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Abstract

Research on grapevines has indicated that organic amendment application (OAA) increases 
the nutrient content of soil and plant tissue. Microbial functional groups are extensively used as 
soil fertility indicators because they are highly sensitive to changes in climatic and management 
conditions and they accurately represent entire biological processes. The goal of the present 
study was to evaluate the interactive effects of OAA on microbiological and chemical properties 
of soil and plants of a vineyard in Mendoza, Argentina. The following factors were evaluated: 
type of organic amendment (compost or vermi compost), application mode (surface or 
buried) and frequency of application (one or two applications). The field experiment was 
carried out using a factorial randomized complete block design. The following soil parameters 
were analyzed before and after OAA: microbial abundance related to the carbon and nitrogen 
cycle, total microbial activity, salinity and fertility. Yield, pruning weight, trunk diameter and 
nutritional variables of the vine were determined at the end of the assay. The results showed 
that microorganisms were not affected by the type of amendment, the application method 
or frequency. After OAA, the total abundance of microorganisms was similar, and soil salinity 
was not affected. Phosphorus depended on the strategy or combinations. Total phosphorus in 
petioles was higher after one or two buried applications (0.43% and 0.39%, respectively). In 
conclusion, OAA to irrigated soil of arid areas in Mendoza, Argentina, could be considered a 
promising supplementary treatment to increase the nutrient content in soil and vine.
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Resumen

La aplicación de abonos orgánicos (AAO) en viñedos es una práctica frecuente para 
aumentar el contenido de nutrientes del suelo y planta. Los grupos funcionales micro-
bianos se utilizan ampliamente como indicadores de fertilidad del suelo porque son 
altamente sensibles a las condiciones climáticas y culturales, y son los responsables de 
los procesos biológicos. El objetivo de este estudio fue evaluar si estas premisas son 
válidas en las condiciones de la experiencia en un viñedo de Mendoza (Argentina). Los 
abonos empleados fueron compost y vermicompost con dos tipos de aplicación (super-
ficial y enterrado) y frecuencia de aplicación (una y dos aplicaciones). Los indicadores 
medidos en suelo fueron: abundancia microbiana relacionada con el ciclo del carbono 
y nitrógeno; actividad microbiana total; variables de salinidad y fertilidad. En el cultivo 
se midió rendimiento, peso de poda, diámetro del tronco y contenido de nutrientes. 
El diseño experimental fue factorial de bloques completos al azar. La abundancia y 
actividad microbiana no se vieron afectadas por el tipo de abono, el modo o la frecuencia 
de aplicación. La salinidad del suelo no fue afectada por AAO. El fósforo en el suelo, 
respondió a las diferentes estrategias combinadas de aplicación. El fósforo total en 
los pecíolos fue mayor después de una o dos aplicaciones enterradas (0,43% y 0,39%, 
respectivamente). Los resultados indican la estabilidad de la actividad y abundancia 
microbiana en relación con la aplicación de los abonos en un suelo con coberturas 
vegetales. La aplicación de OAA demostró efectos beneficiosos sobre los indicadores 
nutritivos del cultivo y sobre la economía de los recursos. 

Palabras claves
compost • vermi compost • microorganismos • vid • abonos orgánicos

Introduction

Organic amendment applications (OAA) 
as a sustainable vineyard management aim 
to preserve soil fertility and non-renewable 
resources, as well as optimization of 
land use. Organic amendments used in 
agriculture are manure, compost and 
vermi compost. The latter two products 
are stable and obtained through a 
composting process. Addition of compost 
or vermi compost to soil increases organic 
matter (OM) and nutrient concentration 
(5, 7, 8, 10, 11, 27). Studies in grapevines 
have indicated that OAA increase the 
nutrient content of soil and plant (21, 
22). The effect of this agronomic practice 
respect chemical and microbiology aspect 
of the soils, depends on the crop, type 

of amendment, dose, application and 
frequency. Microbial functional groups 
(MFG) are extensively used as soil fertility 
indicators because they are highly sensitive 
to changes in climatic and management 
conditions, and they accurately represent 
entire biological processes. For example, 
dynamics of nitrogen availability can 
be precisely determined by measuring 
abundance of nitrifiers and nitrogen-
fixing microorganisms.

In contrast, ammonifiers do not 
unanimously respond to changes 
produced in soil because their population 
is very heterogeneous (1). 

Despite the low OM of soils in 
Mendoza, Argentina, there is limited 
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information about the effects of OAA on 
soil properties and grapevine growth and 
yield. Composting and vermicomposting 
could be a viable recycling strategy 
for agricultural and industrial organic 
residues. As regards vermicomposting, 
earthworm activity results in stabilized 
OM that differs from the initial substrate.

The end product has a fine particulate 
structure, a high nutritional value and a 
great diversity of microorganisms (6, 26). 
A local study with vermi compost and 
compost of the same original material did 
not demonstrate any difference in nutrition 
or microorganism abundance (2). Appli-
cation of organic amendments is usually in 
holes or furrows near the plant roots (9). 
Phosphorus is a nutrient required by the 
plant, but in calcareous soils it is rapidly 
transformed into compounds unavailable 
for the plant (12, 16).

However, Martínez and Nazrala (1968), 
concluded that surface application of this 
element was optimal for soil fertility. 
Other studies have demonstrated positive 
effects of compost mulch applications on 
soil fertility and vineyard quality (21).

Morlat (2008), assayed the response 
of vineyard nutrients after several 
years of OOA to determine an effect of 
consecutive applications. 

The goal of the current study was 
to assess the effect of different organic 
amendments on the microbiological and 
chemical properties of soil and plants of a 
vineyard in Mendoza, Argentina.

The type of amendment (compost vs. 
vermicompost), application technique 
(surface vs. buried application) and appli-
cation frequency (one vs. two applications) 
were assayed for their effect on chemical 
and microbiological characteristics of the 
soil and on grape plant growth and yield. 

Materials and Methods

Experimental site and soil characteristics
The study was carried out in a vineyard 

located in Mendoza, Argentina (32°35' S 
and 68°31' W) during two consecutive 
growing seasons. The average annual 
precipitation of the experimental site is 
245 mm and the average temperature 
in January is 28.9°C. The vineyard was 
planted with cv. Sauvignon Blanc in 1986 
using a typical planting density of 2.5 m 
between plants and rows, which have 
a north-south orientation. Plants were 
guided by a horizontal canopy training 
system ("parral") and single Guyot pruned 
with 30 buds per plant. Vines were 
surface-irrigated and the inter-row areas 
were planted with cover crops: Avena 
sativa, Hordeum vulgare and Vicia sativa. 

The cover crops were sown in winter 
and they were cut at the end of the season. 
In summer, growth of spontaneous 
vegetation covered the inter-rows. Soil was 
classified as Typic Torrifluvents with a silt 
loam texture, mixed, calcareous, thermal 
and it belongs to the Las Compuertas serie 
(24, 25).

Experimental design and treatments
The field experiment was carried 

out using a randomized complete block 
design with three factors and four repli-
cates. Blocks were oriented so that the 
energy gradient was perpendicular to 
the irrigation factor. Homogeneity of the 
plants was measured through the trunk 
diameter. The following factors were 
applied:

- Type of organic amendment: compost 
(C) and vermi compost (V). 

- Application mode: surface (S) and 
buried (B).

- Frequency of application: one and 
two applications.
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Treatments resulted from combina-
tions of the three factors. Each experi-
mental plot corresponded to fifteen 
adjacent plants distributed throughout 
three consecutive rows. All measurements 
were performed on the five central vines. 
In addition, four control plots were left 
without OAA.

The piles were formed with chicken 
manure and poplar sawdust to standardize 
the C/N ratio to 30.

The piles were 1.50 m high and 30 m 
long. Temperature and humidity of the 
piles were maintained at 50°C and 50%, 
respectively, trough regular aeration and 
irrigation. After 60 days, the piles were 
divided into two, each one, 20 m long, 1 m 
wide and 0.35 m high.

One half was left to continue with the 
same maturation process (composting) 
and the other half was placed in vermi-
composting beds for maturation. Vermi-
composting beds were inoculated 
with approximately 30,000 worms m-2 
(Eisenia foetida) and irrigated to maintain 
humidity at approximately 80%.

Composting beds were harvested after 
120 days and vermicomposting beds after 
180 days, respectively. Both products 
were sieved (2mm) and packed until 
application (table 1, page 21) (2).

Two application methods were assayed:
1- In buried, OAA was placed in a 20 cm 
deep furrow which was then covered with 
soil. Soil was furrowed and spread by a 
tractor equipped with a grading grid.
2- In surface, OAA was also placed in a 
furrow, but in this case it was manually 
covered with dry cover crop residues. The 
application rate in both cases waslow: 
8 Mgha-1.

The applications were performed one 
per year, for two consecutive years.

Soil sampling
Soil of each experimental plot was 

sampled once prior to each OAA (one 
per year, for two consecutive years). Soil 
samples (500 g) were collected from 
the top layer (0-20 cm) of each plot. 
Field-moist samples were immediately 
transported to the laboratory, dried for 
24 h and subsequently passed through a 
2 mm sieve. Subsamples of each plot were 
stored at 5°C for microbiological, physico-
chemical and chemical analyses.

Chemical soil analysis
The pH of the soil was determined in 

saturated soil paste and the electrical 
conductivity (EC) in saturated extract 
(22). Oxidizable organic carbon (OOC) 
was determined according to the Walkley-
Black method. Total nitrogen (TN) was 
measured using the Kjeldahl method. 
Available phosphorus (P) was extracted 
from water through bubbling with carbon 
dioxide and quantified colorimetrically 
using ascorbic acid supplemented with 
molybdate. Exchangeable potassium 
(K) was extracted with 1 M ammonium 
acetate, pH 7. All methods have been 
previously described by Page et al. (1982).

Microbiological soil analysis
Abundance of nitrifiers, ammoni-

fiers and cellulolytic microorganisms was 
measured by the most probable number 
method in specific liquid culture media. 
Saccharolytic and nitrogen-fixing microor-
ganisms (NFO) were determined by plate 
counting (3). Total microbial activity (TMA) 
was determined by soil respiration (4).
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Table 1. Chemical and microbiological characteristics of compost and vermicompost 
obtained from a mixture of chicken manure + poplar sawdust and shavings. 

Tabla 1. Características químicas y microbiológicas de compost y vermicompost 
obtenidos de una mezcla de cama de pollo y aserrín.

Compost Vermicompost

Humidity (%) 48.9 57.6

Organic matter (%) 25.7 29.0

Total Nitrogen (g kg-1) 17.3 16.2

Total Phosphorus (g kg-1) 15.0 15.4

Total Potassium (g kg-1) 3.5 1.9

Total Sodium (g kg-1) 4.1 3.5

Total Calcium (g kg-1) 135.2 114.9

Total Magnesium (g kg-1) 9.4 7.3

Nitrate as nitrogen (mg kg-1) 965.6 809.4

Ammonium as nitrogen (mg kg-1) 39.5 28.4

Total Carbon/Total nitrogen 8.6 10.4

Electrical conductivity (1:5) (dS m-1) 1.4 0.8

pH (1:5) 7.13 7.00

Saccharolytic microorganisms (log10 g-1) 0.48 0.30

Cellulolytic microorganisms (log10 g-1) 3.65 2.78

N2-Fixing microorganisms (log10 g-1) 0.00 2.97

Ammonifying microorganisms (log10 g-1) 3.15 2.48

Nitrifying microorganisms (log10 g-1) 2.31 0.00

Vine growth and yield parameters
During the harvest at the end of the 

second growth period, clusters from five 
plants of each experimental plot were 
extracted. During dormancy, pruning was 
weighed and the trunk diameter of the 
plants was measured.

Nutritional analysis of leaf petioles
Inveraison at the end of the second 

growth period, adult and healthy leaves 
located between the fifth and seventh 
node were extracted from the plant. 

Total nitrogen was analyzed using the 
Kjeldahl method. Total phosphorus (P) 
was measured colorimetrically and K 
was determined using atomic absorption 
spectroscopy (AAS).

Statistical analysis
Data analysis was conducted with analysis 

of variances (ANOVA) using INFOSTAT 
software version 2010. Main effects and 
interactions were assessed for significance 
levels, and Fisher's LSD test was used to 
calculate differences between means.
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Results

Soil parameters
Before OAA, soil ammonifiers were 

dominant, followed in number by saccha-
rolytic and cellulolytic microorganisms 
and, to a lower degree, nitrifiers; also soil 
respiration was low before OAA (table 2, 
page 23). The soil had a sandy loam texture, 
a slightly alkaline pH, was not saline and 
presented no sodium or chloride toxicity 
risk (table 3, page 24). Initial fertility 
was satisfactory in TN content, high 
exchangeable K level, but low available 
P content. Soil OM was relatively high 
compared to normal values of soils in the 
area, as result probably, of the permanent 
plant cover (table 4, page 25).

Biological and chemical characteristics 
after OAA

Microorganisms were not affected by 
the type of amendment, the application 
method or frequency of application. After 
OAA, the total microorganisms abundance 
was similar between them, while at the 
beginning of the assay, ammonifiers were 
dominant. Soil salinity was not affected by 
OAA and, EC and chloride content did not 
increase after OAA.

The compost and vermi compost used 
in the experiment were slightly saline and 
the application dose was low (table 1, 
page 21).

Available P of the soil differed among 
the type of amendment and application 
procedure combinations. It was observed 
that this nutrient was in the lowest content 
in buried compost (4.00 mg kg-1) (table 4, 
page 25, and figure 1, page 26).

Vine productivity 
The yield vine productivity (table 5, 

page 27), was satisfactory in all treat-
ments respect to the normal yield of high 
quality grapevine varieties. With regard to 
the application method, pruning weight of 
plants that had received surface compost 
application (2.13 kg pl-1) was higher 
than that of plants after buried compost 
(1.49 kg pl-1). Contrary, the trunk diameter 
was larger in plants that had received a 
single buried vermi compost application 
(figure 2, page 29; table 5, page 27).

Total K measured in leaf petioles was 
15% higher (p=0.0072) in plots with 
amendment applications than in plots 
without it (control plots).

Total P content was higher in one 
and two buried applications (0.43% and 
0.39%, respectively) compared to one 
surface application (table 4, page 25 and 
figure 1, page 26). A significant interaction 
was observed between the application 
method and frequency.
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Different letters indicate significant difference (Fisher’s LSD Test, p ≤ 0.05).
Letras diferentes indican diferencias significativas (Fisher Test, p ≤ 0,05).

Figure 1. Interaction between amendment (compost or vermicompost) and application 
(buried or superficial) for available phosphorus (mg kg-1) (a), and interaction between 
application (buried or superficial) and frequency (1 or 2 applications) for total plant 

phosphorus (%) (b). Data show means between two factors (n=8). 
Figura 1. Interacción entre tipo de abono (compost and vermicompost) and modo de 
aplicación (enterrado y superficial) para fósforo disponible (mg kg-1) (a), e interacción 

entre modo de aplicación (enterrado y superficial) y frecuencia de aplicación (1 y 2 
aplicaciones) para fósforo total vegetal (%) (b). Los datos muestran el valor medio 

entre los dos factores mencionados (n=8). 
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Discussion

Biological soil characteristics
After OAA, the microorganisms had 

similar populations, which agrees with 
results obtained by Filippini et al. (2012), 
in plots cultivated with garlic.

The initial high quantity of ammoni-
fiers in this study would indicate a 
major mineralization of the soil organic 
nitrogen. As a result, available ammonium 
would increase, which could encourage 
growth of different microorganisms, but 
especially nitrifiers (20).

Consequently, after OAA soil 
microorganisms increased in number, 
except for ammonifiers.

According to Noé and Abril (2008), 
variations in the abundance of micro-
organisms after one year were closely 
related to the climatic conditions and 
physiological characteristics of each MFG.

Abril (2003) stated that ammonifiers 
are not sensitive to changes in soil  because 
they are an heterogeneous functional 
group whereas other authors observed 
that this population decreased after one 
year of plant residues decomposition or 
by fertilizers application (17).

Soil respiration did not show any 
difference among the factors assayed (table 
2, page 23). Soil respiration levels were 
similar to soil with low microbial activity 
and soils with conventional tillage (19).

An increase in soil respiration would 
be controlled by the increased of microbial 
abundance after OAA. Cover crops could 
periodically provide OM and stimulate 
microbial activity in the soil, but the effect 
of the application of organic fertilizers 
is negligible.

Chemical soil characteristics
In addition to the low content of OM, 

soil in Mendoza presents a high risk of 
salinity and sodicity. After OAA, saline 
conditions stayed within acceptable 
levels indicating that this practice could 
be successful in these soils. At the end of 
the experiment, the pH only decreased in 
plots that received organic amendments, 
but the difference was not significant 
compared with normal parameters of 
calcareous and arid soils. This means that 
OAA to these soils would not affect soil 
alkalinity or acidity (table 2, page 23).

Available P, a soil fertility parameter, 
showed higher concentrations in soils 
after organic amendment when compared 
to initial values. This effect has also been 
detected by other authors (27) and in this 
case, this nutrient could be considered a 
sensitive indicator of OAA.

Surface OOA showed higher levels of 
available P in soil close to the sampling 
time, while buried applications increased 
foliar P. It is difficult to deduce whether 
surface applications would increase 
available P in the soil so that the plant 
would be able to absorb it after buried 
amendment and prior to soil sampling. 
Organic matter did not increase after the 
application; soil OM and nitrogen were 
not affected by the type, methodology or 
application frequency of the amendment. 

Feasible explanations could be an 
increase in soil respiration, an augmented 
microbial abundance after OAA, or a high 
mineralization as a consequence of high 
temperature of arid soils (10, 17). Because 
changes in soil are generally long-term 
effects, an increase in soil OM could be 
detected after several years of repeated 
applications or in soils without cover 
crops initially.
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Nutrients, vine growth and yield
After OAA, higher concentrations 

of available P in soil and plants were 
measured. The greater uptake of P could 
result from P mineralization near the 
roots, especially after the buried method 
of application (one or two applications 
of buried vermi compost). This suggest 
that could be a correlation between 
variations in the plant nutritional status 
produced by OAA and intrinsic chemical 
soil characteristics or a change in physical 
soil conditions (15, 21, 22).

The results show that buried appli-
cation was more favorable to the 

availability of P and its subsequent 
absorption by plants (table 5, page 27).

Pinamonti (1998) observed a higher 
concentration of exchangeable K in 
soil and likewise of the total potassium 
content in leaves after OOA.

The benefits of surface compost appli-
cations significantly affected the pruning 
weight and so plant growth (figure 2). 
Nguyen et al. (2013), found an increase 
in pruning weight with mulched compost 
applications. Therefore, surface appli-
cation would favor plant growth.

 Different letters indicate significant difference (Fisher's LSD Test, p ≤ 0.05).
Diferentes letras indican diferencia significativa (Fisher's LSD Test, p ≤ 0,05).

Figure 2. Interaction between amendment (compost or vermicompost) and 
application (buried or superficial) for pruning weight (kg plant -1) (a). and application 
frequency (one or two applications) for trunk diameter (cm) (b). interaction between 

application (buried or superficial) and application frequency (one or two applications) 
for trunk diameter (cm) (c). Data show means between two factors (n = 8).

Figura 2. Interacción entre tipo de abono (compost and vermicompost) y modo de 
aplicación (enterrado y superficial) para peso de poda (Kg planta-1) (a) y frecuencia de 

aplicación (1 y 2 aplicaciones)  para diámetro de tronco (cm)(b). la interacción modo de 
aplicación (enterrado y superficial) y frecuencia de aplicación (1 y 2 aplicaciones)  para 

diámetro de tronco (cm). c. Los datos muestran el valor medio.
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 Different letters indicate significant difference (Fisher's LSD Test, p ≤ 0.05).
Diferentes letras indican diferencia significativa (Fisher's LSD Test, p ≤ 0,05).

Figure 2. cont. Interaction between amendment (compost or vermicompost) and 
application (buried or superficial) for pruning weight (kg plant -1) (a). and application 
frequency (one or two applications) for trunk diameter (cm) (b). interaction between 

application (buried or superficial) and application frequency (one or two applications) 
for trunk diameter (cm) (c). Data show means between two factors (n = 8).

Figura 2. cont. Interacción entre tipo de abono (compost and 
vermicompost) y modo de aplicación (enterrado y superficial) para peso 

de poda (Kg planta-1) (a). frecuencia de aplicación (1 y 2 aplicaciones) para 
diámetro de tronco (cm) (b). la interacción modo de aplicación (enterrado 
y superficial) y frecuencia de aplicación (1 y 2 aplicaciones) para diámetro 

de tronco (cm). c. Los datos muestran el valor medio.
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Conclusion

After organic amendment to a 
vineyard with cover crops, soil microor-
ganisms were not affected by the type of 
amendment, the application method or 
application frequency.

Before OAA, ammonifiers were 
predominant, but after OAA, abundance 
of total microorganisms was similar. 
Presence of cover crops in the vineyard 
may have played a key role in the 
absence of differences in microbial 
activity. Phosphorus in plants improved 
after buried applications, because the 
treatment facilitated absorption of more 
available P from the soil.

Vine nutrition and plant growth were 
more sensitive to the different application 
strategies (type, form and frequency of 
application) than microbiological soil 
properties.

The low risk of soil salinity would be 
another advantage of the use of stabilized 
organic amendment.

Finally, OAA to irrigated soils of arid 
areas in Mendoza, Argentina, could be 
considered a promising supplementary 
treatment to increase the nutrient content 
in soil and vines. 
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