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Abstract: This research was conducted over two consecutive years 2009-2010 in the Cukurova
conditions of Turkey on Royal table grape variety in order to determine the optimal timing of
irrigation for high quality yield using mid-day leaf water potential values. In the study, six different
treatments based on irrigation treatments; full irrigation (FI), soil water deficit in the 80 cm within the
seven-day intervals was replenished to the field capacity; deficit irrigations, Dlso; Dlss; and Partial
Root-zone Drying PRDsy which received, respectively 50, 75 and a control treatment (non irrigated).
Urrigation interval of 7-day used for all irrigated treatments Experimental design is randomized blocks
with three replications. In general, irrigation treatments had significant effect on yield at 1% level. The
differences can be attributed to varying weather and soil water conditions occurred in the experimental
years. Highest yield was obtained from the full irrigation as 28.6 t ha*, and the lowest yield was
obtained non-irrigated control treatment 12.5 t ha’. Leaf water potential (LWP) were measured
throughout the growing season with a pressure chamber. Highest yields of Royal table variety can be
obtained when irrigated at LWP value ¥ = -1.17 MPa. The results revealed that LWP can be used for
irrigation scheduling of grapes.

Keywords: Grapevine, Leaf water potential, Drip irrigation, Partial root zone drying, Deficit
irrigation.

Akdeniz Bolgesinde Royal Sofrahk Uziim Cesidinde Yaprak Su Potansiyeli
Kullanilarak Sulama Programinin Olusturulmasi

Bu arastirma Royal sofralik iiziim ¢esidinde farkli sulama diizeylerinin giin ortast yaprak su
potansiyeli (LWP) degerlerini kullanarak en yiiksek verim ig¢in optimum sulama zamaninin
belirlenmesi amaciyla 2009-2010 yillarinda Cukurova Bolgesinde yiiriitiilmiigtiir. Calismada, alti
farkli sulama konusu ele alinmistir: Tam sulama konusu (FI), haftalik sulama araliginda 80 cm’lik
toprak profilindeki eksik neminin tarla kapasitesine getirildigi konu; kisintili sulama Dlzs, Dlsp ve
PRD7s, PRDsg; FI konusuna uygulanan suyun sirastyla %75’inin ve yarisinin verildigi konu; susuz
konusu ise sulanmayan tanik konu olarak alinmistir. Sulama aralig1 7 giinde bir yapilmistir. Calisma
tesadiif bloklar1 deneme desenine gore ii¢ yinelemeli olarak yiiriitiilmiistiir. Sulama konularinin omca
verimi tizerine etkileri istatistiksel olarak %1 diizeyinde 6nemli bulunmustur. Deneme yillar1 arasinda
iklim ve toprak su igerigine bagl olarak farkliliklar goriilmistiir. En yiiksek verim FI konusunda 28.6
t hal, en diisiik verim sulanmayan tanik konuda 12.5 t ha elde edilmistir. Yaprak su potansiyeli
(LWP) yetisme donemi boyunca basing odacigi kullamlarak Olglilmiistiir. Royal sofralik {iziim
cesidinde giin ortasit LWP W = -1.17 MPa degeri sulanmasiyla en yiiksek verim alinmistir. Sonugta
asma bahgelerinde LWP kullanilarak sulama programinin olusturulabildigi goriilmiistiir.

Anahtar kelimeler: Asma, Yaprak su potansiyeli, Damla sulama, Kismi kok kurulugu, Kisintili
sulama
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Introduction

Grapevine is one of the most widespread
crops worldwide, and Turkey has an ancient
vineyard growth culture. Turkey is ranked
5th in acreage devoted to vineyars (435
000ha), and 6th in the fresh grape
pruduction (4Mt) in the world (TUIK,
2016). Mediterranean and Eagean region of
Turkey has the most suitable environmental
conditions for grape production.
Mediterranean region is ranked as second to
the Agean region both in acreage and
production. Suitable climatic conditions for
earliness is of paramount importance for
grape production.

Water shortage in the Mediterranean
climatic region is the most important factor
limiting plant production. High evaporation
rate and limited water resources in the
Mediterranean region results in water stress
in vineyards, and low yields (Jones, 1983;
Patakas and Noitsakis, 1997).The previous
studies showed that the irrigation increased
yield and quality significantly (Matthews
and Anderson, 1989; Santos et al., 2003,
2005;Gachons et al., 2005; Zabihi, 2006;
Bozkurt Colak et al., 2017).

Several studies have been carried out on
the irrigation techniques to ensure efficient
use of water in areas where water resources
are limited.The application of drip irrigation
in areas where water resources are limited or
expensive is also advantageous in terms of
uniform water distribution and use of
chemicals in the economic direction
(Gokgel, 2008).

Different water management methods
have been developed to increase the water
savings provided by drip irrigation. In recent
years, limited and partial irrigation can be
said to be very effective in water shortage
conditions. In the Partial Root-Zone Drying
(PRD) method, wet and dry areas are formed
in the plant root zone by giving irrigation
water from alternative sources.The PRD
method was carried out in many orchards
(Zhang and Davies, 1990; Tardieu et al.,
1992; Dry et al., 2001; Kang and Zhang,
2004; Chaves et al., 2007; Fereres and
Soriano, 2007; Agar, 2010).The PRD
method has shown that the amount of water
applied  decreases  considerably, but
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improves the plant canopy structure which
in turn increases the yield more effective
than other irrigation strategies.

Leaf water potential is a measure
commonly used to describe crop water status
and waterstress dynamics. Measurement and
knowledge of plant water relations is
required to understand the interactions
between the plant and the surrounding
environment. Water potential gradients help
to explain the water flux in the soil-plant-
atmosphere continuum. In spite of diurnal
fluctuations, leaf water potential can be used
to describe the plant water status and as an
indicator of overall plant water stress (Hsiao,
1973; Tardieu and Katerji, 1990; Rana et al.,
2004). For grapevines, leaf water potential
has been used for irrigation scheduling by
Wample et al. (2005) and Deloire et al.
(2005), among others. Leaf water potential
measurements have been made primarily
using the pressure chamber technique
(Schollander et al., 1965).

The objectives of the present study were
to: (i) evaluate LWP for differentially
irrigated Royal table grapevines (Vitis
vinifera L.) grown in the Mediterranean
region of Turkey; (ii) determine the effect of
water stress occurring during the growing
season on yield and water use efficiency of
grapevines irrigated by a drip system; (iii)
compare deficit irrigation (DI) and partial
root drying (PRD) strategies on their effects
on water relations, growth, and yield of
grapevines.

Materials and Methods

The research was conducted during the
growing seasons of 2009 and 2010 in the
experimental of Viticulture of Department of
Horticulture of Faculty of Agriculture at
Cukurova University has been conducted. In
the province of Adana in the Mediterranean
climate zone, winters are mild and rainy and
summers are hot and dry. Long-term average
precipitation is 670.8° mm, long-term
average temperature is 19.1°C and annual
evaporation is 1536 mm.The rainfall
received during the growing seasons (March
through July) was 221 mm in 2009 and 167
mm in 2010.
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The soil of the experimental site is
classified as sandy-loam. Some physical and
chemical properties of the experimental soil
are given in Table 1. In the root zone, soil
water contents at the field capacity and
permanent wilting point are 317 and 131
mm, respectively and available water in the
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upper 0.80 m of the soil profile depth is 186
mm. The pH of the soil varies between 7.67-
7.81; the salt content is 0.402-0.459 dS m™;
mean bulk density 1.37-1.47 g cm; the field
capacity varies between 25.2-29.4 % and the
wilting point is between 9.4-12.7 %.

Table 1. Some features of the research area of soil
Tablo 1. Deneme yeri topraklarinin bazi o6zellikleri

Soil depth (cm)  Texture class Fleld(gj)?amty Wlltl(rlz)Pomt Buélg (E)ne;_rglty pH (dlé.%_l)
0-20 SL 25.19 12.71 1.47 7.81 0.459
20-40 SL 29.42 12.20 1.40 7.78 0.423
40-60 SL 27.97 11.91 1.37 7.72  0.402
60-80 SL 29.05 9.37 1.44 7.67  0.440

In the study, six different treatments were
considered; namely full irrigation (FI),
deficit irrigations (Dlzs and Dlsg), partial
rootzone drying (PRD7s and PRDsp) and
rainfed (RF). In FI soil water deficit in the
80 cm within the seven-day intervals was
replenished to the field capacity. Dlzs, Dlso,
and PRDs, PRDso treatments received 75
and 50 % of water applied to FI. In PRD
plots, drip laterals on both sides of the vine
rows operated alternately. Irrigation interval
of 7-day used for all irrigated treatments.

This study was carried on 12 years old
Royal table grape variety grafted on
American rootstock. Experimental
designwas randomized blocks with three
replications. Vines were planted at 2.5 m
plant spacing and 3.0 m row spacing.
Canopies were guyot-trained and rows were
oriented in North-south direction. Each sub-
plot contained 8 vines (8 * 2.5 m= 20 m)
with a plot length of 20 m.

Drip irrigation system was used in the
study. In the study, a single drip lateral was
laid in each plant row for FI, Dlss, Dlso
treatments, and laterals with inline emitters
with discharge rate of 2.3 | h™! spaced at 50
cm intervals were used (Betaplast Corp.,
Adana, Turkey). In PRD plots, two drip
laterals were placed on both sides of the vine
rows at 20 cm away from the vine row. The
system was operated at 100 kPa throughout
the growing season. Water was supplied
from the concrete pool with a volume of 200
m? by means of a pump.

Soil water content was measured by
gravimetric sampling method in the first
layer of soil profile (0-20 cm), in the 20-80
cm soil depth water content was measured
by neutronmeter method with increments of
20 cm and continued until end of the
growing season. The aluminum access tubes
of 1.0 m in length were installed in the
center of vine row and 25 cm away from the
vine stem in the experimental sub-plots. A
total of 18 access tubes were installed in the
study. Neutron meter was calibrated in the
site and the calibration equation for the
neutron probe was Pv =63.684 CR-10.544
(R?=0.87**, Pv: volumetric soil water
content; CR: count ratio) (Yazar et al.,
2010). Crop water use or evapotranspiration
(ET) was calculated with the water balance
equation (Howell et al., 1986). Water use
efficiency (WUE) for each treatment was
calculated as total yield divided by seasonal
evapotranspiration (ET). Irrigation water use
efficiency (IWUE) was determined as
(Zhang et al., 1999);

IWUE= (Y1-YN|)/|

Where, Y is the total yield of irrigation
treatments (t ha'), Y is the total yield of
non-irigation treatment (t ha') and I is the
amount of irrigation water (mm).

Equal amounts of fertilizer were applied
to all treatments. N fertilization was applied
during bud break and after the fruit set; and
each application 70 kg ha™ N was applied on
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both sides of a vine row and incorporated
into soil. Urea was used as N fertilizer
source (% 46 N).

Midday leaf water potential (LWP) was
measured with a pressure chamber (PMS
Instrument Company, Model 615, Albany,
USA) prior to irrigations once a week
throughout the growing season (Scholander
et al., 1965). All measurements were done
between 12:30 to 14:30 h, and two leaves
were measured per experimental unit. For
this purpose the two fully developed sunlit
leaves of a plant in each plot and the average
of two measurements made on the day was
taken as mean the midday leaf water
potential value for the plot.

Data were analysed statistically using
JMP Statistical software developed by SAS
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(SAS Institute, Inc., Cary, NC, USA).
Treatment means were compared using LSD
test (Steel and Torrie, 1980).

Results and Discussion

The start and end dates of the
development periods of the grapevine were
observed in the experimental years.
Phenological  observation  dates  for
experimental years are given in Table 2. The
results revealed that after the vegetative
stage, the occurrence of flowering, veraison
and harvesting stages of grapevine were
observed at a later date in the deficit
irrigation treatments compared to unstressed
treatments (F1).

Table2. Phenological observation dates for experimental years
Tablo 2. Deneme yillarinda fenolojik gozlem tarihleri

Development Periods 2009 2010
Bud Break 26.03.2009 16.03.2010
Flowering 12.05.2009 30.04.2010
Veraison 10.07.2009 25.06.2010
Harvesting 09.08.2009 04.08.2010
Profile soil water storage variations PRD7s and Dlys treatment plots remained

during the three growing seasons for each
irrigation treatment are shown in Fig. 1a-b.
Temporal variability of soil water content
(SWC) in 2009 and 2010 charaterized by an
gradual decrease in soil water content in
response to deficit irrigations towards the
end of the season. Available soil water in Fl,

above 50% throughout the growing seasons
and followed similar trends. On the other
hand, in deficit irrigation treatments (Dlso
and PRDsy) SWC remained below the 50%
available water.
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Figure 1. Soil water storage variation during the Royal table grape variety in the 2009 and
2010 growing seasons in all treatments (a: 2009; b:2010)
Sekil 1. Royal sofralik iiziim ¢esidinde 2009 ve 2010 bitki biiyiime mevsimi boyunca toprak

su iceriginin degisimi (a:2009, b:2010)
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However, SWC in the PRDs, plots
remained higher than SWC in Dls, plots in
three experimental years. In RF treatment
SWC remained between 50% available
water and wilting point during most of the
growing season, and fell below with the
wilting point towards the end of the season
in the experimental years.

The amount of total irrigation water,
seasonal evapotranspiration (ET), vyield,
water use efficiency (WUE) and irrigation
water use efficiency (IWUE) values for the
different treatments are given in Table 3.In
the first year of the research, the irrigation
was started on 28.05.2009 (DOY-148) and
ended on 28.07.2009 (DOY-209). Water
was applied to the full irrigation (FI) in total
599 mm, PRDy7s in 449 mm, Dls in 449 mm,
PRDso and Dlso in 300 mm water. Water was
not applied to the control. In the second year
of the experiment, the irrigation started on
25.05.2010 (DOY-145) and ended on
28.07.2010 (DOY-210). Water was applied
to the full irrigation (FI) in total 612 mm,
PRDs and Dlss in 459 mm, PRDso and Dlsg
in 300 mm, respectively. Water was not
applied to the control. A total of 10
irrigation applications were made in each
experimental year.

The total precipitation for the period
from bud break to harvesting is in the first
year of the study (2009) 221 mm and in the
second year (2010) total precipitation 167
mm. Grapevine evapotranspiration (ET)
varied from 331 mm in RF to 820 mm in FI
treatment plots in the 2009, from 274 mm in
RF to 773 mm in Fl in the 2010 (Table 3).
The seasonal evapotranspiration (ET)
increased with the increasing amount of
irrigation. Conventional Dlsy and Dls
treatments resulted in slightly higher ET
than PRDsy and PRDg7s treatments despite
receiving the same amount of irrigation
water.

The yields of grapevine in harvested
plots were determined by weighing and the
average grapevine yields obtained from the
subjects were determined. Data on the yield
are presented in Table 3. Table 4 provides
statistical analysis results on vyield of

Y. BOZKURT COLAK ve Ark.

grapevine. Yield values ranged from a low
of 14.5 t hal in RF to highest 35.3 t ha! in
the FI in 2009 and ranged from a low of 10.5
t ha® in RF to highest 21.9 t ha in the Fl in
2010. Irrigation  levels resulted in
significantly different yields (P < 0.01). The
Fl treatments in three years resulted in
significantly higher yields. Water stress
reduced grapevine yield significantly.
Tangolar et al. (2015) studied the effect of
different bud loads and irrigations applied at
different leaf water potential levels on
Kalecik Karasi grape varieties. The increase
in grape yield of irrigated vines in relation to
nonirrigated ones was 53.3 and 54.3%. It is
well established that crop growth and yield
decrease with increasing water stress (Yazar
et al., 2010). Therefore, deficit irrigation can
contribute to save water in irrigated table
grapevine production. Our results are in
agreement with those obtained by Yazar et
al. (2010) who demonstrated that water
stress resulted in a reduction of fresh fruit
yield and fruit size of table grapevines of
Flame Seedless, Italia, and Alphonse Lavalle
in the Mediterranean region of Turkey.
Sener and ilhan, (1992) in the Aegean
region, obtained a yield of 25.6 t ha from
the full irrigation on Round Seedless table
grape variety.

The values of water use (WUE) and
irrigation water use efficiency (IWUE) in
the study year are given in Table 3.
Generally, as the applied irrigation water
increases, WUE and IWUE values decrease.
WUE values ranged froma low of 3.18 kg m
% in Dlso to highest of 4.51 kg m? in the
PRDys in 2009 and ranged from 2.27 kg m
in Dlsp to 3.84 kg m? in the RF in 2010.
Table 4 provides statistical analysis results
on WUE and IWUE of grapevine (P<0.01).
PRDvs resulted in greater WUE values than
FI treatment in the experimental years. Agar
(2010) reported the highest WUE value in
PRDs, treatment as 3.78 kg m= for Kings
Ruby table grape. Giindiiz et al. (2008)
reported WUE values for fully irrigated
grapevines in Aegean conditions varying
between 4.28 and 8.71 kg m™.
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Table 3. Royal table grape variety yield, irrigation, ET, WUE and IWUE values under

different treatments

Tablo 3. Royal sofralik iiziim ¢esidinde farklt konularda verim, sulama suyu miktari, su

kullanim randimani ve sulama suyu kullanim randimani degerleri

Years Treatments Irrigation ET Yields WUE IWUE
(mm) (mm) (tha?) (kg m®) (kg m®)
Fi 599 820 3%B2a 430D 3452
PRDss 449 680 30.6 b 451a 359a
Dlys 449 700 251 ¢ 3.59d 2.36¢
2009 ppp,, 300 573 233¢ 4.07 ¢ 2.93b
Diso 300 608 19.3d 318 1.60 d
Rain-fed 0 331 145 ¢ 4.38b -
Fi 612 773 219a 2,84 bc 186a
PRD7s 459 625 18.8 b 3.00b 181a
I 459 634 16.1 ¢ 2.54 de 122D
PRDso 307 508 13.7d 2.70 cd 1.04 ¢
Diso 307 551 125 d 2276 0.65 d
Rain-fed 0 274 10.5e 3.84a -

** | SD grouping at 1% level, * LSD grouping at 5 % level

Table 4. Statistical analysis results on yield, WUE and IWUE of royal table grape variety
under different treatments in the experimental years

Tablo4. Deneme yilarinda royal sofralik iiziim ¢esidinde verim, su kullanim randimani ve
sulama suyu kullanim randiman degerlerinin istatistiksel analiz sonuglar

Years Statistical Analysis Yields (t ha?) WUE (kg m™) IWUE (kg m?3)
CV(%) 1577 0.094 3.2

2009 P (Probability) 0.0001** 0.0001** 0.0001**
LSD (0.05) 3.5 1.3 0.169
CV(%) 1.340 0.187 31

2010 P (Probability) 0.0001** 0.0001** 0.0001**
LSD (0.05) 4.7 3.6 0.079

Leaf water potential (LWP) values varied
depending on weather conditions and soil
water content. Irrigation treatments have
affected the mid-day LWP values
significantly. The variations in LWP prior to
irrigations under different treatments during
the growing seasons are shown in Fig. 2a-b.
The LWP values decreased with increasing
water stress. In the first year of the study
(2009), the values indicated are -0.9 to -1.31
MPa for FI; -1.08 to -1.41 MPa for PRD+s; -
1.11 to -1.47 MPa for Dlss; -1.21 to -1.60

MPa for PRDsg; -1.21 to -1.65 MPa for Dlsg;
and in the non-irrigated area between -1.21
and -1.70 MPa. In the second year of the
study (2010), the values indicated are -0.95
to -1.28 MPa for FI; -1.18 to -1.44 MPa for
PRDss; -1.22 to -1.48 MPa for Dl+s; -1.36 to
-1.58 MPa for PRDsg; -1.33 to -1.66 MPa for
Dlso; and in the non-irrigated area between -
1.36 and -1.75 MPa. Towards the end of the
season, LWP values were found to be
relatively lower. This can be explained by
the aging of the leaves.
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Figure 2. Leaf water potential variation during the Royal table grape variety in the 2009 and
2010 growing seasons in all treatments (a: 2009; b:2010)
Sekil 2. Royal sofralik iiziim cesidinde 2009 ve 2010 bitki biiyiime mevsimi boyunca yaprak

su potansiyeli degigimi

Full irrigated vineyards in the mid day
leaf water potential (¥1) -10 bars (-1.0
MPa) value stress threshold has been
accepted as. ¥I’nin -12 bars (-1.2 MPa) and
-14 bars (-1.4 MPa) to be of moderate stress,
-16 bars (-1.6 MPa) and larger negative
values are represented by the extreme stress
(Williams and Araujo, 2002; Girona et al.,
2005).

As a general guideline, grapevines
without any water stress would present
midday Ws values above to - 1.0 MPa,
moderate water restriction can be found at
values from-1.0 to- 1.2 MPa and values from
-1.2 to -1.5 MPa corresponds to severe water
stres (Sibille et al., 2007; Cifre et al., 2005;
Ferreyra et al., 2003; Williams and Araujo,
2002; Tregoat et al., 2002; Lampinen et al.,
2001). The link between midday Ws and
berry quality attributes was shown by
Tregoat et al. (2002), who found a strong
correlation between this parameter and
anthocyanins, phenols and malic acid
content in barries. These authors also found
good correlations between midday ¥s and
grape berry weight and vyield. Acevedo-
Opazo et al. (2010) reported that for higher
quality grape vyields irrigation should be
scheduled on mild stress (1.0-1.2 MPa).

Yazar et al. (2010) determined the
optimal timing of irrigation for high quality
yield using mid-day leaf water potential
values for Italia, Alphonse Lavallee, Ergin
Cekirdeksizi and Flame Seedless varieties.
In the study, for different treatments based

on various threshold levels of leaf water
potential, were considered: (l1: W1 = -1.0
MPa; I: W1 = -1.3 MPa; I5: W1 = -1.6 MPa)
and non-irrigated control treatment (ls).
Highest yields of Alphonse Lavallee, Ergin
Cekirdeksizi ve Flame Seedless varieties can
be obtained when irrigated at leaf water
potential value of -1.0 MPa (-10 bar); on the
other hand, highest yield in Italia variety can
be obtained when irrigatedat at leaf water
potential value of -1.3 MPa (-13 bar).

Leaf Water Potential, MPa
-11 12 -1,3 -14 -15 -16 -1,7
. . . . . )

Y =26,29x+52,521
R?=0,969**

y = 45,963x+87,406
R?=0,949**

42009 ©2010

Figure 3. The relationship between yield and
mean LWP values fordifferent
irrigation treatments

Sekil 3. Farkli deneme konularinda LWP ile
verim arasindaki iliski

The relationship between yield and mean
LWP values for different irrigation
treatments were presented in Fig. 3.
Significant linear equations were developed
for yield vs LWP. As the amount of applied
irrigation water decreased, the
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evapotranspiration rates of the crop
decreased, resulting in decreased leaf water
potantial and subsequent reductions in yield
and growth. These results confirm many
earlier studies on different crops. Thus, the
LWP values proved to be a good indicator of
plant water status for Royal table grapevine.

Conclusions

The following suggestions can be made
in the light of results obtained from two
years of study in order to determine optimal
irrigation program by using leaf water
potential in the Royal table grape variety
applied by drip irrigation method in
Mediteranean Region.

It is clear from the study that the
variability of the climate parameters
observed in the research years caused the
applications to have different effects on the
yield factor in the experimental years.

In two years of the study, the highest

yield was obtained from the full
irrigation.As the amount of applied
irrigation water increased, the vyield
increased.Compared  with  the PRD

applications with deficit irrigation, the yields
obtained in the PRD treatments were found
to be higher than the conventional DI
irrigation. In addition, conventional Dls, and
Dlss treatments resulted in slightly higher
ET than PRDsy and PRDss treatments
despite receiving the same amount of
irrigation water.

Soil water deficit in the rootzone depth
should bereplenished to field capacity in
irrigations in no water shortage exists.
However, in case of water scarcity, PRD
application with water savings as compared
to full irrigation might be a suitable strategy
for irrigation of grapevines in the
Mediterranean region.

The LWP values decreased with
increasing water stress. A significant linear
relationship between LWP and yield was
obtained. The results revealed that Royal
table grapevine should be irrigated at LWP
values between -1.17 (-11.7 bar) for high
and good quality yields. Thus, LWP can be
used for irrigation scheduling for grapevine.

Y. BOZKURT COLAK ve Ark.
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