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Cost effective and environmentally friendly strategies in plant nutrition are prime considerations for sustainable
viticulture in the face of ever-increasing stress factors throughout the world. Therefore, the present study aimed to
investigate the effects of applying different types of organic and inorganic material [control (C; no application),
basaltic pumice (P), commercial dry compost (DC), pruning residue:farm manure mixture (1:2, v:v) compost
(PR+FM), straw:farm manure mixture (1:2, v:v) compost (S+FM), pumice:dry compost (P+DC),
pumice+straw:farm manure compost (P+(S+FM)) and pumice+pruning residue:farm manure compost
(P+(PR+FM))] to ‘Black Magic’ grapevines on their agronomic and nutrient acquisition  during two consecutive
years: 2017 and 2018.
The highest yield (6172 g/vine and 7874 g/vine) and cluster weight (411.4 g and 463.2 g) were obtained for the
application of S+FM in both years. In terms of berry weight, the highest value was obtained for P+(PR+FM) in
2017, although no significant difference was found between treatments in 2018. PR+FM slightly accelerated berry
ripening. The differences between macro and micro element contents of the leaves were statistically significant. The
leaf mineral values obtained from pumice were generally higher whether it was applied alone or in combination with
other materials. N, P, Ca, Fe and Mn concentrations were sufficient for all applications, while K, Mg and Zn values
were within the limits of deficiency. Regarding CO2 production, P+(PR+FM) application in 2017 and S+FM
application in 2018 gave the highest values. The effect of organic materials used on microbial biomass-C in soil was
higher for S+FM in 2017 and for S+FM and P+DC in 2018 than the other treatments. The application of
P+(PR+FM) in 2017 and PR+FM in 2018 had the highest efficiency in terms of dehydrogenase enzyme activity.
Urease and phosphatase enzyme values showed a higher activity for P+(PR+FM) in 2017 and P+DC in 2018 than
for the other treatments.
In this study, we found that applications of organic and inorganic material generally provided good improvement in
terms of the agronomic and nutritional properties examined. In order to be able to provide recommendations for
appropriate material, it would be useful to evaluate the accumulated effects of the treatments in further research. 
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INTRODUCTION 

Constraints such as drought (Chaves et al., 2007)
and organic matter deficiency in soils (Costantini
et al., 2015; Priori et al., 2018) are among the
predominating issues limiting the sustainability
of viticulture globally. Since grape ripening
mostly takes place in the dry summer season,
when water requirement is high, drought impact
is becoming more menacing in viticulture. 

Soils in the Mediterranean Basin have the
following general characteristics: highly variable
structure, low organic matter content,
unfavourable physical conditions, shallowness,
and depth, stoniness and erosion caused by
irregular and frequent, heavy rains, especially in
sloping areas (Çelik et al., 1998; Jones et al.,
2005; Rodeghiero et al., 2011; Costantini et al.,
2015; Priori et al., 2018). According to
Rodeghiero et al. (2011), most of the soils under
the influence of the Mediterranean climate have
low organic carbon content (0.5-1.0 % organic
carbon) and climatic conditions are not suitable
for the accumulation of organic matter in soils.

Low organic matter not only negatively affects
plant growth, but also the development of natural
microbial populations. Therefore, the application
of compost to soil to increase its organic matter
levels is one of the priority issues of sustainable
agricultural management (Calleja-Cervantes et
al., 2015; Burg et al., 2019).

On a worldwide scale, it is necessary to find low-
cost and environmentally friendly plant nutrition
sources to be used by farmers as an alternative to
chemical fertilisers, due to economic difficulties
and the latter’s contribution to environmental
pollution. Compost consisting of vineyard
pruning residue and farm manure (Gaiotti et al.,
2017) or mixture of different types of straw has a
high potential that can meet this essential need of
degraded soils of the Mediterranean. 

Compost is one of the most important organic
materials recommended for use in viticulture
(Powell et al., 2007; Mugnai et al., 2012;
Ramos, 2017). Its benefits include: increased soil
water holding capacity (Curtis and Claassen,
2005; Mylavarapu and Zinati, 2009), provision
of plant nutrients, increased total porosity
(Aggelides and Londra, 2000), aggregate
formation (Sodhi et al., 2009), and soil hydraulic
conductivity (Curtis and Claassen, 2009).

While compost is an organic resource used in
viticulture, an important inorganic material that
can also be used is basaltic pumice, which
contains natural minerals. Relevant studies have
indicated that the use of such materials during
organic fertilisation of vine could prevent
erosion and preserve the physical, chemical and
biological properties of the soil (Manson, 1967;
Altieri, 1987; Lampkin, 1990; Özdemir et al.,
2008; Mugnai et al., 2012; Blaya et al., 2016;
Gaiotti et al., 2017; Özdemir et al., 2018; Burg et
al., 2019).

The aim of this study was to determine the effect
of applying commercial dry compost and
pumice, both of which are abundant organic and
inorganic materials in Turkey used for soil
amendment. 

Thus, the aim was to reuse the vineyard pruning
residues and the straw produced as a by-product
of cultivation for plant nutrition and the
improvement of soil properties, such as organic
matter content, porosity and aggregation. In
addition, increasing the use of such materials in
viticulture can have economical benefits as the
need for chemical fertilizers is reduced while the
use and growth of plants is maximized. 

MATERIALS AND METHODS 

1. Experimental area and treatments

The study was carried out in the experimental
vineyard of Çukurova University, Adana, Turkey
(70 m above sea level) (37° 01’49” N, 35° 22’
46” E) in 2017 and 2018. Four-year-old ‘Black
Magic’ (Vitis vinifera L.) cultivar grafted onto
1103 Paulsen rootstock were used. The vines
were grown with a 1.0 x 1.5 m spacing in a
south-north orientation and trained to a Guyot
system (0.50 m high) with a density of
6666 plants/ha. Plant age did not differ between
replications. Grafted-rooted vines were planted
at the same time, and the same management
practices were applied to all vines. Cluster and
berry thinning and growth regulator treatments
were not applied. Only 15 buds per vine were
left after pruning to maintain homogeneity
among the plants.

The soil in the experimental plot was slightly
alkaline (pH 7.83), calcareous (Total and active
CaCO3 were 53.6 % and 13.34 % respectively),
non-saline (EC: 0.3 dS./m) with clay-loam on
top soils (0-30 cm). Climatic data were obtained
from the Yüreğir Climate Station of Regional
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Directorate of Meteorology in Adana, Turkey.
From April through to October, the average daily
temperatures were 24.5 °C and 25.1 °C, relative
humidity was 64.9 % and 64.5 % and total
precipitation was 210.6 and 205.2 mm, with a
2.98 and 2.81 m/s wind speed, in 2017 and 2018
respectively. Total precipitation was 148.9 mm
and 286.4 mm in January, February and March in
2017 and 2018 year respectively.

In the study, the effects of applying eight types
of compost were studied: the control (Control;
no treatment), pumice (P; 50 t/ha/yr),
commercial dry compost (DC; 4 t/ha/yr), pruning
residue:farm manure mixture (1:2, v:v)
(PR+FM;50 t/ha/yr), straw:farm manure mixture
(1:2, v:v) (S+FM; 50 t/ha/yr), pumice:dry
compost (P+DC). Mixture of pumice+straw:farm
manure (P+(S+FM)), pumice+ pruning
residue:farm manure (P+(PR+FM)) (Table 1). 

Basaltic pumice was obtained from the Delihalil
and Üçtepeler quarries located in the town of
Osmaniye, 80 km east of Adana. Basaltic rocks
are rich in plant nutrient sources such as P, K,
Ca, Na, Fe, Mn, Zn, Mo, Co Cu, and Se
(Manson, 1967). Basaltic pumice is a dark
blackish-brown volcanic rock with a high
porosity (55-80 %; a result of the separation of
gases during the rapid cooling of the magma)
and a density of approximately 0.9 g cm-3. The
pruning residue used in the study was obtained
from the experimental vineyard of the
Department of Horticulture of the Faculty of
Agriculture at the University of Cukurova, and
the wheat straw and mature farm manure
(containing mostly cattle manure) from the
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animal husbandry facilities at the Faculty of
Agriculture. PR+FM and S+FM composts were
prepared in the same experimental vineyard
every year and used about three months after
preparation. 

The material was applied to the experimental soil
surface in February of the first year and in
January of the second year. They were
incorporated into the top 0-20 cm of soil by a
hand rotator. 

Drip irrigation was applied. Midday leaf water
potential (LWP) values were measured by a
Pressure Chamber (Model 600, PMS Instrument
Co. Albany, Oregon, USA) to decide when to
irrigate the vines. Irrigation was carried out when
the average LWP value decreased to -1.2 MPa.
When calculating the irrigation amount, 50 % of
the evaporation values measured from the Class-
A Evaporation Pan (METOS Inc., Mersin,
Turkey) between irrigations was taken into
account (Tangolar et al., 2015). 

2. Grape yield, cluster and berry
characteristics 

Five clusters from each plot were randomly
collected during the ripe stage of the grapes
(Table 2); more precisely, when the Brix:Acid
ratio (maturity index) exceeded 20:1 (Winkler et
al., 1974). The clusters were transported to the
laboratory to measure cluster weight (g), berry
weight (g/100 berries) and berry volume
(mL/100 berries). Total soluble solids (TSS)
concentration was measured using a digital
refractometer (Atago, Japan) and expressed as
oBrix (%). Titratable acidity (TA; g tartaric acid

TABLE 1. Some selected parameters of the materials used in the study.

P K Ca Mg Fe Mn Zn
Control 27.7 c y 403 cd 4234 ab 308 bc 7.56 bc 13.42 bc 2.12 c 7.68 0.361 cd
P 30.8 c 354 d 3911 d 202 d 5.50 d 11.34 c 2.26 c 7.72 0.335 d
DC 28.2 c 456 cd 4306 a 303 c 6.58 cd 13.18 bc 2.48 bc 7.76 0.383 cd
PR+FM 52.6 a 776 ab 3740 e 341 abc 8.40 ab 20.62 ab 2.73 ab 7.75 0.511 abc
S+FM 53.5 a 767 ab 3889 d 381 ab 8.19 ab 19.76 ab 2.98 a 7.75 0.638 a
P+DC 33.4 bc 479 c 4170 bc 274 cd 5.86 d 13.29 bc 2.24 c 7.66 0.449 bcd
P+(S+FM) 53.3 a 660 b 3598 f 288 c 8.11 ab 21.57 a 2.78 ab 7.79 0.510 abc
P+(PR+FM) 43.8 ab 818 a 4044 c 399 a 9.24 a 23.10 a 3.01 a 7.69 0.561 ab
p *** *** *** *** *** ** *** NS **

Macro elements (mg/100  g) Micro elements (mg/kg)
pH EC (dS/m)Treatments x

x: P = Pumice, S = Straw, DC = Dry compost, PR = Pruning residue, FM = Farm manure.
y: Significant difference (p ≤ 0.05) was found between the means indicated by different letters in the same column.
* = p ≤ 0.05, ** = p ≤ 0.01, *** = p ≤ 0.001, NS = non significant.



in 100 mL of grape juice) was measured using a
periodically calibrated pH meter. The maturity
index was calculated using the ratio TSS/TA.
Grape yield (g/vine) was obtained by
multiplying the number of clusters by the
average cluster weight.

3. Soil water content and temperature
measurements 

Soil water content (%) and temperature (oC) in
the root-zone (0-30 cm and 30-60 cm) were
measured weekly during the vegetation period
using a capacitance probe (Decagon; Aquacheck,
Model AQMOB-X).

4. Analysis of leaf samples

In order to determine how the different
treatments affected plant nutrition, ten leaf
samples from each treatment were taken from
opposite the clusters in full bloom and at
veraison (Table 2) (Winkler et al., 1974; Weaver,
1976; Bhangoo et al., 1988; Tangolar and
Ergenoğlu, 1989; Çelik et al., 1998; Çelik, 2011;
Benito et al., 2015). In the laboratory, the leaf
samples were washed twice with tap water and
then twice with distilled water. The moisture
deposited on the leaf surface was removed using
coarse filter paper and the leaf samples were
dried at 65 °C for 72 hours (Kacar, 1972). The
dry leaf samples were then ground for analysis
using an agate mill. N, P, K, Ca, Mg, Fe, Zn and
Mn contents were then determined as
follows:nitrogen according to the Kjeldahl
method (Bremner, 1965); phosphorus according
to vanadomolibdophosphoric yellow colour
method using the Shimadzu model UV 1201
spectrophotometer (Kacar, 1995); potassium
with an Eppendorf Elex 6361 fluorimeter; and
leaf calcium, magnesium, iron, zinc and
manganese content by Atomic Absorption
Spectrophotometer (Analytik Jena contrAA
700). 

5. Microbiological and biochemical soil
analyses 

To perform the microbiological and biochemical
soil analyses, samples from the experiment plots

were taken during the spring and autumn months
(i.e., twice a year) with a steel soil auger at a
distance of 20 cm and 0-20 cm from the vines.
Soil samples taken randomly from 4 different
areas at the foot of each vine were mixed
homogenously in polyethylene tubs, then
labelled and placed in bags and delivered to the
soil microbiology laboratory of the Department
of Soil Science and Plant Nutrition at the Adnan
Menderes University (Faculty of Agriculture)
within 24 hours in insulated boxes. Soil samples
were sifted through a 2 mm sieve in natural air
moisture, put in perforated plastic boxes, and
preserved at +4 C for microbiological analysis
(Schinner et al., 1995).

CO2 production (respiration of the soil) was
determined at the end of a 7-day incubation
period at 27 ºC using 0.1 N KOH solution
(Isermeyer, 1952). 

Microbial Biomass-C was determined by
measuring the amount of CO2 emitted after a 4-
hour incubation at 25 oC based on the glucose
dissolution rate of anaerobic organisms in the
soil samples, which had been moisturized to up
to 55-60 % of their water retention capacity
(Anderson and Domsch, 1978). 

Dehydrogenase Enzyme Activity was
determined using the modified method of
Thalmann (1968). Soil samples were suspended
in a triphenyltetrazolium chloride solution and
incubated for l6 h at 25 °C. The produced
triphenyl formazan (TPF) was extracted with
acetone and measured photometrically at
546 nm.

Urease activity was assayed according to the
method of Kandeler and Gerber (1988). After the
addition of a buffered urea solution, soil samples
were incubated for 2 h at 37 °C. The released
ammonium was extracted with potassium
chloride solution, and determined via a modified
Bertholet reaction.

Phosphatase activity was measured using the
method of Tabatabai and Bremner (1969) and
Eivazi and Tabatabai (1977). After the addition
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TABLE 2. Phenological dates (day/month) recorded for the Black Magic grape variety.

Years 2017 2018 2017 2018 2017 2018 2017 2018

Dates 28 March 15 March 8 May 26 April 21 June 11 June 10 July 25 June

Bud burst Full bloom Veraison  Harvest



of a buffered p-nitrophenyl phosphate solution,
soil samples were incubated for 1 h at 37 °C. The
p-nitrophenol released by phosphomonoesterase
activity was extracted and coloured with sodium
hydroxide and determined photometrically at
400 nm.

6. Statistical analysis

The trial comprised three replications of two
vines per experimental unit. Treatments were
randomly distributed in each block. One way
analysis of variance (ANOVA) was performed
according to the randomised complete block
design using the JMP statistical programmer-
based SAS, and the least significant difference
(LSD) test was used for separation of the means
at 5 % significance level (P ≤ 0.05). 

RESULTS 

1. Yield, cluster, berry and juice
characteristics 

In both study years, the highest grape yield and
cluster weight values were obtained from vines
treated with S+FM compost (Table 3):
6172 g/vine and 411.4 g respectively in 2017,
and 7874 g/vine and 463.2 g respectively in
2018. In the second year of the experiment, yield
and cluster weight were found to increase for all
treatments, except P+DC compared to the
control. In 2017, the highest values berry weight
values were obtained for P+(PR+FM), as shown

in Table 3. In 2018, none of the compost
treatments significantly affected the berry
weight.

The effects of the treatments on TSS, acidity and
pH differed between 2017 and 2018 (Table 4).
While the effect of the TSS, acidity and pH
values on the Maturity index was not significant
in 2017, in 2018 they were higher for PR+FM,
and subsequently S+FM and P+(S+FM) (36.85,
28.61 and 28.28 respectively).

2. Leaf macro and micro nutrients

The results of the analysis of the leaf samples
performed during the flowering period of 2017
and 2018 showed that the treatments
significantly affected all macro and micro
elements, except N in 2017 and Zn in 2018
(Tables 5 and 6). For this phenological stage, the
values in 2017 and 2018 respectively ranged as
follows: N = 3.27-3.60 % and 3.21- 3.71 %;
P = 0.26-0.42 % and 0.31-0.55 %; K = 0.46-
0.75 % and 0.42-0.68 %. The highest Ca values
were found for S+FM (2.23 and 1.71 % in 2017
and 2018 respectively) and the highest Mg
values for P+(PR+FM) (0.35 and 0.28 % in 2017
and 2018 respectively). It was observed that
P+(PR+FM) values were generally higher than
those obtained for the other treatments (Table 6).

As can be seen in Tables 7 and 8, in 2017
P+(PR+FM) showed the highest values for N
(2.44 %), P (0.17 %), Mg (0.33 %) and
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TABLE 3. Effects of different treatments on yield, cluster and berry properties.

2017 2018 2017 2018 2017 2018

Control 5690 abcy 6255 cd 379.3 abc 367.9 cd 548.9 aby 537.2

P 6100 ab 6659 bc 406.6 ab 391.7 bc 537.9 ab 558.7

DC 4479 c 7075 b 298.6 c 416.2 b 495.9 b 552.7

PR+FM 4502 bc 7022 b 300.1 bc 413.1 b 505.8 b 550.3

S+FM 6172 a 7874 a 411.4 a 463.2 a 513.6 b 580.5

P+DC 5293 abc 6033 d 352.8 abc 354.9 d 496.6 b 563.0

P+(S+FM) 5578 abc 6790 bc 371.8 abc 399.4 bc 522.5 b 552.4

P+(PR+FM) 5230 abc 6672 bc 348.7 abc 392.9 bc 601.9 a 557.4

p * *** * *** * NS

Berry weight
(g/100 berries)Yield (g/vine) Cluster weight (g)

Treatmentsx

x: P = Pumice, S = Straw, DC = Dry compost, PR = Pruning residue, FM = Farm manure.
y: Significant difference (p ≤ 0.05) was found between the means indicated by different letters in the same column.
* = p ≤ 0.05, ** = p ≤ 0.01, *** = p ≤ 0.001, NS = non significant.



Mn (106.8 ppm). In 2017, the highest K value
was obtained from the application of pumice
(0.86 %). The highest Fe value was obtained
from S+FM (120.7 ppm) and that of Zn from DC
(28.1 ppm). The 2018 veraison values showed
that there were significant differences between
the treatments in terms of all macro and micro
elements examined. In the second year of the
experiment, the highest values for the macro and
micro elements were obtained from the
following treatments: N from P+(S+FM), P from
Control, K from pumice, Ca from P+(S+FM)
and Mg from PR+FM. In terms of the micro
elements, the highest values were obtained from
P+(BA+CG) and Control.

When comparing the values obtained from all
treatments with the limits for the full flowering
period, (according to Jones et al. (1991) and
Benito et al. (2015)), the amounts were found to
be high for nitrogen, optimal-high for
phosphorus, optimal for calcium and Mg and low
for potassium (Table 5). Fe and Mn were
evaluated as being optimal and zinc values as
being low (Table 6).

Similarly, in terms of the veraison limit values,
N, P and Ca were found to be optimal-high,
while Mg and K were optimal for all treatments
(Table 7). In terms of the micro elements, Fe and
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TABLE 4. Effects of different treatments on juice properties.

2017 2018 2017 2018 2017 2018 2017 2018
Control 14.7 b y 12.63 c 0.435 0.491 bc 3.48 c 3.52 cd 33.91 25.91 bc
P 15.7 ab 13.93 ab 0.411 0.531 a 3.70 a 3.56 cd 38.14 26.24 bc
DC 15.4 ab 12.77 bc 0.442 0.474 c 3.47 c 3.49 d 35.02 26.96 bc
PR+FM 15.7 ab 14.23 a 0.449 0.387 d 3.59 abc 3.75 a 34.89 36.85 a
S+FM 16.7 a 13.67 abc 0.466 0.478 c 3.68 a 3.71 ab 35.86 28.61 b
P+DC 15.6 ab 13.40 abc 0.467 0.528 ab 3.55 bc 3.61 bc 33.78 25.34 bc
P+(S+FM) 15.5 ab 14.37 a 0.411 0.508 abc 3.65 ab 3.68 ab 37.93 28.28 b
P+(PR+FM) 16.2 ab 12.62 c 0.415 0.523 ab 3.67 ab 3.61 bc 38.99 24.19 c
p * * NS *** ** *** NS ***

Treatments x
TSS (%) Acidity (%) pH Maturity index

x: P = Pumice, S = Straw, DC = Dry compost, PR = Pruning residue, FM = Farm manure.
y: Significant difference (p ≤ 0.05) was found between the means indicated by different letters in the same column.
* = p ≤ 0.05, ** = p ≤ 0.01, *** = p ≤ 0.001, NS = non significant.

TABLE 5. Macro nutrient concentrations (g/100 g) in leaf blade at flowering.

2017 2018 2017 2018 2017 2018 2017 2018 2017 2018
3.60 3.32 ab y 0.41 ab 0.39 ab 0.50 bc 0.45 b 1.83 abc 1.14 b 0.29 ab 0.19 c
3.55 3.34 ab 0.42 a 0.46 ab 0.62 ab 0.68 a 1.28 cd 1.10 b 0.20 cd 0.18 c
3.27 3.21 b 0.26 c 0.55 a 0.60 abc 0.47 b 1.22 d 1.23 ab 0.19 d 0.20 bc
3.45 3.53 ab 0.35 abc 0.46 ab 0.56 bc 0.42 b 1.71 abcd 1.52 ab 0.24 bcd 0.24 abc
3.54 3.39 ab 0.29 c 0.38 ab 0.75 a 0.48 ab 2.23 a 1.71 a 0.26 bc 0.26 ab
3.46 3.53 ab 0.31 bc 0.51 a 0.56 bc 0.55 ab 1.57 bcd 1.24 ab 0.24 bcd 0.23 abc
3.47 3.58 ab 0.30 c 0.31 b 0.57 bc 0.55 ab 1.69 abcd 1.58 ab 0.22 bcd 0.23 abc
3.57 3.71 a 0.32 bc 0.44 ab 0.46 c 0.43 b 2.05 ab 1.47 ab 0.35 a 0.28 a

NS * * * * * * * ** **
Low
Optimal
High >1.94 >2.47 >0.38

<0.61 <0.94 <0.13
2.08-3.25 0.14-0.32 0.61-1.94 0.94-2.47 0.13-0.38

P+(S+FM)
P+(PR+FM)
p

SRz

<2.08 <0.14

>3.25 >0.32

Control
P
DC
PR+FM
S+FM
P+DC

Treatments x
N P K Ca Mg

x: P = Pumice, S = Straw, DC = Dry compost, PR = Pruning residue, FM = Farm manure.
y: Significant difference (p ≤ 0.05) was found between the means indicated by different letters in the same column.
* = p ≤ 0.05, ** = p ≤ 0.01, *** = p ≤ 0.001, NS = non significant
Z: SR, Sufficiency ranges have been adopted from Jones et al. (1991) and Benito et al. (2015).



Mn were found to be sufficient and Zn values
were within the low-optimal limits (Table 8).

3. Soil moisture and temperature

In both study years, adding organic material to
the soil affected the soil moisture content at two
soil depths (Table 9). The highest values in a soil
depth of 0-30 cm were found to be 19.50 %
(Control) in 2017 and 20.72 % (P+(PR+FM)) in

2018. At a depth of 30-60 cm, they were
24.02 % (Control) in 2017, and 23.58 % and
23.26 % (Control and P+(PR+FM respectively)
in 2018.

The treatments did not significantly affect soil
temperature measured at depths of 0-30 cm and
30-60 cm in either year (Figure 1).
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TABLE 6. Micro nutrient concentrations (mg/kg) in leaf blades at flowering.

2017 2018 2017 2018 2017 2018

162.9 bc y 57.7 bc 108.2 b 69.1 bc 20.5 a 11.1
123.8 c 51.8 c 86.0 bc 42.0 d 17.2 b 11.6
190.4 ab 51.5 c 74.8 c 65.8 bcd 16.1 b 9.5
205.8 ab 53.9 c 99.8 b 58.1 cd 16.4 b 9.7
211.9 a 59.1 bc 94.8 bc 63.5 bcd 17.0 b 9.5
186.4 ab 56.5 bc 89.7 bc 85.2 ab 15.3 b 10.8
132.5 c 63.9 ab 88.0 bc 53.3 cd 15.1 b 9.6
183.7 ab 68.2 a 142.5 a 94.3 a 21.4 a 12.0

** ** *** ** *** NS
Low

SR z Optimal
High >197 >145 >250

p
<45 <25 <18

45-197 25-145 18-250

DC
PR+FM
S+FM
P+DC
P+(S+FM)
P+(PR+FM)

Treatments x
Fe Mn Zn

Control
P

y: P = Pumice, S = Straw, DC = Dry compost, PR = Pruning residue, FM = Farm manure.
y: Significant difference (p ≤ 0.05) was found between the means indicated by different letters in the same column.
* = p ≤ 0.05, ** = p ≤ 0.01, *** = p ≤ 0.001.
Z: SR: Sufficiency ranges have been adopted from Jones et al. (1991) and Benito et al. (2015).

TABLE 7. Macro nutrient concentrations (g/100 g-1) in leaf blade at veraison.

2017 2018 2017 2018 2017 2018 2017 2018 2017 2018

2.28 aby 2.81 b 0.15 ab 0.33 a 0.42 d 0.90 e 2.64 3.28 b 0.32 ab 0.22 b
2.27 ab 2.73 b 0.17 a 0.18 b 0.86 a 1.79 a 2.96 4.05 ab 0.22 b 0.24 ab
2.31 ab 2.77 b 0.15 ab 0.27 ab 0.48 cd 0.87 e 2.91 3.56 ab 0.28 ab 0.32 ab
2.21 abc 2.97 b 0.17 a 0.21 ab 0.61 bc 1.33bcd 2.62 4.52 a 0.30 ab 0.33 a
2.01 c 2.97 b 0.14 b 0.20 ab 0.61 bc 1.40 ab 3.30 4.16 ab 0.30 ab 0.28 ab
2.36 ab 2.69 b 0.16 ab 0.29 ab 0.42 d 1.01 cde 3.13 3.75 ab 0.35 a 0.26 ab
2.16 bc 5.57 a 0.15 ab 0.24 ab 0.77 ab 1.36 bc 3.43 4.27 a 0.32 ab 0.29 ab
2.44 a 2.95 b 0.17 a 0.28 ab 0.42 d 0.98 de 2.79 4.12 ab 0.33 a 0.30 ab
* *** * * *** *** NS * * *

Low
Optimal
High

Ca Mg

<0.86
0.86-3.28

>3.28

<0.10
0.10-0.47

>0.47
1.41-2.28 0.11-0.19

>2.28 >0.19

p

SRz

<1.41 <0.11

P+(S+FM)
P+(PR+FM)

S+FM
P+DC

DC
PR+FM

Control
P

Treatmentsx

<0.40
0.40-1.56

>1.56

PN K

x: P = Pumice, S = Straw, DC = Dry compost, PR = Pruning residue, FM = Farm manure.
y: Significant difference (p ≤ 0.05) was found between the means indicated by different letters in the same column. 
* = p ≤ 0.05, ** = p ≤ 0.01, *** = p ≤ 0.001.
Z: SR = sufficiency ranges have been adopted from Jones et al. (1991) and Benito et al. (2015).



4. Microbiological and biochemical
characteristics of the soil

In terms of the microbiological and biochemical
characteristics of the soil, the treatments were
found to have a significant effect on CO2
production, microbial biomass, dehydrogenase,
urease and phosphatase enzyme activities
(Table 10).

The highest values for CO2 production were
obtained from P+(PR+FM) in 2017 and from
S+FM in 2018 (Table 10), and the lowest was

from pumice in both years. Table 10 shows the
effect of the organic materials used on soil
Microbial Biomass C; the highest values were
obtained from the application of S+FM in 2017,
and S+FM, P+DC and P+(PR+FM) in 2018.
Meanwhile, the application of pumice gave the
lowest value, which was similar to that of CO2
production. Enzyme activity was also affected by
the treatments. In terms of the effect of the
organic materials used in this study on
dehydrogenase enzyme activity in soils, the
application of P+(PR+FM) in 2017 and of
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TABLE 8. Micro nutrient concentrations (mg/kg) in leaf blade at verasion

2017 2018 2017 2018 2017 2018

102.4 by 105.0 a 86.4 ab 145.1 a 23.8 ab 16.3 a
112.8 ab 88.2 ab 60.1 c 108.3 b 20.5 bc 12.0 b
115.2 ab 73.0 b 82.0 abc 97.6 b 28.1 a 12.9 b
113.9 ab 85.7 ab 73.6 bc 102.7 b 24.2 ab 12.9 b
120.7 a 96.6 a 76.4 bc 106.9 b 24.0 ab 14.8 ab
112.8 ab 87.4 ab 79.2 bc 108.0 b 24.7 ab 12.8 b
118.0 a 90.2 ab 57.6 c 117.2 b 18.8 c 13.8 ab
113.8 ab 102.6 a 106.8 a 166.1 a 21.8 bc 16.1 a
* * ** *** * *

Low
Optimal
High >160

p

SRz

<50 <25 <15
50-235 25-187 15-160
>235 >187

DC
PR+FM
S+FM
P+DC
P+(S+FM)
P+(PR+FM)

Treatmentsx
Fe Mn Zn

Control
P

x: P = Pumice, S = Straw, DC = Dry compost, PR = Pruning residue, FM = Farm manure.
y: Significant difference (p ≤ 0.05) was found between the means indicated by different letters in the same column.
* = p ≤ 0.05, ** = p ≤ 0.01, *** = p ≤ 0.001.
Z: SR, Sufficiency ranges are from Jones et al. (1991) and Benito et al. (2015).

TABLE 9. Effects of different treatments on soil moisture content at depths of 0-30 cm and 30-60 cm.

2017 2018 2017 2018

Control 19.50 ay 19.86 abc 24.02 a 23.58 a

P 18.19 b 19.01 c 20.41 e 20.46 c

DC 18.92 ab 19.44 bc 22.08 b 21.97 b

PR+FM 18.96 ab 19.74 abc 20.40 e 21.96 b

S+FM 19.00 ab 20.32 ab 20.90 cd 22.28 b

P+DC 18.31 b 19.87 abc 21.24 c 22.61 b

P+(S+FM) 16.58 c 16.18 d 20.77 de 20.85 c

P+(PR+FM) 18.48 b 20.72 a 22.40 b 23.26 a

p *** *** *** ***

Soil moisture (%)
0-30 cm

Soil moisture (%)
30-60 cmTreatmentsx

x: P = Pumice, S = Straw, DC = Dry compost, PR = Pruning residue, FM = Farm manure.
y: Significant difference (p ≤ 0.05) was found between the means indicated by different letters in the same column.
* = p ≤ 0.05, ** = p ≤ 0.01, *** = p ≤ 0.001.



PR+FM in 2018 yielded the highest figures. The
highest urease activity was recorded for
P+(PR+FM), P+DC and Control in 2017 and for
P+DC in 2018, and among the lowest values
were those for P manifested lowest values
compared to the others in both of the years
(Table 10). In terms of phosphatase activity, the
highest values were measured for the application
of P+(PR+FM) in 2017 and for P+DC in 2018
(Table 10). Meanwhile, the lowest values were
found for pumice only. 

DISCUSSION

Soil type, structure, precipitation, temperature,
vegetation, land use history, latitude, slope and
cultural practices all have a strong influence on
the distribution of organic matter in soils
(Powers and Schlesinger, 2002; Mueller and
Pierce, 2003; Krishnan et al., 2007; Schulp and
Veldkamp, 2008; Zhang et al., 2011). Due to
these factors, it may not be possible to clearly
determine the effects of short-term applications
of organic material on plant and soil properties,
and the effects can vary depending on the
applied material type, treatment method and
ecosystem features of the experimental area. 

In the present study, the highest grape yield and
cluster weight values were obtained from the
application of S+FM compost in both years, but
the order of superiority for the other treatments is
not clear. This is assumed to be due to the young
age of the vines and their ability to find sufficient
nutrients and water in the soil at this stage. In

Table 3, it can be seen that the efficiency
increase in 2018 was higher for DC and PR+FM
compared to 2017. In these practices, it is highly
probable that the low grape yield in 2017 caused
an increase in the productivity of the buds during
the vegetation period of 2017, thus setting the
product of the next year. Because the
productivity of the winter buds increased in
2017, the shoots caused the number and weight
of bunches to increase for DC and PR+FM
applications, and therefore the yield also
increased normally. For the application of
S+FM, the grape yield in 2017 and 2018 was
6172 g/vine (41.1 t/ha) and 7874 g/vine
(52.5 t/ha) respectively, which is more than the
average yield of Turkey. The average grape yield
per hectare in Turkey is approximately 9 tons
(OIV, 2019). The differences between the
treatments in terms of berry weight and must
properties were not clear for either year.

Different results have been obtained in previous
studies regarding the effect of compost and other
organic materials on the growth, yield and
quality of grapevine (Pinamonti, 1998; Morlat,
2008; Mugnai et al., 2012; Tardaguila et al.,
2018; Burg et al., 2019). Overall, the effects of
compost on yield were found to be minor in
some studies. Pinamonti (1998) and Morlat
(2008) did not find any significant effects of
compost on yield. Conversely, in an experiment
by Mugnai et al. (2012), the effects of treatments
changed significantly over 9 years. In this study,
the presence of Green Waste compost in the soil
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FIGURE 1. Effects of the different treatments on soil temperature at depths of 0-30 cm and 30-60 cm.
P = Pumice, S = Straw, DC = Dry compost, PR = Pruning residue, FM = Farm manure. 



was not found to significantly affect V. vinifera
growth, and the application of compost gave
contrasting results related to yield and quality of
grape, which greatly varied over the years. The
organic amendment statistically affected the
average cluster weight, except in 2003, 2004 and
2005, and grape quality (determined by pH and
°Brix) was not affected by compost, except in
2006 when °Brix was higher for compost
treatments compared to the control. Morlat and
Symoneaux (2008) found that juice pH increased
with an increasing organic amendment rate.
However, in our experiment, although the effect
of applying compost and other organic material
on berry weight and other properties was not
clear, grape yield and cluster weight significantly
increased in the second year. Furthermore, in
terms of the effects on vegetative growth, yield
and grape quality, Tardaguila et al. (2018) found
no significant differences between the control,
soil green manure, dry mulching and vine
pruning residue compost management strategies
in degraded areas. Similar to our results, the
researchers concluded that this might have been
due to the study period not being long enough to
obtain the effects of organic additive responses
to plants and soil, which need more than a couple
of years. Cabilovski et al. (2014) mentioned that
the permanent effect of compost lasts longer and
only 11 % of organic N from composted fertiliser
applied in autumn and 21 % of non-composted
fertiliser was mineralised the following year.

Although Burg et al. (2019) stated that
applications of organic matter improve soil
fertility and physical properties (such as soil
water retention, soil aggregation, water and
aeration of soil, etc.) the effects of applications
on yield and quality components (including soil
moisture and temperature) was not seen in their
two-year study. The reason for this may have
been a lack of sufficient precipitation prior to
harvest (from January and June) in 2017 and
2018, and an insufficient volume of irrigation in
all plots.

In addition, the organic material applied over the
two years did not sufficiently decompose; the
soil moisture and temperature did not seem to
change as a result of the treatments.

According to the results of the leaf nutrient
analysis, N, P and Ca were optimal-high, Mg, K,
Fe and Mn were optimal, and Zn was within the
low-optimal limits across the vines. These results
indicate that in the first year there were enough
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nutrients in the soil for the young vines. The
compost and the other treatments are expected to
be more effective in the following years in terms
of availability of nutrients.

Baronti et al. (2014) note that the addition of
compost or compost-like substances to soil in
vineyards positively influences the soil water
holding capacity, water infiltration, soil water
availability, nutrient retention, and soil aeration.
They found that adding Biochar to soil increased
the soil water holding capacity by 3.2 % to 45 %
when pruning waste was applied at the rates of
22 and 44 ton/ha.

In research carried out by Gaiotti et al. (2017),
the effect of compost on soil fertility, vine
growth, yield and grape quality (2009–2013)
were investigated in a private vineyard in
northeastern Italy over 5 years. Two different
types of compost (compost from vine pruning
waste and from cattle manure) and two
application methods (inter-row and under-row
distribution) were tested on mature ‘Cabernet
Sauvignon’ vines. The compost stimulated high
vegetative growth and high root development;
the latter occurred when the compost was locally
supplied to the under-row. In both cases, a
reduction in fruit quality was observed, likely
due to competition between the canopy or roots
and the fruit. The inter-row application of
compost from vineyard pruning waste produced
the best overall performance, displaying well-
balanced root/canopy growth, increased yield,
and satisfactory grape quality. 

Heterotroph microorganisms use organic carbon
as a source of carbon and energy, and the amount
of CO2 that they thereby produce in different
organic materials provides information about C-
mineralisation (Göçmez et al., 2019). 

The amount of microbial biomass has been
frequently used in recent years to characterise
the microbiological structure of soil. The concept
of microbial biomass can be defined as the
weight of living microorganisms in the soil. It is
useful for the storage of nutrients, such as C, N,
S and P, and is an indicator of any
transformations taking place in the soil organic
matter (Jenkinson and Ladd, 1981). Although
microbial biomass represents a very small
amount of total soil N and C, the latter are
reported to contribute to the nutrition of plants
due to their rapid cycle, resulting in the

mineralisation of nitrogen and other plant
nutrients. 

Pumice and compost did not affect soil microbial
biomass more when applied alone, in contrast to
the mixtures of pumice and straw. This is
thought to be due to the mixtures creating a
more suitable environment for microorganism
activity compared to other organic materials.
Manson (1967) reported that basaltic pumice is
among the most important plant inorganic
nutrient sources, as it has high porosity (55-
80 %) and aeration capacity. 

It is possible to obtain information about the
amount of various dehydrogenase enzymes in
the soil by measuring the activity of the
respiratory enzyme, dehydrogenase. This is also
an indicator of aerobic and facultative anaerobic
living organisms, which supply hydrogen from
organic compounds and transport it to a
hydrogen scavenger (Çengel, 1995). Wittling et
al. (1995) suggested that dehydrogenase enzyme
activity is a reliable indicator of overall
microbial activity in soils. Many soil and
climatic factors affecting microbial life and
applications to soil affect the activity of
dehydrogenase enzyme, because it is used by the
live soil microbial population. Urease is an
enzyme that catalyses the hydrolysis of urea to
CO2 and ammonia, and it is commonly found in
high plants and microorganisms (especially
bacteria). Urease is the only enzyme that
strongly affects the decomposition and
usefulness of urea, which is an important
nitrogenous fertilizer for soil. Urease activity
increases in parallel with an increase in soil
organic matter content and it decreases in salty
and alkaline soils. 

The mineralisation of organic phosphorus
compounds to orthophosphate involves
phosphomono esterases (acid and alkaline
phosphatases), which are released by plant roots
and soil microorganisms (Göçmez et al., 2019).
Phosphatases are mainly produced under low
phosphate availability conditions. Microbial
phosphatases are more present in such soils
(Tabatabai, 1982). 

The values obtained for the samples to which
only pumice was applied were generally low, but
it is worth noting that there was an improvement
in enzyme activity for the mixtures with Pumice,
especially for P+(PR+FM), which contained
pruning residues. As well as the nutrient
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contribution it provides, Pumice is thought to
contribute to soil properties, such as aeration and
water retention, alongside the other materials in
compost mixtures. Slama et al. (2019) also
reported that using compost in combination with
natural rocks enriched with NPK mobilisation
bacteria and mineral NPK enhanced leaf nutrient
content and gave the highest yield and cluster
weight. This mix also improved the physical and
chemical characteristics of the berries. 

Consequently, the treatments with high enzyme
activities were found to perform better than
mixtures with low enzyme activity. The use of
mixtures based on their enzyme activity can thus
be recommended for increasing plant nutrition
efficiency in vineyards. 

We therefore hope that this knowledge will play
a role in encouraging the utilisation of pumice,
which is a natural and low-cost inorganic
material for good agricultural practices. 

CONCLUSIONS

The results obtained in this study demonstrated
that the application of compost and other
inorganic materials to vineyard soil can improve
grape yield and quality. However, previous
studies have shown that the origin and chemical
composition of the materials and the method and
rate of treatments are crucial factors to be taken
into consideration when assessing optimal uses.
Under conditions similar to those in our study
(i.e., corresponding to a semi-arid region with
soil limitations), the inter-row application
(around 50 t/ha) of compost from vine pruning
waste or straw can successfully replace mineral
fertilisation, and give satisfactory yield and
grape quality. In addition to crop quality aspects,
the application of compost is also beneficial for
soil, and therefore the adoption of compost
amendments as a sustainable vineyard
management practice should be encouraged. In
general in this study, high values for the
application of P+(PR+FM) and S+FM were
recorded, especially in terms of treatment effects
on the microbiological and biochemical
characteristics of the soil. 

While the application of compost alone or with
inorganic materials generally provided some
improvement compared to the control for most
of the properties studied, further studies should
focus on observing the accumulated effects of
such treatment on the development of grapevine

in order to make sound recommendations
regarding suitable material. 

In sustainable viticulture, issues related to soil
fertility - particularly increasing spells of drought
and degradation of soils - still need a lot of
attention. Therefore, more efforts should be
directed at replacing traditional chemical
fertilisers with local organic and inorganic
materials which are abundant and economically
advantageous, such as farm manure, pumice,
pruning residue, and straw, etc. 
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