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Among the four grape varieties that were subjectedo moisture stress, Flame Seedless and Thompson Seed
recorded the highest relative water content, osmotipotential and water potential compared to Sharad &edless and
Tas-A-Ganesh. Similarly, Flame Seedless and Thomps@eedless recorded the maximum rate of photosyntties
the minimum transpiration rate, and thus increased vater-use efficiency. Sharad Seedless on its own rdwd the
lowest water-use efficiency. Budding the respectiviour varieties on different rootstocks and subjectig them to
moisture stress resulted in significant differences various physiological parameters that influencevater-use effi-
ciency. When Sharad Seedless was budded on Dog Ridgetstock and subjected to moisture stress, it rested in
increased water potential, osmotic potential and watr use efficiency compared to other rootstocks. Thisuggests
that rootstocks have an influence on the physiologal mechanisms of scion leaves. Hence, the genotypétection of
rootstocks for establishing vineyards under droughtonditions is of great importance

In the past, in Indian viticulture, all commercialriedies of
grapes were grown on their own roots, as most oftile were
free from soil-borne problems like nematodes, phdla and
salts. However, nowadays, with the increasing lee¢lsoluble
salts in the soil and ground water, and also dumvés-exploita-
tion of aquifers, drought and salinity are major stoaints in
semi-arid regions, where most of the grape growregsof India
are concentrated. Worldwide, rootstocks are nowiptagt major
role in combating the abiotic stresses like drowgid salinity in
the major grape-growing regions of the world.

Among the several adoptive strategies applied taghbtoler-
ance, improving the efficiency of water use for bass produc-
tion is perhaps the most relevant mechanism. (lLinc&
Eduardo, 2002). Water use efficiency (WUE) can bindd as
biomass produced over a period of time to totakwatnspired
during the same period of time. WUE is also reféne as the
transpiration efficiency. At the single-leaf level UK is the ratio
of the number of moles of carbon assimilated tortheber of
moles of water transpired. According to the yielddal of
Passioura (1986), WUE is an important determinariheftotal
biomass production. Despite the realization ofithgortance of
WUE in crop improvement, rapid progress in improvihig fea-
ture was not achieved. This could be attributethtolack of a
suitable technique for the rapid screening of genatriability in
WUE.

The rooting behaviour of the rootstocks has anmis/ieffect
on the water relations of scion leaves. In thistexin basic
research work has revealed that photosynthesistantatal con-
ductance, which are the main physiological pararseétedrought
tolerance, are affected by the rootstocks usedtaredfect is also
scion specific (Sobhana, 1988). Since grafting/boglgirovide
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new root systems to the scion varieties, it is irntgudrto under-
stand whether rootstocks have some effect on tlom $eaves
after grafting.

Hence the present investigation was carried owgtudy the
effect of some rootstocks on the physiological oesg of some
major commercial grape varieties grown in India.

MATERIALS AND METHODS
Experimental layout

This experiment was conducted in two parts at #peemental
farm of the Indian Institute of Horticultural Resela, Bangalore,
India, during 2002-03 and 2003-04, under open caomsti The
experimental site is situated at 14°N latitude @RtE latitude. It
is in an elevated plain at an altitude of 863 mvalihe mean sea
level. The climate is mild and slightly humid. Thaximum and
minimum temperatures were 30-34.5°C and 18-21°Qedve-
ly; the relative humidity was 65-70% in the morni{@$:00) and
30-35 % during the afternoon (13:00), while the @rafion rate
ranged from 6.25 to 8.3 mm during the experimepéaiod.

In the first part of the experiment, during Septen@02, root-
ed cuttings of the following grape varieties: FlaiBeedless,
Thompson Seedless, Sharad Seedless (syn: Kishmisimeyhe
and Tas-A-Ganesh (mutant of Thompson Seedless, gopul
Maharashtra state), were transplanted to 14" earploén (20-kg
capacity) containing a potting mixture of red eadhnd and
FYM, in the ratio 2:1:1. The water-holding capaafythe potting
mixture was 30%. When the plants had attained geed six
months (April 2003), they were subjected to two lsvefl mois-
ture stress, viz. 50% stress and 100% stress, operiad of 14
days. A control experiment with no stress, viz.10@ggation,
was also carried out. The plants were manuallgated, with the
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following volumes of water: 1.5 liters for the caolttreatment
(no stress), about 0.75 liters for the 50% strepgr@ment and no
irrigation for the 100% stress treatment. The expent was
designed in a factorial randomized design withemeplications
consisting of two factors, viz. irrigation levelsthgrape varieties.
Each replication consisted of 10 vines.

The following gas exchange parameters were recardedree
fully matured leaves per vine: photosynthesis ratemole/

m?/sec), transpiration rate (m molé/sec) and stomatal conduc-

Thompson Seedless on Dog ridge, Salt Creek and \d@ecl
Sharad Seedless on Dog Ridge, and Salt Creek amtbvi€. The
experiment was laid out as a factorial randomizesigh with
two factors,viz, grape varieties and rootstocks, to determine the
interaction of rootstocks and varieties after buddiat different
levels of irrigation.

Chip budding was done during September 2003 onyeae-
old rootstocks grown in 14” earthen pots filled wstlandard pot-
ting mixture (as mentioned above). When the budgkats

tance 1 mole/nt/sec), using a portable photosynthesis systemattained six months age (April 2004), they were egdd® two
(Model LCAs, ADC, Hudgesdon, England). All the observations levels of stress, namely 100% stress and 50%, folay4. Again,

were recorded between 09:00 and 11:00. The areheofeaf

a control experiment with no stress, viz.100% itigya, was also

chamber was 6.25 ¢mand the time required for each reading was carried out. The budded plants under 100% stresisl cmt sur-

30 seconds. Water use efficiency at single-leatllexas derived
using values for the photosynthesis rate and tieatgm rate.

Leaf samples (three matured leaves per vine, usta|$th leaf
from the tip of the shoot) were collected from theerimental
plants in the morning hours after recording gaharge parame-
ters and then brought to the laboratory in an igebbe leaves
were deep-frozen for between 8 and 10 hours aed thawed.
The sap was extracted by squeezing manually amdubed for
measuring the water potential and osmotic poteriita leaf sap
was kept in the sample chamber. Leaf water potenta mea-
sured using a water potential system CR 7, Cam@udintific
Inc., USA. The time required to record the readings five min-
utes. The leaf osmotic potential was measured uainvgpour
pressure osmometer 5100 C Wescor. The time takettod one
observation was 80 seconds. The osmotic poterdiakes were
expressed in MPa. The relative water content (RW&3 mea-
sured as per the procedures of Barrs and Weat{i€62).

In the second part of the experiment, based on th&Walues
of the above-mentioned four varieties at 50% sfressday 14
three varieties having the highest WUE, namely Fl&eedless,
Thompson Seedless and Sharad Seedless, were saéheoteer
to study their performance when they were buddetherthree
rootstocks Dog ridge, Salt Creek, avitls Champinii clone (pop-
ularly known as VC clone). The nine stionic combimas were:

vive beyond 3 to 4 days. Hence observations wezerded in
only two cases: treatment of control and 50% str@ssday 14,
i.e. at the time of termination of the stress treaits, gas
exchange parameters, leaf water potential and &abtc poten-
tial were measured as explained above.

Statistical analysis

The statistical analysis was carried out as peiptbeedures of
Gomez and Gomez (1984). The comparison of treasneas
carried out using standard error of mean and atitidference at
p <0.05.

RESULTS AND DISCUSSION
Relative water content, water potential and osmotipotential

It is evident from Table 1 that no variety survivedtil day 14 of
the stress cycle at 100% stress treatment. Hensenaiions
were recorded only for the treatments at 50% steass for the
control (no stress). When the ungrafted varietiesewsubjected
to different levels of moisture stress, Tas-A-Ganesiorded the
lowest RWC at 50% moisture stress on day 14 otiess cycle,
followed by Sharad Seedless. The highest (lesstimeljasmot-
ic potential was recorded for Flame Seedless at B@Sisture
stress; it was -1.38 MPa (see Table 1). The loagsiotic poten-
tial was recorded in Tas-A-Ganesh, followed by Sharad|&sesd

When the same varieties were budded on rootstouksubject-

Flame Seedless on Dog ridge, Salt Creek and VC cloneed to moisture stress it was found that rootstbekbsa significant

TABLE 1

Influence of moisture stress on relative water eon{RWC %), water potential and osmotic potentiagjiape varieties on 14th day of

stress cycle.

RWC Water potential Osmotic potential

Varieties (V) (%) (-MPa) (-MPa)

S1 S2 S3 S1 S2 S3 S1 S2 S3
Flame Seedless 87.36 71.94 1.15 1.31 * 1.48 1.38 *
Thompson Seedless 87.39 71.17 1.21 1.48 * 1.76 1.48 *
Sharad Seedless 81.98 67.04 1.28 151 * 1.38 1.81 *
Tas-A-Ganesh 80.25 61.64 1.23 1.64 * 1.25 1.90 *

\% S V xS \% S V xS \% S V xS
P < 0.005 5.041 3.564 NS NS NS NS 0.218 0.514 NS

S: Stress levels

S 1 control (100% irrigation)S 2 50% stress (50% irrigationy 2 100% stress (no irrigation)

*: Plants were wilted and hence observations natndsd.
NS: Not significant
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influence on the RWC of budded varieties, both & ¢bntrol and
in the 50% stress experiments. The RWC was lowall the vari-
eties, on all the rootstocks, at 50% stress compaittd when
under control conditions. Flame Seedless on DogdRiithd maxi-
mum RWC values of 81.94% at 50% stress, followedhgrad
Seedless on Salt Creek. The lowest RWC was recoided
Thompson Seedless and Flame Seedless on the VE Tloa rate
of increase in RWC in Sharad Seedless budded onRidge,
compared with ungrafted Sharad Seedless, indicdtad root-
stocks influence the water content of sensitiveetias under mois-
ture stress conditions. There was a decrease ir \patential of
budded vines at 50% stress compared with when wotérol con-
ditions. Flame Seedless on Dog Ridge had the Hig¥egsr poten-
tial (less negative) at 50% stress followed by KEaBeedless on
Salt creek. The lowest water potential of -1.64 MRe& recorded
in Thompson Seedless budded on the VC clone. Sigwadless
exhibited maximum water potential when budded oy Ridge
and subjected to 50% moisture stress comparedwtién it was
budded on Salt Creek and VC clone. Similarly, Fl@eedless and
Sharad Seedless budded on Dog Ridge had the higsesitic
potentials of -1.33 MPa and -1.40 MPa respectiwehjle it was
the lowest in Thompson Seedless on Dog Ridge anclof@ root-
stocks. Osmotic adjustment was lowest in Thompseediess on
the rootstocks Dog Ridge and VC clone (see Table 2)

Among the varieties on their own roots, and aftestding on
different rootstocks, Flame Seedless was able totaiaia high

TABLE 2

RWC in leaves at 50% stress when budded on DogeRidgn-
pared with when budded on Salt Creek and VC cl8imailarly,
Flame Seedless and Sharad Seedless on Dog Ridgleehiaidh-
est water potential compared with when budded dh Gaek
and VC clone. The increase in water potential emi@ Seedless
and Sharad Seedless on Dog Ridge was coupled wibraased
osmotic potential. This indicated a better osmaetijustment.
Sharad Seedless on its own root had a lower osmpotential of
-1.81 MPa at 50% stress, and this increased to HE8 when
budded on Dog Ridge. Similarly, the potassium (Khteat in
Flame Seedless and Sharad Seedless increasedcaitfhif on
Dog Ridge compared with on their own roots (datagmmwn).
As K is an important inorganic osmolyte under wateess con-
ditions, this might be the reason for the higherewatotential
observed under stressed conditions. Rootstock Z0feduced
the water potential of Niagara Rosada comparedwibn it was
grafted on 1103 P. However, little difference in RW@s
observed among irrigation levels/rootstock sciombmations
(Souzaet al., 2001). Similarly, the Italia variety of grape grafte
on St. George rootstock had the lowest water paletampared
with when grafted onto SO-4 and 99R.

Water stress can reduce both water and turgor paltdry
osmotic adjustment (Nagarajah, 1989). In the presemeistiga-
tion, under the 50% moisture stress conditions, dlogstock Dog
Ridge must have influenced the Flame Seedless é&ada®
Seedless to maintain turgor and water relation$ witreased

Influence of soil moisture stress on water relaionbudded vines on 14th day of stress cycle.

Control (100% irrigation)

50% stress (50% irrigation)

Rootstock / Scion Dog Salt Dog Salt
Ridge Creek V.C. clone Ridge Creek V.C. clone
Relative water content (%)
Flame Seedless 88.47 86.20 79.13 81.94 76.20 65.17
Thompson Seedless 88.40 88.65 83.78 77.86 78.53 64.64
Sharad Seedless 88.37 86.90 83.91 76.30 79.62 66.49
Rootstock Scion Interaction Rootstock Scion Interaction
P < 0.005 3.02 NS NS 3.95 NS NS
Leaf water potential (-MPa)
Flame Seedless 0.95 1.15 1.19 1.17 1.39 1.51
Thompson Seedless 1.17 1.05 1.23 1.53 1.40 1.64
Sharad Seedless 1.03 1.00 1.04 1.44 1.55 1.51
Rootstock Scion Interaction Rootstock Scion Interaction
P < 0.005 NS NS NS NS NS NS
Leaf osmotic potential (-MPa)
Flame Seedless 1.22 1.20 1.27 1.33 1.34 1.49
Thompson Seedless 1.16 1.16 1.28 1.62 1.40 1.61
Sharad Seedless 1.12 1.10 1.12 1.40 1.42 1.55
Rootstock Scion Interaction Rootstock Scion Interaction
P < 0.005 0.017 0.017 0.030 0.062 0.062 NS

NS: Not significant
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osmotic adjustment. Thompson Seedless maintaindiglzer
osmotic potential on Salt Creek, to maintain turyidi

There may be genetic differences among rootstonkisvari-
eties that influence the water relations, as sugddsy Zamboni
& lacono (1998). They recorded an osmotic poteméiafe in the
range of -0.8 MPa to -0.20 MPa in Sauvignon Blaraftgd on
3309 C, 775 Pyitisriparia, Vitis berlandieri andMitis rupestris.
In their study, different rootstocks, under similanditions, were
found to accumulate different solutes in the scions

Gas-exchange parameters

Flame Seedless and Thompson Seedless on their oota r
recorded higher photosynthetic rates and decreaaespiration
rates at 50% stress on day 14 of the stress yobrad Seedless
and Tas-A-Ganesh recorded the lowest rate of pjotiossis and
the highest transpiration rate at 50% stress orlldayf the stress
cycle. Significant differences were observed imsital conduc-
tance among varieties grown on their own rootss Mas also
due to interaction between varieties and irrigaterels on day
14 of the stress cycle. Flame Seedless and Thompsedless
recorded the highest stomatal conductance at 5(8ssbn day
14 of the stress cycle, while it was lowest in Sia&Baedless and
Tas-A-Ganesh (see Table 3).

It is evident from Table 4 that the rate of trangpon was not
affected by rootstocks under control conditionserfEhwas a
decrease in the rate of transpiration at 50% streab the stion-
ic combinations except Sharad Seedless on VC clblane
Seedless on Dog Ridge exhibited the lowest traatpir rate,
followed by Sharad Seedless on Dog Ridge. All tlvaéeties on
VC clone rootstock transpired more than when eitherDog
Ridge or on Salt Creek. Similarly, all the varietieslded on Dog
Ridge and Salt Creek had a higher rate of photbgg, while
the lowest was recorded for varieties budded on &f@he.
Stomatal conductance under control conditions (10@#ation)
was not influenced either by rootstocks, scion vease or their
interactions. This suggests that when plants gpl&d with suf-
ficient irrigation, the plants will not struggle mudo improve
their WUE by various physiological mechanisms. Teed for
exhibiting various physiological mechanisms to @ase WUE

TABLE 3

arises only under water scarcity conditions. Butehat 50%
stress, rootstocks and varieties had a significafitténce on
stomatal conductance. Flame Seedless had maximomatst|
conductance at 50% stress on VC clone, while Sh@estlless
and Thompson Seedless had highest stomatal condectn
Salt Creek. The least stomatal conductance wasrdedoin
Flame Seedless on Dog Ridge followed by Sharad|Szedn
Dog Ridge (see Table 4). Budding the varieties ay Ridge
rootstock increased water-use efficiency of allttiree varieties.
The lowest WUE was recorded in Sharad SeedlessbunidVC
clone. But, on their own roots, Sharad Seedless asAT
Ganesh recorded the lowest WUE on day 14 of tlesstrycle at
50% stress, while the highest value was recordedrlame
Seedless, followed by Thompson Seedless (see Table 2

The literature is not very clear about the relatiop between
the rate of photosynthesis in rootstocks on theim mots and the
influence on scion varieties after budding. Somaliss have
shown the influence of rootstocks on the rate atpéynthesis of
scion leaves, as reported by Brownal, (1985), Sharma and
Singh (1989) and lacone al, (1998), for a wide range of crop
species like apple, citrus and grapes. In the ptéseestigation
there was a significant change in the rate of @yotthesis at 50%
stress in all the rootstock/scion combinationsthrs there was a
reduction in the rate of transpiration in all theptstock/scion
combinations. At 50% stress, initial WUE was infloed by the
interaction of rootstocks and scions. Dog Ridgetstmzk
increased WUE of all the three varieties budded an50% stress
compared with in the control experiment. The desgeaa transpi-
ration rate might be due to decreased stomatalumadce at 50%
stress, which is the major contributing factor toreased WUE
under moisture stress. Rootstocks had significafiience on
stomatal conductance of scions after budding aisdstiggested
some possible signal from the rootstock which nihsste con-
tributed to a reduction in stomatal conductancesgponse to soil
perturbation. Bicaet al. (2000) observed significant effects of
rootstock on leaf area, chlorophyll content, stomedsiductance
and quantum vyield in Pinot Noir and Chardonnay. r@anay
grafted on 1103 P showed a higher rate of photbegig, stom-
atal conductance and chlorophyll content than wieited on

Influence of moisture stress on gas exchange paeasn@ grape varieties on 14th day of stress cycle

Rate of photosynthesis

Varieties (V) (1 mole/m?/sec)

Transpiration rate
(m mole/m?/sec)

Stomatal conductance
(1 mole/n#/sec)

Water use efficiency
(1 mole/m mole)

S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3
Flame Seedless 10.0 9.10 * 10.50 6.90 * 0.57 0.41 0.96 1.33 *
Thompson Seedless 9.63 8.00 * 10.40 7.80 * 0.52 0.40 * 0.91 1.02 *
Sharad Seedless 7.50 7.06 * 10.33 8.90 * 0.42 0.39 * 0.72 0.78 *
Tas-A-Ganesh 7.83 5.73 * 10.76 9.50 * 0.43 0.36 * 0.72 0.60 *

\% S V xS \% S VxS \% S V xS \% S V xS
P < 0.005 1.080 1.380 NS 0.371 0.321 0.643 0.042 0.037 0.074 0.134 0.116 0.232

S: Stress levels

S 1 control (100% irrigation)S 2 50% stress (50% irrigationy 2 100% stress (no irrigation)

*: Plants were wilted and hence observations natrdsd.
NS: Not significant
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TABLE 4

Influence of soil moisture stress on gas exchargarpeters in budded vines on 14th day of streds.cyc

Control (100% irrigation)

50% stress (50% irrigation)

Rootstock / Scion

Dog Salt

Dog Salt

Ridge Creek V.C. clone Ridge Creek V.C. clone
Rate of photosynthesis (1 mole/atsec)
Flame Seedless 6.80 7.86 7.63 6.80 7.46 6.46
Thompson Seedless 5.80 7.76 7.46 6.73 7.20 6.36
Sharad Seedless 6.86 8.00 6.46 7.16 7.36 5.93
Rootstock Scion Interaction Rootstock Scion Interaction
CD at 5% NS NS NS NS NS NS
Transpiration rate (1 mole/m2/sec)
Flame Seedless 7.86 8.46 9.23 6.30 6.86 9.00
Thompson Seedless 8.23 8.80 8.46 7.33 8.43 7.93
Sharad Seedless 8.83 9.09 8.90 6.53 7.63 8.96
Rootstock Scion Interaction Rootstock Scion Interaction
P < 0.005 NS NS NS 0.554 NS 0.960
Stomatal conductance (i1 mole/aisec)
Flame Seedless 0.64 0.73 0.74 0.27 0.36 0.43
Thompson Seedless 0.53 0.56 0.58 0.38 0.47 0.45
Sharad Seedless 0.64 0.67 0.64 0.32 0.42 0.37
Rootstock Scion Interaction Rootstock Scion Interaction
P < 0.005 NS NS NS 0.060 0.060 NS
Instantaneous WUE (1 mole/ m mole)
Flame Seedless 0.85 0.92 0.82 1.09 1.09 0.71
Thompson Seedless 0.70 0.87 0.87 0.89 0.85 0.80
Sharad Seedless 0.76 0.87 0.73 1.09 0.96 0.66
Rootstock Scion Interaction Rootstock Scion Interaction
P < 0.005 NS NS NS 0.137 NS NS

NS: Not significant

SO-4. The response of scions towards the rateaibpynthesis is
scion specific, and it varies with the species. Weés confirmed
by Sharma and Singh (1989), who recorded the higitexbsyn-
thesis on own roote@itrus limon compared with when grafted on
vigorous rootstocks likBoncirus trifoliata and Jambheri.

Regulation of osmosis in roots and maintenance asfsipe
water status under conditions of soil-water defigtl a positive
influence on gas exchange. There was an increas®ahroot
length and increased root-to-shoot-length ratichef rootstocks
Dog Ridge and Salt Creek at 50% stress compardd wiien
under control conditions (data not shown). Thisréased root
length in these rootstocks at 50% stress might ledfieently
absorbed water from the lower soil surface and thastained a
high RWC, resulting in better leaf and osmotic ptgdrof the
scion varieties budded on them. During (1994) alsimed that
the rate of photosynthesis of grapes might be ramatl by the
root system. Dehydration of part of the root ledstomatal clo-
sure and a decline in photosynthesis despite thietemance of

leaf turgor, indicating that the physiological effeaf grafted
vines is scion specific (Williams & Smith, 1991). Méms and
Smith found that the assimilation rates of ungdaftenes were
similar, but the rate was significantly higher whenes were
grafted to Kober 5BB. The higher rate of photosgsth was
associated with significantly higher stomatal coctdnce.
Likewise, in the present study, the higher WUE in e f
scion/rootstock combinations may be due to intevadbetween
rootstocks and scions. It is important to haveremeiased WUE
(e.g. as in Flame Seedless and Sharad Seedlessdbadddog
Ridge) under drought conditions rather than in@dgshotosyn-
thesis and a reduced transpiration rate. In sonw®/sgotstock
combinations, e.g. Sharad Seedless budded on V&,cb®0%
stress there was a reduction in photosynthesisaridcrease in
transpiration, which resulted in lower water usécefficy. Some
rootstocks can strongly influence plant respondeviomoisture
in terms of reduced photosynthesis, stomatal coadcet and
internal CQ content in grape varieties (lacono, 1998).
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CONCLUSIONS

It is evident from the present study that buddihgréd Seedless
on the rootstock Dog Ridge may be of relevancedneasing the
photosynthesis potential. It is thus important dket genotypic
selection of rootstocks into account. Dog Ridge Satt Creek
rootstocks had better tolerance levels comparel @itier root-
stocks, such as VC clone, as indicated by the redqubgsiolog-
ical parameters under conditions of moisture stwelssn they
were grown on their own roots (Satiskial., 2004). Dog Ridge
and Salt Creek rootstocks also influenced the phygical para-
meters of scion varieties Flame Seedless and Sismedless in
terms of enhancing WUE under moisture stress ciongit
Results obtained in this study also showed thaaicescion/root-
stock combinations perform poorly under water stditions.

Therefore careful selection of rootstocks, which lamewn to
influence the physiology of scion leaves with resfe drought
tolerant characteristics, such as maintaining adngWC, leaf
water potential, osmotic potential and increased Wuitler
water scarce conditions should be made when esitéyi vine-
yards in regions that experience water scarcity.

LITERATURE CITED

Barrs, H.D. & Weatherly, P.E., 1962. A re-examinatmthe relative turgidity
technique for estimating water deficit in leavegri. J. Biol. Sci. 15, 413-428.

Brown, C.S., Young, E. & Pharr, D.M., 1985. Rootstocksd acion effect on car-
bon partitioning in apple leaves. J. Am. Soc. HSdi. 110, 701-705.

Bica, D., Gay, G., Mordano, A., Souve, E. & Bravdo, B.A.0ROEffect of root-
stocks andftis vinifera on photosynthetic parameters. Acta Hort. 526, 37®-37

During, H., 1994. Photosynthesis of grafted and uiteglagrape vines; Effect of
rootstock genotypes and plant age. Am. J. Enadlc. M6, 297-299.

Gomez, A.K. & Gomez, A.A., 1984. Statistical procedurr agricultural
research. 2nd Edition. Wiley- Interscience, New Yq:187-241.

lacono, F., Bucella, A. & Peterlunger, E., 1998. Wateesst and rootstock influ-
ence on leaf gas exchange of grafted and ungrgfegze vines. Sci. Har?5, 27-
39.

Lincoln, T. & Eduardo, Z., 2002. Plant physiology @tl). Sinauer Associates
Publishers, Sunderband, Massachusetts. p: 792.

Nagarajah, S., 1989. Physiological responses of grayas to water stress. Acta
Hort., 240, 249-256.

Passioura, J.B., 1986. Resistance to drought anditgalAvenues for crop
improvement. Aust. J. Plant Physiol., 131-201.

Satisha, J., Prakash, G.S., Bhatt, R.M. & Sampathkuma20P4. Physiological
mechanisms of water use efficiency in grape rookstander drought conditions.
(Correspondence with Indian. J. Agril. Sci.)

Sharma, S.K. & Singh, R., 1989. Photosynthetic characand productivity in
citrus. Il. Effect of rootstocks. Indian J. Hort.,4822-425.

Sobhana, P., 1988. Physiology of rooting and stoabnsititeractions in Hevea.
PhD Thesis, Kerala Agriculture University, Kerala.

Souza, C.R., Soares, A.M., Regina, M. & Souza, D., 20Gk &change of vine
cuttings obtained from two graftings submitted tatev deficiency. Pesquisa
Agropecuaria Brasileira 36, 1221-1230.

Williams, L. & Smith, R.J., 1991. The effect of roaisks on the partitioning of
dry weight, nitrogen and potassium and root distiisuof Cabernet Sauvignon
grape vines. Aust. J. Enol. Vitic. 42, 118-112.

Zamboni, M. & lacono, F., 1998. Study on variation smmtic potential and cel-
lular elasticity in vines subjected to water stré&snnaissance-de-la-vigne-et-du-
vin, 22, 241-249.

S. Afr. J. Enol. Vitic., Vol. 27, No. 1, 2006



