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Aim. To investigate the physiological and agrobiological responses of grapevines on different systems of training
systems in row plantations depending on the planting density and the possibility of adjusting plants for non-irri-
gated crop cultivation under cold semiarid climate. Methods. The field two-way experiment of 2 x 4 was applied
to study the effect of two planting density variants (3 X 1.5 m; 3 x 1 m) and four vine training systems (when the
horizontal cordon is located at the height of 0.4 m, 0.8 m, 1.2 m, 1.6 m) on the parameters of the leaf area, leaf
index, water loss through transpiration, activity of the photosynthetic apparatus of leaves and the yield of Zahrei
wine grape cultivar (Vitis vinifera L.). The experiment data were processed using the analysis of variance. Results.
The increase in the density of vine row plantations per area units from 3 x 1.5 m to 3 x 1 m enlarges the total leaf
area, the exposed leaf area, water loss through transpiration, and yield weight, but these indices decrease in the
evaluations per plant. The responses of grapevine to the training systems are similar and independent from the ex-
perimental variants of planting density. At the height of the cordon of 0.4 and 0.8 m, the vertical shoot positioning
enhances the potential of the photosynthetic capacity of the plantations, but this potential is realized only during
the years with lower water deficit for plants. Free-growing shootings on the cordons, located at the height of 1.2
m, form the canopy architecture with relatively low water loss through transpiration which has a positive effect
on the activity of the photosynthetic apparatus and yield, especially in dry years. The downward shoot positioning
on the cordons of 1.6 m decreases the leaf area of the vines and creates the canopy architecture with increased
transpiration which enhances the effect of the water deficit and has a negative effect on the productivity of plants.
Conclusions. The agronomic methods of planting and training systems for grapevines ensure the management of
the character of spatial shoot location, the formation of certain canopy architecture, and setting the parameters of
the leaf area; their optimization mitigates the negative effect of water deficit and provides for adapting the plants
for non-irrigated crops under semiarid climate. The positive effect of compacting plantations on crop yield was
determined without irrigation in semiarid environments. The variant of planting density of 3 X 1 m decreases the
yield on the vines on average by 12.1-31.0 %, as compared to the variant of 3 % 1.5 m. Yet, more dense plantations
are remarkable for their yield, which is 18.5-61.3 % higher depending on the training system for vines. Under dry
conditions, the most efficient system is the training system with the formation of the horizontal cordon at the height
of 1.2 m and free-growing shoots. The system optimizes the leaf area density, and forms the canopy architecture
with rather low water loss through transpiration which has a positive effect on the activity of the photosynthetic
apparatus of leaves during droughts. Under free growth, the yield of the plantations increases by 4.3—12.3 % on
average as compared to the vertical shoot positioning and by 21.3 % — under their downward positioning.
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INTRODUCTION dry conditions of these territories pose risks for stable
viticulture production (Jones G, 2015). This problem is
aggravated by a rapid change in climate conditions —
a global increase in the temperature and its negative
© A. SHTIRBU, 1. KOVALEVA, V. VLASOV, 2022 effect on the grapes yield and the quality of the wine-

Grapevine (Vitis vinifera L.), as an industrial crop,
are common for the hot and cold semiarid climates. The
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making products, especially those for terroir produc-
tion (Schultz, 2000; Keller, 2010; Webb et al, 2013;
Davis et al, 2019; Bois et al, 2018; Molitor et al, 2019;
Leeuwen et al, 2019).

While in the area with a sufficient regime of natural
irrigation, the climate risks are mainly related to the
deterioration of product quality (Gambetta et al, 2021;
Bucur et al, 2017; Deloire et al, 2004), the semiarid
environment pose economic risks for the grapevine
culture. Firstly, it is related to unstable and sometimes
even the very low yield of plantations due to droughts
(Zarrouk et al, 2015).

The irrigation of a vineyard solves the problem of
low yield in semiarid environments, but freshwater re-
sources and irrigation systems of many viticulture re-
gions are very limited. The priority of their utilization
is given to the crops, whose cultivation is impossible
without irrigation (Edwards et al, 2013; Phogat et al,
2020).

The increase in the efficiency of using natural water
resources in vineyards is of decisive significance for the
stable development of viticulture in semiarid regions
(Medrano et al, 2015). This purpose may be achieved
in the existing vineyards using such agrotechnologies
as soil tillage with low physical moisture evapora-
tion with mulching or using the black fallow system
(Cataldo et al, 2020; Porto et al, 2018; Serdinescu et al,
2014); canopy manipulation (Hunter et al, 2004; Wang
et al, 2019; Bucur, 2021), leaf shadowing (Oliveira et
al, 2014; Lu et al, 2021), which decrease water loss
through transpiration.

While starting a vineyard, it would be reasonable
to select drought-resistant cultivars and their root-
stock (Serra et al, 2014; Ollat et al, 2015; Cameron
et al, 2020; Mezei et al, 2021; 2020; Marin et al,
2021), to locate trellis rows in the east-west direc-
tion (Campos et al, 2017; Lu et al, 2021), decrease
the planting density (Leeuwen et al, 2019; Keller
et al, 2021); and use the adaptive training systems
(Leeuwen et al, 2019).

The possibility of optimizing the elements of vine-
yard structural organization in the semiarid climatic
zone is an urgent problem that has not been studied
sufficiently. The grapevine training system determines
the nature of green shoot location in space, the dis-
tance from the vines to the soil surface, and changes
the lights regime for the plantations. The parameters
of vine training affect the water regime (Scholasch et
al, 2019; Zufferey et al, 2020), and the processes of
photosynthesis and respiration of plants (Colova et

AGRICULTURAL SCIENCE AND PRACTICE Vol.9 No.2 2022

al, 2007; Vlasov et al, 2016); define the yield rates of
grapes (Dry, 2000; Sommer K et al, 2000; Clingeleffer,
2006; Carbonneau et al, 2004) and wine quality (Min-
naar et al, 2020); manual labor requirements, material
resources, and the cost of products (Deloire et al, 2004;
Strub et al, 2021), which conditions the fundamental
nature of the studies.

Grapevine plantations should ensure rather a high po-
tential for plant productivity and relatively low water
loss through transpiration. These requirements for the
vineyard are related to the fact that high insolation and
the deficit of water available for plants are notable for
semiarid territories. During the vegetation period, there
are frequent disruptions in the water regime for plants
and, as a result, a yield reduction and deterioration
of grape quality (Simonneau et al, 2017). It becomes
practically relevant to coordinate the needs of plants
in water with the energy factors which define the water
regime (Amirdzhanov, 1980).

The aim of this study was to investigate the physi-
ological and agrobiological responses of grapevines
on different systems of training systems in row-type
plantations depending on the planting density and the
possibility of adapting plants for non-irrigated crops in
cold semiarid environments.

It is envisaged that the responses of grapevine to
different variants of training systems and planting
density would allow managing the character of spatial
shoot location, forming specific canopy architecture,
and setting the parameters of the leaf area. Some pa-
rameters of the mentioned indices may be involved
in mitigating the negative effect of water deficit on
plants due to the reduced water loss through transpira-
tion and serve as a mechanism of increasing the activ-
ity of the photosynthetic apparatus of leaves and the
yield of plantations.

MATERIALS AND METHODS

The place of conducting studies. Different variants of
planting density and vine training systems were tested
on the experimental plot of the National Scientific Cen-
ter “V.Ye. Tairov Institute of Viticulture and Winemak-
ing” (46.35° N; 30.65° W; Alt. 36 m). The terrain of the
plot is plain, with a slope of up to 2 degrees towards
the west. The vineyard was started in 2013 with young
grafted plants of Zahrei cultivar using rootstock PxP
101-14. The vines are trained on the unilateral trellis of
1.8 m with poles near vine trunks. The rows are orient-
ed north-south. It is a non-irrigated crop. Black fallow
is used for soil maintenance.
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Fig. 1. The variation in the indices of the annual precipi-
tation amount (P), potential evapotranspiration (PET), and
aridity index (Al ) in 2016-2020 according to the data of
the meteorological station at the National Scientific Center
“V. Ye. Tairov Institute of Viticulture and Winemaking”

Agrobiological specificities of the cultivar. Zahrei is a
grapevine cultivar (Vitis vinifera L.) of hybrid breeding
at the National Scientific Center “V.Ye. Tairov Institute
of Viticulture and Winemaking”. It was added to the
State Register of Plant Varieties of Ukraine in 2006.
The cultivar is notable for ecologic plasticity. The rip-
ening is medium to late. The vine vigor is average,
the shoot ripening is good, and winter hardness and
frost hardness are increased. The variety is resistant to
fungal diseases and droughts. The fruits are average,
round, and white; the texture is rich; the taste is plain;
the yield is used to produce grape wine and juices (Vla-
sov Vet al, 2014).

Soil cover. The experimental plot was started on
southern heavy-loamy chernozem on loess. The capac-
ity of the humus horizon is 45 cm; humus content in the
arable horizon is 2.3 %. The reaction of water suspen-
sion in the horizon from 0 to 120 cm is weakly alkaline
(pH 7.5-8.6). The total exchangeable bases are 17.0—
21.5 mmol/100 g of soil; Ca prevails in the composi-
tion of bases (80-90 %); soil alkalinity is very low.
The content of carbonates changes from 1.3 to 17.6 %,
and the content of active lime — 1.2—13.6 %; the risk of
chlorosis is low in upper soil layers, average — in the
horizon of the accumulation of carbonates. The content
of nitrogen in the arable horizon is very low (56 mg/kg
by Kornfeld), the content of phosphorus is average
(22.4 mg/kg by Machyhin), the content of potassium
is increased (219.4 mg/kg by Machyhin). The granulo-
metric composition of the soil is heavy loamy; the sum
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of fractions of <0.01 mm varies in the horizons from
41 to 48 %.

Agroclimatic conditions. During the studies in
20162020, the average temperature of the coldest
month, January, fluctuated from 1.8 °C (2020) to
—4.2 °C (2018). In January—February, the air tempera-
ture dropped shortly down to —7.9...—19.0 °C. The tem-
perature minimum was registered on January 25, 2016.
Under such conditions, the overwintering of planta-
tions is good, with the damage to wintering buds irrel-
evant for yield loss of up to 15 %.

The duration of the warm period with temperatures
of >10 °C varied from 179 to 206 days. The dates of
last spring frosts were observed in the air on March 18—
April 07, which coincided with the phenological phase
of sap flow. No damage to vines from spring frosts was
observed during the studies.

The veraison of Zahrei comes on September 12—18.
The early term of harvesting was observed during the
first fruit-bearing of the vines and during drier condi-
tions in 2019-2020.

The dates of autumn frosts in the air came from Oc-
tober 28 to November 22 and coincided with the phe-
nological phase in November; they didn’t have any rel-
evant effect on the maturation of the vine.

The average annual air temperature varied from 11.5
to 13.0 °C. The amount of precipitation during the year
fluctuated from 271 mm to 693 mm (Fig. 1).

The excess in the level of evapotranspiration as
compared to the precipitation amount decreases the
aridity index (Al ). For instance, during the period of
studies, Al varied in the interval from 0.2 to 0.5 and
characterized the territory as semiarid according to the
classification accepted in the UN environmental pro-
gram (Middleton, 1997). According to Koppen-Geiger
classification, the region of studies belongs to the cold
semiarid climate (Beck, 2018).

Field experiment. The two-way experiment of 2 x 4, set
in five consecutive repeats, studied the effect of two main
planting density variants (3 x 1.5 m; 3 x 1 m) and four
different vine training systems on the indices of leaf area,
water loss through transpiration, the activity of photosyn-
thetic apparatus of leaves, yield and grape quality.

The training systems differ in the height of the hori-
zontal cordon location (0.4, 0.8, 1.2, and 1.6 m) and the
character of spatial shoot positioning. For instance, on
the cordons of 0.4 m and 0.8 m there was vertical shoot
positioning, at 1.2 m — free-growing shoots, at 1.6 m —
downward shoot positioning.

AGRICULTURAL SCIENCE AND PRACTICE Vol.9 No.2 2022



RESPONSES OF GRAPEVINES TO PLANTING DENSITY AND TRAINING SYSTEMS

The experimental plot was started on the area of
4,752 sq.m. under the plantations; it consists of 16 trel-
lis rows of 100 m. The experimental variants are di-
vided into equal areas, 2 trellis rows each, with the area
of 594 sq.m. The number of plants under registration is
132 plants in one experimental variant with the plant-
ing density of 3 x 1.5 m, 198 vines —3 x 1 m.

Measurements of the leaf area. The quantitative de-
scription of the canopy of the row plantations involved
the following phytometric characteristics: the number
of shoots and leaves on plants on one line meter of the
row, length, width, and height of the canopy.

The registration was done during the phenological
phase of fruit maturation when the vine growth pro-
cesses were completed. The number of shoots per plant
was counted on five registration plants, typical for the
training systems. When the obtained value is divided by
the vine planting density in the rows (D, m), it shows
the density of shoots per line meter of the row (N). The
relative diameter of each leaf blade was determined on
twenty shoots of the plants under registration, average
in growth capacity.

The area of the average leaf was calculated under
laboratory investigation (Ivanchenko VI et al, 2004):

axd’

4

where W — the area of the circle, relatively accepted as
the leaf area (sq.cm.); d — the length (relative diameter)
of the leaf, defined from the upper to the lower lamina
of the leaf blade (cm); m — 3.14.

The area of the leaves on the shoot was calculated (F,
sq.m.), and the leaf area of one line meter of the row
was calculated by the equation:

W (cm’)

NxF @)

Considering the number of rows:

120 , Where £ —
the distance between the rows (m) and their total length
on one hectare under plantations: 10000 | the leaf

area (SF) is calculated by the equation (Carbonneau ,
1983):
m’ 10 000 x N x F
SFi (h_a) = z .

The potential of photosynthetic capacity of the plan-
tations was evaluated by the index of the exposed leaf
area (SFe) per one hectare and calculated by the equa-
tion (Schneider C, 1989):

10 000
E

SFe(7) = x (1-1) x S.
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The light regime of the canopy was evaluated by the
level of the leaf index (IF). The index is determined
as the ratio between the area of the external surface of
the leaf canopy and the actual area of the leaves dur-
ing the period of completing the grapevine growth pro-
cesses and filling the space of the trellis with the annual
growth (Schneider C, 1989):

m’_ (1-H) xS
PG = "NF
where t — the lumens in the canopy per one meter of the
row: t =T/D, where D — the vine planting density (m);
S — the relative external area of the canopy (sq.m.). Un-
der orthogonal intersections S =2 x H + e, where H —
canopy height (m); e — canopy width (m). The average
height and width of the canopy were determined using
20 measurements (Amirdzhanov, 1980).

N — the number of shoots per one meter of the row;
F — the average area of the shoot leaves (sq.m.).

Determining water loss through transpiration. The
method of energy balance was used for comparative
characteristics of the transpiration of vines. Potential
water losses through transpiration were calculated based
on the equation for the total solar energy absorption
by plants during the day and the quantitative heat loss
through water evaporation (Amirdzhanov, 1980):

T day) = QTA x 10"

where 7 — the potential water loss through transpira-
tion; O, — the total solar energy absorption by plants
in the daytime at the area of 1 ha under row planta-
tions (kilojoule); £ — the energy of vaporescence
(2.42 kilojoule/g H,O at 20-25 °C); 10* — the coef-
ficient for the conversion of the water amount into mil-
limeters.

0, was determined during the phenological phase of
wine growth (July), when the canopy on trellis rows
closed to the complete pattern, using the equation:

0,=%(S,x 0 k)
where XS, — the total area of the canopy projection on
1 ha under plantations (sq.m.):

10 000

55~ (10000, )4 (5 10000

E
Q — the total amount of solar energy coming in the
short-wave spectrum (0.3-3.0 mem) to the horizontal

XH) + <A< H % o;

surface (ﬁz X day) , according to the data of PO-
m

WER Data Access Viewer v2.0.0; kQ — the coefficient
of solar energy absorption by the leaves, calculated by
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the average daily relative radiation flows in 46 °N in
the second decade of July for the horizontal surface —
0.80; vertical northern surface — 0.07; southern —
0.27; eastern and western surfaces — 0.30 (Amirdzha-
nov AG, 1980).

The activity of the photosynthetic apparatus of the
leaves was evaluated by the method of chlorophyll
fluorescence induction (FI) using the single-beam fluo-
rometer Floratest (V.M. Glushkov Institute of Cyber-
netics of the NAS of Ukraine). The device can deter-
mine the effect of environmental stress factors on the
photosynthesis process in real-time without damaging
plants (Brajon OV et al, 2000).

The representative plants were selected for the analy-
sis in each specific experimental variant. FI was mea-
sured on five leaves located in the area of nodes 68
of the shoot under direct solar light. The device sensor
was located under the main ribs of the lamina. Prior to
measuring FI, the leaves were subjected to dark adapta-
tion for at least 20 minutes.

The obtained induction curves were used to deter-
mine the levels of chlorophyll fluorescence at F, Fpl,
E, and F. The relative content of Qg -non-reducing
complexes of Photosystem II (PS2) was calculated
by the ratio between the points: B F,
2000). F-F,

Yield registration. While harvesting, the number and
weight of clusters with the distinctiveness of 1 g were
counted and weighed on the plants under registration,
located around the entire plot, except for peripheral and
non-typical forms of vines. The number of plants under
registration is at least 15.

(Brajon et al,

The yield of the grapevine was calculated as follows:

N iers .
Vield (-152) = Sies x 17, 107,
vine vine
clusters
where —W-nte — the average number of clusters per
plant; W, — the average weight of a cluster (g);

10~ — the coefficient for recalculating the yield weight
into kilograms.

The average productivity of 1 ha of plantations was
calculated as follows (t):

_ 10000

R Y, x 107,

Yield (7

10 000

where — the number of vines in the area of

E xD
1 ha under plantations; Y, — the average yield of a vine
during the study period (kg); 10~ — the coefficient for
recalculating the yield weight into tons.
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Determining the grape quality. While harvesting,
two average samples of clusters with a weight of 1—
2 kg were selected from each experimental variant. The
juice was obtained from the wine using the hand press.
The must sugariness was determined by its density, us-
ing calibrated densimeters with a scale from 1,000 to
1,080 and 1,080-1,160. The total sugars in the must
were determined in g/dm?.

The must acidity was determined by titration of
0.1 N with the solution of NaOH. The mass concentra-
tion of the titrated acids was determined in g/l as calcu-
lated per tartaric acid (Ivanchenko et al, 2004).

The gluco-acidometric index was calculated by the
ratio between the must sugariness (%) and titrated acid-
ity (g/l).

Grapevine vigor. In the autumn-winter period af-
ter the phenological phase of leaf fall, ten aver-
age plants were selected on the experimental plot to
measure the thickness of annual shoots in the area of
shoot internodes 3—4 using the callipers. The data ob-
tained were used to calculate the number of average
shoots per plant (N ShQOtS) by the equation (Vlasov
et al, 2018): vine

N(h)=X<7x03+27.1-10+ %> 10 x 2.33,

where X _ — the total of low-vigor shoots of up to 7 mm;
X, the total of average shoots of 7.1-10 mm; X_  —
the total of vigorous shoots of over 10 mm; X, -~ the
number of plants under registration; 0.3; 2.3 — the coef-

ficients for recalculation per average shoots.

Statistical analysis. The data were processed by the
two-way analysis of variance (ANOVA). Duncan’s
multiple range test was used to determine statistically
reliable differences between the experimental variants,
P <0.05. The mean data and standard deviation are pre-
sented (+SE).

RESULTS

Parameters of vineyard canopy. Table 1 presents the
mean data of the indices of the vineyard canopy. The
dispersion analysis of the data demonstrates the reli-
able effect (p < 0.05) of the planting density and train-
ing system on the total canopy (SF), the exposed leaf
area (SFe), and leaf index (IF). The effect of the inter-
action between the experimental factors is observed for
IF index and is absent for SF and SFe.

It was determined that the thickening of the planta-
tions densities from 3 x 1.5 m to 3 X 1 m increases
the SF index by 2.2-24.6 %. After the increase in the
height of the vine cordon from 0.4 m to 1.6 m, there is
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a decrease in SF by 55.8 % at the planting density of 3
x1.5mand 53.2 % at—3 X 1 m.

The SFe index varies within 6.9-9.9 sq.m.x103/ha
depending on the training system and planting density.
The maximal levels of SFe are set in the plantations
with the vertical shoot positioning at the cordon of
0.4 m. The enlargement of the cordon to 0.8 m decreas-
es SFe by 8.8-11.1 %, up to 1.2 m — by 24.2-27.3 %,
up to 1.6 m — by 22.0-22.2 %.

The cultivation of grapevine in row plantations cre-
ates a canopy well-exposed on the outside and shadowy
inside. Shadowed leaves lose more organic substances
for breathing than they produce during photosynthesis
(parasitize on the plant).

The ratio between the area of exposed and shadowed
leaves or the density of the canopy of row plantations
is characterized by the IF index. The IF levels in the
range from 0.75 to 1 is optimum; up to 0.75 the canopy
is characterized as highly compacted, with a large share
of shadowed leaves, and above 1 — as thinned, with in-
sufficiently filled space on trellis rows (Irimia, 2006).

The data, presented in Table 1, demonstrate that at the
cordon of 0.4 m or 0.8 m, vertical shoot positioning cre-
ates a relatively dense canopy on trellis rows, with the av-
erage IF for the period of studies at the level of 0.63—0.67
at the planting density of 3 x 1.5 m, 0.59-0.61 at 3 x 1 m.

The optimal density of the canopy with IF of 0.76—
0.78 was determined for free-growing shoots at the cor-
don of 1.2 m regardless of the planting density.

The enlargement of the cordon up to the height of
1.6 m with downward shoot positioning at the planting
density of 3 x 1.5 m creates the thinned canopy, with IF
at the level of 1.11, and at 3 x 1 m there is a decrease in
the index down to 0.95.

Water loss through transpiration. The canopy archi-
tecture on trellis rows determines the area of radiation
for grapevines in the form of direct, scattered, and re-
flected short-wave radiation and the levels of its ab-
sorption. The calculated data demonstrate that during
one day in the second decade of July, T in row planta-
tions changes within 3.43—4.14 mm/ha depending on
the planting density and the height of placing the hori-
zontal cordon. The enlargement in the planting density
from 3 x 1.5 m to 3 x 1 m increases T by 5.7-9.4 %
depending on the training system (Fig. 2).

The minimal water loss through transpiration for
Zahrei vines with a planting density of 3 x 1-1.5 m
is determined for placing the horizontal cordon at
1.2 m and free-growing shoots. The reduction in the
vine cordon height down to 0.4 m or its enlargement to
1.6 m increases the transpiration by 10.6-13.3 % and
10.0-10.7 %, respectively.

The activity of the photosynthetic apparatus of
leaves. The grapevine training system affects the activ-
ity of the photosynthetic apparatus of leaves during the
period of the highest water deficit. Statistically reliable
differences were determined between the fluorescence
levels in the curve points F, Fpl, F and F under differ-
ent grapevine training systems. The effect of planting

Table 1. The parameters of Zahrei wine grape cultivar canopy (Vitis vinifera L.) under different planting densities and train-

ing systems. The mean data for 20162020 are presented

Plantine densitv/ SF SFe IF
an.tglg ensity, i % 10 % 107 .
Training system (———) ——) (=)
ha ha m
3x15m
Cordon at the height of 0.4 m 14.7+£0.9 be 9.1+03cd 0.63+0.03a
—0.8 m 126 £0.7b 8.3+0.3bc 0.67+0.04 a
-1.2m 9.0+02a 69+02a 0.76 £0.01 a
-1.6 m 6.5+03a 7.1+02a 1.11+0.03b
3xIm
Cordon at the height of 0.4 m 173+ 19¢ 9.9+0.3d 0.59+0.04a
—0.8 m 14.6+1.2bc 8.8+0.2¢c 0.61 +£0.04 a
-1.2m 92+02a 7.2+0.3 ab 0.78+0.0l a
—1.6 m 8.1+03a 7.7+0.1 ab 095+03b

Note. The data present the mean values + SE (n = 5). Different letters indicate reliable differences between the experimental
variants by Duncan’s new multiple range test with several ranges (p < 0.05).
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Fig. 2. The effect of the cordon height on water loss through
transpiration depending on the planting density. The mean
data for 2016-2020. The curves show the deviation thresh-
old = SE

density on FI parameters of leaves was not determined
(p > 0.05) (Table 2).

Numerous indices, determined by the ratio between
fluorescence intensity between specific points on FI
curves, are used to define the state of the photosynthet-
ic apparatus of plant leaves. In our experiment, note-
worthy was the ratio between the points , which shows
the relative content of Q,, not reduced by PS2. These
complexes are not involved in the linear transportation
of electrons, so the efficiency of accumulating primary
photosynthesis products in chloroplasts and plant pro-
ductivity may depend on their number. The increase in
the relative number of Q,-non-reduced complexes of
PS2 may be used as an index of stress and response of

plants to unfavorable environmental factors, including
drought, increased or decreased temperature, etc. (Ko-
rneev, 2002).

During the driest vegetative period (July 2020), the
relatively low levels of the content of Q,-non-reduced
complexes of PS2 were determined in the grapevine
leaves at the cordon height of 0.8 m and 1.2 m at the
planting density of 3 x 1.5 and 3 % 1 m, respectively.
The decrease or increase in the cordon height increases
the ratio of regardless of the planting density.

Grapevine yield and grape quality. During five years
of plantation fruit-bearing, from year four till year
eight, a significant effect (p < 0.05) of the planting den-
sity and training system was found along with that of
the interaction of factors on grapevine productivity in
some years (2016, 2018).

There is some dependence of the yield rates not only
on the factors under investigation (planting density and
training system) but also the age of vines and agrocli-
matic conditions of the year.

When the grapevines entered the fruit-bearing pe-
riod (2016), their productivity was relatively low, and
varied depending on the training system within 2.05—
3.91 kg at the planting density of 3 x 1.5 m, 1.83-2.55
kgat3 x 1 m.

The productive (fruit-bearing) use of the vineyard,
according to the regulations (Vlasov, 2006), starts in the
fifth year since the vines were planted. In 2017-2018,
the productivity was the highest for the investigation
period, at the level of 5.67-7.91 kg at the planting den-
sity of 3 x 1.5 m, 5.25-7.11 kg at 3 x 1 m. In these

Table 2. The relative fluorescence levels in points F, F | .F, and F on FI curves of the leaves under different planting density
and training systems during the drought (2020, the 2‘“‘ decade of July)

Planting density/Training system F, F, F, F
3x15m
Cordon at the height of 0.4 m 0.33+0.01 ab 0.73+0.01 b 1.39 4+ 0.02 bed 0.34+0.1 abc
—0.8 m 0.38+0.01 ¢ 0.80£0.03b 1.51+£0.05d 0.38+0.02 ¢
-12m 032+£0.03a 0.63+£0.05a 1.11+0.05a 0.29+£0.02a
-1.6m 031£0.00a 0.77+£0.01b 1.21£0.01 ab 0.35+0.1 abc
3x1Im
Cordon at the height of 0.4 m 031+0.01a 0.76 £0.01 b 1.26 £ 0.01 abc 030+0.02a
—0.8m 0.34£0.02 ab 0.74+0.01b 1.21£0.01 ab 0.37£0.01 be
-12m 032+0.01 a 0.62+0.01 a 1.25+0.04 abc 0.31£0.01 ab
-1.6m 0.36 +0.01 be 0.73+£0.01b 1.43+0.03 cd 0.32+£0.01 ab

Note. The data present the mean values + SE (n = 5). Different letters indicate reliable differences between the experimental

variants by Duncan’s new multiple range test with several ranges (p < 0.05).
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years, the precipitation amount exceeded the average
norms, at the level of 438.8-542.6 mm, and the aridity
index — 0.33-0.41.

In 2019 and 2020, the precipitation amounts per year
were lower than average — 301.4 mm and 270.7 mm,
and the aridity indices — 0.22 and 0.20. As compared
to the average productivity in 2017-2018, the yield
from one vine decreased by 17.3-35.3 % in 2019, and
in 2020 — by 61.2-69.2 % depending on the planting
density and training system (Table 3).

During less dry years, the grapevine productivity is
observed under vertical shoot positioning on the hori-
zontal cordons of 0.4-0.8 m. In the driest years, rela-
tively high productivity was observed on the vines with
the cordon of 0.8 m at the planting density of 3 x 1.5 m,
at the height of 1.2 mat3 X 1 m.

The planting density of 3 x 1 m decreases the produc-
tivity of grapevines, but as recalculated per area unit,
it is more efficient compared to the planting density of
3 x 1.5 m regardless of the training system.

On average, for the investigated years, the maximal
level of the yield for Zahrei plantations (at the level
of 14.1 t/ha) was determined under planting density
3 x 1 m and the cordon height of 1.2 m. The reduction
or enlargement in the height of the vine cordon, and the
decrease in the planting density to 3 x 1.5 m decreases
the yield of plantations by 12.3-21.1 %.

Our results demonstrate that in case of cultivating in
row plantations, the yield rates for Zahrei cultivar cor-

relate with the number of shoots (Fig. 3). This depen-
dence was established for the number of shoots with
average vigor and the width of 7-10 mm (Vlasov et al,
2018).

The planting density and training system affect the
rates of shoot load and, thus, the yield of plantations.
However, it is reasonable to analyze the norm of shoot
load in connection to the shoot productivity index, which
reflects the yield weight per average shoot. The data in
Fig. 4 demonstrate that the shoot productivity changes
under the effect of the training system and depends
on the planting density. Under the planting density of
3 x 1.5 m, the maximal productivity rates of 225 g/shoot
are observed on grapevines with a cordon height of 0.8
m. Thicker planting of 3 x 1 m increases the produc-
tivity, its peak of 236 g/shoot is observed on the vines
with the cordon of 1.2 m. The decrease or increase in
the cordon height reduces the shoot productivity by 4.9—
27.1 %, depending on the planting density.

The taste qualities of grapevine and its suitability for
technical processing are mostly determined by the con-
tent of sugar and organic acids in wine. On average,
during the investigation period, the total sugars in the
must of Zahrei cultivar changed from 192 to 205 g/dm?,
that of titrated acids — 5.3-6.1 g/l depending on the
planting density and training system. It is remarkable
that in most arid years, the decrease in the plantation
productivity increases the total sugars and decreases
the acidity of the must. Putting the grape cluster off
the soil surface with the increase in the height of the

Table 3. The effect of the planting density and training system on the yield weight of Zahrei wine grape cultivar (Vitis vinifera L.)

Cordon height (m)
Year
0.4 0.8 1.2 1.6

3x15m
2016 21+02a 39+04b 27+02a 2.1+0.1a
2017 79+06¢ 79+0.7c¢ 6.7+ 0.6 abc 5.7+0.5ab
2018 6.7+03d 85+0.6¢ 69+04d 5.1+0.3bc
2019 59+04d 6.0+0.2d 56+0.5cd 3.6+0.4 ab
2020 22+0.1d 27+02¢ 26+0.1¢ 2.0+0.1 bed

3x1Im
2016 22+03a 24+02a 26+04a 1.8+03a
2017 7.1+0.4bc 5.8+0.3 ab 5.8+ 0.4 ab 53+03a
2018 34+04a 5.8+03cd 6.1+03cd 47+02b
2019 40+0.6 ab 43+0.3ab 45+0.2bc 32+04a
2020 1.8+0.1 ab 1.9+ 0.1 abe 2.1+0.1cd 1.6+0.1a

The data present the mean values + SE (n = 5). Different letters indicate reliable differences between the experimental vari-

ants by Duncan’s new multiple range test with several ranges (p < 0.05).
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Fig. 3. The dependence between the number of average
shoots and the yield of row plantations of grapevines
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Fig. 4. The effect of the training system on shoot produc-
tivity depending on the planting density. The mean data for
2016-2020
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horizontal cordon delays the veraison, and decreases
the gluco-acidometric index regardless of the planting
density. This effect is clearly traced in the veraison pe-
riod during drought.

DISCUSSION

In the area of insufficient natural moisture supply,
the change in the planting density and training system
for grapevine affects the processes of growth and fruit-
bearing of grapes. Its productivity of plants is ensured
by specific parameters of canopy architecture of the
plantations, leaf canopy, and shoot load as well as a
related decrease in water loss through transpiration and
an increase in the activity of the photosynthetic appa-
ratus of leaves.

Different scientists have introduced numerous vari-
ants of planting density into viticulture considering
different environments (Winkler, 1974). In the area
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with sufficient moisture supply, the planting density is
high — the number of plants per one hectare is 5,000—
8,000, sometimes up to 10,000. For these conditions, it
is recommended to decrease the planting density in or-
der to adapt plants to dry vegetation settings (Leeuwen
et al, 2019; Keller et al, 2021).

In the zone of insufficient moisture supply, the plant-
ing density is much lower — 2,000-4,000 vines per
hectare (Stoev, 1984). According to our data, in these
conditions, the effect of aridity on grapevines during
the vegetation is lower at a higher density of the planta-
tions — 3,333 as compared to 2,222 plants per hectare.
In our opinion, this effect is related to the decrease in
the shoot load and yield as per one plant.

In viticulture, the shoot load is one of the main agro-
technical methods to regulate the growth and fruit-bear-
ing of vines. The standardization of shoots per plant
induces an increase or decrease in the grapevine vigor
(Badr et al, 2018), a change in the leaf area and the
ratio between leaves and clusters (Parker et al, 2015),
as well as the photosynthetic activity of plants and the
productivity of plantations (Reynolds et al, 1994). The
results of our studies demonstrate that the effect of the
shoot load on vines is manifested in the change in the
cluster amount, the average cluster weight, and in the
preservation or change in the yield quality indices.

The increase in the number of normally developed
shoots on vines may help to implement the measures to
increase the plantation productivity. However, it is pos-
sible to increase the shoot load on vines up to a specific
or optimal level under specific cultivation conditions.
The increase in the shoot load above optimal values
may decrease the productivity due to the thickening of
the canopy and an increase in the share of shadowed
leaves or the effect of the limiting environmental factor
observed in the experimental conditions.

Among the solutions to the problem of adapting the crop
to arid conditions, it is suggested to use adaptive training
systems for vines. The increase in the height of the yield
location allows for decreasing the negative effect of high
temperatures of the surface layer (Leeuwen et al, 2019).
Our data demonstrate that the increase or decrease in the
height of the grapevine cordon, except for the determined
one, changes the canopy architecture, and its parameters
allow the regulation of the rate of solar energy absorption
and water loss through transpiration.

It is known that the productivity of the plantation is
determined by the level of absorption and use of so-
lar energy for photosynthesis. These indices are in
straight-line correlation. This tendency is not critical
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for the sufficient moisture supply for plants (Amirdzha-
nov AG, 1980).

For semiarid conditions without irrigation, the pro-
ductivity of grapevines may be increased up to the
maximal rate only in case of the correspondence be-
tween the water and light regime of plants. The in-
crease in the potential of the photosynthetic capacity of
the plantations under insufficient moisture supply does
not increase productivity, its rate is limited by the func-
tional activity of the photosynthetic apparatus.

Under water deficit, high rates of solar energy collec-
tion may cause excessive tissue heating of the exposed
leaves. Due to this effect, there is a significant change
in physiological-biochemical processes, mainly related
to photosynthesis inhibition and intensified respiration
in plants, especially the ones from C-3 photosynthesis
group. Two main processes in plants — transpiration and
photosynthesis — are closely interrelated: if transpira-
tion, which is the flow of water via stomata, decreases
due to the shortage of soil moisture and further clos-
ing of stomata, then the photosynthesis will decrease
as well, first of all, due to the intake of CO, to the leaf.
So transpiration and productivity of plants are in close
correlation (Shul’gin, 2013).

Based on the determined dependence between the pa-
rameters of the leaf area, water loss through transpira-
tion, activity of the photosynthetic apparatus of leaves
and productivity indices for plantations, it is possible
to formulate the optimal elements of the structural
vineyard organization for the non-irrigated crop in the
semiarid climatic zone:

— the decrease in the shoot load on vines with some
increase in the plantation density;

— the decrease in the height of the canopy with an in-
significant increase in its width in row plantations and
the training system on a unilateral vertical trellis;

— the optimization of canopy density due to the de-
crease in the share of shadowed leaves.

The optimal elements of the structural organiza-
tion of Zahrei plantations for the non-irrigated crops
are ensured by the planting density of 3 x 1 m under
the horizontal cordon at the height of 1.2 m and free-
growing shoots. Such vineyard structure enhances the
efficiency of using the resource, limiting the produc-
tivity under a semiarid climate — soil moisture avail-
able for plants.

CONCLUSIONS

The agronomic methods of planting and training
systems for grapevines ensure the management of the
character of spatial shoot location, the formation of a

AGRICULTURAL SCIENCE AND PRACTICE Vol.9 No.2 2022

specific canopy architecture, setting the parameters of
the leaf area; their optimization mitigates the negative
effect of water deficit and provides for adapting the
plants for non-irrigated crops under semiarid climate.

The positive effect of compacting plantations on the
yield of Zahrei wine grape cultivar was determined in
the non-irrigated crop in semiarid environments. The
variant of planting density of 3 x 1 m decreases the
yield load on the vines on average by 12.1-31.0 %, as
compared to the variant of 3 x 1.5 m. Yet, more dense
plantations are remarkable for their yield, which is 18.5—
61.3 % higher depending on the training system for vines.

Under dry conditions, the most efficient system is the
training system with the formation of the horizontal
cordon at the height of 1.2 m and free-growing shoots,
the cultivation of grapevines in row plantations with
a planting density of 3 X 1 m. The system optimizes
the leaf area density, and forms the canopy architecture
with rather low water loss through transpiration which
has a positive effect on the activity of the photosyn-
thetic apparatus of leaves during droughts. Under free
growth, the yield of the plantations increases by 4.3—
12.3 % on average as compared to the vertical shoot
positioning and by 21.3 % — under their downward po-
sitioning.
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Meta. JlocmijpkeHHS (i3i0N0TIYHUX 1 arpoOionoriyHUX
peakuiii BHHOTpaxy Ha pi3HI CHCTEMH BEJICHHS KYILIB Y
PSAAKOBUX HACADKCHHSX 3aJI€KHO BiJl HIUTBHOCTI CaiHHS
Ta MOMKJIMBOCTI TIPUCTOCYBAHHSI POCIUH JUIsl KYJIBTypH 0Oe3
3pOLICHHS B yMOBaxX XOJIOJHOTO CEMIapHIHOTO KJIMary.
MeTtoan. JlocmipkeHHs TPOBEACHO MOJIBOBUM METOIOM. Y
nmBo(akTopHOMY HOCHiNI 2 X 4 BUBYCHO JIiFO TBOX BapiaHTIB
mipHOCTI caminas (3 % 1,5 m; 3 X 1 M) 1 4OTUPBOX cHUCTEM
BEJICHHS KylliB (NpH pO3TallyBaHHI TOPH30HTAJIBHOTO
xopnony Ha Bucori 0,4; 0,8; 1,2; 1,6 M) Ha mapameTpu
TUTONII JIUCTKOBOI MOBEPXHI, JIMCTKOBUH IHAEKC, BUTpPAaTH
BOJM Ha TPaHCHIpAIil0, AKTHUBHICTH (OTOCHHTETUYHOTO
arapaty JIMCTKIB 1 BpOXal TEXHIYHOTO COPTY BHHOIPAIy
3arpeti (Vitis vinifera L.). Pe3ymprati pociigy o0pooisim
3a JIONOMOrol0 jaucrepciiiHoro aHamizy. Pesyabrarn.
301nbIIEHHS IIITBHOCTI PSOBHX HAacaPKeHb BHHOTIPAILY
Ha omuHMII mionm 3 3 x 1,5 M 1o 3 x 1 M migBuIIyBaio
3arajibHy JIMCTKOBY TTOBEPXHIO, TUIONIY CBITJIOBHX JIHCTKIB,
BUTpaTH BOIM Ha TpPAHCIHIpalilo, Macy BpoXKawo, aie y
NepepaxyHKy Ha OAWH BHHOTPaJHHMN Kyl 3a3Ha4yeHl Mo-
Ka3HUKH 3HIKYIOThCS. Peakuis BHUHOTpagy Ha CHCTEMY
BCJICHHS KYI[iB aHAJIOTIYHA Ta HE3aJeKHA BII JOCITIIHUX
BapiaHTIB MIUIBHOCTI CajiHHs]. BepTHkampHEe BENCHHS Ta-
TOHIB KYIIIB IIPH BUCOTI po3ramryBaHHs Kopaony 0,4 Ta
0,8 M 30inbIIye MOTEHIian (POTOCHHTETHYHOI MOTY>KHOCTI
Haca/pKeHb, ajie Ied NOTEHIiall peaji3yeTbCesl TUIbKA B
POKHM 3 MEHIIMM Ae(DIlUTOM TOCTYIHOT BOJIOTH JUISL POCITHH.
BinbHe BeseHHs MAaroHiB Ha KOpPAOHAX, PO3TAIIOBAHMX Ha
Bucoti 1,2 M, (opmye apxiTeKTypy JIMCTKOBOTO IIOJIOTY 3
BIJTHOCHO HM3bKMMH BHTpaTaMH BOJAM Ha TpaHCHipamilo,
110 [TO3UTHBHO BIUINBA€ HA aKTUBHICTH (POTOCHHTETUYHOTO
armapary Ta BpPOXXalHICTb, OCOOJMBO B MOCYIUIMBI POKH.
3BHcaloue IOJOXKCHHSI IaroHIB Ha KOPIOHAX 3aBBHUILIKH
1,6 M 3MeHIIye IUIONLYy JIMCTKOBOI IOBEpXHI KYyIUiB Ta
CTBOPIOE aPXITEKTYpPy JIMCTKOBOTO TIOJIOTY 3 ITiBHIECHOIO
TpPaHCIIpai€lo, M0 MOCHIIOE [0 BOXHOTO AeiluTy Ta He-
TaTUBHO BIUIMBAE HA MPOAYKTHUBHICTH POCIUH. BHCHOBKH.
ATponpuiioMH IIUIBHICTH CaJiHHA Ta CHCTEMa BEICHHS
KyILIiB BUHOTPaIy JAalOTh 3MOTY YIIPABISITH XapaKTepOM
po3TalryBaHHs NaroHiB y MmpocTopi, opMyBaTH NEBHY ap-
XITEKTypy JHMCTKOBOTO MOJIOTY, 3a/laBaTH IMapaMeTpy IUIo-
Il JUCTKOBOI TOBEPXHi; iX ONTHMI3allis IOM’SKIIy€E He-
TaTUBHY JMiF0 BOXHOTO Je(dilUTy Ta Jae€ MOXIHBICTH
MIPUCTOCOBYBATH POCIMHM ISl KYJIBTypH 0€3 3pOIICHHS B
YMOBaxX CeMiapUIHOTO KiliMaTy. BcraHOBIEHHH TO3UTUBHAIN
BIUIMB YIIUIBHEHHS HAaca/KeHb Ha BPOXKAWHICTH KyJIBTYpH
0e3 3poIleHHS B CeMiapUAHUX YMOBax. BapiaHT miiibHOCTI
caminHg 3 X 1 M 3MeHIIye HaBaHTXEHHS KYILUiB BpO-
KaeM y cepexnpoMy Ha 12,1-31,0 %, y mopiBHSHHI 3
BapiantoM — 3 X 1,5 M. Ase OUTBIN IMUTBHI HACAKCHHS
BIJIPI3HSIOTHCS MIABHUIICHOK BpoXkaiiHicTio Ha 18,5-61,3 %
3aJIKHO BiJl CHCTEMH BEICHHS KyNIliB. Y MOCYIUIMBHX
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yMOBaxX Hale(eKTHBHIIIO € CHCTeMa BEISHHS KYIIiB 3
(opMyBaHHSIM TOPH30HTAIBHOTO KOPJIOHY Ha BHCOTI 1,2 M
1 BUIBHUM pO3TalIyBaHHAM NaroHiB. CumcremMa ONTHMI3ye
IIIJIBHICTD JIMCTKOBOI TMOBEpPXHi, (hOpMy€e apXiTeKTypy MHo-
JIOTY 3 BiIHOCHO HM3BKUM PIBHEM BUTPATH BOAU Ha TPaHC-
Mipaiitoo, MO TO3WTUBHO BIUIUBAE€ HAa AaKTHBHICTH (DOTO-
CHHTCTHYHOIO arapary JIMCTKIB y TMepioad mil MOCYXH.
VYpoxaliHICTP HAca/UKEHb IPH BUIGHOMY pO3TalIyBaHHI
MPUPOCTY B CepenHbOMY 30iabinyeThest Ha 4,3—12.3 % y
TIOPIBHSHHI 3 BEPTHKAJIBHUM BEJCHHSIM TaroHis, Ha 21,3 %
y 3BHCAIOYHMM IXHIM MOJIOKESHHSIM.

KoarouoBi ciioBa: BuHOTpaj, MIIBHICTD CaJiHHA, cCHCTEMa
BEJICHHS, JIMCTKOBA TIOBEPXHs, TpaHCHipalis, (HOTOCHHTe-
TUYHUH arapar, IpOAyKTUBHICTh, ypOXKaii.

REFERENCES

Amirdzhanov AG (1980) Solar Radiation and Vineyard
Productivity. Leningrad: Gidrometeoizdat, p. 208 (in
Russian).

Badr G, Hoffman J, Bates T (2018) Effect of Cane Length on
Concord and Niagara Grapevines. Amer J Enol Viticult
69(4):386-393. https://doi.org/10.5344/ajev.2018.18019.

Beck HZ (2018) Present and future Koppen-Geiger cli-
mate classification maps at 1-km resolution. Sci Data
5(180214). https://doi.org/10.1038/sdata.2018.214

Bois B, Joly D, Quénol H et al (2018) Temperature-based
zoning of the Bordeaux wine region. OENO One 52(4).
https://doi.org/10.20870/0eno-one.2018.52.4.1580.

Brajon OV, Korneev DYu, Snegur OO, Kitaev OI (2000)
Instrumental study of the photosynthetic apparatus by
induction of chlorophyll fluorescence. Methodolog Inst-
ruct Students Biol Department. Kyiv: Vydavnycho-poli-
grafichnyi tsentr Kyivskoho universytetu, p. 15 (in Ukrainian).

Bucur G (2021) Research on some methods of canopy
management to mitigate the effects of climate warming
at grapevine. Scientific Papers. Series B, Horticulture.
LXV (1):305-310. ISSN:2285-5653.

Bucur G, Dejeu L (2017) Researches on situation and trends in
climate change in south part of Romania and their effects
on grapevine. Scientific Papers. Series B, Horticulture.
2017, Vol. LXI, pp. 243-248. ISSN:2285-5653

Cameron W, Petrie P, Barlow E et al (2020) Advancement of
grape maturity: comparison between contrasting cultivars
and regions. Austral J Grape Wine Res 26(1): 53—67. https://
doi.org/10.1111/ajgw.12414.

Campos I, Neale C, Calera A (2017) Is row orientation
a determinant factor for radiation interception in row
vineyards? Austral J Grape Wine Res 23(1):77-86. https://
doi.org/10.1111/ajgw.12246.

Carbonneau A (1983) Méthodes de mesure simple de la
surface foliaire exposée par hectare, élément déterminant
dusystéme de conduite de lavigne. OENO One 17(4):281—
285. https://doi.org/10.20870/0oeno-one.1983.17.4.1766.

Carbonneau A, Monte R, Lopez F, Ojeda H (2004) The
foldable lyre: ecophysiological interest for management

AGRICULTURAL SCIENCE AND PRACTICE Vol.9 No.2 2022



RESPONSES OF GRAPEVINES TO PLANTING DENSITY AND TRAINING SYSTEMS

of light absorption and water; technological interest for
mechanical harvesting. J Inter Scide La Vigne Du Vin. 38
(1). https://doi.org/10.20870/0eno-one.2004.38.1.931.

Cataldo E, Salvi L, Sbraci S, Storchi P et al (2020)
Sustainable Viticulture: Effects of Soil Management in
Vitis vinifera. Agronomy 10(12). https://doi.org/10.3390/
agronomy10121949.

Clingeleffer P (2006) Management practices for Sun-
muscat (Vitis vinifera L.): a new drying variety.
Austral J Grape Wine Res 12(2):128-134. https://doi.
org/10.1111/j.1755-0238.2006.tb00052.x.

Colova V, Bordallo P, Parker L et al (2007) Evaluation of
yield, fruit quality and photosynthesis of two training-
trellis systems and canopy management practices for
Carlos and noble muscadine grapes in Florida. J Inter Des
Scide La Vigne Du Vin 41(1). https://doi.org/10.20870/
oeno-one.2007.41.1.856.

Davis R, Dimon R, Jones G, Bois B (2019) The effect of
climate on Burgundy vintage quality rankings. OENO One
53(1). https://doi.org/10.20870/0eno-one.2019.53.1.2359.

Deloire A, Carbonneau A, Lopez F et al (2004) Interaction
“training system x vigour” on Merlot. Comparison bet-
ween vertical trellis and minimal pruning. First results.
J Inter Des Scide La Vigne Du Vin 38(1). https://doi.
org/10.20870/oeno-one.2004.38.1.933.

Deloire A, Carbonneau A, Wang Z, Ojeda H (2004) Vine and
water: a short review. J Inter Des Scide La Vigne Du Vin
38(1). https://doi.org/10.20870/0oeno-one.2004.38.1.932.

Dry P (2000) Canopy management for fruitfulness.
Austral J Grape Wine Res 6(2):109-115. https://doi.
org/10.1111/§.1755-0238.2000.tb00168.x.

Edwards E, Clingeleffer P (2013) Interseasonal effects
of regulated deficit irrigation on growth, yield, water
use, berry composition and wine attributes of Cabernet
Sauvignon grapevines. Austral J Grape Wine Res 19(2):
261-276. https://doi.org/10.1111/ajgw.12027.

Gambetta G, Kurtural S (2021) Global warming and wine
quality: are we close to the tipping point? OENO One
55(3). https://doi.org/10.20870/0eno-one.2021.55.3.4774.

Hunter J, Volschenk C, Marais J, Fouche G (2004) Com-
position of Sauvignon blanc Grapes as Affected by Pre-
veraison Canopy Manipulation and Ripeness Level.
South Afr J Enol Viticult 25(1):13—18. https://doi.org/
10.21548/25-1-2132.

Irimia L, Tardea C (2006). The exposable leaf area and the
leaf index, which characterize the grapevine training
systems in the Averesti wine-growing centre, Husi
vineyard. Agronomical Res Moldavia 3(127):41-46.

Ivanchenko VI, Bejbulatov MR, Antipov VP et al (2004)
Guidelines for agrotechnical research in viticulture in
Ukraine. Yalta: IViV “Magarach”, p. 264 (in Russian).

Jones G (2015) Grapevines in a changing environment: a global
perspective. [ed.] Chaves M., Gil H., Delrot S. Geros H.
Grapevine in a Changing Environment: A Molecular and
Ecophysiological Perspective. s.l.:John Wiley & Sons, Ltd.,
pp. 1-17. https://doi.org/10.1002/9781118735985.ch1

AGRICULTURAL SCIENCE AND PRACTICE Vol.9 No.2 2022

Keller M (2010) Managing grapevines to optimize fruit
development in a challenging environment: a climate change
primer for viticulturists. Austral J Grape Wine Res 16(1):56—
69. https://doi.org/10.1111/j.1755-0238.2009.00077 .x.

Keller M, Mills LJ (2021) High Planting Density Reduces
Productivity and Quality of Mechanized Concord
Juice Grapes. Am J Enol Vitic 72:358-370. https://doi.
org/10.5344/ajev.2021.21014.

Korneev DYu (2002) Information possibilities of application
of chlorophyll fluorescence. Kyiv: Al’terpres, p. 188.
ISBN:966-542-168-9 (in Russian).

Leeuwen C, Pieri P, Gowdy M et al. (2019) Reduced density
is an environmental friendly and cost effective solution
to increase resilience to drought in vineyards in a context
of climate change. OENO One. 53 (2). doi:10.20870/
oeno-one.2019.53.2.2420.

Leeuwen C, Roby J, Ollat N (2019) Viticulture in a changing
climate: solutions exist. IVES Technical reviews. 2019.
doi:10.20870/IVES-TR.2019.2530.

Lu H, Gao X, Duan C et al (2021) The Effect of Cluster
Position Determined by Vineyard Row Orientation on
Grape Flavonoids and Aroma Profiles of Vitis vinifera L.
cv. Cabernet Sauvignon and Italian Riesling in the North
Foot of Tianshan Mountains. South Afric J Enol Viticult
42(1):44-45. https://doi.org/10/21548/42-1-4308.

Lu H, Wei W, Wang Y et al (2021) Effects of sunlight
exclusion on leaf gas exchange, berry composition, and
wine flavour profile of Cabernet-Sauvignon from the
foot of the north side of Mount Tianshan and a semiarid
continental climate. OENO One 55(2). https://doi.org/10.
20870/0oeno-one.2021.55.2.4545.

Marin D, Armengol J, Carbonell-Bejerano P et al. (2021)
Challenges of viticulture adaptation to global change:
tackling the issue from the roots. Austral J Grape Wine
Res 27(1):8-25. https://doi.org/10.1111/ajgw.12463.

Medrano H, Tomas M, Martorell S et al (2015) Improving
water use efficiency of vineyards in semiarid regions.
A review. Agron Sustain Dev 35:499-517. https://doi.
org/10.1007/s13593-014-0280-z.

Mezei L, Johnson T, Goodman S et al (2021) Meeting
the demands of climate change: Australian consumer
acceptance and sensory profiling of red wines produced
fromnon-traditional red grape varieties. OENO One 55(2).
https://doi.org/10.20870/0eno-one.2021.55.2.4571.

Middleton N, Thomas D (1997) World Atlas of Desertification.
London; New York; Sydney; Auckland: Arnold: UNEP.
https://wedocs.unep.org/20.500.11822/30300.

Minnaar P, Jolly N, Ntushelo N (2020) Effect of Grapevine
Canopy Side on Selected Sensory Attributes of Pinotage
and Cabernet Sauvignon Wines. South Afric J Enol
Viticult 41(1):44-50. https://doi.org/10.21548/41-1-3619.

Molitor D, Junk J (2019) Climate change is implicating a two-
fold impact on air temperature increase in the ripening
period under the conditions of the Luxembourgish
grapegrowing region. OENO One 53(3). https://doi.org/
10.20870/0eno-one.2019.53.3.2329.

49



SHTIRBU et al.

Oliveira M, Teles J, Barbosa P et al (2014) Shading of the
fruit zone to reduce grape yield and quality losses caused
by sunburn. J Inter Des Sci De La Vigne Du Vin. 48(3).
https://doi.org/10.20870/0eno-one.2014.48.3.1579.

Ollat N, Peccoux A, Papura D et al (2015) Rootstocks as
a component of adaptation to environment. (Eds) Cha-
ves M., Gil F., Delrot S. Geros H. Grapevine in a Chan-
ging Environment: A Mol Ecophysiolog Perspect 68—
108 pp. https://doi.org/10.1002/9781118735985.ch4.

Parker A, Cortazar-Atauri I, Trought M et al (2020) Adaptation
to climate change by determining grapevine cultivar differen-
ces using temperature-based phenology models. OENO One
54(4). https://doi.org/10.20870/0eno-one.2020.54.4.3861.

Parker A, Hofmann R, Leeuwen C et al (2015) Manipulating
the leaf area to fruit mass ratio alters the synchrony of
total soluble solids accumulation and titratable acidity of
grape berries. Austral J Grape Wine Res 21(2):266-276.
https://doi.org/10.1111/ajgw.12132.

Phogat V, Cox J, Mallants D et al (2020) Historical and future
trends in evapotranspiration components and irrigation
requirement of winegrapes. Austral J Grape Wine Res
26(4):312-324. https://doi.org/10.1111/ajgw.12446.

Porto A, Wagner A, Cabral V et al (2018) Reflective materials
and management practices on the physicochemical and
biochemical quality of Merlot grapes. Adv Horticult Sci
33(1):39-48. https://doi.org/10.13128/ahs-23606.

Reynolds A, Wardle D, Dever M (1994) Shoot Density
Effects on Riesling Grapevines: Interactions with Cordon
Age. Amer J Enol Viticult 45(4):435-443.

Schneider C (1989) Introduction a 1’écophysiologie viticole
Application aux systémes de conduit. Bulletin de I’OIV
701-702:498-515 (in French).

Scholasch T, Rienth M (2019) Review of water deficit mediated
changes in vine and berry physiology; Con-sequences for
the optimization of irrigation strategies. OENO One 53(3).
https://doi.org/10.20870/0eno-one.2019.53.3.2407.

Schultz H (2000) Climate change and viticulture: A European
perspective on climatology, carbon dioxide and UV-B
effects. Austral J Grape Wine Res 6(1):2—12. https://doi.
org/10.1111/§.1755-0238.2000.tb00156.x.

Serdinescu A, Pircalabu L, Fotescu L (2014) Influence of
soil maintenance systems and fruit load on grapes quality
under drought conditions. Scientific Papers. Series B,
Horticulture. LVIII: 201-204. ISSN:2285-5653.

Serra 1, Strever A, Myburgh P, Deloire A (2014) Review:
the interaction between rootstocks and cultivars (Vitis
vinifera L.) to enhance drought tolerance in grapevine.
Austral J Grape Wine Res 20(1):1-14. https://doi.org/
10.1111/ajgw.12054.

Simonneau T, Lebon E, Coupel-Ledru A et al (2017) Adapting
plant material to face water stress in vineyards: which
physiological targets for an optimal control of plant water
status? OENO One 51(2). https://doi.org/10.20870/0oeno-
one.2017.51.2.1870.

50

Shul’gin IA (2016) Energy budget and physiological criteria
for crops productivity under climate change. Problemy
ekologicheskogo monitoringa i modelirovaniya ekosis-
tem. 25:224-250. ISSN:0207-2564 (in Russian).

Sommer K, Islam M, Clingeleffer P (2000) Light and
temperature effects on shoot fruitfulness in Vitis vinifera
L. cv. Sultana: Influence of trellis type and grafting.
Austral J Grape Wine Res 6(2):99-108. https://doi.org/
10.1111/5.1755-0238.2000.tb00167.x.

Stoev KD (1984) Physiology of grapes and the fundamentals
of its cultivation (Vol. 3). Sofia: Bulgarian Academy of
Sciences. 328 p (in Russian).

Strub L, Stoll M, Loose S (2021) The effects of low-input
training systems on viticultural costs on flat terrain and
steep slope sites. OENO One 55(2). https://doi.org/10.
20870/oeno-one.2021.55.2.4619.

Vlasov VV, Michitenko SV, Spektor YaS (2006) Process
list of growing grapes in the southern steppe of Ukraine.
Odesa: NNC “Tairov RIVW?”. 82 p (in Ukrainian).

Vlasov V, Mulyukina N, Dzhaburiya L et al (2014) Ampel-
ographic atlas of varieties and forms of grapes selected
by the National Scientific Center “Institute of Viticulture
and Wi-nemaking named after V.E. Tairov”. Kyiv:
Ahrarna nauka, p. 138. ISBN 978-966-540-379-1 (in
Russian).

Vlasov 'V, Shtirbu A (2016) Energy balance of ampelocoenosis
at different structures of plantation and architecture of
plants. Bull Agric Sci 94(2):38—41. https://doi.org/10.
31073/agrovisnyk201602-08.

Vlasov VV, Shtirbu AV (2018) Method of rationing loads of vine
shoots. Ahrarna nauka vyrobnytstvu. 3:15 (in Ukrainian).

Wang X, De Bei R, Fuentes S, Collins C (2019) In-
fluence of Canopy Management Practices on Can-
opy Architecture and Reproductive Performance of
Semillon and Shiraz Grapevines in a Hot Climate.
Amer J Enol Viticult. 70(4): 360-372. https://doi.
org/10.5344/ajev.2019.19007.

Webb L, Watterson I, Bhend J et al (2013) Global climate ana-
logues for winegrowing regions in future periods: pro-
jections of temperature and precipitation. Austral ] Grape
Wine Res 19(3):331-341. https://doi.org/10.1111/ajgw.12045.

Winkler AJ (1974) General viticulture. Berkeley: University
of California Press. 710 p.

Zarrouk O, Costa J, Francisco R et al (2015) Drought and
water management in Mediterranean vineyards. [ed.]
Chaves M., Gil H., Delrot S Gerés H. Grapevine in a
Changing Environment: Mol Ecophysiolog Perspect 38—
67 p. https://doi.org/10.1002/9781118735985.ch3.

Zufferey V, Verdenal T, Dienes A et al. (2020) The influence of
vine water regime on the leaf gas exchange, berry com-
position and wine quality of Arvine grapes in Switzerland.
OENO One 54(3). https://doi.org/10.20870/0oeno-one.
2020.54.3.3106.

AGRICULTURAL SCIENCE AND PRACTICE Vol.9 No.2 2022



