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Irrigation Regimes Effecting Drought Tolerance Of
Grape Rootstocks Under Cold Arid Conditions
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Abstract: The drought tolerance is a very important property of grapevine rootstocks. For that reason the breeding and selection of new rootstock
varieties is focused on the evaluation of their drought tolerance. In this experiment, 5 rootstocks of grape were compared and evaluated with local
rootstock. The maximum height of shoot was observed at scheduling of irrigation at 0.3 bar (66.80cm) in Doddridge while as maximum average height of
shoot (61.96cm) was recorded for 1103-P and minimum average height of shoot (41.89cm) for Local rootstock with different scheduling of irrigations.
Maximum diameter of shoot (4.35cm) was observed by 1613-C with scheduling of irrigation at 0.3 bar, where as Doddridge attained the highest average
diameter of shoot (3.50cm) with different scheduling of irrigations. The maximum number of shoots per vine (19.42) was observed in 1613-C at 0.3 bar
where as Local rootstock showed the minimum average number of shoots per vine (8.96) while as maximum average number of shoots per vine was
observed for 1103-P (14.80) .Regarding the length of internode, 1103-P recorded the maximum length (7.41cm) at 0.3 bar and maximum average length
of internode (7.01cm). The maximum relative leaf water content at scheduling of irrigation at 0.3 bar (84.6%), at 0.5 bar (79.3%) and at 0.7 bar (75.6%)
was observed in 1103-P followed by Doddridge and Salt Creek. Based on the effect of different irrigation regimes on grape rootstocks, the drought

tolerance of grape rootstocks can be ranked as 1103-P>Doddridge>Salt Creek>1613-C>1616-C>Local.
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Introduction

In recent years, it is possible to observe global climatic
changes. The numbers of warm years and longer periods of
drought are increasing. In the course of its phylogenetic
development, grapevine (Vitis vinifera) has developed
various physiological and morphological mechanisms
enabling plants to survive under conditions of water deficits
(Kondouras et al., 2008). Water is the most important
limiting resource for the vineyards of the Cold Arid region
of India where water is supplied mostly by the scanty
rainfall that poorly matches the water requirement of
vineyards in the region. Rootstock utilization has been
significantly increasing since the 1970s in the world. They
vary in root distribution and affect scion responses in vigor,
yield, fruit quality and other physiological parameters
(Paranychianakis et al., 2004; Koundouras et al., 2008). In
addition to their effect on yield, rootstocks also significantly
affect fruit quality components such as total phenolic and
anthocyanin content and vine productivity under different
irrigation treatments (Hilal etal., 2000; Koundouras et al.,
2008).
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Grape (Vitis vinifera L) is an important temperate crop but
well acclimatized under sub-tropical regions of the world. In
India, it is mainly grown in semi-arid regions and at a
smaller scale in temperate regions where water is the main
limiting factor for yield and quality of the grapes. The
attitude of root system to develop and absorb minerals and
water largely effects the growth and vigor of the scion
especially in scarcity situation (Rives, 1971). The water
stress has a dominant effect on the growth of the vine and it
directly affects the growth and development which can be
judged by the morphological signs such as height of shoot,
diameter of shoot, number of shoots per vine and length of
internode  Although grapevine (Vitis vinifera L.) is
considered to be a species that is relatively well adapted to
drought stress, the combined effects of intensive
illumination, high temperatures and low atmospheric water
pressure tension could presumably act as major constraints
for leaf photosynthesis, particularly under conditions of
severe soil water deficits that are usually encountered by
this crop (Flexas et al., 1998). Because of differences in the
architecture of root system, the drought tolerance of plants
is significantly influenced by rootstocks. The capability of
grapevine to uptake water and nutrients from soil is
dependent not only on the size of the root system but also
on its horizontal and vertical arrangement (Smart et al.,
2006), Comas, L.H. et al, (2010). A good resistance of
grapevine to stress situations results from deep ofroot
system and physiological mechanism of drought avoidance
(Chaves et al., 2010).. In the light of above discussion, the
present study was undertaken to investigate the relative
drought tolerance of grape rootstocks under cold arid
regions of Ladakh, India.

Materials and Methods

The field experiment was carried out on an experimental
Field of High Mountain Arid Agriculture Research Institute,
SKUAST-K Leh India. Rootstock is defined as the root
system of the grapevine to which is grafted the desired
variety of grapes. The grape rootstocks viz. Doddridge, Salt
Creek, 1613-C, 1616-C, 1103-C, Local rootstock and 3
levels of irrigation regimes at 0.3 bar, 0.5 bar and 0.7 bar
were taken under study. Two rooted cuttings were planted

113

1JSTR©2013
Www.ijstr.org



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 2, ISSUE 12, DECEMBER 2013

in each pot in the month of October, 2010 and in each
replication three pots were maintained in factorial
completely randomized design. The transplanted rooted
cuttings sprouted and the shoots were allowed to grow up
to April, 2011. The recut of the sprouted shoots was
undertaken in April, 2011 by retaining 2-3 matured buds on
shoot. The recut was taken for uniform growth of shoot and
equal foliage density. The treatments were commenced at
the stage of 5" to 6" leaf stage based on standard curve of
moisture tension v/s water content Ghildyal and Tripathi,
(1986) and Fanizza et al.(1993).Total thirty irrigations were
given during investigations. The height of the shoot and
length of internodes were measured with the help of flexible
tape and the diameter was measured with the help of
Vernier caliper.

Results and Discussion

The maximum average shoots per vine (Table 1) were
recorded for 1103-P (14.80) while as lowest in Local
rootstock (8.96).The interaction effect between irrigation
regimes and different grape rootstocks was also significant.
Among the different irrigation regimes, the maximum
number of shoots per vine (19.42) were produced by 1613-
C followed by 1103-P (16.42), 1616-C (15.42), however it
was at par with Doddridge (15.17) with scheduling of
irrigation at 0.3 bar. However 1103-P observed the
maximum number of shoots per vine with scheduling of
irrigation at 0.5 bar (14.50) and at 0.7 bar (13.48) while as
Local rootstock registering minimum number of shoots with
scheduling of irrigation at 0.5 bar (8.62) and 0.7 bar
(4.72).Similar results were obtained by Fanizza et al,
(1993), Sikhamany et al,(1995) and Ramteke et al,(1999),
Cifre J et al, (2005), De Herralde F et al, (2006) and
Chaves M M et al, (2007). The maximum average height of
shoots were produced by 1103-P (61.87 cm) while the
minimum in Local rootstock (41.79 cm). The height of shoot
of various rootstocks was significantly decreased with the
increase in water stress. The interaction effect between
irrigation regimes and different grape rootstocks was also
significant. Among the different levels of irrigation, the
maximum height of shoot (66.26 cm) was recorded for
1103-P with scheduling of irrigation at 0.3 bar and (61.42
cm) with scheduling of irrigation at 0.5 bar and (57.93 cm)
at 0.7 bar. The lowest height of shoot (22.63 cm) was
recorded by Local rootstock at 0.7 bar. Similar results were
reported by Patil et al 1995, Ramteke et al 1999, Dry, P et
al 2000,Stevens et al 2002, Ramteke, S.D. et al 2002,
Satisha, J. et al 2002, Schmidt, J et al, 2002 The effect of
irrigation regimes on length of internode of the rootstocks
was significant. Among the different levels of irrigations the
maximum length of internode was observed for 1103-P
(7.41 cm) with scheduling of irrigation at 0.3 bar and the
lowest length of internode was noticed by Local rootstock
(2.74 cm) at 0.7 bar. Similar trend was observed for highest
average Length of Internodes with highest length recorded
for 1103-P (7.01 cm) and lowest for Local rootstock (4.39
cm).lt shows that irrigation regimes resulted for more
reduction of internode length in Local rootstock and vice
versa. These findings are supported by Patil et al. 1995,
Ranteke et al 1999, Mhetre 1999, Calo A et al 1997, Patil,
S.G et al, (2003), Stevens, D.P. et al (2003), Patil, S.G et
al, (2005), Pire, R. et al, (2005), The effect of irrigation
regimes on diameter of shoot of the rootstocks showed also
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significant results. Among the different irrigation regimes,
the maximum average diameter of shoot (3.50 mm) was
recorded for Doddridge followed by 1613-P (3.30 mm) while
as minimum average diameter of shoot (1.40 mm) for Local
rootstock. The minimum reduction in diameter of shoot was
recorded by 1103-P which was followed by Doddridge and
Salt Creek rootstocks. The local rootstocks registered the
maximum decrease in shoot diameter by losing the turgidity
of cells indicating thereby that the diameter was significantly
reduced due to water stress. In 1103-P, the lowest
reduction in the shoot diameter might be because of
minimum reduction in turgidity of cells. These findings are in
conformity with those reported by Hsaio (1973), Padgett-
Johnson et al, (2004), Cregg, B. et al, (2004), Pellegrino,
A., E. et al, (2005), Sakellariou-Makrantonaki et al (2006),
Cramer, G.R. et al (2007), Among the different levels of
irrigations, the maximum relative leaf water content was
observed by 1103-P (84.52%) with scheduling of irrigation
at 0.3bar and minimum for Local rootstocks (55.0%). The
maximum average relative leaf water content was recorded
for 1103-P (79.9%) and minimum for Local rootstocks
(63.9%). In drought tolerant rootstocks the maximum RLWC
may be due to maintenance of the cell turgidity while in
drought susceptible rootstocks, cell turgidity was lost
readily. These results are found similar with the findings of
El-Borkouki et al, (1979), Yuejin, W et al (2004),
Koundouras, S. et al (2008), The relative leaf water content
of leaves increased as available water increased. The
maximum value of relative water content was obtained from
control treatments (100% available water) in contrast lowest
value obtained at 12.5% available water. Similar results
were obtained by EI- Barkouki et al, (1979), Ghidyal et al,
(1985), Prakash and Bhat (1999), Gomez-Del-Campo, M et
al, (2002)and Chaves, M.M. et al, (2010). They showed that
imposition of water stress strongly decreased the relative
leaf water content of leaves in all rootstocks by end of
stress cycle. From this experimental study it is concluded
that the rootstocks of grape can be ranked as 1103-P>
Doddridge> Salt Creek> 1613-C> 1616-C> Local
rootstocks.

Litrature Cited.

[1]. Association of Official Analytical Chemists),
“Official methods of analysis,”Association of official
analytical  chemists  (AOAC), 14th.  ed,,
Whashington, DC, USA, 1984.

[2]. Calo, D. Tomasi, M. Crespan, A. Costacurta,
“Relationship between environmental factors and
the dynamics of growth and composition of the
grapevine,” Acta. Hortic. 427: pp. 217-232, 1997.

[3]. J. Cifre, J. Bota, J. M Escalona, Merano H, Flexas
J, “ Physiology tools for irrigation scheduling in
grapevine (Vitis vinifera L.) An open gate to
improve water-use efficiency,” Agric. Ecosyst.
Environ. 106: pp. 159-170, 2005.

[4]. M.M Chaves, O. Zarrouk, R. Francisco, J.M. Costa,
T. Santos, A.P. Regalado, M.L. Rodrigues and
C.M. Lopes, “ Grapevine under deficit irrigation:
hints from physiological and molecular data,” Ann.
Bot. 105, pp. 661-676, 2010.

114

1JSTR©2013
Www.ijstr.org



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 2,

[5].

[6].

[71.

8l

9.

[10].

[11].

[12].

[13].

[14].

[15].

M. M Chaves, T.P Santos, C.R Souza, M.F Ortuno,
M.L Rodrigues, C.M Lopes, J.P Maroc and J.S
Pereira, “Deficit irrigation in grapevine improves
water-use efficiency while controlling vigour and
production quality,” Ann. Appl. Biol. 150, pp. 237-
252, 2007.

L.H. Comas, T.L. Bauerle and D.M. Eissens tat,
“Biological and environmental factors controlling
root dynamics and function, Effects of root ageing
and soil moisture,” Aus. J. Grape and Wine Res,
16, pp. 131-137, 2010.

G.R Cramer, A. Ergul, J. Grimplet, R.L. Tillett,
E.A.R. Tattersall, M.C.Bohlman, D. Vincent, J.
Sonderegger, J. Evans, C. Osborn, D.Quilici, K.A.
Schlauch, D.A. Chooley and J.C. Cushman, “
Transcript and metabolite profiling of grapevines
exposed to gradually increasing, long-term water-
deficit or is osmotic salinity,” Funct. Integr.
Genomics,7, pp. 111-134, 2007.

B Cregg, “Improving drought tolerance of
trees.Theoretical and practical considerations,”
Acta Horticulturae, 630, pp. 147-158 2004.

F. De Herralde, M. del Mar Alsina, X. Aranda, R.
Save and C. Biel, “Effects of rootstock and
irrigation regime on hydraulic architecture of Vitis
vinifera L. cv. Tempranillo,” J. Int. Sci. Vigne Vin.
40, pp. 133-139, 2006.

P. Dry, B. R. Loveys and H. During, “Partial drying
of the root zone of grape. |.Transient changes in
shoot growth and gas exchange,” Vitis, 39, pp. 3-7,
2000.

M. H. EI- Barkouki, H.A.A. Hifny and G.A.
Baghdadi Effect of water stress on some
physiological aspects in grape vines Vitis vinifera L.
Egypt J. Hort., 6(1): 91-103 1979.

G. Fanizza and A. M. Castrignano, “The shoot
growth function to evaluate genotypic differences
under water stress and non-stress conditions in
Vitis vinifera L,” Journal of Genetics and breeding,
47 (2), 1993.

B.P. Ghidyal and R.P. Tripathi, “Soil physics,”
Published by Willey Western Limited, Delhi, pp.
214-220, 1986.

M. Gomez-Del-Campo, C. Ruiz and J. R.
Lissarrague, “Effect of water stress on leaf area
development, photosynthesis, and productivity in
Chardonnay and Airén grapevines,” Amer. J. Enol.
Viticul.,” 53, pp. 138-143, 2002.

T. C. Hsiao, “Plant responses to water stress,”
Ann. Rev. PI. Physiology, 24, pp. 519-570, 1973.

1JSTR©2013
Www.ijstr.org

[16].

[17].

[18].

[19].

[20].

[21].

[22].

[23].

[24].

[25].

[26].

ISSUE 12, DECEMBER 2013 ISSN 2277-8616

S. Koundouras, |I. T. Tsialtas, E. Zioziou and N.
Nikolaou, “Rootstock effect on the adaptive
strategies of grapevine (Vitis vinifera cv. Cabernet
—Sauvignon) under contrasting water status,” Leaf
physiological and structural responses. Agric.,
Ecosys. Environ., 128, pp. 86-96, 2008.

N. B. Mhetre, “Effect of drought on vineyards,”
Paper presented in National dialogue on sustaining
the productivity of grapes under adverse situations
at Pune, June, 7-8, pp. 21-23, 1999.

M. Padgett-Johnson, L. E. Wililams and M.A.
Walker, “Vine water relations, gas exchange and
vegetative growth of seventeen Vitis species grown
under irrigated and non-irrigated conditions in
California,” J. Amer. Hort. Sci., 128, pp. 269-276,
2003.

S. G. Patil and V.P Patil, “ Drought tolerance in
rootstocks of grape,” Drakshavritta, 15(6): pp. 199-
122, 1995.

S. G. Patil, S. P. Karkamkar and M. R. Deshmukh,
“Evaluation of grape varieties for their drought
tolerance,” J. Maharashtra Argic. Univ., 28, pp.
250-251, 2003.

S. G. Patil, S. P. Karkamkar and M. R. Deshmukh,
“Screening of grape varieties for their drought
tolerance,” Ind. J. Plant Physiol., 10, pp. 176-178,
2005.

Pellegrino, E. Lebon, T. Simmoneau and J. Wery,
“Towards a simple indicator of water stress in
grapevine (Vitis vinifera L.) based on the
differential sensitivities of vegetative growth
component,” Australian J. Grape Wine Res., 11,
pp.306-315, 2005.

G. B. Prakash and Bhat, “Water stress and root
studies in few genotypes of Vitis.,” Paper
presented in National dialogue on sustaining the
productivity of grapes under adverse situations at
Pune, June, 7-8, pp. 40-45, 1999.

R. Pire, A. Pereira, J. Diez and E. Fereres,
“Drought tolerance assessment of a Venezuelan
grape rootstock and possible conditions
mechanism,” Agrociencia, 41, pp. 435-446, 2007.

S. D. Ramteke and J. Satisha, “Response of Tas-
e-ganesh on Doddridge rootstock to imposed water
stress,” Paper presented in National dialogue on
sustaining the productivity of grapes under adverse
situations at Pune, June, 7-8, pp. 45-50, 1999.

S. D. Ramteke and G. S. Karibasappa, “Screening
of grape (Vitis vinifera) genotypes for drought
tolerance,” Ind. J. Agric. Sci., 75, pp. 355-357,
2005.

115



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 2, ISSUE 12, DECEMBER 2013

[27].

[28].

[29].

[30].

[31].

132].

[33].

[34].

M. Rives, “Statistical analysis of statistical
experiments as providing definition of the terms
vigor and affinity in grape,” Vitis. 9, pp. 280-290,
1971.

M. S. Sakellariou-Makrantonaki, I. Kalavrouziotis,
D. Giakos, and N. Vagenas, “Potential and
planning to reuse municipal wastewater for the
irrigation of vinicultures in Attica, Greece,”
Fresenius Environmental Bulletin 15, pp. 129-135,
2006.

J. Satisha , G. S. Prakash and R. Venugopalan,
“Statistical modeling of the effect of physio-
biochemical parameters on water use efficiency of
grape varieties, rootstocks and their stionic
combinations under moisture stress conditions,”
Turk. J. Afric. Res, 30, pp. 261-271, 2006.

J. Schmidt, F. Manty, L. Huber, M. Porten and E.H.
Ruhl, “Experience with rootstocks varieties in
Germany,” Proceedings of the 2005 Rootstocks
Symposium — Grapevine Rootstocks: Current Use,
Research, and Application, pp. 14-24 2005.

S. D. Sikhamany and G. S. Prakash, “ Canopy
management for production of table grapes for
export’. Drakshauritta Souvenir, pp. 125-129,
1995.

D. P. Stevens, M. J. McLaughlin and M. K. Smatrt,
“Effects of long-term irrigation with reclaimed water
on soils of the Northern Adelaide Plains, South
Australia,” Australian Journal of Soil Research, 41,
pp. 933-948, 2003.

Stevens, R.M. and R.R. Walker, “Response of
grapevines to irrigation-induced saline-sodic soil
conditions,” Australian Journal of Experimental
Agriculture 42, pp. 323-331, 2002.

W.Yuejin, Y. Yazhou, Z. Jianxia, P. Xuejun and W.
Yizhen, “ Preliminary identification of drought
resistance of Chinese wild Vitis species and its
inter specific hybrids,” Acta Horticul. Sinica, 34, pp.
711-714, 2004.

1JSTR©2013
Www.ijstr.org

ISSN 2277-8616

116



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 2, ISSUE 12, DECEMBER 2013

Graph 1. Graphical representation for Effect of irrigation regimes on Grape rootstocks
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Table 1. Effect of irrigation regimes on Grape rootstocks.

. Length of internodes Diameter of Relative leaf water content
Number of Shoots Height of shoots (cm) (cm) shoots (cm) (%)
Irrigation 03 0.7
Regimes/ | 0.3 0.5 0.7 | 0.5 | 0.3 0.5 0.7 0.3 0.5 0.7 0.3 0.5 0.7
Rootstoc bar bar bar Mean ?a bar :)a Mean bar | bar | bar Mean bar | bar | bar Mean bar | bar | bar Mean
k
Doddridge | 15.17 12.25 10.22 | 12.54 gg :? gg 59.67 2'9 2'4 g.o 6.45 2'8 3'4 2'2 35 22' ;6' ;1' 76.8
Salt Creek | 13.17 10.12 8.10 | 10.46 8‘2" gi gg 53.12 2'7 i'G ‘5"7 5.70 3'4 2'8 2'3 2.9 20- 32- 27- 73.2
1613-C | 1942 | 1338 | 1010 | 1430 | 5y | 3% |3 | aers | 0% | 5T [ 1T | s2s SO I e I % ol |5 | eao
1616-C 15.42 10.38 6.48 | 10.76 ij‘ gg' gi 47.88 2'5 2'9 2'8 5.11 g.o 2'8 S'O 3.0 Zs' 27' 26' 67.3
1103-P | 1642 | 1450 | 1348 | 1480 | S0 | O | oL |ewer | Y |20 |20 l7m SO IS I IS ol VAR VA IR0
Local 13.55 8.62 472 | 896 gg ‘l‘g' gg 41.79 g'l ‘1"3 2'7 439 i] 3'3 14 | 24 24' 82. 85' 63.9
64. | 51. | 40. 67 | 55 | 46 38 | 29 | 24 79. | 70. | 63.
Mean 15.52 11.54 8.85 03 | 23 a8 0 5 s 5.65 7 5 7 o 5 5
SE+ mean | CD at5% SEX 1 o at 5% SE: | cpats | mea | OO SEx CD at 5%
= 0 mean ° mean 0 - 5% mean °
Rootstoc 0.01
ks 0.07123 0.1978 0.1432 0.3968 0.0220 0.06059 360 0.0431 0.1403 0.4397
Irrigation 0.00
regimes | 0.49563 0.1380 0.1064 0.2857 0.0174 0.0500 8.7 0.0202 0.1094 0.3081
Interactio 0.02
n 0.13506 0.3315 0.2300 0.6705 0.0423 0.1200 1'0 0.0605 0.3203 0.7500
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