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Introduction
Main reasons for using overhead nets

Material and Methods

• Protection against:
ØHail damage
ØWind damage 
ØBird damage

• Microclimate modification 
   
• Increased use of nets 
   in all five SA table grape regions

2018
2 000 ha

2022
5 700 ha (29% of total 19 800 ha) 

(SATI, 2023)
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Introduction and Project Aim

• All commercial table grape 
production in SA under 
irrigation

• SA annual rainfall too low for  table 
grape production without 
supplementary  irrigation 

SA Rainfall map

annual rainfall: 470 mm

Annual table grape irrigation requirement  in SA

Irrigation water use varies between regions (climate), 
irrigation practices,  canopy characteristics, vineyard vigour. 

• Increase in cultivation of table grapes under netting in SA
• Limited research results available regarding vineyard water use under netting
• Project aim: to determine the effect of overhead netting on water use of table grapes (semi-arid summer rainfall region) 

19 800 ha 
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Material and Methods:
Experimental site

Material and Methods

• Newgro farm, Kanoneiland, Lower Orange River region
• Vitis vinifera L. cv. Sultanina/Ramsey (10 ha), planted 2015

ØAugrabies soil form
Ø3.0 m x 2.5 m spacing
ØPergola trellis system
ØMicro sprinkler irrigation
ØRainfall at site during trial: 19 mm (2018/19); 80 mm (2019/20)

• 2 sub-plots of 5 ha each (Open and Netted)
ØNetted: covered overhead and on sides (WHITE NET; 20% shade)
Ø in central row of each sub-plot:

vAWS, 3 vines instrumented for sap flow measurements, SWC probes
Ø in central 5 rows of each sub-plot: 

v10 panels (2 data vines each) 
  randomly selected for plant-based measurements 
  (only midday stem water potential and yield included in this presentation)

• macroclimate data obtained from Newgro AWS, 100 m from siteOpen                   Netted
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Material and Methods:
Water use  measurements/ calculations

Material and Methods

• Water use:
ØIrrigation volume (water meters in irrigation system)

•  standard irrigation practices applied by farm, aimed at optimal supply of water 
     during each   phenological stage
•  Irrigation volumes based on 100% of estimated evapotranspiration

Ø  Transpiration (T): sap flow measurements 
                                     (Heat Pulse Velocity method - Burgess et al., 2001)

Ø  Estimated Evapotranspiration (ET): AWS data , crop coefficients)

• Irrigation Water Productivity
   (Fernandez et al., 2020)

• Water use efficiency based on Transpiration Water Use 
Sapflow monitoring (3 vines/sub-plot, 

   probe depths 10, 15, 20, 25 mm)                  

(WPi)   =  Yield (kg)______
                     Irrigation water use (m3) 

(WUET) = Yield(kg)________
                 Transpiration water use (m3) 
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• Irrigation Water Use

• Transpiration Water Use 

• Irrigation Water Use for Production of 1 x 4.5 kg carton of grapes

Material and Methods:
Blue water footprint

Blue WF Irr (m3/t)  = Irrigation water use (m3/ha)
                                                  Yield (t/ha) 

Blue WF Irr (m3/t)  = Irrigation water use (m3/ha)
                                                  Yield (t/ha) 

Blue WF Irr (m3/carton)  = Irrigation water use (m3/ha)
                                                  Yield (cartons/ha) 
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Ѱs measurements with pressure chamber
• 5 mature, fully expanded sun-exposed leaves per data vine 

• Compare:
sun-exposed leaves of data vines in OPEN (exposed to full sun)
 sun-exposed leaves under NET (exposed to sun, but under the 20% shade net)

• Leaves enclosed in aluminum bags for at least 30 minutes before measurement 

 

Material and Methods:
Measurements: Midday Stem Water Potential (Ѱs) 
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Plant-based measurements

• Analysis of variance with Genstat for Windows 22nd Edition (VSM International, Hempstead, UK. Webpage: Genstat.co.uk.3). 

• Shapiro & Wilk test to test normality (Shapiro & Wilk, 1965)

•  Student’s t-test of least significant difference (5% level) to compare treatment means. 

Physiological measurements (midday stem water potential)

• Standard deviations (XLSTAT 2016)

Limited replication of sap flow measurements precluded statistical comparison

Material and Methods:
Statistical procedures
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Results: Water use
Estimated evapotranspiration (ET)

TOTAL

Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug
2018/19 121 183 207 230 241 189 191 134 119 93 97 118 1923
2019/20 157 182 212 224 239 182 169 121 102 86 95 107 1876

TOTAL

Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug
2018/19 93 156 188 216 231 180 172 114 95 55 34 72 1606
2019/20 121 155 193 211 229 173 152 103 82 51 33 65 1567

Season
ETo (mm.month-1) from ISWC Newgro AWS

Season
Estimated ET (mm.month-1)  = Kc x ETo

Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Ave
2018/19 4.0 5.9 6.9 7.4 7.8 6.8 6.2 4.5 3.8 3.1 3.1 3.8 5.3
2019/20 5.2 5.9 7.0 7.2 7.7 6.3 5.5 4.0 3.3 2.9 3.1 3.5 5.1

Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Ave
2018/19 3.1 5.0 6.3 7.0 7.7 5.8 5.7 3.7 3.2 1.8 1.1 2.3 4.4
2019/20 4.0 5.0 6.4 6.8 7.6 5.6 5.1 3.3 2.7 1.6 1.1 2.1 4.3

Season ETo (mm.day-1) from ISWC Newgro AWS

Season Estimated ET (mm.day-1)

Average monthly and total annual reference evapotranspiration (ETo) and estimated evapotranspiration (ET)

Average daily reference evapotranspiration (ETo) and estimated daily evapotranspiration (ET) 
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Results: Water use
Sap flow/ Transpiration

TOTAL
Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug (mm)

Open 2018/19 34 86 87 76 72 64 70 70 67 22 0 0 648
Netted 2018/19 12 57 61 67 68 56 56 45 35 15 0 0 472 -27%
Open 2019/20 46 87 80 87 80 70 69 60 44 6 0 0 629
Netted 2019/20 29 60 62 72 71 62 62 51 31 9 0 9 518 -18%
Open ave 40 87 84 82 76 67 70 65 56 14 0 0 639
Netted ave 21 59 62 70 70 59 59 48 33 12 0 5 495 -23%

% dif-
ference

Season T (mm.month-1)

Except for OPEN at harvest 2019/20 
Midday ΨS indicated low to moderate water stress
18/19: Open  -0.590 to -0.869 MPa; Netted -0.519 to -0.821 MPa 
19/20: Open –1.062 to –1.200 MPa; Netted -0.918 to -1.056 Mpa

Kcb = T
        ETₒ
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Results: Water use
Midday stem water potential

StDev = standard deviation

Except for OPEN at harvest 2019/20 
Midday ΨS indicated low to moderate water stress
18/19: Open  -0.590 to -0.869 MPa; Netted -0.519 to -0.821 MPa 
19/20: Open –1.062 to –1.200 MPa; Netted -0.918 to -1.056 MPa

ψs StDev ψs StDev ψs StDev ψs StDev
(MPa) (MPa) (MPa) (MPa)

1 month before 
harvest 2018-12-11 0.869 0.338 0.821 0.273 2019-12-12 1.062 0.134 0.918 0.107

Harvest (1st week of 
harvest) 2019-01-09 0.590 0.112 0.519 0.142 2020-01-15 1.200 0.159 1.035 0.123

1 month after end of 
harvest 2019-03-28 0.766 0.114 0.794 0.070 2020-03-05 1.079 0.154 1.056 0.090

Treatment
Phenological 

stage

2018/19 2019/20

Date Date
OPEN NETTED OPEN NETTED

Water constraint classification according to midday Ψs for table grape production (Myburgh & Howell (2022): 
none (Ψs > -0.6 MPa), weak (-0.6 > Ψs > -0.8 MPa), moderate (-0.8 > Ψs > -1.0 MPa), strong (-1.0 > Ψs > -1.2 MPa) and severe (Ψs < -1.2 MPa).
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Results: Water use
Irrigation applied
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Results: Water use
Water used vs. water applied

min max

2018/19 1.1 7.7 648 472 -27% 1640 1445 -12%

2019/20 1.1 7.6 629 512 -18% 1727 1659 -4%

Gem 639 492 -23% 1684 1552 -8%

OPEN NET% diffe-
rence

% diffe-
renceOPEN NETOPEN OPEN

1606

1567

1587 4.3

Irrigation total
(mm.year-1) (mm.day-1) (mm.year-1) (mm.year-1)
ET total ET daily T total

Season

Irrigation applied > ET
Ø OPEN – both seasons
Ø NET – 2019/20

↓ Transpiration 
under NET

↓ Irrigation under NET
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Irrigation T WPI WUET
Blue WF 

Irr
Blue WF 

T
Blue WF 

Irr

m3/ha m3/ha
 cartons/ 

ha t/ha kg/m3 kg/m3 m3/t m3/t m3/carton

Open 2018/19 16400 6480 6073 27.3 1.66 4.21 601 237 2.70
Netted 2018/19 14450 4720 7198 32.4 2.24 6.86 446 146 2.01
Open 2019/20 17270 6290 5836 26.3 1.52 4.18 657 239 2.96
Netted 2019/20 16590 5120 5036 22.7 1.37 4.43 731 226 3.29

Treatment Season
Total production

T= transpiration; WPI = Irrigation Water Productivity;   WUET = WUE based on transpiration volume; Blue WF Irr = Blue WF based on irrigation water use; 
Blue WF T = Blue WF based on transpiration volume; Blue WF Irr m3/carton =  Irrigation water used to produce a 4.5 kg carton of grapes.

Results: Water productivity, 
water use efficiency and blue water footprint 
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Results: Water productivity, 
water use efficiency and blue water footprint 

WPI of table/ raisin grapes (other studies):
  Sultanina,Orange River region, SA (Myburgh, 2003a): 1.90 - 3.30 kg/m3 

  Sultanina, Australia (Yunusa et al., 1997):                4.05 kg/m3

  Sultanina, California (Araujo et al., 1995):                5.50 kg/m3

  Sultanina, Chile (Galvez et al., 2014):  2.90 – 3.10 kg/m3 

  Redglobe, Chile (Galvez et al., 2014):        4.40 – 9.80 kg/m3 

  Superior Seedless, Brazil (Teixeira et al., 2007):  3.18 kg/m3
  Crimson Seedless, SA (Avenant et al., 2017):               0.59 - 4.94 kg/m3
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Conclusion and recommendations 

• Seasonal total T values → vines under NET used 19 - 27% less water

• Midday ΨS for OPEN and NET → low to moderate levels of water stress 
                                                               (adequate water supply)

• Seasonal volume of water used for transpiration
Ø  indication of the minimum water requirement for table grape vines 
      under micro irrigation under conditions of the study 
Ø 4 720 m3 (NET) to  6 480 m3 (OPEN)

• Estimated ET of the OPEN subplot (1 567 to 1 606 mm)
Ø considered as a maximum threshold value for water allocation per hectare 
     for uncovered table grape vines under micro irrigation in this region,  
     irrigated at 100% of estimated ET

• Peak daily estimated ET of 7.7 mm.day-1 
Ø could be used in irrigation system design for this region
Ø to ensure that the delivery capacity of the system meets the peak demand
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Conclusion and recommendations

• Irrigation water applied equaled or exceeded the estimated ET
     (indicating over-irrigation)

• Producers should be aware of the possible negative impact net (shading) of nets on fertility 
Ø Adapt irrigation, nutrition and canopy management

• Water use under sufficient irrigation supply conditions has been quantified. 

• Midday ΨS threshold values determined in recent study (Myburgh  Howell, 2022) could be 
used to establish irrigation refill points

• Further research conducted: Establish to what extent irrigation applied can be decreased, 
without negatively impacting production and quality.
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