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Abstract

The use of organic amendments is common under the concept of integrated nutrient management (INM) in
Vitis vinifera (Table grape) to improve plant and soil quality. The objective of this study was to evaluate
compost (C) and humic substances (HS) mixed with mineral fertilizer (MF) in an INM program of V. vinifera
cv Thompson seedless. The chemical, biochemical and microbiological parameters were evaluated in soil on
1-year- old V. vinifera plants growing on Alfisol soil. Five treatments and control were evaluated: (T1) C+MF,
(T2) HS+MF, (Ts) C, (Ts) HS, (Ts) MF and (Ts) absolute control. The results indicated that the application of
C and HS, increased B glucosidase and dehydrogenase activities, reaching values of 90.2 pg p-nitrophenol g
h't and 9.1 ug de TFP g'24h-, respectively. In addition, pH was similar in all treatments while electrical
conductivity increased with application of mineral and organic amendments, reaching 0.41dS m™ in T
(HS+MF). Furthermore, yeast concentration increased with organic amendments or mineral. Correlation
analysis indicated significant and positive relationships between POs-P concentration with MF (0.579) and C
(0.431) and nitrogen with MF (0.868). These results support that INM, which combines mineral fertilization
and organic amendments, improve positive changes in chemical soil properties and C cycling measured in
terms of enzymatic activity in V. vinifera.
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1. Introduction

Nowadays, mineral fertilizers and organic
amendments (OA) are commonly used as
part of integrated nutrient management
(INM) programs to increase productivity.
The INM includes the use of good-quality
organic matter sources and efficient
mineral products in combination with good
agricultural practices to get a good soil,
plant and fruit quality, especially in grape
orchards (Ortega, 2015).

Vitis vinifera L plantations in Chile cover
more than 50 thousand ha of wine or table
grape (Bravo, 2014). The nutrient requi-
rements during the establishment period
are very important to prevent phenotypic
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alterations and to improve plant and fruit
quality. Normally, mineral fertilizers are
used in combination with organic matter
(goat manure or grape pomace compost) at
rates of 10 a 15 t ha* to improve content of
organic matter in soil, nutrients availability
and beneficial microorganisms (Palma,
2006). In addition, they have the capacity
to promote plant growth by increasing root
biomass, cell rhizodeposition, root size and
root hair density (Martinez et al., 2010a).

To follow the effects of the integrated
nutrient management, soil quality indica-
tors need to be defined, looking for
sensitive  chemical, biochemical, and
microbiological properties and their
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correlation  with  soil  productivity.
Chemical properties include traditional
chemical variables, as electrical conduc-
tivity, pH, total and available nitrogen (N),
phosphorus (P) and potassium (K).
Besides, biochemical parameters as
enzymatic activity of dehydrogenase,
phosphatases or B-glucosidase are used to
determine the soil biological activity and
the ability of organic complexes degra-
dation for increasing nutrient availability
through mineralization (Burns et al.,
2013). Additionally, microbial variables
are considered as soil quality indicators
due to their direct relationship with
mineralization and nutrients cycling
(Sanchez et al., 2005). Until now,
information about the effects of organic
amendments application, such as compost
and humic substances jointly with mineral
fertilizer in soil of V. vinifera are unclear.
This study hypothesized that [IMN
increases the biological activities and
nutrient availability, and intended to
evaluate IMN through chemical, bioche-
mical and microbiological soil quality
indicators on V. vinifera cv. Thompson
seedless.

2. Materials and methods

In this study 1-year old table grape (Vitis
vinifera L) cv. Thompson seedless of

phenotypically similar rootstock was used.
The plants were placed in 40 L pots under
greenhouse conditions during summer-
autumn season; the mean air temperature
was 25 °C. The base soil (anfisol) was
obtained from an agricultural field located
at coordinates 33° 7’1, 48°°S and 70° 48’
57 W of the Metropolitan region
characterized by low organic matter
content (0.18%) and N-NOs + N-NH4 (15
mg kg?). The compost used was provided
by “Agricola Bauza” and it was produced
from grape pomace and stalks. The humic
substance was obtained by alkaline
extraction from mature compost (N-
NH4:N-NOs < 3) (NCh 2880/04) (Table 1).
Finally, mineral fertilization was a
combination of 20 g of (NH4).SO. with the
nitrification inhibitor 3,4 DMPP (Novatec
Solub 21), 150 mL 1% HsPO4 and 10 g of
K>SO, for each liter of solution.

Five treatments were evaluated against an
absolute control in a completely rando-
mized design with four replicates for each
treatment (Table 2). The compost was
incorporated at a rate of 2 kg per pot, and
humic substances at 4 L pot™.

The pH and EC were measured according
to Sadzawka (1990). The Ammonia (N-
NH,) and nitrate (N-NOs) contents were
quantified by colorimetric method des-
cribed by Mulvaney (1996) and phos-
phorus availability was determined accor-

commercial origin and grafted upon ding to Sadzawka et al. (2006).

Table 1

Physicochemical parameters of base soil and organic amendments

. . Humic

Parameter Unit Soil Compost Substances
AcP (acUP) hg p-nitrophenol gth 0 54.96 88.97
AIP (alkUP) Ug p-nitrophenol gth 53.96 603.46 79.49
B-glu(UBG) ug p-nitrophenol gth? 37.45 266 134
pH 8.1 8.12 13.6
EC dS m? 0.08 0.88 29.6
N-NH, mg kg 5.4 50.4 14
N-NOs; mg kg? 9.6 303 -
P- Olsen mg kg! 8.9 55.6 367
oM % 0.18 45.6 0.34
C/N ratio 5.6 10.6 5.55

AcP: acid phosphatase, AlkP:alkaline phosphatase, B -glu: B-glucosidase, EC: Electrical conductivity, OM:

organic matter.
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Table 2
Experimental design and treatments applied
T  Description MF HS Cc
(L/pot)  (L/pot)  (kg/pot)
1 C+MF 1 0 2
2 SH+ MF 1 4 0
3 © 0 0 2
4 HS 0 4 0
5 MF 1 0 0
6 Control 0 0 0

T: Treatments, MF: Mineral fertilizer, HS: Humic
substances, C: Compost.

Enzymatic activities were measured, using
p-nitrophenyl method at pH 6.5 and 11 for
acid and alkaline phosphatases, respec-
tively. In addition, p-nitrophenyl--D
glucopironoside (PNG) was used for B-
glucosidase activity (Garcia-Ruiz et al.,
2008) and 2,3,5-triphenyltetrazolium chlo-
ride (TTC 3%) to determine dehydro-
genase activity (Acosta and Paolini, 2005).
Furthermore, the concentration of micro-
organisms was determined using plate
counting technique in milk and starch agar
for proteolytic and amylolytic micro-
organisms, respectively. Potato dextrose
agar (Difco) was used to determine total
yeast (Martinez et al., 2010b).

Variables were measured 11 weeks after
the planting and subjected to normality test
before analysis of variance. The norma-
lized data was compared by ANOVA
through Tukey test (p < 0.05). Pearson
correlation was performed among measu-
red variables. Data analyses were made
using the software Statistix, version 10.0.

3. Results and discussion

Vitis vinifera cv. Thompson seedless is
cultivated in a wide range of soils and
climates, requiring a proper nutrient
application to allow normal growth and
development of plants (Palma, 2006).
Moreover, the measurements of soil qua-
lity indicators give important information
about the effects of organic amendments
and mineral fertilizers on soil.

The results corresponding to chemical
properties (Table 3) indicated that EC and
pH are variables that differentiate treat-
ments applied. In this study, both
parameters were higher in treatments with
HS compared with compost and mineral
fertilizer. In addition, compost showed a
pH buffer activity in contrast to HS, when
both are applied with mineral fertilizer.
These results are in agreement with a study
carried out by Mijangos et al. (2006)
which showed that pH is higher in
treatments with organic amendments (pH
5.9) compared to the mineral fertilizer
treatments (pH 5.3- 5.4).

Additionally, phosphorus increased in
treatments with mineral fertilizer in con-
junction with both organic amendments,
reaching 46 and 70 mg kg of PO4-P with
compost and humic substances, respecti-
vely. The compost and humic substances
provided a similar amount of phosphorus
after treatment application (p < 0.05),
while mineral fertilizer delivered lower
concentrations of available phosphorus,
reaching a concentration of 18 mg kg* of
PO4-P.

Table 3

Nutrients availability, pH and electrical conductivity after 11 weeks of treatments (T) applied
T POs-P N-NH4"+N-NO3 H EC

(mg/kg) (mg/kg) P (ds/m)

C+MF 45 + 122 149 + 422 7.67 £0.13° 0.25 + 0.03"°
HS+MF 69 * 142 117 + 232 8.80 £ 0.112 0.41 £ 0.032
C 22 &2 78 16 + 27° 8.00 + 0.10%® 0.21 £ 0.06°
HS 21 + 14b¢ 8+ 3% 9.00 £ 0.522 0.32 +0.03°
MF 18 +12° 219 £ 632 8.10 +0.13%® 0.22 £0.01°
Ctl 11 £ 5° 10 + 14° 8.09 + 0.12%® 0.13 +0.01¢

Letters indicated statistically significant differences according to Tukey test P < 0.05. (Means * standard
desviation). Abbreviations: C: compost, HS: humic substances, MF: mineral fertilizer, ctl: control, EC:

electrical conductivity.
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The results showed that an important
amount of P availability is contributed by
the application of both organic amend-
ments and mineral fertilizer together, due
to the fact that these treatments include a
direct source of P constituted by H3PO,
and organic mineralized P as P-PO,
probably as a result of phosphatases
activity and organic acids production that
allow hydrolysis or solubilization of
organic phosphorus (Sharma et al., 2011).
Furthermore, Saha et al. (2008) showed
that phosphatase activity affects positively
the availability of P when organic
amendments are applied at high rates. This
larger availability is directly relates with
phosphatase activity, which in turns could
be associated to phosphorus solubilizing
bacteria. This functional group plays an
important nutrition role by enhancing P
availability releasing from organic soil P
pools by solubilization and mineralization.
Moreover, humic substances supply
phosphorus, reaching 367 mg kg. On the
other hand, mineral fertilizer increases
nutrients for microbial pool so increase
biological activity.

Nitrogen availability showed a higher
concentration  with  mineral  fertilizer
application, reaching 220 mg kg* of N.
Moreover, the treatments that included MF
and organic amendments (149 and 117 mg
kg N) tended to increase the amount of
soluble nitrogen compared with C (16 mg
kg? of N) and HS (9 mg kg? of N). This
effect is due to the slow mineralization of
nitrogen from organic sources. A study
performed by Flavel et al. (2005) indicated
that organic amendments have a slow

Table 4

nitrogen mineralization because the com-
post from grape marc causes immobiliza-
tion of N during 50 days. These results
indicate that organic amendments and MF
are an important source of phosphorus
availability whereas only MF is able to
provide nitrogen on Vitis vinifera cv.
Thompson seedless.

Nutrient availability can depend on bioche-
mical factors that determine the hydrolytic
activity of complex organic polymers
present in the soil. Table 4 shows that
dehydrogenase and B-glucosidase activities
have a strong relationship with nutrient
cycling and relevance as reliable indicators
that reflect microbial activity.

The dehydrogenase is an intracellular
enzyme involved in the oxidation-reduc-
tion processes associated with microbial
metabolism, whereby its activity depends
on the presence of physiologically active
microorganisms (Makoi and Ndakidemi,
2008).

In this study dehydrogenase activity
increased with the application of organic
amendments, reaching highest values in
the treatments related to compost and
mineral fertilizers probably due to high mi-
crobial load and appropriate nutrient
source that allow keeping microorganisms
physiologically active, and where mineral
fertilizers can act as additional nutritional
source. Romero et al. (2010) reported that
the application of organic matter from
grape pomace increases dehydrogenase
enzyme activity in soils with low organic
carbon content. Similarly, Adak et al.
(2014) indicated that this enzyme increase
with vermicompost addition.

Dehydrogenase (UDH), B-glucosidase (UBG) and phosphatase (UP) activities after 11 week of

treatments (T) applied

T UDH AcUP alkUP UBG
pg TFP/g*24h pg p-nitrofenol/g*h pg p-nitrofenol/g*h pg p-nitrofenol/g*h

C+MF 9.1+£3.3¢ 82.9+318 66.1 +18.0 68.2 +11.0%
HS+MF 7.8 £2.6% 76.1+115 72.2+387 90.2 £ 10.72
C 7.2+33® 524 +£17.6 70.7+9.1 69.9 + 14.8%
HS 5.6 + 4.2 102.1 £38.0 39.2+8.4 74.8 £17.92
MF 17+1.1%® 88.3+11.9 58.5+5.6 436 +5.2°

ctl 1.1+15° 84.3+5.2 48.7+£14.3 432 £16.7°

Letters indicated statistically significant differences according to Tukey test (p < 0.05). (Means + standar
desviation). Abbreviations: C: compost, HS: humic substances, MF: mineral fertilizer, ctl: control.
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Table 5

Concentration of microbial groups after 11 weeks of treatments (T) applied

T Yeast Proteolytic bacteria Amylolytic bacteria
CFU/g (log 10) CFU/g (log 10) CFU/g (log 10)
C+MF 4,79 +0.38% 3.45 +0.06 2.88+0.51°
HS+MF 4,70 £0.31% 3.72+£0.79 3.42+0.21®
Cc 4.96 +0.43? 3.79£0.63 3.42+0.71®
HS 3.95+0.42° 3.43£0.26 3.03+0.32°
MF 4,93 +0.59° 4.13+0.16 3.52+0.15®
Ctl 4.88 +0.30% 3.89 £0.30 4.32 £0.60°

Letters indicated statistically significant differences according to Tukey test (p < 0.05). (Means + standar
desviation). Abbreviations: C: compost, HS: humic substances, MF: mineral fertilizer, ctl: control.

In addition, phosphatase activity has been
reported to play an important role in the
cycling of phosphorus and it is described
as a responsible enzyme for hydrolyzing
organic phosphorus (Crecchio et al. 2004;
Martinez et al., 2010a). In this study no
statistically significant differences among
treatments were found, but both acid and
alkaline phosphatase activities showed a
trend to increase with the applied
treatments. Finally, B-glucosidase is an
extracellular enzyme that catalyzes the
final step of the cellulose degradation. In
this study, its activity increased signi-
ficantly with the application of organic
amendments and decreased with higher
rates of chemical fertilizers. Humic subs-
tances stimulated this activity probably due
to its ability of adsorbing B-glucosidase
through soil complexes and the presence of
microorganisms. Furthermore, Bastida et
al. (2012), demonstrated that humic
substances protected soil enzymes and
hence, the humus-enzyme complexes from
microbial attack. Allison and Vitouseh
(2005) indicated that B glucosidase increa-
sed in the soil with higher amounts of
carbon and nitrogen though application of
organic and inorganic sources.

Regarding microbial functional groups
(Table 5), these have the ability of pro-
ducing enzymes that degrade the complex
organic compounds found in the soil,
which in turn enhances nutrient availability
for plant roots. Results indicated that yeast
increased with compost or mineral
fertilizer application, probably due to the
fact that both amendments can act as direct
and indirect nutrient sources. However, no

significant differences (p < 0.05) were
found in terms of proteolytic bacteria,
probably due to the low concentration of
substrate or the nitrogen availability from
organic or inorganic sources.

4. Conclusions

The results demonstrated that soil quality
indicators allow determining the effects of
Integrated Nutrient Management. The B
glucosidase activity, dehydrogenase activi-
ty, nutrient concentrations, yeast and amy-
lolytic bacteria were sensitive parameters
and good indicators of soil quality in V.
vinifera.
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