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PHYSIOLOGICAL AND MORPHOLOGICAL RESPONSES
OF GRAPEVINE (V. vinifera L. CV. ‘ITALIA °)

LEAF TO WATER DEFICIT UNDER DIFFERENT
ROOTSTOCK EFFECTS

Ali Sabir
University of Selcuk, Konya, Turkey

Abstract. Extreme weather conditions with prolonged drygmsiand high temperature can
severely influence grapevine physiology and moiyl Understanding the physiological and
morphological responses of grapevines to watecit&fithus of utmost importance to modu-
late the appropriate plant development. The presedy evaluates the effects of deficit irriga-
tion (DI) on certain leaf characteristics of grapevcv. ‘ltalia’ cultivated on different root-
stocks. DI had remarkable effects on the growthphr@ogy, tissue structure, water status and
physiology of grapevine leaf. Response of theidtatultivar to DI depended on rootstock
used. For example, leaf fresh weight of ‘[td8aBB under DI decreased by 15.2% in compari-
son to full irrigation (FI), whereas fresh weiglatiwes for ‘Italia/99 R and own-rooted vines
under DI decreased 6.2 and 10.5%, respectivelyetJridreatment, stomatal conductancg (g
reached values of 189.0 mmofrs! in ‘ltalia’/5 BB, and 178.8 mmol st in ‘Italia’/99 R.
The g values under DI condition were 178.1 and 164.0 hmfos® for the vines on 5 BB and
99 R respectively. Stomatal conductance decredmmd a1.1, 13.8 and 10.2% in vines culti-
vated on 5 BB, 99 R and own root, respectivelyebponse to DI, leaf relative water content
decreased about 9.4, 4.1 and 3.9% for ‘W&@i8B vines, own roots, and ‘Itali@9 R, respec-
tively. Combined data over years revealed thatithes cultivated on 99 R displayed more tol-
erant leaf growth and physiology to drought in carigon to vines on 5 BB.
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INTRODUCTION

The majority of the grape acreage around the wisrldcated in Mediterranean type
climates, characterized by mild winters and dry suars with scarce water resources
[Collins et al. 2009]. The climate scenarios prtgécfor the region will exacerbate
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these impacts with more frequent and extreme héghperatures and drought events
[Bates, 2008]. Traditionally, grapevine is cultiedtwithout irrigation and thus yield
and grape quality depend on the ability of vinectpe with periods of drought by
adapting rootstock and scion to edaphic conditjbosisolo et al. 2010].

Plants have developed a wide range of strategiengare survival under environ-
mental stress conditions. For example, plants dlusie stomata and accumulate compati-
ble solutes to maintain a low water potential andich dehydration during drought
[Skirycz and Inze 2010]. Drought also slows dowotplynthesis since stomatal closure
reduces transpiration and gaseous exchange [Garzéteandez et al. 2015]. Studies
revealed that grapevine regulates the water flothedeaf and from the leaf to the atmos-
phere by aquaporins [Vandeleur et al. 2009], vessatomy [Lovisolo et al. 2010] and
stomatal conductance [Soar et al. 2006]. Conselyyeribes retard their vegetative
growth gradually. In grapevine a reduced leaf ammbs growth, inhibition of leaf expan-
sion and a decrease of average diameter of xylegelsehave been found [Lovisolo et al.
2002]. Such decreases in vegetative growth istre$tihe suppression of photosynthesis
due to stomata closure and limitations to,@@fusion within the leaf [Flexas et al. 2004].
When stomatal conductance drops below 50 mm@l i s* photosynthetic limitations
become more dependent on nonstomatal processesjadispdecreased mesophyll diffu-
sion conductance to G@nd impaired photochemistry [Flexas and Medrar@?P0

For sustaining good quality yield, a high priostyould be given to minimizing the det-
rimental effects of environmental stresses on production by (1) applying modern breed-
ing techniques and biotechnological tools, (2)easing physical and chemical fertility as
well as maintaining productivity of cultivated soiby adequate and balanced supply of
mineral nutrients, and (3) choosing concrete @ugifrootstock combinations. The grapevine
rootstocks vary in physiological response to watarcity [Kounduras et al. 2008], since the
rootstock genotypes were derived from various AcagrV/itis species [Sabir et al. 2010].
A drought-tolerant rootstock would be welcomed amynvineyards around the world lack
suitable or adequate quantities of irrigation wi@arso and Bonghi 2014]. Water stress has
become a management target to secure high frdityqalad improve sustainability of water
use by rewarding crop quality and quantity.

Due to increased global air temperature [Vicentes®e et al. 2014] and intensity of
climatic anomalies, such as droughts and heat Waeass and Vaughan 2010], the optimi-
zation of water use for vineyards, by improving evaiise efficiency, is a core subject of
interest to ensure sustainability in viticultur@nSequently, an important amount of applied
and fundamental study has been focused on theratiplo of the capacity to optimize
grapevine water use. Majority of these researchesetated to the evaluation of irrigation
schedule by introducing new technologies to deereager consumption. However, there is
a limited knowledge on cultivar/rootstock interagtiresponse of grapevines to water scar-
city in spite of the fact that global climate charig expected to result in more frequent and
intense drought in the Mediterranean Region. Reatily, shifts in precipitation patterns can
affect most European regions, with increased risftraught. Predicted changes in the cli-
mate of viticultural regions may alter both thedpen and the distribution of grapevine
varieties and rootstocks currently used. In virggores with these climatic characteristics, it
is fundamental to investigate the genotypic behaipapevines under the pressure of each
of these factors as simple variable or in inteoactin order to adjust the best strategy to
cultivate the vines without loss of the yield andhlify. Therefore the present study was
conducted (a) to evaluate leaf growth, morphologg physiology responses of ‘ltalia’
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grape, one of the most common worldwide table geatftevar, (b) to compare worldwidely
popular rootstocks characterized by different taste aptitude to dry conditions, and (c) to
analyze whether the rootstocks usage impair theclearacteristics of ‘ltaliagrapes in
comparison with own-rooted vines.

MATERIALS AND METHODS

Plant materials and growth condition. Experiments were carried out in the con-
trolled glasshouse of Selcuk University, Konya, KBy during two consecutive years
2011 and 2012. The ‘ltaligable grapevine cultivar was cultivated on twded#nt root-
stocks or on its own root. The experimental layaas a randomized complete block
design with two irrigation [full irrigation (FI) ah deficit irrigation (DI)] and different
grafting combinations of ‘Itallaon Kober 5 BB (5 BB), Richter 99 (99 R) or grows a
own roots. At the beginning of first experimentahy, two years old vines grown in such
equal-sized pots were selected on the basis of heneity in growth. Treatments were
replicated three times in randomized blocks, watlr fvines per replicate. The first group
of this cultivar was cultivated on 5 BB/ifis berlandierix V. riparia hybrid which is
commonly known as less adapted to limited wateditimms), while the second group
was on 99 RY{. berlandieri x V. rupestrigjualified as drought tolerant) [Galet 1979]. The
final third one was own-rooted ‘Italiines. The vines were individually cultivated i 4
(solid volume) pots (35 cm diameter, 35 m heighig@d with sterile peat (1.034% N,
0.94% BOs, 0.64% KO pH 5.88, Klassman®) and perlite (0—3 mm in di@nanixture
in equal volume. The pots were isolated from theugd with plastic sheets. The vines
were spur pruned to leave only the single bud foaé shoot) per plant. In the second
year, while the vines in the fourth year life, th@yned to three buds (subsequently three
shoots) per vine. The shoots were tied with thiteadires 2.5 m above the pots to let
plants grow on a perpendicular position to ensupgally benefiting from the sunlight
[Sabir 2013]. All the vines received the same ahaosunt of fertilizer (approx. 20 g N,
12 g P, 20 kg K, and 1.5 g Fe chelate per vineh fAgpril to July.

Scheduling and achieving the irrigation regimesTwo types of irrigation regimes,
full irrigation (FI) and continual deficit irrigath (DI), were applied to the vines. Irriga-
tions were regulated according to soil water matatential m) levels using tensiome-
ters (The Irrometer Company, Riverside, CA) plaeeé depth of 20 cm and approxi-
mately 12 cm from the trunk and were applied frard break (early March) to the end of
vegetation period (beginning of October) for twasecutive years. Field capacity levels
were calculated in order to verify the accuracyewisiometers for measuring soil mois-
ture. For this, the randomly taken two pots filleith known volume of oven-dried
growth media for each group of vines were irrigaipdo field capacity before imposing
different levels of soil moisture. To calculate ftedd capacity, the pots were placed in the
large plastic buckets and irrigated with known diraof water and kept for 6 h to attain
the field capacity. After six hours, the amounttuoé drained water in the plastic bucket
was measured and was subtracted from total amdwmter applied initially [Satisha et
al. 2006]. The obtained value was considered agdlumne of the irrigation water that has
to be applied to attain 100% field capacity (FQrtly percentage amount of FlI was con-
sidered as DI [Sabir and Kara 2010]. In these ¢mmdi, tensiometers were employed for
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a more realistic expression of soil water depletioterms of¥m following the slightly
modified procedure described by Myburgh and vandelt [2005]. Changes i¥¥m were
continuously monitored with daily readings at ad®3:00 pm as well as before and after
irrigations [Okamoto et al. 2004]. To ensure théarmity of irrigation, the water was
transported directly into the pots by microirrigatisystems consisted of individual spa-
ghetti tubes. Repeated readings during severalstaysed that the tensiometers readings
at midday (13.00 pm) were constantly around 0.8H2 (centibars) and 36—44 kPa for FI
and DI conditions, respectively. For DI, irrigatiaras started wheWm reached 44 kPa
and was terminated when the calculated amount oérweas applied to ensure 40%
amount of field capacity. The start value of irtiga system for FI group vines were
adjusted to 12 kPa to ensure that the full watepwarhof field capacity is given. Rela-
tively higher air temperature in the glasshouse alss performed to simulate the typical
semi-arid Mediterranean climate. During vegetapeniods (15 March — 30 October) for
two experimental years, daily air temperature adtive humidity, recorded using data
logger (Ebro EBI 20 TH1) inside the glasshouse,enw2$—38°C and 33-55%, respec-
tively. During the hot and dry summers for both rge@irom the beginning of June to
September), excessive heat accumulation in glasshwas avoided by opening the roof
and sidewall windows as well as slight whitewasimtirzg (providing approx. 30% light
reflection) to keep clusters and young leaves flaming. Under this condition, the in-
stantaneous light intensity inside and outsideglasshouse was 37330 and 53330 lux
(Lutron LX-105) at 13:00 p.m.

Leaf investigations.Leaf area (crf), leaf fresh weight (g), leaf dry weight (g), leaf
chlorophyll content, and leaf relative water comtéRWC) were investigated on fully
expanded leaves of representative grapevines bftezatment [Tramontini et al. 2013].
Fifteen transpiring leaves per treatment were sadphrly in the morning and immedi-
ately weighed to determine fresh weight. To deteersingle leaf area (LA, c one
fully-expanded mature leaf from the mid-shoot aséaach sampled plant were used in
order to minimize age effects. Leaf area was estichasing WinFolia computer soft-
ware program. Specific leaf area (SLA, cgT) was determined as the ratio of LA to
DM. Leaf thickness (LT) was calculated as the rafi&M to LA [de Pinheiro and Mar-
celis 2000] and leaf tissue density (D) as (DM/PM)000 [Bacelar et al. 2006]. Chlo-
rophyll contents of leaves (th&'and 4" leaf at the shoot tips) were estimated by using
portable chlorophyll meter (Minolta SPAD-502, Japaho investigate the relative
water content (RWC) of the mature leaves, fifteagslily sampled leaves were rehy-
drated by submerging in deionized water for 24 ldark to obtain turgid weight [Ya-
masaki and Dillenburg 1999]. During the rehydratipariod, leaf samples were
weighed periodically up to a constant value to emdull rehydration. Measurements
were performed after gently wiping the water frdra teaf surface with tissue paper. At
the end of rehydrationperiod, leaf samples wereglaed to obtain final turgid mass
(TM) and placed in an oven at 70°C for 48 h in ordeobtain the dry mass (DM). All
mass measurements were made using an analytidal sdth precision of 0.0001 g.
Values of FM, TM, and DM were used to calculate RWi€ing the equation suggested
by Weatherley [1950]: RWC (%) = [(FM — DM)/(TM — Dj/* 100.

Temperatures of the 5th to the 7th basal legf)(Were recorded daily at around 12 a.m.
using an infrared thermometer (Ebro TFI-220) [Oknet al. 2004]. For this, the infrared
thermometer was held perpendicularly to the cesftéhe leaf at a distance e25 cm to
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measure the temperature of a 25 circular area of leaf surface. Measurements were p

formed between 12:00 and 13:30 h from six fromtséating, sun-exposed leaves for the
4 treatment vines in each replicate (i.e.12 vif@&vrinides et al. 2010]. Stomatal conduc-
tance (9 measurements were carried out on adult, non-gemteand well exposed to direct

sunlight leaves using portable porometer (SC-1 Peabmeter) [Zufferey et al. 2011].

Statistical analysis.As the differences between the years for all pataneellected
over two experimental years were insignificahgy were averagdskefore statistical anal-
ysesto avoid redundancy. Data were subjected to thiaves analyses using SPSS 13.0
for Windows (SPSS Inc., Chicago, IL, USA)Rik 0.05 level. The mean values of three
replications (with four leaves per replication)aeafch treatment were compared using the
least significant difference (LSD) test. Signifitaifferences among rootstock x irrigation
interactions were presented in figures while raatstor treatment effects were evaluated
in tables when the interactions showed no signifidifferences.

RESULTS

Leaf growth. Leaf attributes of all the DI plants decreaseddpxfor leaf dry weight) in
comparison to the FI. LA (fig. 1) and SLA (fig. @kre significantly affected by treatment x
rootstock interaction. Combined data over yearsated that negative effects of water limi-
tation were more pronounced in grapes cultivated @B rootstock, in comparison with
those on 99 R or own roots. To illustrate, LA ¢éfie’/99 R vines subjected to DI decreased
by 21.2%, such rates were 23.3 and 26.4% for wnasnn roots and 5 BB, respectively. DI
also resulted in significant decreases in SLA ggsiinilar to those of LA. Leaf fresh and dry
weight characteristics as well as leaf number Bigmitly affected by different irrigation
regimes (tab. 1). Percent decrease in leaf freghtveesulted from DI in ‘Italid5 BB was
15.2% while the negative effect of DI were 6.2 40b% among ‘ltalid99 R and own-
rooted plants, respectively. Similar decreases aseinvestigated with respect to leaf dry
weight, with the values 6.7, 11.9 and 14.9% foresirtultivated on 99 R, own-root and
5 BB, respectively. DI had significantly negatiéeets on leaf number per vines, regardless
of the rootstock usage with similar decrease val3e3, 13.7 and 13.8% for vines on 5 BB,
99 R and own-roots, respectively. According tornbatstock means, leaf fresh weight and
leaf number values of ‘Itali®®9 R vines were higher than others while dry weighs
slightly higher in ‘Italid/5 BB vines.
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Fig. 1. Changes in leaf area @nas affected by irrigation level (FI: full irrigah, DI: deficit
irrigation). Values of bars indicated by differeetters identify significantly different
groups P < 0.05, LSD test)
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Fig. 2. Changes in specific leaf area tgms affected by irrigation level (FI: full irrigan, DI:
deficit irrigation). Values of bars indicated byffdrent letters identify significantly
different groupsP < 0.05, LSD test)

Tear Chlorophyll concentrations and leaf thicknessugal across the ‘ltaliavines
significantly increased correspondingly with DIkta?). However, the tissue density
response of the vines to irrigation regimes wesggimficant. Rootstocks significantly
affected the increment levels of such leaf invedioms. For example, the highest mean
leaf temperature was determined in vines on 5 BBowWed by those on 99 R and the
least value of own rooted ones (32.8, 28.2 and°Z%.Eespectively). Under DI irriga-
tion condition, Tes vValues for vines on own-root, 99 R and 5 BB werg, 2.9 and
4.0°C higher than those of FI groups.

Table 1. Leaf development response of own-rootegraited ‘Italid grape to different irrigation
levels and rootstock

Leaf Freshweight  Leaf dryweight Leaf (node)

(9) (9) number

Ttalia =] 356a 0.90a 436a

99 R DI 3.34b 0.84b 37.6b
LSD (P< 0.05) 0.26 0.08 1.37

Ttalia’ =] 357a 1.01 375a

oGrrf‘)f\fvSn oot 5BB DI 2.92b 0.86 325b
LSD (P< 0.05) 0.14 ns 4.12

Ttalia’ =] 319 0.92 412a

Own root DI 2.83 0.81 355b
LSD (P< 0.05) ns ns 3.97

99 R 334a 0.87 ab 206a

R y 5BB 3.25a 0.93a 35.0b

ootstocks own root 3.03b 0.84b 383a
LSD (P< 0.05) 0.18 0.08 2.39

FI — full irrigation, DI — deficit irrigation, ns- not significant. Means were combined over two Earg
years (n = 12). Mean values indicated by diffedetters identify significantly different group® < 0.05,
LSD test)
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Table 2. Leaf feature response of own-rooted dftegtditalia’ grape to different irrigation levels
and rootstock

. . Leaf Tissue
Grafts or own root Leaf t?oncw:r))erature chl ('nmSiAl? unit thickness density
9% (mg cnf) (mg g)
‘ltalia’ Fl 26.7b 29.8b 226b 251.3
99 R DI 29.6 a 324 a 283 a 252.0
LSD (P<0.05) 1.02 0.85 4.12 ns
‘ltalia’ Fl 30.5b 30.4b 25.3 282.2
5BB DI 345a 33.8a 27.3 293.6
LSD (P<0.05) 251 1.56 ns ns
‘ltalia’ Fl 256b 29.6 20.9 288.1
Own root DI 273 a 315 24.2 286.1
LSD (P<0.05) 1.09 ns ns ns
99 R 28.2b 3l.1lab 255a 2516 b
5BB 328a 32.1la 26.3a 2879 a
Own root 26.5¢ 30.5b 225b 287.1a
LSD (P<0.05) 1.21 1.34 1.42 22.56

FI — full irrigation, DI — deficit irrigation, nsnot significant, Chl — chlorophyl. Means were coned over
two sampling years (n = 12). Mean values indicétedifferent letters identify significantly diffen¢ groups
(P <0.05, LSD test)

Stomatal conductancegs showed significant variation among the water treatts
for all the grapevines (fig. 3). In fact, the djfference followed the I changes such
that increases in leaf temperature were accompdnjedecreases in.gDI regime re-
sulted in significant decreases inv@lues across the vines with significant intecacti
of rootstock x treatment. To illustrate, under Fdatment, gvalues reached up to
189.0 mmol rif s* for vines on 5 BB and up to 178.8 mmof ' for those on 99 R.
Whereas, thegralues uder DI condition decreased to 149.1 add0L&mol n¥ s* for
the vines on 5 BB and 99 R, respectively. The desagercentages were 21.1, 13.8 and
10.2% for vines on 5 BB, 99 R and own root, respebt.
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Fig. 3. Changes in stomatal conductance (mmbls) as affected by irrigation level (FI — full
irrigation, DI — deficit irrigation). Values of barindicated by different letters identify
significantly different groupsR< 0.05, LSD test)
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Fig. 4. Changes in leaf relative water content (RW¢ a%oaffected by irrigation level (FI — full
irrigation, DI — deficit irrigation). Values of barindicated by different letters identify
significantly different groupsR'< 0.05, LSD test)

Leaf relative water content. RWC was significantly affected by irrigation regisne
(fig. 4). DI resulted in decreases in RWC acrogswimes and magnitudes of such de-
creases were rootstock-dependent. The leaf RW@salere 84.9, 89.9 and 90.1% for
DI, and 93.7, 93.6 and 93.9% for FI for vines 0B, 99 R and own roots. Decrease
percentages in response to DI were 9.4, 4.1 artd 88 ‘Italia’/5 BB vines, own roots,
and ‘ltalia/99 R, respectively. The highest negative effecDbfon leaf RWC was
found in vines on 5 BB, while the lowest change whserved in those on 99 R.

DISCUSSION

Leaf parameters serve simple indicators of watesstsince the leaves accurately
respond to mild or moderate water deficit [Pellegret al. 2005], as was investigated in
the present study in which DI caused reductioneaf mass. In addition, plants have
developed long- and short-term acclimation stra®e¢p cope with water stress, such as
reducing the leaf surface area, modifying the &aftomy, and conducting the essential
nutrient elements [Schultz and Matthews 1988]. Pases in LA and SLA of ‘Italia
scion in response to DI verify the mentioned acation strategy, suggesting that water
limitation led to a modification in canopy architeie as previously stated by Zsofi et
al. [2011]. On the other hand, magnitude of thé ¢ggawth restricting effect of DI var-
ied among the vines on different root systems. [@mtd growth features, the leaf num-
ber also decreased with DI treatment, in varyingle according to the rootstock use.
Such differences in response to water shortageti@rsurprise but vary significantly
among the genotypes according to their adaptiaegies to water deficit [Baert et al.
2013, Corso and Bonghi 2014].

When the water shortage proceed, normally hydraulat chemical signals (such as
ABA) are sent from drying roots to the shoots andsgquently plant reduce water use
by decreasing stomatal conductance which causegttgiohibition. Stomatal regula-
tion of leaf gas exchange amongst regulation gi@se plays a pivotal role in plant
response to water stress [Zufferey et al. 2011fpabh stomatal behavior is a complex
phenomenon involving feedback controls which intemsith a wide range of environ-
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mental conditions [Zweifel et al. 2007]. Leaf wapmtential, plant nutritional level and
certain additional factors seem to modulate thesifigity of stomata [Socias et.al
1997]. Decreases in leaf stomatal conductance altiglong term exposure to DI in
the present study might most likely related to Ioy@otosynthetic area which will
eventually become too low to support continuingrapt growth. Chlorophyll degrada-
tion has been frequently reported among differéamts suffering water stress [Verho-
even et al. 1997]. In contrast, Alaei [2011] repdrthat drought stress increased the leaf
chlorophyll content in wheat genotypes. This is tib®ly because the exact effect of
deficit irrigation may vary according to the intégsof the water stress imposed. The
chloroplast has been reported to have several i@daptechanisms against drought
[Biswal and Biswal 1999]. The chlorophyll incremdotind in the present study may
indicate that DI at 40% field capacity led to bettelorophyll synthesis in the chloro-
plasts of the studied grapevines. Also, increasiissfie density in response to DI may
result in escalation of leaf greenness.

As known, grapevine rootstocks can modify the lgag-exchange of the scion
[Padgett-Johnson et al. 2003]. In the present stilgaused 21.1% reduction ig of
vines on 5 BB, while such decrease was 13.8% foes/ion 99 R and 10.2% for own
root vines. Considering the lower decreasesinfgrines on 99 R in spite of the similar
decrease rate response of all the vines in botbtdéogth and leaf area under DI effect,
99 R may more positively modulates the photosymghpkysiology of scion cultivar
than 5 BB. This may be particularly important, aparted by Romero et al. [2013], in
semiarid regions (like Mediterranean areas) in oitdecontrol excessive vegetative
development without affecting photoassimilation idgr early shoot growth stage.
However the present findings partly contradict wille results of Koundouras et al.
[2008] who reported that the, galues of ‘Cabernet Sauvignowine grape were not
affected by rootstocks 1103 P and S04 under Dl.efwiess, grapevines are generally
considered a drought-avoiding species, with ariefit stomatal control over transpira-
tion [Chaves et al. 2010], although some genotygiesv lower control [Soar et al.
2006]. Relatively lower decrease rates jivgues compared to those occurred in vegeta-
tive development as response to DI imply that stah@ontrol and photosynthesis are
more resistant to the drought stress than vegetgtiowth. Nonetheless, bearing in mind
the available literature data including the predimatings, it seems plausible that stomatal
responses to water deficits in a specific varieitl wary according to the particular com-
bination of the rootstock [Padgett-Johnson et @032, the climatic variables [Sabir and
Yazar 2015], and the intensity and duration of wetficits [Costa et al. 2012]. The ex-
planation of these differences may be found froenititrinsic characteristics of these two
different rootstocks which might had direct inflegenon water absorption and root hy-
draulic conductivity. It has been well-known thatluction in root hydraulic conductivity
after soil water depletion [Serra et al. 2013] leatbwer stomatal conductance [Domec et
al. 2009, Tsegay et al. 2014]. Furthermore, leabatevelopment which decreased in
response to DI, also lowered the stomatal condoetamthis study.

Relative water content (RWC) of the plant leaf lagy been used as an appropriate
measure of plant water status in terms of the jplygical consequence of cellular wa-
ter deficit as it is a satisfactory basis for nelgtcellular water status to metabolism. In
the present study, DI resulted in remarkable dee®@n RWC of the scioov. ‘Italia’
and the changes were depending on the rootstodgbeHdecrease rate in RWC of
Dl-subjected ‘Itali&5 BB vines is in concordance with many other l@letance re-
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sponse of 5 BB vines investigated in the presamystGenerally, decreasing RWC
belowca. 75-85% progressively impairs photosynthetic metaboln plants [Piuelas

et al. 1993]. In a field study, the response ofpgréeaves to drought shown that their
photosynthetic metabolism was impaired below5% RWC [Escalona et al. 1999].

Similarly, Bongi and Palliotti [1994] reported thatreduction in RWC from 96 to 80%

caused a conspicuous reduction in photosynthetigc @8imilation in olives. Consider-

ing the mentioned decrease percentages aboves prélsent study the leaf RWC values
of overall vines were not at critical levels thaipiair the photosynthesis.

Previously, drought-dependent variability in,fhas been mentioned by Durigon
and van Lier [2013]. In the present study, DI causerements in Iy in varying levels
according to the use of different root systemsilllistrate, difference of ;I;s was lower
between FI and DI in own root or ‘Itali®9 R compared to larger difference in those of
‘Italia’/5 BB. Marguerti et al. [2012] demonstrated thabsdeaf temperature, transpi-
ration rate and its acclimation to water deficie aontrolled genetically by the root-
stock. Therefore, differences ing of ‘Italia’ vines on different root systems may pos-
sible be related with different effects of root&®©n transpiration rates and cooling of
the scion. In spite of the mentioned differencé® tange of [ was between the
threshold values for optimum photosynthesis (25€3®&uggested by Greer [2012] for
grapevine. This may indicate that DI at 40% fielppacity did not significantly affect
photosynthesis. In contrast to the highest decrestss in ginvestigated in the grape-
vines cultivated on the 5 BB in response to DI, highest increase rate in chlorophyll
values and iI; was recorded when 5 BB was used as root systemgldnd chloro-
phyll responses of own-rooted and ‘Ital#® R vines were smaller than that of 5 BB.
These findings may indicate the higher sensitivitpy BB to water depletion in the soil
in comparison to 99 R. Although the chlorophyll taots increased in water stress, the
overall vegetative growth depressed. It has besamasd that under stress conditions
the internal concentration of G@ay rise which results in turn decrease the plstésy
Il activity (decrease in electron transport) [Rajoanet al. 1998]. According to the
detailed physiological investigations performedSwyn et al. [2006], water deficit may
affect the balance between gfixation and light absorption within chloroplastaring
photosynthesis, resulting in further accumulatibrexcessive light energy and intensi-
fying photoinhibition.

CONCLUSION

Considering the overall pooled data, (a) wateraitefemarkably induced the dehy-
dration of the leaves and decreased the stomatdluctance which caused leaf growth
inhibition. (b) The ‘ltalia cultivar leaves differently responded to water ldgpn in
relation to rootstock use. (c) Negative effectsvater limitation were more pronounced
in ‘Italia’ vines cultivated on 5 BB rootstock, whereas thmesion 99 R displayed more
tolerant growth and physiology to drought in conig@m with 5 BB. Therefore the use
of 99 R seems more appropriate than 5 BB to cople mégative effects of drought. It is
proposed that studies on responses of vines tagttan new scion/rootstock combina-
tions will gain importance over time as produceystd increase yield and quality de-
spite the ever-increasing water shortage on thesfa€climate change.
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FIZJOLOGICZNE | MORFOLOGICZNE REAKCJE LI $CI WINORO SLI
(V. vinifera L. CV.ITALIA ) NA DEFICYT WODY POD WPLYWEM
ROZNYCH PODKLADEK

Streszczenie Ekstremalne warunki pogodovee przedtudajagcymi sie suchymi okresami
i wysoka temperatly mogs znacznie wplya¢ na fizjologe i morfologic winordcsli.
Zrozumienie fizjologicznych i morfologicznych redikavinorosli na deficyt wody ma
wigc ogromne znaczenie dla ksztalttowania odpowiedniegovoju rdlin. Niniejsze
badanie ocenia wplyw niedostatecznego nawadniabid (a pewne cechy $§cie
winorosli odmiany ‘Italia’ uprawianej na zdych podktadkach. DI miat istotny wptyw na
rozwoj, morfologe, struktue tkanek, status wodny i fizjologilisci winorosli. Reakcja
odmiany ‘Italia’ na DI zalgata od stosowanej podktadki, njwieza masa fici odmiany
‘ltalia’/5 BB pod wptywem DI zmienijszyta si 0 15,2% w poréwnaniu z peinym
nawadnianiem (Fl), natomiast waitdswiezej masy dla odmiany ‘Italia’/99R i winofth
zakorzenionych na wtasnych korzeniach pod wptywdmrbiniejszyty s¢, odpowiednio,
o 6,2 i 10,5%. Pod wplywem FI, przewodtoszparkowa (§ osihgreta wartgci
189,0 mmol rif s* dla ‘Italia’/5 BB i 178.8 mmol ri? st dla ‘ltalia’/99 R. Wartéci g
w warunkach DI wynosity odpowiednio 178,1 i 164,thol mi® s* dla winorgli na 5 BB

i 99 R. Przewodni szparkowa zmniejszytagsodpowiednio o ok. 21,1, 13,8 i 10,2% na
winorasli uprawianej na 5 BB, 99 R oraz na wasnych korzdniat/ reakcji na DI
wzgledna zawart& wody w lisciach zminiejszyta siodpowiednio o0 9,4, 4.1 i 3,9% dla
winordsli ‘Italia’/5 BB, winorgli na wtasnych korzeniach oraz ‘Itali@9 R. Wieloletnie
dane wykazatyze winordle uprawiane na 99 R miaty bardziej tolerancyjny agzHisci

i fizjologi¢ w reakcji na sugzw poréwnaniu z winordami na 5 BB.

Stowa kluczowe:Vitis, susza, fizjologia fici, przewodn&é szparkowa
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