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Being a water-scarce country, South Africa (SA) faces several water challenges, including drought and
other effects of climate change. Therefore, there is a need to improve water-use efficiency (WUE) by ac-
curately quantifying the water use and WUE of table grape vineyards. The objective of this review is to (i)
provide an overview of water footprint (WF) studies conducted on table grape production systems in SA
and globally; (ii) identify limitations in current WF assessments of table grape production systems; and
(iii) establish a range of WF values for table grape production systems as an indicator of WUE and for use
in decision-making regarding sustainable freshwater use. The review has demonstrated that only a limited
number of detailed WF studies have been undertaken on table grapes in SA and globally. Region-specific
lookup tables for quantifying blue, green and grey water use in table grape production systems are avail-
able for three table grape production regions of SA and could be used for future WF assessments. Most
global studies conducted on grape WF and WUE were desktop studies and did not include actual field
records from production units, nor did they distinguish between different grape types (table, raisin and
wine grapes). WF values must be interpreted in context, specifically regarding the water used versus yield,
quality and income, as well as the region, climatic conditions, soil characteristics, irrigation and cultivation
practices. For future WF and WUE assessments, a more detailed breakdown of water use is recommended,
both during the production process and postharvest.

INTRODUCTION

South Africa is a water-scarce country, receiving (Permanhani et al., 2016).

approximately 470 mm of rainfall per annum compared to
the global average of 840 mm (Department of Water Affairs
and Forestry [DWAF], 2004). The country faces several
challenges to its water resources, including the competition
for water due to an increasing population, economic growth
and climate change. It therefore is essential to improve
water-use efficiency (WUE) (Brand South Africa, 2019).
The scarcity of water in most grape-growing regions has
consequently made irrigation water a limited resource
(Myburgh, 2011a, 2011b). The annual rainfall in SA is too
low for dryland (non-irrigated) commercial table grape
production, hence this industry’s dependence on irrigation
(Myburgh, 2011b). Table grape production is characterised
by the intensive use of water, which puts pressure on local
or regional water resources, particularly in dry regions
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The SA table grape industry comprises 21 100 ha (South
African Table Grape Industry [SATI], 2021) of vineyards
in five regions (Northern Province, Orange River region,
Olifants River region, Berg River region and Hex River
Valley). It is export driven, brings valuable foreign currency
to the country and has directly created more than 14 000
permanent jobs, with 74 000 seasonal jobs in the 2020/2021
season (SATI, 2021).

During the 2017/2018 and 2018/2019 seasons,
water available for irrigation in the areas where table
and wine grapes are cultivated extensively in SA was
severely curtailed, and most producers had to utilise water
conservation measures, with extreme cases where vineyards
were removed completely (Jarmain, 2020). The main
topic of discussion during the post-season analysis of the
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2018/19 season by the Joint Marketing Forum of the South
African Table Grape Industry (SATI, 2019) was the lower
production (yield) and quality of table grapes, and the season
was described as “the most difficult season ever” (Jarmain,
2020). The past and ongoing pressure on available water
resources for agricultural production, including table grape
production, has initiated a focus on the sustainable and
efficient use of water for crop production, as well as crop
water-use efficiency (WUEc), and the crop water footprint
(WF) as indicators of sustainable water use.

Water-use efficiency is defined as the total biomass
production, shoot biomass or economic harvested yield per
unit area in relation to total evapotranspiration (ET), plant
transpiration (E) or seasonal water use (irrigation and rainfall)
(Chaves et al., 2007). The WF of a product is defined as the
total volume of freshwater used to produce goods and/or
services consumed by the individual, community or business
(Hoekstra et al.,2011), and is classified into three categories,
namely the green, blue and grey WF. The blue WF indicates
the quantity of surface or groundwater evaporated or
embedded in a product; the green WF indicates the quantity of
rainwater evaporated or embedded in a product; and the grey
WF indicates the quantity of freshwater needed to integrate
the load of pollutants to acceptable levels that will not be
harmful to the environment (Hoekstra et al., 2011; Mekonnen
& Hoekstra, 2011). In terms of table grape production, the
WF would be the quantity of water used per kilogram or ton
of grapes produced and includes blue and green water used
by the grapevine through evapotranspiration (which forms
the bulk of the WF), blue and green water used during spray
applications in the vineyard and in the pack store, as well as
grey water used for the dilution of pollutants.

To date, only a limited number of detailed WF studies
have been undertaken in SA (Pahlow et al., 2015), and only
a few on table grapes (Avenant et al., 2017; Kangueehi,
2018; Jarmain, 2020). However, several studies have
been conducted on the annual irrigation requirements and
application of irrigation to table and raisin grape vineyards
in SA. The results indicate that the annual irrigation
requirements of table grape vineyards in SA was inconsistent,
and ranged from 256 mm to 1 863 mm (Table 1) depending on
the region, irrigation practices used, vineyard characteristics
and vine vigour. These studies focused only on the use of

irrigation water and not on water use throughout the whole
table grape production process.

The aims of this review are to: (i) provide an overview
of WF studies conducted on table grape production systems
in SA and globally; (ii) identify limitations in current WF
assessments of table grape production systems; and (iii)
establish a range of WF values for table grape production
systems that can be used in decision-making on sustainable
freshwater use.

WF ASSESSMENT METHODS

Water footprint is an indicator used to assess both direct
and indirect water use by a consumer or producer (Egan,
2011). Increasingly, WFs have been used to indicate the
effect of water use on production systems (Herath ez al.,
2013). Different methods have been used to calculate WF
(Mekonnen & Hoekstra, 2010; Hoekstra ef al., 2011; Van der
Laan, 2017; Jarmain, 2020). These methods differ in terms of
how a WF is defined and calculated, as well as how the values
are interpreted (Jarmain, 2020). Four of the approaches and
methods applicable to agricultural WF assessments are the
Global Water Footprint Standard (GWFS), water footprint
assessment (WFA) through life cycle assessment (LCA),
Water Footprint Network (WFN), and the hydrological-
based approach (Table 2).

WF OF TABLE GRAPE PRODUCTION SYSTEMS IN
SA
A WF analysis of the Breede River Water Management Area
by Pegasus (2010) showed that table grapes offer producers
the highest gross income per cubic metre of irrigation water
and create the highest number of jobs per unit of water
compared to all other crops produced in the catchment area.
When the study of Avenant et al. (2017) commenced in the
2012/2013 season, Pegasus (2010) was the only publication
that could be found on the water footprinting of table grapes
in SA. Furthermore, this analysis only included the blue and
green water WFs, while no plant-based measurements were
reported, and no additional water-use aspects were recorded,
such as water used during spraying applications in the
vineyard and water used in the pack store.

Pahlow et al. (2015) reported a blue WF for grapes of
157 m3/ton in SA, which was based on a yield of 13.8 t/ha

TABLE 1

Annual irrigation requirements of table grape vineyards under South African conditions.

Cultivar Irrigation method Reference

Barlinka 411 mm with drip irrigation to 569 mm with Saayman & Lambrechts (1995)
micro-sprinkler irrigation

Barlinka 663 mm to 741 mm irrigated with micro-sprinklers Myburgh (1996); Fourie (1989)

Crimson Seedless
micro-sprinkler irrigation
Dan-ben Hannah

Sultanina

Sunred Seedless and Muscat
Supreme

460 mm with drip irrigation to 1 863 mm with

256 mm with low-frequency drip irrigation to 492 mm
with daily pulse-drip irrigation
655 mm to 1 348 mm with micro-sprinkler irrigation

879 mm with micro-sprinklers

Avenant (2019)
Myburgh & Howell (2012)

Myburgh (2003)
Myburgh & Howell (2007)
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and is much lower than the industry average for table grape
production in the country, which ranges between 22.5 and 27
t/ha, depending on cultivar and cultivation conditions. They
alsoreported thatthe blue WF exceeded blue water availability
in several basins for several months of the year. Avenant
etal. (2017) conducted a WUE and blue WF analysis of table
grape production in SA over three seasons (2013/2014 to
2015/2016), in a study comprising two components, namely:
(i) a field trial including four mature production blocks in the
Hex River Valley; and (ii) a survey including 18 commercial
table grape blocks, representing the five SA table grape
production regions, to determine irrigation and other water
uses (water used for spray applications in the vineyard and
water used in the pack store); these were included in the
WUE and WF analyses. For this study, WUE was defined
as the total harvested yield per unit of water use through ET
(kg/m*), whereas water productivity (WP) was defined as the
total harvested yield per unit of irrigated volume (kg/m?).
Only seasonal ET, irrigation and transpiration volumes were
considered for calculating the blue WF, WUE and WP in this
study. This was deemed sufficient, since ET was reported to
account for more than 90% of the blue WF (Gush & Taylor,
2014).

The regional average blue WF and WP based on
irrigation water use of blocks in the field trial and the survey
are presented in Table 3. Due to the relatively low annual
rainfall in all five table grape production regions in SA
(Table 3), water used for vineyard irrigation makes a major
contribution to the blue WF. The blue WF, based on irrigation
volume, varied from 202 m¥/kg (Hex River Valley) to 2 705
m’/kg (Orange River region), and the WP from 0.59 kg/m?3

(Orange River region) to 4.94 kg/m* (Hex River Valley).
The higher water volumes used for irrigation, resulting in
the highest blue WF and lowest WP in the Orange River
region, were ascribed to high evaporative demand due to
higher temperatures, lower relative humidity and higher
vapour pressure deficit; the longer growing season compared
to most other regions; as well as the use of micro-sprinkler
irrigation systems instead of drip.

Total blue water use for spray applications varied from
10.4 m*/ha (Olifants River region) to 31.1 m*/ha (Northern
provinces). The highest volumes used in the Northern
provinces were ascribed to: (i) the longer growing season
and long summer rainfall period, necessitating more spray
applications for plant protection; and (ii) insufficient chill
unit accumulation in winter, causing uneven budbreak and
flowering and further development of phenological stages,
resulting in more plant bioregulator applications needed for
rest breaking, thinning and berry sizing (Avenant & Avenant,
2020). Regarding “Pack store water use”, there were large
variations (< 1 to 11.8 m*ha), due, amongst others, to no
pre-cooling done in the Western Cape sites included in the
study, while pre-cooling was applied in the Orange River and
Northern provinces (Avenant & Avenant, 2020).

The blue WF based on irrigation water, ET and
transpiration (T), as well as the WP and WUE of Crimson
Seedless blocks in the Hex River Valley, are presented in
Table 4. Blue WF values ranged from 203 to 501 m*/t (Blue
WEF TIrr), 330 to 580 m*/t (Blue WF ET) and 207 to 208 m?/t
(Blue water T); WP ranged from 2.00 to 4.93 kg/m?*; and WUE
ranged from 1.72 to 3.03 kg/m®. For both field trial blocks
in which T was measured using sap flow, the WUE based

TABLE 2
Approaches and methods used for WF assessment.
Approaches
and methods Description Reference
GWFS Aims to assess the degree of sustainability with which freshwater is Mekonnen & Hoekstra
used to produce a particular product. (2010)
WFA through LCA Focuses on the effect of certain processes on scarce freshwater Ridoutt & Pfister (2010)
resources.
WEN Aims to use the WF concept to promote the transition to sustainable, ~ Hoekstra et al. (2011)

fair and efficient use of freshwater resources worldwide.

Hydrological-based

approach consumption only.

Considers all the components of the water balance, rather than water

Van der Laan (2017)

TABLE 3

Blue WF and WP of Crimson Seedless in SA (adapted from Avenant et al., 2017; Avenant & Avenant, 2020).

Region Annual rainfall Irrigation applied Blue WF irr. WP
mm m*ha m¥/t kg/m?
Berg River 300-700 7 358-7 414 273-275 3.64-3.67
Hex River 300 4 590-10 560 202-501 2.00-4.93
Northern provinces 700 4 710-8 402 282-478 2.09-3.55
Olifants River 200 11 100-13 200 437-643 1.56-2.29
Orange River 80-150 12 760-18 358 815-1 705 0.59-1.23
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on T was similar (4.8 kg/m?). The WUE of table and raisin

grape vineyards on horizontal trellis systems reported from

other studies include 5.5 kg/m?® for Sultanina in California

(Araujo et al., 1995), 4.05 kg/m® for Sultanina in Australia

(Yunusa et al., 1997b), and 1.9 to 3.3 kg/m? for Sultanina in

the Orange River region of SA (Myburgh, 2003).

Jarmain (2020) conducted a study to assess the WF of
table grapes as an indicator of sustainability. The study, which
included 236 commercial table grape blocks (representing 35
cultivars) and access to large production databases, together
with spatial estimates of crop water use (ET) for a significant
number of the blocks, allowed the estimation of WF for a
wide spectrum of production conditions in three production
regions of SA (Hex River Valley, Berg River region and
Olifants River region) for the 2018/2019 season. A WF
assessment as per the GWFS approach was applied in this
project, and the WF calculations for table grapes included
all direct water uses — from grape production in the vineyard
up to the packing of grapes in the packhouse — but prior to
final cold storage. It included the blue, green and grey WFs
at field level and the blue WF at packhouse level, but not
the grey WF at packhouse level. Considering the total WF
(WF ) for table grapes, the main findings of Jarmain (2020)
were:

The WF _  for table grapes ranged between 500 and 714
m*/t with a median value of 619 m*/t, and the highest WF _ |
calculated for grapes produced in the Berg River region.

e The WF_ for table grapes showed a small or negligible
contribution of the WF, from the packhouse (< 1%
or 0.76 m*t) to the WF_ , with the field-level WF_
contributing to 99% of the estimates. It was noted that
this was in the absence of WF,, at packhouse level,
which contributes to the WF .

e Variation in the WF_ was observed between
cultivars, with the highest median WF_  calculated for
Sugranineteen (Scarlotta Seedless®) and the lowest for
Prime.

e For all areas studied, the WF, (field level plus
packhouse) contributed most to the WF_  (more than
70%). The WF _ contributed about 20% to the WF .

e  The resultant Wﬁml for table grapes directly reflects the
blocks included in the study, the conditions experienced
during the 2018/2019 season, and the quality of the table
grapes produced during the season, with a low annual
rainfall (< 345 mm/year) and a median export fraction
of 67%, representing a less than ideal production season.

ue

WF OF GLOBAL GRAPE PRODUCTION SYSTEMS
Studies of both table and wine grape WFs are included in this
section because limited publications are available on the WF
of table grapes and, in some studies on global WF data, the
type of grape is not specified.

Mekonnen and Hoekstra (2010) reported a global blue
WF of 97 m?/ton for grapes. The blue WF reported in this
study was lower than the blue WF calculated in the SA studies
(Avenant et al., 2017; Kangueehi, 2018; Jarmain, 2020). One
possible explanation for the lower global WF values could
be that smaller production units were included, which could
have affected the average global yield value. This might
have resulted in lower values compared to a situation where
most units included are commercial units with considerably
higher yields.

DOI: https://doi.org/10.21548/43-2-5120

Aldaya et al. (2010) conducted a study in Spain and
reported a yield of 6 t/ha for wine grapes under dryland
production in a “normal” (1 000 mm per year) rainfall year.
Water requirements of these vineyards (ET of 128 mm) were
entirely based on green water resources, resulting in a blue
WF of 0 m*t and a green WF of 229 m*t. Zoumides et al.
(2012) conducted a WF study in Cyprus and reported the
following values for table grapes: blue WF ranging from 700
to 975 m’/t, and green WF ranging from 625 to 700 m*/t. No
field measurements or producer records were used in their
study, and water-use values were obtained from an agricultural
census for the period 1995 to 2009. Providing context to the
high WF values reported, Cyprus is described as a semi-arid
island situated in the north-east of the Mediterranean Sea,
with water scarcity due to a high water demand compared
to supply, limited and highly variable precipitation, high
agricultural water use and overexploitation of groundwater
resources.

Ene et al. (2012) conducted a study in Romania,
estimating total crop water requirement, effective rainfall and
irrigation requirements per region using the “CROPWAT”
model. They reported values for “grapes” (average for the
period 2005 to 2008) as follows: blue WF of 7 m*/t, grey WF
of 580 m¥/t, green WF of 1 226 m’/t and total WF of 1 813
m?*/t. In the region where the study was conducted, irrigation
infrastructure was underdeveloped, and all crop production
was dependent on rainwater. There were fluctuations
between “normal” and “dry” years, and the evaluation of
monthly green and blue water availability indicated that total
water availability, and the contributions of the green and blue
components, differed between months within a year, as well
as between years.

Multsch et al. (2013) conducted a study in Saudi Arabia
using a special decision-support system (SPARE:WATER)
and reported calculated water requirements for perennials
crops, such as for dates, citrus and grapes, of 1 132, 1 745
and 1 139 mm respectively, as well as “high irrigation
requirement” grapes, which exceeded 2 000 mm. They
calculated the following values for grapes (not specifying
the type of grapes): a blue WF of 1 448 m’/t, a grey WF of
341 m’/t and a green WF of 72 m%t. Similar to production
regions in South Africa, the total WF was dominated by
the blue component (86%), with the grey WF and green
WF contributing 11% and 4% respectively. The small
contribution of the green WF reflects the very low annual
rainfall.

Herath (2013) conducted WF assessments of 36 wineries
in two regions in New Zealand over a three-year period and
reported ablue WF of -81 L/750 ml bottle of wine for irrigated
wine grape vineyards, and -415 L/750 ml bottle of wine for
rainfed (dryland vineyards) — the negative values indicating
that the water resources were recharged to field capacity
during winter through rainfall. Herath (2013) reported a grey
WEF of 40L/750 ml bottle of wine for irrigated vineyards and
188L/750 ml bottle of wine for rainfed vineyards. Similar
to the study of Jarmain (2020) regarding the WF of table
grape production systems, Herath (2013) also reported large
variation in the WF of wine grapes at field level due to the
large variability in regional rainfall and vast differences in
local soil properties. Similar to the small contribution of
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packhouse water use to the WF of table grape production
systems, Herath (2013) also found that the effect of cellar
water use on the total WF was very small compared to the
contribution of vineyard water use in the field.

Vazquez-Rowe et al. (2017) assessed the WF of grapes
for pisco production in five regions of Peru, using a life-
cycle approach. Irrigation water-use volumes were modelled
using the FAO 56 approach Allen et al. (1998), and the high
WEF values obtained were ascribed to the inefficient flood
irrigation systems used. The annual irrigation volumes
reported ranged from 3 227 to 4 745 m?, which seems to
be very low for flood irrigation under the very low rainfall
conditions of the regions studied. It could be that the
assumptions made, and the standard crop factor used in the
model, resulted in an underestimation.

Lovarelli et al. (2016) reviewed 96 scientific studies on
the WF of agricultural crops, including studies conducted
from 1960 to 2015. In this review, which included studies
on cereal crops (33%), fruit (13%), vegetables (16%), sugar
cane and beet (16%), cocoa, coffee and tea (14%), cotton
(6%) and other crops (10%), no paper on the WF of table
grapes was included or referenced, while only one study
on the WF of wine was included. This indicates the limited
published research results available on the WF of grapes, and
specifically table grape production systems.

IDENTIFIED LIMITS IN WF ASSESSMENTS

Most of the studies conducted on grape WF and WUE were
desktop studies and did not include actual field records and
measurements from production units. In several of the ex-
isting WF studies, water-use components were quantified
through modelling, for example by using the CROPWAT
model (FAO, 2009) with general crop data and assumptions.
This does not reflect or detail the variability of vineyards and
important factors related to water management, such as vine
density, canopy size and volume, and the timing of irrigation
water.

Most of the global WF and WUE data available do not
distinguish between the different grape types (table, raisin
and wine grapes). While some studies have determined the
WUE of table grapes (Araujo ef al., 1995; Yunusa et al.,
1997a, 1997b; Myburgh, 2003), limited research results
are available regarding the total volume of water required
throughout the entire production chain, from field to pack-
house. In several on the WF studies on grapes, not all three
components of the WF were included, with most studies
quantifying only the blue and green WFs, similar to what
Lovarelli et al. (2016) reported for 96 WF studies on a range
of agricultural crops.

Quantifying the grey WF depends strongly on
assumptions made about eclements included in the
quantification (nitrogen, phosphorous, metals and pesticides)
(Lovarelli et al., 2016).

Jarmain (2020) states that, in collating the data required for
a WFA of table grapes and wine, the main challenge faced
was the lack of easily accessible data required for the WF
calculations. This challenge is likely the reason why there
have been so few studies of this nature in South Africa, and

S. Afr. J. Enol. Vitic., Vol. 43, No. 2, 2022

for the table grape industries, and why most of the existing
studies have focused on single blocks or a few blocks.
Jarmain (2020) also reported that no single table grape data
management system is used in South Africa; therefore, easy
access to production data is limited, which complicates data
integration for multiple farms or packhouses, and linking the
production data to remote-sensing data involves numerous
steps and checks.

Despite increasing pressure on the available water in
SA, water use on the block, farm and packhouse level are
still not widely measured and, where WU data are available,
they often include all uses for multiple blocks or the entire
farm (Jarmain, 2020). Therefore, in Jarmain’s (2020) project,
the use of spatial ET data and regional specific lookup tables
derived as part of the project outcomes were explored, with
the latter providing a summary of valuable WU data.

The WF assessment results reflect the blocks and sea-
sons studied. Variability in the results of WF assessments of
the same crop are ascribed to different assessment/calcula-
tion methods used, crop vigour/production characteristics,
and the cultivation practices applied. Therefore, WF values
must always be interpreted in context, specifically regard-
ing the water used versus production, quality and income, as
well as the region, climatic conditions, soil characteristics,
irrigation and other, and cultivation practices applied.

CONCLUSIONS

This review has shown that only a limited number of detailed
WF and WUE studies have been undertaken in SA and glob-
ally, and that only a few of them were done specifically on
table grapes. Existing region-specific lookup tables for quan-
tifying blue, green and grey water use in table grape produc-
tion systems are available for three table grape production
regions of SA, and could be used for future WF assessments.
In future WF studies, the existing lookup tables could be ex-
panded, and similar lookup tables could also be compiled for
other SA production regions.

Most of the studies conducted on table grape WF and
WUE were desktop studies and did not include actual
plant-based and/or physiological measurements. Most of
the global WF and WUE data available do not distinguish
between the different grape types (table grapes, raisin grapes
and wine grapes). For future WF and WU assessments, it is
recommended that a more detailed breakdown of water use
in the production process and pack store are obtained, and
that, where possible, measured values are obtained.
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