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Abstract. Water deficit is a major issue in grapevine production. The purpose of this research was to 

identify the effects of early water stress on the growing and yield of grapevine. The research was 

performed in SupAgro/INRA in Montpellier using the ECOTRON System, France. Syrah/SO4 graft 

combination was used as a plant material. 7 years old and potted grapevines were grown/kept in natural 

vineyard conditions. A completely randomized block design was used: WS0 (control) 0; -0.2 MPa, WS1 -

0.2; -0.4 MPa, WS2 -0.4; -0.6 MPa, and WS3 -0.6; -0.8 MPa respectively. The limitation of water was 

started the 15th of May in the 17th E-L stage and ended about the 15th of June in the 27th E-L stage. 

Analysis of variance was performed on the agronomic data using the MSTAT-C. Means were separated 

using the LSD test (P < 0.01). It was determined that there was a reduction in vegetative growth. Also the 

predawn leaf water potential results showed differences between the irrigation levels. These results 

indicated that the lowest Ψpd in WS3 was -0.80 MPa. There was an approximately 55 cm difference 

determined between the control and other groups in shoot lenghts. Besides that the average cluster weight 

was reduced by about 41% and the yield by about 28% under the early water deficit conditions. 
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Introduction 

Grapevine has been widely used as a model plant to study ecophysiological 

responses to water stress (Lovisolo et al., 2010). Grapevine growing is traditionally 

carried out in non-irrigated, extensive agricultural areas in semi-arid regions and dry 

lands. Abiotic stress, such as drought, reduces the rate of growing and photosynthesis of 

the grapevine thus limiting leaf functions and changing the source-sink balance. The 

results showed that berry composition was less sensitive to leaf: fruit ratio than to 

grapevine water status (Azevedo and Lea, 2011: Etchebarne et al., 2010). 

The occurrence of water deficit is clearly important in order to state berry and wine 

composition. Also the irrigation provided certain wine sensory characteristics 

(Matthews et al., 1990). Though a late water deficit had no effect on ripening (Matthews 

and Anderson, 1988). In general, mild water deficits (-0.2 and -0.4 MPa) promoted wine 

quality in red varieties (Bravdo et al., 1985). Bahar et al. (2011) reported that sudden 

and extreme water stress results in smaller berries at harvest. On the other hand there is 

a reduction in the values of 100 berry weight and berry volume. 

The effects of different levels of water deficit on growing Syrah berries were 

examined by Ojeda et al. (2002). Their results showed two types of berry responses to 

water deficit: an indirect and positive effect on the composition of phenolic compounds 
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due to the limitation of berry size and a direct action on biosynthesis. The second 

response can have positive or negative effect the on composition of berries, type of 

phenolic compounds, application period, and water deficit severity. Otherwise De la 

Hera Orts et al. (2004) proved that the severe water stress, decreased vigor but also the 

content of acid and sugar due to photosynthetic activity may be compensated. 

Water deficit had inhibition effects (Sadras and Moran, 2012) on reproductive and 

vegetative growth and changed the vine phenology (Coombe, 1992). Especially water 

deficit stress has a main effect on grapevine growth and berry development that in 

conclusion can impact wine quality (Tillet et al., 2011). The results of this study indicated 

the effects of early water stress levels on vegetative development in cv. Syrah. 

Materials and methods 

The test was conducted in the 2008 vegetation period by use of Supagro ECOTRON 

System in Montpellier. Seven years old Syrah / SO4 grafting combination was used as 

plant material which were planted in 72 L containers, because this cultivar is known as 

drought tolerant (Schultz, 1996). The test was designed according to a randomized 

complete block design into four parcels. It has 3 replications and 2 parcel based 

grapevines and 4 water stress levels [WS0 (4 L day-1), WS1 (3 L day-1), WS2 (2 L day-1), 

WS3 (1 L day-1)] (24 grapevines). All vines were equalized by 22 shoots and about 30 

clusters. The research was carried out from the second week of May to the second week 

of June (17th to 27th) (Eichorn and Lorenz, 1977). All plants were re-irrigated and 

fertilized (6 L day-1) after early water stress period. 

Stress groups were designed depending on predawn leaf water potential (Ψpd) 

according to Carbonneau (1998), Rogiers et al. (2014), Deloire and Rogiers (2014) WS0 

(Control): 0; -0.2 MPa, WS1: -0.2; -0.4 MPa; WS2: -0.4; -0.6 MPa and WS3:-0.6; -0.8 

MPa resp. Predawn leaf water potential (Ψpd) was measured at tertian days at 03:00 AM 

by using Scholander Pressure Chamber. Fully expanded leaves are measured (Ψpd) parcel 

based (Scholander et al., 1965). The measurement of predawn leaf water potential 

(PLWP; Ψplwp), is performed before sunrise, when the stomata of the plant are closed 

and when the grapevine has been able to equilibrate its water potential with the wettest 

layer of the soil. PLWP is mainly used for research purposes only. Threshold values for 

PLWPplwp have been proposed by Carbonneau (1998), which makes it possible to 

evaluate the degree of water deficit experienced by the plant (Deloire and Rogiers, 2014). 

Vegetative parameters, such as shoot lengths (cm) in 3 days intervals, shoot elongation 

rate (cm3 days-1), also average cluster weights (g) and yield (kg per vine) and water 

potential were measured. 

Analysis of variance was performed on the agronomic data using the MSTAT-C 

statistical software. Means were separated using the LSD test (P < 0.01). 

Results and discussion 

Phenologic stages 

It was determined according to Eichhorn and Lorenz (1977), the phenologic stages and 

their dates are presented in Table 1. and also some climatic data in Figure 1. Ojeda et al. 

(1999) reported that the growing of grapevine in ECOTRON and in the vineyard is coherent. 

Nevertheless phenologic stages were not affected by the early water stress in Syrah cv. 
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Table 1. The phenophases according to Eichhorn and Lorenz (1977) in cv. Syrah 

Stages E-L Dates Phenology 

14 14 May 6-7 leaves separated 

15 15 May 7-9 leaves separated 

16 17 May 10 leaves separated 

17* 20 May Inflorescence full developed 

19 22 May Beginning of flowering 

20 23 May 10% caps off 

21 24 May 

30% caps off 21 28 May 

21 30 May 

23 31 May 
50% caps off 

23 03 June 

25 04 June 80% caps off 

26 05 June Cap-fall complete 

26 06 June Setting (2 mm) 

27** 09 June Berries pepper corn size (4 mm) 

29 13 June 
Berries pea size (7 mm) 

31 16 June 

33 10 July Berry touch 

35 27 July Veraison 

38 11 September Harvest 

*Beginning of water stress; ** end of water stress 

 

 

 

Figure 1. Some climatic data during early water stress 
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Predawn leaf water potential (MPa) (Ψpd) 

Vine water status was measured as Ψpd and has previously been reported (Bindon et al., 

2008). Ψpd was approximately between 0 and -0.30 MPa in all treatments at the onset of the 

experiment. A statistically significant difference was found in Ψpd values in the stress 

groups. WS0 was a Control, it was full irrigated during the trial and the Ψpd values were 

between -0.21 to -0.29 MPa. In WS1 Ψpd values changed to -0.30 to -0.53 MPa. In WS2 the 

highest Ψpd was -0.33 MPa, and the lowest Ψpd was -0.63 MPa. The lowest Ψpd in WS3 was 

-0.80 MPa. It was seen in Figure 2, that plants were irrigated in the 163 calendar days after 

bud break there was a linear decrease. Ojeda et al. (2001) notified that the water deficit in 

early period in cv. Syrah, on the 2nd and on the 40th days after anthesis, Ψ indicated a 

difference of -0.5 and -0.8 MPa, respectively these results supported our findings. 

 

 

Figure 2. Changes in Ψpd values during the experiment in Syrah cv. 
 

 

Vegetative growth 

Vegetative growth of Syrah cv. was photographed at different early water stress 

levels (Fig. 3). In semi-arid environments, early water deficit is therefore a usable tool 

for controlling vine vigour and canopy (Trigo-Córdoba et al., 2015). 

Primary indicator of vine’s water deficit is a reduction in leaf and shoot growth 

(Stevens et al., 1995). Yellow leaves were in plant basal, and also the poor berry set 

occurred according to the Ψpd values. Some leaves were detached from the grapevines. 

In berry set stage, some caps were attached the flowers. This samples were collected on 

date 18.06.2008 and even on date 28.06.2008. Also, the differences between treatments 

were detected in berry number per bunch (11.09.2008) same as Korkutal et al. (2011) 

previously have reported. This difference was seen at harvest when the cluster of 

Control compared to WS3 were photographed. 
 

Shoot length (cm) 

Just after the third measurement (28 May) there was about 15 cm variation in the 

control in the stress groups. In the last measurement this was approximately 55 cm’s (in 

the control and in all stress groups). These results are in compliance with the findings of 

Matthews et al. (1987) who noted an increase in shoot length with irrigation and 

Korkutal et al. (2011) who reported a 60 cm difference determined in Merlot cv. 
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WS0 (Control) WS1 WS2 WS3 

    
24.05.2008 

    
04.06.2008 

    
10.06.2008 

    
18.06.2008 

    
28.06.2008 

    
11.09.2008 

Figure 3. Vegetative growth of Syrah cv. under early water stress condition 
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The data show that early water deficit has an effect on vegetative growth (Fig. 4). The vine 

water stress first noticeable symptom is a reduction in shoot growth (Williams, 2010; Keller, 

2010). Shoot growth inhibition covers the reduction of internode extension, leaf expansion 

and tendril elongation (Hardie, 2000) and has been used as a sensitive indicator of grapevine 

water status (Pellegrino et al., 2005: Lebon et al., 2006). Vegetative growth was reduced 

because of the early water deficit, our results were in same direction with these researchers. 

 

 

Figure 4. Shoot lengths according to the calendar days in Syrah cv. 

 

 

Shoot elongation rate (cm 3 days-1) 

Water limitation had a decreasing effect on shoot elongation rates (WS3) (Fig. 5). 

Severe water deficit reduced shoot growth, changed grape berry composition and 

promoted ripening, but decrease of yield and berry mass due to excessive exposure was 

observed by Smart and Coombe (1983) likewise in our findings. When the mean of 

shoot elongation rates was examined in the stress groups, statistically significant 

differences (P < 0.01) were determined between the control and other groups. 

 

 

Figure 5. Shoot elongation rates in cv. Syrah 
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Average cluster weight (g) 

Differences in average cluster weight were found due to the stress levels but these were 

not statistically significant. Control grapevines had the highest average cluster weight 

100.93 g and the lowest average cluster weight was measured in WS3 (59.88 g). Celik 

(2006) reported Syrah cv. average cluster weight as 200-250 g. Matthews and Anderson 

(1988) indicated that the inhibition of floral development may be a simultaneous 

consequence of low water status. Similar results were obtained in our experiment, average 

cluster weights decreased due to water scarcity. However, in our study because of the early 

water stress the clusters were smaller and lightweight like Xiao et al. (2018) and Buesa et al. 

(2017) reported the decrease in berry mass due to water deficit was remarkable (Table 2). 

Cluster weights decreased about 40.67% compared to control as a result of water stress. 

 
Table 2. Average cluster weights and yield under early water stress 

 WS0 (Control) WS1 WS2 WS3 

Average cluster weights (g) 102.66 71.97 66.30 59.36 

P < 0.01 ns ns ns ns 

Yield (kg per vine) 2.84 2.58 2.34 2.05 

P < 0.01 ns ns ns ns 

ns: non significant 

 

 

Yield (kg per vine) 

In this research yield per grapevine was determined between 2.84 kg per vine and 2.05 

kg per vine (Table 2). These results show that early water stress with increasing water 

stress levels had negative effect on yield (Smart and Coombe, 1983). Yield was reduced 

about 27.82% compared to control, under early water deficit but these values were not 

important statistically. This value was also supported by Shellie (2006) and Korkutal et al. 

(2011), 48% and 50% reduction in yield were determined under irrigation deficit. In 

addition to these Buesa et al. (2017) argued that in early deficit conditions, yield reduced 

by 25% compared with that of Control. It should not forgotten be that different deficit 

irrigation strategies are used to manage the yield (Keller et al., 2016). 

Consequently, the period of the water deficit is crucial in specifying berry 

composition (Matthews et al., 1990). Reducing the irrigation water amount, with the 

potential to decrease shoot vigour with no yield loss is essential (Dry and Loveys, 

1998). As expected, control irrigation resulted in higher yield than the others in our 

study and in the literature as well (Antolin et al., 2008). Cluster weights and yields were 

decreased about 40.67% and 27.82%, respectively compared to control. These numeral 

differences in cluster weight and yield due to the water deficit can be explained by the 

development of small number but big size grape berries on the rachis. 

Conclusion 

To sum up our results: 

• There was a reduction in vegetative growth. 

• The Ψpd indicated the differences between the irrigation treatments. And the 

lowest Ψpd in WS3 was -0.80 MPa. 
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• In the last measurement of shoot lengths there was approximately a 55 cm 

difference between the control and other groups. Corresponding results in 

shoot elongation rates with water limitation were observed. 

• Average cluster weight changed between 59.88 and 100.93 g. Cluster weight 

was reduced about 40.67% under early water deficit. 

• Yield per grapevine was determined between 2.84 kg per vine and 2.05 kg per 

vine. It was proved that the early water deficit reduced (27.82%) the yield. 
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