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hanges in vegetation and land use alter the biogeochemical cycles of soil C and N, as a result of 

agricultural practices that alter soil quality and function. Adopting sustainable agricultural 

practices improves soil health by increasing its capacity to store C in the long term. The objective of 

this study was to evaluate the content and stocks of C and N and the C:N ratio, under different land 

uses in an Andosol. Four composite soil samples were collected in a pine-oak forest, conventional 

avocado, organic avocado and organic macadamia soil uses at 0-20 and 20-40 cm soil depths (n=32).  

The total C content was determined by the Walkley and Black method (Woerner, 1989), the total N 

by the Kjeldahl method with the Velp Scientifica's UDK159 model equipment (Bremner and 

Mulvaney 1982). In order to detect significant differences, a two factor analysis of variance 

(ANOVA) was applied C (%), N (%), SOC (Mg ha-1), Nt (Mg ha-1) and C:N ratio variables. When 

applied, a Tukey comparison of means (p≤0.05) was performed. The results indicate that conventional 

avocado land use presented the highest C and N content at both soil depths (C: 9.22 and 7.32%, N: 

0.70 and 0.40%), while the C:N ratio was higher in the forest land use in the first depth (14.5) and 

higher in the organic avocado land use in the second soil depth (25.8). The stock of SOC varied from 

65.27 to 267.30 (Mg ha-1) and the Nitrogen from 4.61 to 14.61 (Mg ha-1). The C:N ratio showed 

significant variations between land uses, specifically in the first depth it ranged from 10.33 (O. 

Macadamia) to 14.51 (Forest), while in the second depth it varied from 13.09 (Conventional) to 25.83 

(O avocado). The pine-oak forest, organic avocado and organic macadamia systems, with the smallest 

reseivors, were statistically similar only in C content, while the conventional system, with the largest 

stocks, was differente in C and N content. The change in land use from forest to agricultural caused a 

significant effect on the carbon and nitrogen content and the stocks in the Andosol soil, which may be 

attributes to the different agricultural applied practices such as pruning, pesticides and fertilization 

used in the organic and conventional regimes, respectively.  

The C:N ratio indicates that mineralization rates decrease as depth increases because the quantity and 

quality of soil organic matter also decreases. Specifically, the conventional avocado practice 

compared to organic avocado and macadamia practices maximized crop yields. 
 

Keywords: avocado orchard, C:N ratio, conventional management, forest use, Persea americana, 

SOC, Uruapan. 

1. Introduction 

Soil Carbon (C) and Nitrogen (N), as responsible for 

vegetation growth,  are considered as indicators of 

soil quality and sustainable management (Gamarra 

et al., 2018). Di Gerónimo et al. (2018) point out 

that both elements in the soil can define soil 

structure, nutrient availability, water retention, and 

microbial activity. Specifically, C and N stocks are 

subject to environmental conditions, topographical 

conditions, management practices and the type of 

vegetation that defines the quality and quantity of 

organic matter deposited on the soil (Suárez et al., 

2015; Cantú & Luna 2022). In this sense, the amount 

of carbon stored in the first meter of soil depth 

double and triple that stored by the atmosphere and 

vegetation, respectively, being important for climate 

change mitigation.  On the other hand, the 

availability of N is the main limitation in many 

ecosystems (Cerón and Aristizábal, 2012). Batjes 
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(2014) estimated between 133 and 140 Pg in the 

same depth interval. 

In addition to the above, the relationship between 

soil C:N is a key indicator of soil quality, health and 

productivity: In particular, this indicator defines the 

rate of nitrogen mineralization for plants, where high 

values indicate that the decomposition of soil 

organic matter is slow (>14), since the available 

nitrogen is immobilized by microorganisms, so it 

cannot be assimilated by plants. On the other hand, 

ratios ranging from 10 to 14 reflect a rate of rapid 

mineralization that generates enough N for 

microorganisms and vegetation (Gamarra et al., 

2018).  

However, worldwide, changes in land use are 

considered as one of the main actions that alter the 

condition of the soil; for example, agriculture is one 

of the main activities that exert the greatest pressure 

on the soil due to the excessive use of chemicals, 

intensive tillage, use of heavy machinery, among 

others, which affect their management and 

productivity in the short-term (Cristóbal-Acevedo et 

al., 2019; Somoza and Vázquez, 2023;). The 

agriculture is commonly based on organic and 

conventional management practices that causes 

changes in soil physics, chemistry and biology 

propierties. Conventional practices can cause soil 

degradation, as a result of the accumulation of 

soluble salts, compaction, loss of soil structure, and 

nutritional deficit (Mogollón et al., 2014). 

Meanwhile, organic practices have a positive effect 

on soil properties, increasing the amount of carbon 

and organic matter in the soil, as well as nitrogen. 

They improve cation exchange capacity and 

electrical conductivity and decrease pH, although 

nutrient availability is reduced (Sihi et al., 2017). 

However, Timsina (2018) points out that chemical 

fertilization is strongly criticized because it is 

assumed that it does not allow the accumulation of 

MOS, but some evidence has shown that the 

appropriate dosage of inorganic fertilizers 

maximizes the capacity to accumulate MOS and 

increase microbial biomass growth (Akinnifesi et al., 

2010; Bijay-Singh, 2018). 

In Mexico, the production of avocado trrought the 

conventional management contribute with the 97% 

(2.4 million tons), while organic management 

contributes with the 3% (84,952 tons) (SIAP, 2022). 

Avocado (Persea americana Mill) is one of the most 

sought-after food products worldwide (Agri-Food 

and Fisheries Information Service [SIAP], 2022). 

This triggered the change and use of land for the 

establishment of this crop. In addition to the above, 

avocado production is strongly criticized for 

environmental problems, mainly deforestation and 

water use (Rindermann et al., 2021). However, this 

crop is considered the main economic activity of the 

state.  

Considering that agriculture is carried out through 

organic and conventional practices, the objectives of 

the present estudy were to determine the carbon and 

nitrogen stocks as well as the C:N ratio of an 

Andosol volcanic soil that has been subjected for 

more than 40 years to avocado production and was 

later compared with a forest area and to define the 

effect of land use change on these edaphic variables 

assuming that before being used for agricultural 

purposes they were representative forests of the 

region. 

The application of organic amendments and 

inorganic fertilizers can cause a differential response 

in the C, N, C:N ratio variables of soil in agricultural 

uses with respect to forestry. 

2. Materials and Methods 

2.1. Description of the study area  

The study was carried out in the Ejido “Toreo El 

Alto”, located east of the municipality of Uruapan, 

Michoacán, at an altitude of 1890 m at the 

coordinates 19° 28' 22.2'' N and 102° 00' 19.7'' W, 

presenting a humid temperate climate with rains in 

the summer (Cw) (García, 2004) and a temperature 

between 10 and 27 °C, with an average annual 

rainfall of 1500 mm. The predominant soil is 

Andosol of volcanic origin formed mainly of 

volcanic glass (Fig. 1). 

2.2. Land use systems  

Pine-Oak Forest (Forest): This system, considered 

as the control treatment, is the natural vegetation of 

the region without management, represented by a 

mixture of species of the genus Pinus and Quercus.  

Organic Management: Cultivation of Macadamia 

integrifolia Maiden & Betche (O. macadamia) and 

Persea americana Mill var. Hass (O. avocado) 40 

years old. Using livestock compost (N-P2O5-K2O 

[39-37-29] + S [18.4%] + Mg [13.6] + Ca [74%]) in 

doses of 50 Mg ha
-1

, applied for a period of three 

years.  

Conventional management (C. avocado): Persea 

americana Mill var. Hass, 60 years old, which has 

been managed under a conventional system, using 

inorganic fertilizers and pesticides. The chemical 

fertilizers used are copper sulfate pentahydrate 

(CuSO4·5H2O) 600 ml ha
-1

 as a preventive fungicide 

and bactericide and a foliar fertilizer CO(NH2)2, (20-

30-10) at a dose of 3 kg ha
-1

 every two months and a 

granular extended-release fertilizer (15-00-00 + 26.6 

[CaO] + 0.3 [B]). 
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Fig. 1. Location of the study area Ejido “Toreo El Alto”, Uruapan, Michoacan, Mexico. 

 

2.3. Soil sampling  

Based on the soil characteristics of Andosol that 

include a deep surface horizon and high organic 

matter contents, eight composite soil samples 

(combination of four individual subsamples, taken in 

the same land use, to obtain approximately 1 kg of 

soil) were collected at two depths (four of 0-20 cm 

and four of 20-40 cm) at each of the sites for a total 

of 32 samples (Luna et al., 2024). The samples were 

packaged and classified to be taken to the Soil 

Laboratory of the Faculty of Forestry Sciences, 

where they were air-dried and later sieved with a 2 

mm metal mesh and stored for later analysis. 

2.4. Carbon and Nitrogen soil contents  

The organic carbon content in the soil was 

determined through the Walkley and Black method 

modified by Woerner (1989) and the total nitrogen 

was determined by the Kjeldahl digestion method, 

using a Velp Scientifica model UDK159 distiller-

titrator equipment (Bremner and Mulvaney 1982). 

2.5. Carbon and nitrogen stocks 

To determine the stock of Carbon and Nitrogen, the 

following equations were used: 

𝑆𝑂𝐶 = (𝑀𝑔 ℎ𝑎−1) = 𝐶 (%) ∗ 𝐵𝑑 (𝑔 𝑐𝑚−3) ∗ 𝐷 (𝑐𝑚) 

𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛 = (𝑀𝑔 ℎ𝑎−1) = 𝑁 (%) ∗ 𝐵𝑑 (𝑔 𝑐𝑚−3) ∗ 𝐷 (𝑐𝑚) 

Where: C (%) and N (%) is the percentage of 

Carbon and Nitrogen in the soil, respectively. Bd is 

the bulk density (g cm
-3

) and D the depth of the 

sample (cm) (Cantú & Luna, 2022). 

2.6. Statistical analyses  

All variables were tested for normality and 

homogeneity of variance (n=32). In order to detect 

significant differences, a two-way variance analysis 

(ANOVA) was applied to the variables C (%), N 

(%) C:N ratio, COS y Nt were land use and soil 

depth were the factors. After of analysis of variance 

procedure a Tukey comparison test of means was 

performed (p≤0.05). The analysis were done with 

the SPSS statistical package (SPSS Inc., Chicago, 

IL) (International Business Machines [IBM, 2013]). 

Also, the relationship between C, N, C:N ratio, COS 

y Nt was analyzed using the Pearson correlation 

method con el software Rstudio (Rstudio Team, 

2015).  

3. Results  

3.1. C and N soil contents  

The analysis of variance showed highly significant 

differences (p≤0.01) in the content of C, N and the 
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C:N ratio, for the factor of land use and depth, as well as in their interaction (Table 1). 

Table 1. Two-way ANOVA for the C, N, C:N variables of an Andosol under different land use (FA) and 

soil depth (FB). 

Variables Units FA 

F (3,24) 

FB 

F (1,24) 

FA*FB 

F (3,24) 

Levene 

(P value) 

R
2
 

C % 33.406 75.530 5.082 0.368 0.81 

  (0.000) (0.000) (0.000)   

N % 18.963 140.642 3.054 0.857 0.92 

  (0.000) (0.000) (0.003)   

C:N  13.357 64.106 12.622 0.59 0.82 

  (0.000) (0.000) (0.005)   

The value of p (p≤0.05) is presented in parentheses, C=Carbon, N=Nitrogen, C:N=Carbon/Nitrogen ratio. 

 

In Tukey's test (p≤0.05) it can be identified that the 

C averages are statistically different between land 

uses: C. avocado showed the highest C content, 

while the O. macadamia, O. avocado and forest 

systems were similar for both soil depths (Table 2).  

The results of the present study suggest that the 

application of organic amendments did not cause a 

significant change in the contents of C and N in the 

soil with respect to the natural (forest) ecosystem, 

which may be attributed to a poor quality of the 

organic materials used for the preparation of the 

amendments.   

In general, N contents ranged from 0.47 to 0.70% 

and from 0.17 to 0.40%, for the first and second 

depths, respectively (Table 2). Of the land uses 

studied, C. avocado presented the highest values of 

N at both depths.  

On the other hand, a decrease in N could be 

observed as the depth of the soil increases for all 

areas.  

The C:N ratio showed significant variations between 

land uses, specifically in the first depth it ranged 

from 10.33 (O. Macadamia) to 14.51 (Forest), while 

in the second depth it varied from 13.09 

(Conventional) to 25.83 (O avocado) (Table 2).  

The values of the present study are in an average 

relationship of 12.2 and 18.1 for the first and second 

depths. This indicates that the rate of mineralization 

for Andosol with and without agricultural practices 

(organic and conventional) can be considered as 

moderately optimal. 

Table 2. Minimum (Min.), maximum (Max.), mean (n = 4) and standard deviation (SD) of the contents of 

C, N and C:N ratio in the plots under different land uses.  

Variable Soil management 

Depth (0-20 cm) Depth 20-40 (cm) 

Min Max Media SD Min Max Media SD 

C (%) 

Forest 6.00 8.38 7.55a 1.12 4.29 4.83 4.54a 0.22 

C. avocado 8.84 9.70 9.22b 0.38 6.66 7.68 7.32b 0.45 

O. avocado 4.68 6.23 5.25c 0.69 4.01 4.95 4.48a 0.66 

O. macadamia 6.74 7.75 7.12a 0.43 3.74 4.91 4.25a 0.60 

N (%) 

Forest 0.44 0.59 0.52a 0.06 0.26 0.35 0.30a 0.04 

C. avocado 0.65 0.78 0.70b 0.06 0.32 0.47 0.40a 0.06 

O. avocado 0.41 0.61 0.47a 0.09 0.15 0.19 0.17b 0.03 

O. macadamia 0.54 0.88 0.69b 0.17 0.32 0.33 0.32a 0.01 

C:N 

Forest 13.57 16.54 14.51a 1.37 13.76 16.26 14.88a 1.26 

C. avocado 11.96 13.74 13.09a 0.81 16.38 20.69 18.54b 1.80 

O. avocado 10.27 12.64 11.17b 1.05 25.44 26.23 25.83c 0.55 

O. macadamia 8.00 12.52 10.33b 2.00 11.40 15.13 13.07a 1.89 
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Table 3 shows the data on crop yields, indicating a 

significant increase in yields resulting from the 

application of conventional agricultural practices in 

comparison to those achieved through organic 

management.  

Table 3. Effect of organic management and convention on the yield of avocado and macadamia crops. 

Land use Management Density (Trees/ha
-1

) Yields (Mg ha
-1

)  Manipulation time (Years) 

Forest  N.A. 600 N.A.  N.A. 

C. avocado Conventional 100 15 60 

O. avocado  Organic  100 6.2 40 

O. macadamia Organic  100 3.2 40 

N.A. Not applicable 

 

3.2. Soil organic carbon and total nitrogen stocks 

The analysis of variance showed highly significant 

differences (p≤0.01) in the SOC and Nt stocks 

between land uses and depth, in their interaction, 

only SOC showed significant differences (p≥0.05), 

while Nt was statistically the same (Table 4).  

Table 4. Two-way ANOVA for SOC and Nitrogen stock in an Andosol under different land use (FA) and 

soil depth (FB). 

Variables Units 
FA 

F (3,24) 

FB 

F (1,24) 

FA*FB 

F (3,24) 

Levene 

(P value) 
R

2
 

SOC Mg ha
-1

 91.773 15.965 25.623 0.057 0.92 

  (0.000) (0.001) (0.000)   

Nt Mg ha
-1

 24.084 68.281 2.570 0.079 0.82 

  (0.000) (0.000) (0.078)   

Regarding the SOC and Nt reservoir, the use of 

conventional C. and O. avocado presented the 

highest and lowest values in both depth ranges 

(Table 5). Particularly, the Forestal and O. avocado 

uses presented a similar behavior at the two depths. 

In contrast, the organic management of macadamia 

where there is an increase compared to the 

aforementioned ones. The increase in the use of C. 

aguacate may be the result of adequate fertilization, 

which favored crop productivity. 

 

Table 5. Minimum (Min.), maximum (Max.), mean (n = 4) and standard deviation (SD) of the SOC and Nt 

stocks in the plots under different land uses.  

Variable Soil management 
Depth (0-20 cm) Depth 20-40 (cm) 

Min Max Media SD Min Max Media SD 

SOC (Mg ha
-1

) 

Forest 57.67 76.85 68.98a 8.12 108.02 119.86 116.08b 6.14 

C. avocado 163.78 186.95 173.50c 9.75 110.91 147.10 133.65b 16.77 

O. avocado 56.14 83.68 65.37a 12.65 23.02 64.52 42.81a 19.83 

O. macadamia 94.38 107.91 101.96b 6.18 28.28 60.73 45.358a 15.19 

Nt (Mg ha
-1

) 

Forest 4.25 5.06 4.75a 0.38 1.39 4.24 3.26a 1.39 

C. avocado 12.04 14.29 13.28b 1.15 5.36 8.88 7.30b 1.46 

O. avocado 4.44 8.15 5.95a 1.60 1.66 2.54 2.11a 0.36 

O. macadamia 7.54 13.25 10.28b 2.66 2.19 4.35 3.45a 0.95 

Means with different letters indicate the presence of significant differences according to Tukey's mean 

comparison test at P ≤ 0.05. 
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3.3. Cumulative SOC and nitrogen stock in the profile 0-40 cm 

The analysis of variance for carbon and nitrogen 

stocks in the analyzed profile (0-40 cm) showed 

significant differences between land uses (p≤0.01) in 

Andosol (Table 6).  
 

Table 6. One-way analysis of variance for the Carbon and Nitrogen reservoir in an Andosol. 

Variable Units F value Sig. 
Levene 

(P value) 

SOC Mg ha
-1

 65.124 0.000 0.438 

Nt Mg ha
-1

 31.541 0.000 0.055 

The SOC and Nt reservoir of Andosol were 

estimated in the 0-40 cm profile for each land use, 

adding the values for each depth. In particular, the 

C. avocado crop had the highest stocks for both SOC 

and Nt (Fig. 2). On average for the depth analyzed 

by land use, the organic carbon reservoir ranged 

from 108.18 to 307.16 Mg ha
-1

.  

 

Fig. 2. Comparison of means for SOC and nitrogen stock between land uses. Tukey (p≤0.05). 

The results of the present research showed that the 

avocado plantation with conventional management 

presented the highest N contents for both soil depths, 

trend may be influenced by fertilization and the type 

of crops, factors that alter the N cycle. 

Although agricultural use with conventional 

management showed a high reserve of SOC, it 

cannot be assumed that it is an ideal practice for 

climate change mitigation, since if its application is 

not carried out properly it can have an impact on 

other ecosystem services such as water quality, food, 

and human health, it cannot be pointed out as a 

practice of high environmental impact.  since there is 

no scientific evidence to show that chemical 

fertilizers, when applied in optimal doses, affect the 

structure and biology of the soil or reduce its water 

retention capacity, and highlight. 

Pearson's correlation analysis reveals a strong 

positive association between C and N, COS, and Nt, 

alongside a moderate correlation with the C ratio. 

Similarly, Nt exhibits a strong positive correlation 

with COS, N, and C, but no correlation with the C 

ratio. Conversely, the C ratio demonstrates only a 

moderate positive correlation with C, without 

showing significant associations with the other 

variables (Fig. 3). 

 

Fig. 3. Pearson correlation matrix for the variables C, N, C:N ratio, COS y Nt. Level of significance *** = 

p≤0.001; ** p≤0.01; * p≤0.05.  
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4. Discusion   

The amount of carbon stored depends on the soil 

cover from aboveground biomass in addition to the 

agricultural practices that are implemented, for 

example, the additions of chemical and organic 

fertilizers can significantly modify the biomass and 

therefore the contributions of organic material on the 

soil (Porwollik et al., 2022). However, the use of 

organic amendments did not have such an effect on 

soil C and N contents compared to forest land use. 

on the other hand, the observed increase in 

conventional use may be associated with the effects 

of nitrogen fertilizers which are essential for plant 

growth, in addition to increasing the biomass and 

vegetative growth of plants significantly, which over 

time become substantial amounts of organic residues 

and exudates on the soil (El-Naqma et al., 2023). 

Zhang et al. (2021)  point out that the amounts of N 

in the soil are usually very low, except in those cases 

in which it has been fertilized with nitrogen 

fertilizers, where the constant accumulation of N 

exceeds the heterotrophic mineralization rate of the 

soil, immobilizing it for a medium term, the above 

coincides with the results of the present study where 

the land use of C. avocado was the one that obtained 

the highest contents. high N with respect to forestry 

and organic uses (Córdova et al., 2020). 

Gaafar et al. (2021), suggest that the decrease in N is 

a function of depth and can decrease by up to 80%, 

because the surface layer is the most influenced by 

the additions of N from the organic waste that is 

Incorporate. This coincides with the results of the 

present study where there was a decrease in N 

contents as the depth of the soil increased in all the 

land uses analyzed.  

The C:N ratio showed little variation in the first 

depth, finding values of 10 to 15, while in the 

second depth the variations increased or finding 

values from 13 to 26, and according to Zajícová and 

Chuman (2019) mineralization rates decrease as 

depth increases because the quantity and quality of 

soil organic matter also decreases. 

According to Cantú & Luna et al. (2022) to define 

that the mineralization rate is optimal, the C:N ratio 

must correspond to an interval of 10 to 14. However, 

Batjes (1995) and Córdova et al. (202) determined 

that the rate of mineralization in Andosoles is higher 

compared to other soil types.  

The implementation of inorganic fertilizers had a 

significant effect on the yield of avocado crops, on 

the contrary the application of organic amendments 

in which a low productivity of the O. avocado 

agroecosystem is observed. This coincides with 

Oliveira et al. (2021) who point out that the addition 

of nitrogen fertilizers improves crop growth and 

yields, in addition to influencing the growth of 

microbial populations, soil structure, and nutrient 

cycloping (Cui et al., 2021). 

According to the results, the land use C. avocado 

presented the highest SOC and Nt reservoirs unlike 

the O. avocado with the lowest reservoirs as well as 

the forest land use that behaved similarly at both 

depths, this trend may be due to the quality of the 

organic matter of the forest and the quality of the 

organic amendment and the leaf litter of the crop 

(Lehmann et al., 2020). On the other hand, O. 

macadamia had an increase in its reservoirs , which 

suggests that the quality of organic matter is less 

recalcitrant (Ochoa et al., 2019). The increase in 

COS and Nt reservoirs in C. aguacate may be 

associated with the use of adequate fertilization, 

which in addition to favoring crop productivity is a 

secondary source of nitrogen supply for soil 

organisms; therefore, carbon compounds are 

available more immediately (Ruiz et al.,  2000), 

directly reflected in SOC reserves in soil (Reyes et 

al., 2019). 

The COS reservoirs ranged from 108.18 a 307.16 

Mg ha
-1 

a value that corresponds to a soil with high 

carbon storage capacity, considering that soils at the 

national level and in the state of Michoacán store an 

average of 56 and 63.4 Mg ha
−1

.  respectively 

(Segura et al., 2005). 

Regarding the N reserve, Cristóbal-Acevedo et al. 

(2011) mention that fertilizers generate a cumulative 

effect of N in the soil. In addition, they stimulate the 

growth of crops (biomass) from which a greater 

amount of residues accumulate due to pruning and 

leaf fall on the soil, increasing biological activity 

and therefore COS and Nt stocks (He et al., 2015). 

According to Baldotto et al. (2015), forest soils can 

have a significant carbon stock due to constant litter 

production. However, Prescott and Vesterdal (2021) 

point out that its mineralization rate is very slow due 

to the quality of the organic matter, which has very 

recalcitrant characteristics (resin, lignin and 

cellulose). Similarly, several authors point out that 

ecosystems with native vegetation fix a greater 

amount of N in the soil (Wang et al., 2016), 

however, the land use C. avocado presented the 

largest reserves of Nt. 

Timsina (2018) and Elbasiouny et al. (2019) point 

out that the use of inorganic fertilizers in the 

Americas is too low compared to other countries, 

however, the use of inorganic products has been 

strongly criticized for the long-term impacts it can 

generate on agroecosystems, despite the fact that 

conventional C. presented the largest reserves of 

SOC, It cannot be proposed as a model management, 

since its impact depends on the dosage of fertilizers. 

There are other alternatives such as the combination 
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of organic and inorganic materials in different 

proportions that could result in a greater 

accumulation of MOS and therefore improve the 

reservoirs of COS and Nt in the cultivated soil 

(Bijay-Singh, 2018) 

The correlations revealed a strong and positive 

association between all variables (C, N, COS, and 

Nt) with the exception of the C:N elation, which 

according to Forero et al. (2021), the low correlation 

between the content of C and N and the C:N ratio is 

influenced by other nutrients (Na, S, NO3, NH4, pH, 

Mg, Fe, Cu, Zn and B) that have a positive impact 

on the concentrations of Nt and SOC, highlighting 

their role as a source and store of these elements. 

 

5. Conclusions  

The change of land use from forest to agricultural 

caused a significant effect on the content and stocks 

of SOC and Nt in the Andosol type soil, which may 

be related to the different agricultural practices used 

by both organic and conventional regimes (pruning, 

pesticides, fertilization, among others).  

Conventional practices maximized crop yields, 

compared to organic uses (O. avocado and O. 

macadamia), due to the implementation of inorganic 

fertilizers and the immediate availability of 

nutrients, maintaining soil health. 

In general, despite the implementation of organic 

and conventional practices, Andosol has a high SOC 

reservoir capacity. Likewise, the C/N ratio can be 

considered as optimal in the different land uses.  

The evaluation of carbon and nitrogen contents in 

the Andosol can establish diagnostic criteria to 

evaluate the impacts due to the change of land use 

from forest plantations to avocado and macadamia 

plantations, organic or conventional crop 

management, as well as pine-oak vegetation. 

List of abbreviations: 

C %: Carbon content 

SOC: Soil Organic Carbon 

N % Nitrogen content 

Nt: Nitrogen 

C:N: Ratio Carbon and nitrogen 

CuSO4·5H2O: Copper sulfate pentahydrate 

CO(NH2)2: Urea 

CaO: Calcium oxide 

B: Boron 
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