194° 7.708 .700
A3 | 5.556" | 116.000 | 16.227" | 33.483" 123° 6.967 617
SE+| .041 4.494 541 3.332 .017 542 .053
Sig.| .016 261 011 .000 .001 156 .089

n= 12, p < .05, means with different superscript in the columns showed differences [38], AES: Agro-ecosystems, Al: grasses and Alnus acuminata

Kunth; A2: Grasses and Acacia melanoxylon A3: Rangeland

Table 2. Effect of the year on the soil quality.

Year |pH (H,O)|NH, ppm(SOM, %|P,O;, ppm K0, meq 100 mL" Ca, meq 100 mL" Mg, meq 100 mL"
2015| 5.637 75.833 | 14.706 | 23.822 0.140 7.633 0.473
2016| 5.612 158.833 [ 16.618 | 34.611 0.181 6.589 0.896
Mean| 0.025 -83.000 | -1.912 | -10.789 -0.041 1.044 -0.422
SE+| 0.038 3.676 0.346 2.900 0.014 0.394 0.042
Sig. 519 .000 .000 .002 .010 .017 .000
n= 18, p <.05, Paired - Samples T-Test, IBM SPSS [20]
3.2. Soil NH,

There were no significant differences of (p <0.05) NH, - N among AES (Table 1), nevertheless it was found a
difference (Table 2) between years (-83.00 ppm). In the first and second years, ammonia nitrogen ranged from: 75.83 to
158.83 ppm, which was classified above the optimum range value [17]. The high levels of NH, - N in SPS and
rangeland are noteworthy.

3.3. Soil Organic Matter

Differences were not observed (p <0.05) between A2 and A3 (Table 1) whereas SOM had the lowest value in Al.
Also, there was a difference (p <0.05) in SOM between years which represents an increment of 13.06% (Table 2).
These findings explained that the elapsed time slightly changed the SOM but the AES’s effect could be explained not
only as an increment of the SOM but also as its rate of production and biodegradation. All values of the SOM were
classified as high [21].

3.4. Soil Phosphate

Significant differences of (p <0.05) P,O, among the AES were noticed (Table 1). A2 had the lowest value while A1l
and A3 had the highest values of P,O; but, without differences between them. The mean difference in P,O, (-10.79
ppm) was shown throughout the time (p <0.05) with 45.29% of increment (Table 2). The differential impact between
Al and A2 could suggest an efficient mechanism to mobilize P to support the phosphorous demand on grassland
production, but more time and evidence are needed to explain the differences in available phosphorous in A3 vs. A2.
Generally, available P was classified as medium to high values [18] in all AES and years.

3.5. Soil Potassium

There were significant differences among AES (p <0.05), A1 and A2 had the highest values but they did not show
any difference, while A3 had the lowest concentration of K,O differing with all treatments (Table 1). The year’s effect
(Table 2) had a difference in the evaluated years (P <0.05). All values are ranged between deficient and critical values
[18].
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3.6. Soil Calcium

No differences were found (Table 1) in the response variable (p <0.05) considering the agro-ecosystem’s effect. The
year’s effect did not show (p <0.05) a significant difference (Table 2). Independently of the lack of response in the
variation of Ca, this one is situated in the optimum range (4-20 meq 100 mL") [22]. All raw data in each sampling
ranged from 5.96 - 8.40 meq 100 mL".

3.7. Soil Magnesium

There were no significant differences among A1, A2 and A3 (p <0.05) (Table 1). The variation of Mg content was
significant between the analyzed years (Table 2). All raw data were below the optimum range in all AES and years. It
was noticeable that Mg content was considerably low, ranging from (0.37-0.91). The optimum values are comprised
from 1-10 meq 100 mL™" [18].

Based on our preliminary findings, the agro-ecosystem’s and the year’s effects did not show interactions. The
impact on the response variables were demonstrated as separated effects in which both AES and years impacted the
majority of chemical variables. It suggests to continue the evaluation of the dynamics of soil quality throughout the
time. Thus, further data collection (at least, three years of evaluation) is required to draw a consistent recommendation
of the current study.

4. DISCUSSION

The preliminary findings of the current study are consistent with those obtained in degraded soils in Colombia. It
was demonstrated the impact of soil improvement in 13-year-old multistrata SPS on soil quality parameters. The
authors stated that the effects found were associated with the tree species involved rather than the SPS arrangement [9].
On the other hand, in Amazon basin similar benefits were obtained in degraded soils using SPS [23]. The current study
did not show the effect of interactions between AES and years. The analysis of AES’s effect indicated significant
differences (p <0.05) to pH, SOM, P,O; and K,O. The missing effects of interactions could be explained due to in the
first three years, the fast growing trees removed part of the soil nutrient reserves and did not produce enough litter.
However, once the canopy was closed (4-5 years) the trees can act as self-nourishing system via litter production and
decay [24]. The historical route of N fertilizer applied to the soil ranged from 200-250 kg ha™ year ', O. Benavides in
personal interview with the main author of the current study “personal communication” [25] but the residual N from
historical fertilizer applications did not affect the current results because they occurred more than five years ago. Other
important findings were that Mg and K,O were below their critical value INIAP [22]. These cations among others are
associated with cation exchange capacity in soils, however it must be taken into account that as soils become more
acidic these cations are replaced by H and Al [26]. This is particularly important in Andosols containing a high amount
of Al [15]. The toxicity of Al occurs when pH is less than 5.5 [26] and this value is the borderline between acidic and
slightly acidic soils. Therefore, further evaluation should be accomplished throughout the time to evaluate the pH which
was one the most limiting factors in the present study. Nevertheless, the pH in SPS was higher than rangeland on the
current study which demonstrated the beginning of the positive impact of design and management.

One of the most interesting findings was the bioavailability of P, whose values significantly increased (p <0.05)
from medium to high in no less than one year of running the measurements in the soil (Table 2). These results could be
explained by the ability of A. acuminata to colonize the roots with ecto-mycorrhizal and arbuscular mycorrhizal fungi
which had an impact on some soil parameters such as pH, water holding capacity, available phosphorus, organic matter
and total nitrogen [27]. Besides, a great variation of richness and composition in ecto-mycorrhizal associated with 4.
acuminata, depended on their geographical location [28]. On the other hand, the study on nutrient and mass litter in the
top soil of ten tropical tree species suggested that the soil P associated with trees was on average twice that of the
grasses [29]. These results were consistent with high levels of litter production in the SPS in which the P return through
the litter was 1-3 kg ha 'yr ', while in grasses, it was only 0.2-0.8 kg ha 'yr ' [20]. An implication of this study is the
possibility of using agroforestry as an agro-ecological technology to enhance soils quality instead of applying chemical
fertilizers.

It was remarkable, that the SOM in the soil samples collected (11.90 - 18.00 to 14.60-18.80%) had very high values,
from the baseline to subsequent soil samplings, respectively. The lowest value of SOM in the present study was more
than twice higher than the one considered as high [30]. These values are normally found in Andosols [15]. The most
likely cause of higher SOM in our study could be the amount of aluminum that protects the complex aluminum-humic
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against biodegradation. This leads to the accumulation of SOM in the soil [31]. Moreover, under plentiful vegetation a
large amount of humus accumulates in the A horizon, forming the Al-humus complex in Andosols [32]. The
characterization of soil and climatic conditions with the accumulation of SOM, precipitation, temperature and pH
ranging 800-1000 mm, 10-12°C and pH, 5.5 - 6.5 respectively, were described [12] and were similar to our research
scenario. These conditions affected NH,-N concentrations at the time of sampling but did not reflect further conditions.
Ammonium-nitrogen does not usually accumulate in the soil when soil temperature and moisture conditions are suitable
for plant growth what facilitates the conversion of NH,-N to NO,;-N [33]. Therefore, soil concentrations of NO,-N and
NH,-N should be taken as a diagnostic tool or to identify trends through the time. Contrary to the expectations, a high
concentration of ammonia-nitrogen will not likely increase yield because of much of that concentration is tied up in
SOM and is not readily available to plants [26]. Nitrogen has to be in a mineralized form (nitrate or ammonia), it can be
leached down the soil profile affecting the aquifers when availability exceeds plant nutrients demands [34]. These
authors measured the impact of nitrogen fertilization on soil and aquifers in humid Pampa Argentina, in soils with 4%
of SOM and pointed out that a very significant impact on soil of three chemical N forms (nitrate, ammonium and urea)
had a strong negative effect on abundance of N,-fixing organisms. In contrast, the current study is working with another
paradigm which changes chemical fertilizers for ecological technology, which could be encouraged by N, fixation
depending on actinomycetes, colonizing A. acuminata roots and genus Rhizobium, in A. melanoxylon [11]. In this sense,
leguminous trees could also transfer fixed N, to associated grass via common mycorrhizal networks [35]. Moreover, as
a consequence of the increase of the bacteria, fungi, actinomycetes and earthworms on Inceptisoil, better soil quality
dynamics was achieved using L. leucocephala [30]. There was some evidence that nitrate dynamics is related to
important changes in microbial activity due to: the presence of organic N (increase in ammonifiers) and the feed-back
effect of soil nitrate (decrease of nitrifiers) [36]. The present study was limited by the elapsed time, because of soil
quality dynamics must be measured during subsequent years and must be supported by soil health evidence which was
observed in this scenario (unpublished data). The litter of trees, pastures, dung and urine excreted by the cows in
subsequent rotations per paddocks could have increased the ammonium and nitrate in the soil [30].

The findings of this study suggest measuring the dynamics of macronutrients among soil-plant-animal to balance
the recycling of nutrients like N P, K. It could be used a software to calculate the total inputs and outputs to determine
the balance of those nutrients at dairy farm level [30, 37].

In general sense, the current study has important practical implications to the sustainable dairy sector, applying the
agro-ecological principles of sustainable soil management to enhance soil quality in the Andean soils AES.

CONCLUSION

This study has encouraged to continue the assessment of soil quality dynamics in subsequent periods of time and
years in each agro-ecosystem to demonstrate with scientific evidence the potential of agro-ecosystems’ resources when
a rational grass management and a good design are managed with an integrated approach. Therefore, it is recommended
to continue evaluating the soil quality to support and promote SPS in this region.
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