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Berry colour and size are important factors determining Flame Seedless quality. Supplementary to standard 
cultivation, foliar application of potassium (K) and seaweed or soil application of vegetable extracts affect 
grape quality. The purpose of this trial was to determine if combined product application (CPA) of K, 
seaweed and leonardite (organic material of vegetable origin) can improve Flame Seedless grape colour, 
berry size and composition. This study was conducted on Flame Seedless in the Berg River Valley in two 
seasons. In 2011/2012, leonardite was applied through fertigation six, four and three weeks before harvest, 
while K and seaweed were applied as foliar sprays four and three weeks before harvest. In 2012/2013, 
all products were applied eight and six weeks before harvest. Treatments included (1) control (ethephon/
ethephon and abscisic acid – ABA); (2) CPA with ethephon/ethephon and ABA (CPA-plus); and (3) CPA 
without ethephon/ethephon and ABA (CPA-minus). All vines received standard gibberellic acid treatments. 
Berry quality was determined. In 2011/2012, CPA-minus reduced anthocyanin concentration significantly 
compared to the control. CPA-plus increased berry diameter significantly compared to the control on the 
first harvest date in 2012/2013. Compared to the control, CPA-plus significantly increased total soluble 
solids (TSS) on all harvest dates in 2011/2012, and on the first harvest date of 2012/2013. Compared to 
the control, CPA-plus did not improve colour, but it retarded total titratable acidity breakdown in both 
seasons. Ethephon/ethephon and ABA must be applied for acceptable colour. The consistent effect on TSS 
shows the ability of CPA-plus to enhance Flame Seedless ripening. 

INTRODUCTION
Flame Seedless is the earliest ripening red seedless cultivar 
in South Africa and, in the 2011/2012 season, it contributed 
9% to total exports (Anon., 2012). Under high temperature 
conditions, Flame Seedless tends to develop insufficient 
colour (Weinberger & Harmon, 1974). Flame Seedless 
colour is an important quality attribute, because it determines 
visual acceptability. Berry size contributes to yield and, if 
the diameter of Flame Seedless berries is increased from 
17 mm to 18 mm, the harvest may increase by 21% (G.G. 
van der Merwe, personal communication, 2012). Plant 
bioregulators (PBRs) such as gibberellic acid (GA3) have 
a berry-enlarging effect (Wolf & Loubser, 1992), whereas 
exogenous abscisic acid (ABA; Wheeler et al., 2009) and 
ethylene (Human & Bindon, 2008) are used to enhance 
table grape colour. Ethylene must be used cautiously due to 
strict regulations set by the European Food Safety Authority 
(EFSA) for maximum allowed residue levels (Anon., 2009). 

Therefore, there is a need to investigate the use of alternative 
cultivation practices, including potassium (K) and seaweed 
foliar products, in combination with leonardite (organic 
fossil material of vegetable origin) fertigation, to improve 
table grape quality. 

It was found that products supplementary to PBRs, such 
as soil-applied vegetable extracts, increase total anthocyanins 
of red grapes (Parrado et al., 2007). Ascophyllum nodosum 
seaweed extract applied at 15 cm to 20 cm shoot length, pre-
bloom and at pea berry size, improved the brightness and 
redness of Trakya Ilkeren grapes (Kok et al., 2010). Redglobe 
grapes, supplemented with a 1.5% Ecklonia maxima extract 
solution at 12 mm and 16 mm berry diameter, tended to 
produce a higher percentage of bunches with a darker colour 
(Avenant & Avenant, 2006). Supplementary foliar sprays 
with seaweed products can also improve berry size, yield 
and grape quality (Norrie et al., 2002; Norrie & Keathley, 
2006). Studies have shown that bunch applications of K, 
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in addition to standard cultivation practices, lead to earlier 
maturity and improved grape colour (Thakur et al., 2008). 
Similarly, Topalović et al. (2011) reported an increase in 
total sugars and total anthocyanins with foliar applications 
of P and K. 

Local studies by Cosmocel Specialised Nutrition (Pty) 
Ltd with other table grape cultivars in the Lower Orange 
River region showed that table grapes benefit in terms of 
colour, size and increased total soluble solids (TSS) with the 
use of a leonardite fertigation product in combination with 
a foliar nutrient containing K, as well as a foliar seaweed 
product (A Bender, personal communication, 2011). These 
claims need to be independently verified under local 
conditions before final recommendations can be made. 

The objectives of this study were to determine the 
effect of combined application of one leonardite fertigation 
product, a foliar K product and foliar seaweed product on 
berry colour, berry size, TSS and total titratable acidity of 
Flame Seedless grapes in the Berg River Valley. 

MATERIALS AND METHODS 
The trial was conducted on Flame Seedless (Vitis vinifera L.) 
grafted onto Ramsey (Vitis champinii) in two consecutive 
seasons (2011/2012 and 2012/2013). The trial site was on 
Onverwags farm (33°8'S, 18°59'E) near Porterville, in the 
Berg River Valley region in the Western Cape Province of 
South Africa. The drip-irrigated vines were spaced 1.78 m 
x 3.0 m on a sandy soil with 70 to 75% river stones, and 
trained onto a gable trellis system.
	 Mean monthly temperature and rainfall data (2011/2012 
and 2012/2013) were obtained from an automatic weather 
station near Porterville in the Berg River Valley region 
(Fig. 1).

Standard viticultural practices for cultivar and region 
were applied according to guidelines for the preparation of 
export grapes (Greyling, 2007). In both seasons, the vines 
were girdled at 4 mm to 5 mm berry diameter. In 2011/2012, 
berry-thinning sprays (5 ppm gibberellic acid – GA3, 
400 g/kg gibberellins active ingredient, applied at 80% and 
100% flowering) and berry enlargement sprays (15 ppm GA3 
applied at 6 mm to 7 mm and 7 mm to 8 mm berry diameter) 
were applied to all vines. In 2012/2013, all vines received 
GA3 thinning (5 ppm GA3 applied at 80% flowering and 80% 
flowering plus three days) and berry enlargement (20 ppm 
GA3 applied at 7 mm to 8 mm berry diameter and 20 ppm 
GA3 applied at 8 mm to 9 mm berry diameter) sprays.

The products used (Table 1) were a leonardite (organic 
fossil material of vegetable origin) fertigation product 
(Frutex®), in combination with a foliar nutrient containing 
potassium (K) (Amino PK®), as well as a foliar seaweed 
product (Biocel), all supplied by Cosmocel Specialised 
Nutrition (Pty) Ltd (P O Box 962, Tzaneen, 0850). 

In both seasons, the trials were laid out as a completely 
randomised design. In 2011/2012, there were three treatments 
(Table 2), replicated seven times, consisting of a control 
(200 ppm ethephon, 480 g/L active ingredient, applied at 5% 
véraison and 20% véraison), combined product application 
(CPA) of leonardite, seaweed and K with ethephon (200 ppm 
ethephon, applied at 5% véraison and 20% véraison; CPA-
plus) and CPA without ethephon (CPA-minus). In 2012/2013, 

two treatments (Table 3) were replicated ten times. The 
treatments were a control, consisting of 250 ppm ethephon 
plus 100 ppm S-abscisic acid (S-ABA), 200 g/kg active 
ingredient, applied at 10% véraison, followed by 200 ppm 
ethephon plus 100 ppm S-ABA three days later and CPA 
with 250 ppm ethephon plus 100 ppm S-ABA, applied at 
10% véraison, followed by 200 ppm ethephon plus 100 ppm 
S-ABA three days later (CPA-plus). An experimental unit 
consisted of five vines. The three vines in the middle were 
used as data vines and the vines on the outside served as 
buffer vines.

In 2011/2012, leonardite was applied six, four and three 
weeks before harvest, and the two foliar products were 
applied four and three weeks before harvest. In 2012/2013, 
all products were applied eight weeks before harvest and 
repeated six weeks before harvest to coincide with the cell 
division stage of berry growth, as opposed to véraison during 
the previous season. Foliar treatments on Flame Seedless 
were applied as leaf and bunch-directed sprays to ensure full 
coverage to the point of run-off. The leonardite was applied 
with a measuring jug on the soil surface right above the vine 
roots. 

According to the maturity indices of the Department of 
Agriculture, Forestry and Fisheries (DAFF), the minimum 
total soluble solids (TSS) for Flame Seedless is 15° Brix 
(DAFF, 1990). When average berry TSS for Flame Seedless 
reached minimum export requirements, the harvest-ready 
bunches were harvested. In 2011/2012, harvesting and 
sampling were done on 10 and 17 January, while sampling 
only was also done on 24 January. In 2012/2013, harvesting 
and sampling were done on 15 and 22 January. On each 
sampling date, 100 berries were sampled randomly from 
each experimental unit. Harvest-ready bunches from each 
of the data vines of each experimental unit were harvested 
and weighed. On the second harvest date, bunches were 
packed for cold storage. Bunches were individually packed 
in polycoats inside 4.5  kg closed-top cartons lined with a 
perforated plastic bag. A UVASYS® dual release sulphur 
dioxide (SO2) generator sheet (Grapetek, South Africa) was 
positioned on top of the grapes in each carton. 

In the 2011/2012 season, 30 leaves per experimental 
unit were sampled on the first harvest date to determine 
the nutrient status of the vines at harvest. Leaves opposite 
bunches were selected and the petioles and leaf blades were 
separated immediately. The leaves and petioles were oven 
dried and extracted with 1.0 M KCl, and analysed for N, 
P, K, Ca, Mg, Na, Mn, Fe, Cu, Zn and B by an accredited 
commercial laboratory according to the standard methods of 
Campbell and Plank (1998) and Miller (1998).

The sampled berries from each date were used to 
determine berry mass. From these berry samples, 30 randomly 
selected berries were used to determine berry diameter, and 
10 randomly selected berries were used to determine berry 
colour with a Konica Minolta CR 400 chromameter. The 
CIELAB colour space (McGuire, 1992) was used, with L* 
indicating lightness, and a* and b* indicating the colour 
scale. The values L*, a* and b* describe a uniform three-
dimensional colour space, where the L* value corresponds 
to a dark-bright scale (0, black; 100, white), the a* value 
to a green-red scale (negative value, greenness; positive, 
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a

b

FIGURE 1
Mean monthly (January to January) and long-term (LT – 2006 to 2012) temperature and rainfall at Onverwags*, South Africa 
(ARC-ISCW, 2013) for (a) 2011/2012 and (b) 2012/2013. (Tmax = mean monthly maximum temperature; Tmin = mean 
monthly minimum temperature; Tave = average temperature). *Climatic data was obtained from a weather station at Porterville 

(situated approximately 10 km from the farm).
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redness) and the b* value to a blue-yellow scale (negative 
value, blueness; positive, yellowness). Fifty fresh berries of 
the same samples were used for the determination of TSS, 
total titratable acidity (TTA) and anthocyanin concentration. 
TSS was determined with a digital hand-held refractometer 
(Atago dbx-30) and expressed as °Brix. TTA (g/L) was 

determined by titration of a 50 mL filtered juice sample with 
0.333 N NaOH to a 7 pH end-point using an automatic titrator 
(Mettler Toledo DL15). The anthocyanin concentration 
of whole berries was determined by spectrophotometry 
(Thermospectronic Heλios Gamma), according to the 
method of Iland et al. (2000), and expressed as mg/g fresh 

TABLE 1
Composition of the leonardite, potassium and seaweed products.
Product type Tradename Chemical composition Content
Leonardite fertigation Frutex® Potassium (K) 142 g/kg

Humic and fulvic acids 300 g/kg
Organic extracts of vegetable origin 300 g/kg

Foliar Potassium Amino PK® Phosphorous (P) 140 g/kg
Potassium (K) 442 g/kg
L-amino acids   30 g/kg
Organic extracts   20 g/kg

Foliar seaweed Biocel Organic extracts from biological fermentation processes 112 g/L
Nitrogen (N) 15 g/L
Phosphorous (P) 5.8 g/L
Potassium (K) 11.1 g/L
Calcium (Ca) 2.0 g/L
Magnesium (Mg) 4.0 g/L
Copper (Cu) 13.3 g/L
Iron (Fe) 17.2 g/L
Manganese (Mn) 17.0 g/L
Zinc (Zn) 33.0 g/L

TABLE 2
Combined product application (CPA) treatments applied to Flame Seedless grapes in the 2011/12 season.
1Treatment Product and dosage

3Leonardite fertigation (kg/ha) 4Foliar K (kg/ha) 4Foliar seaweed (mL/ha) Ethephon (ppm)
2Control 0 0 0 200+200
 CPA-minus 3 3 500 0
2CPA-plus 3 3 500 200+200

1All treatments received recommended gibberellic acid application
2Recommended ethephon application
3Applied 6, 4 & 3 weeks before the first harvest, total application volume 4000 L/ha
4Applied 4 & 3 weeks before the first harvest, total application volume 1000 L/ha

TABLE 3
Combined product application (CPA) treatments applied to Flame Seedless grapes in the 2012/13 season.

1Treatment Product and dosage
2Leonardite fertigationa  (kg/ha) 2Foliar Kb (kg/ha) 2Foliar seaweedb (mL/ha)

Control 0 0 0
CPA-plus 5 3 500

1All treatments received recommended gibberellic acid and Abscisic Acid plus ethephon application
2Applied 8 & 6 weeks before first harvest 
aTotal application volume 4000 L/ha 
bTotal application volume 1000 L/ha
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berry weight (FW). 
After four weeks in cold storage at -0.5°C, followed 

by one week at 7.5°C, evaluations for cold storage defects 
(loose berries, SO2 damage, berry splitting, decay, soft 
tissue breakdown and bruises) were carried out. Ten 
randomly-sampled berries from each carton were used to 
determine berry firmness with the ISICUDISI Grape and 
Soft Fruit Compression Tester (Central Electronic Services, 
Stellenbosch University). The force needed to depress the 
probe 1 mm when applied to the berry skin surface, without 
penetrating the skin, was expressed as g. High values indicate 
firmer berries.

For all the data, the Shapiro-Wilk test was performed 
to test for non-normality (Shapiro & Wilk, 1965). Fisher’s 
least significant differences (LSD) were calculated at a 5% 
significance level, to facilitate comparison between the 
treatment means (Ott & Longnecker, 2001).

RESULTS AND DISCUSSION
The CIELAB colour variables are shown in Table  4. In 
2011/2012, L* did not show any significant differences 
between the different treatments, whereas a decreased L* 
indicated a darker colour on the second harvest date in 
2012/2013 where CPA-plus was applied. Compared to the 
control, a* obtained on the third sampling date of 2011/2012 
increased significantly with CPA-minus and CPA-plus. This 
implies that, compared to the control, the colour was more 
towards the red spectrum. Compared to the control, CPA-
minus significantly increased the b* values measured on 
all three sampling dates in 2011/2012, indicating a colour 
spectrum more towards yellow. In 2011/2012, CPA-minus 
decreased anthocyanin concentration significantly compared 
to the control (Table  4). In both seasons the anthocyanin 
concentration obtained with CPA-plus did not differ 
significantly from the control. 

No reference could be found regarding the use of a 
leonardite fertigation or similar vegetable extract products 
combined with seaweed extract and K products. Only 
references reporting on the effects of the separate use of a 
vegetable extract (Parrado et al., 2007), seaweed (Kok et al., 
2010; Strydom, 2013) and K (Thakur et al., 2008; Mohsen, 
2011) on grape colour are available. It therefore is difficult 
to compare the findings of this study with those obtained in 
other studies. The significantly lower L* value obtained with 
CPA-plus compared to the control on the second harvest date 
in 2012/2013 is similar to the lower L* values for Tempranillo 
juice from vines that received a soil application of vegetable 
extract (Parrado et al., 2007). On the other hand, foliar 
application of a seaweed extract to Trakya Ilkeren grapes 
increased the L* of the grape pulp of treated grapes (Kok 
et al., 2010). Increases in a* and b* values, as obtained in this 
study, were also found when seaweed extract was applied 
to Trakya Ilkeren grapes (Kok et al., 2010). The significant 
decrease in anthocyanin concentration caused by CPA-
minus compared to the control in 2011/2012 is in contrast 
with a study where soil applications of a vegetable extract 
to Tempranillo vines (Parrado et al., 2007) increased total 
anthocyanins. It is also in contrast with studies where foliar 
applications of seaweed extract to Flame Seedless (Strydom, 
2013) and foliar applications of K to Crimson Seedless 
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(Mohsen, 2011) increased anthocyanin concentration. It was 
also found that foliar sprays with a liquid mineral fertiliser 
containing P and K increased total anthocyanins of Cardinal 
(Topalović et al., 2011).
	 It is important to emphasise that the current study cannot 
be compared to other studies (Parrado et al., 2007; Kok et al., 
2010, Mohsen, 2011; Topalović et al., 2011; Strydom, 2013) 
because, amongst others, the product composition (Table 1) 
and product combinations (Tables 2 and 3) were different. 
Furthermore, the cultivar used in this study was Flame 
Seedless, and its response to CPA cannot be compared to 
the response of Tempranillo (Parrado et al., 2007), Crimson 
Seedless (Mohsen, 2011), Cardinal (Topalović et al., 2011) 
and Trakya Ilkeren (Kok et al., 2010). The timing of product 
application, as well as the number of applications in this 
study, does not correspond to that in other studies (Parrado 
et al., 2007; Kok et al., 2010, Mohsen, 2011; Topalović et al., 
2011; Strydom, 2013). The nutritional status of the vines 
prior to the application of products must be considered when 
interpreting the current results compared to those of Mohsen 
(2011). Mohsen (2011) does not indicate whether the vine 
nutritional status was determined before K application. 
Although macro-elements are not easily altered with foliar 
sprays (Christensen, 2005), Mohsen (2011) found that the K 
content of berries at harvest was significantly increased with 
K spray applications. It is possible that foliar K application to 
the vines in the study of Mohsen (2011) alleviated a possible 
K deficiency. Due to the physiological-biochemical role of K 
(Clarkson & Hanson, 1980), foliar K application in the study 
of Mohsen (2011) thus could have contributed to increased 
anthocyanin concentration. The effect of environmental 
conditions on grape quality, and especially colour, must 
also be considered when explaining the differences between 
the current results and those of previous studies done in 
Montenegro (Topalović et al., 2011), Egypt (Mohsen, 2011), 
Turkey (Kok et al., 2010) and Spain (Parrado et al., 2007). 
Flame Seedless tends to develop insufficient colour in areas 
with high temperatures (Weinberger & Harmon, 1974), such 
as the area near Porterville. At temperatures above 30°C, 
anthocyanin biosynthesis is reduced (Mori et al., 2005) 
and anthocyanin pigments are degraded (Mori et al., 2007). 
During the ripening period of Flame Seedless (December to 
January), maximum temperatures regularly exceeded 30°C 
in the Berg River Valley region (Fig. 1). Thus, temperature 
might have contributed to responses in terms of grape colour. 
Although the virus status of the vines used in this study was 
not verified, it has to be borne in mind that grapevine leafroll 
virus infections also affect the anthocyanin content of grape 
berry skins (Brar et al., 2008).

Berry mass increased significantly by the first harvest 
date with CPA-minus and CPA-plus in 2011/2012 and with 
CPA-plus by the first harvest date in 2012/2013 (Table 5). In 
2012/2013, CPA-plus increased berry diameter significantly 
only by the first harvest date (Table 5). CPA-minus resulted 
in a significant decrease in both berry mass and berry 
diameter by the third sampling date in 2011/2012. Compared 
to the control, CPA-minus and CPA-plus increased berry 
length (Table 5) by the second harvest date in 2011/2012. A 
previous study showed that a seaweed extract, applied as a 
supplement, increased grape berry size of Sultanina (Norrie 

et al., 2002). Studies testing the effect of foliar application 
of K showed that, in addition to standard viticultural 
practices, K increased the berry weight of Crimson Seedless 
(Mohsen, 2011) and Perlette (Thakur et al., 2008). However, 
no references were found for the effect of seaweed and K 
products combined. 

On the first harvest date in 2011/2012, a significantly 
lower percentage of bunches (Table  5) were harvested 
from the CPA-minus treatment and a significantly higher 
percentage of bunches were left on the vines after the second 
harvest compared to the other two treatments. In 2012/2013 
there was no significant difference in the percentage of 
bunches harvested or left on the vines between the treatment 
and control. This is an indication that CPA without ethephon/
ethephon and ABA delay the harvest. 

Apart from a treatment effect, practices such as 
bunch thinning also have an effect on berry size (Petrie 
& Clingeleffer, 2006). The effect on berry mass is usually 
more pronounced when bunch thinning is done during the 
berry growth stage (Naor et al., 2002). The decreased berry 
mass and diameter caused by CPA-minus compared to the 
control (third sampling date of 2011/2012) may be ascribed 
to decreased allocation of assimilates (Naor et al., 2002), 
because more bunches were left after the second harvest. 
However, this might not be the reason for the significant 
increases that CPA-plus caused in berry mass and diameter as 
measured on the first harvest date, because the total number 
of bunches per vine did not differ significantly between 
the trial vines (data not shown). The difference in bunch 
mass (Table  5) in 2011/2012 can be attributed to harvest 
preparation practices and may not be treatment related.

Throughout the 2011/2012 harvest period, as well as on 
the first harvest date of 2012/2013, TSS was significantly 
higher in the CPA-minus and CPA-plus treatments compared 
to the control (Table 5). In both seasons, TTA was significantly 
higher with CPA-plus treatment on the second harvest date 
compared to the control (Table 5). In 2011/2012, CPA-plus 
also resulted in a significantly higher TTA compared to the 
control on the third sampling date. Avenant et al. (1997) 
reported no significant effect on the TSS or TTA of Ronelle 
when three K spray treatments were applied at two-week 
intervals, starting at 15 cm shoot length. On the other hand, 
Thakur et al. (2008) reported significantly higher TSS and 
significantly lower TTA of Perlette grapes when two K 
spray treatments were applied one week after berry set and 
repeated at véraison. Kok et al. (2010) reported significantly 
higher TTA of Trakya Ilkeren with seaweed applied three 
times, starting at 15 cm to 20 cm shoot length and repeated 
at pre-bloom and pea berry size.

Petiole analyses at harvest showed that the combination 
of the leonardite, K and seaweed products used in this study 
did not have a significant effect on the macro-elements N, P, 
K, Ca and Mg (Table 6). This was expected, because macro-
elements are not easily altered with foliar sprays (Christensen, 
2005). Mn content in the petioles of the CPA-plus and CPA-
minus treatments was significantly higher compared to the 
control treatment (Table 6). Due to the fact that the seaweed 
included in CPA contains Mn (Table 1), and that foliar sprays 
containing Mn can alleviate deficiencies thereof (Bavaresco 
et al., 2010), it is possible that the response in Mn content 
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can be ascribed to a Mn deficiency. However, leaf analyses 
at berry set (data not shown) indicated no deficiencies in 
macro- or micro-elements. Furthermore, Mn distribution and 
uptake varies through the season (Pradubsuk & Davenport, 
2011), and the grape berries were not analysed for micro-
elements at harvest. It therefore is uncertain whether the Mn 
content of the petiole at harvest was representative of the Mn 
content of the grapes. 

None of the treatments had a significant effect on berry 
firmness after cold storage and on the percentages of cold 
storage defects in any of the seasons (data not shown). 

CONCLUSIONS
Combined application of a foliar K product, a seaweed 
extract and a leonardite fertigation product, without 
ethephon/ethephon and ABA, reduced grape colour. CPA 
without ethephon/ethephon and ABA is not sufficient to 
mitigate problems with Flame Seedless grape colour, most 
likely caused by high temperatures in this study. Ethephon or 
ethephon plus ABA are necessary to produce quality grapes 
in terms of grape colour. Furthermore, CPA with ethephon/
ethephon and ABA did not improve colour compared to the 
control (ethephon/ethephon and ABA). Therefore, if future 
restrictions further limit the use of ethephon, the use of CPA, 
as described in this study, will not be efficient to overcome 
problems with Flame Seedless colour. The inconsistent effect 
on berry mass, diameter and length is not convincing enough 
to conclude that combined applications of the mentioned 
products, with or without ethephon/ethephon and ABA, 
increase berry size. 

The combined application of a foliar K product, a 
seaweed extract, as well as a leonardite fertigation product, 
with ethephon/ethephon and ABA, was effective to increase 
TSS significantly in both seasons, showing its ability to 
enhance the ripening of Flame Seedless. In both seasons, 
combined application of a foliar K product, a seaweed extract 
and a leonardite fertigation product with ethephon/ethephon 
and ABA significantly retarded TTA breakdown and had no 
negative effect on the firmness and quality of the grapes after 
cold storage.

Based on the results obtained, combined application 
of a foliar K product, a seaweed extract and a leonardite 
fertigation product with ethephon/ethephon and ABA is 
effective to enhance the ripening of Flame Seedless under 
the conditions described in this trial.

Regional and temperature effects must be considered 
and the same results will not necessarily be obtained in 
areas with lower or higher temperatures. The consistency 
of the products must also be borne in mind. It therefore 
is recommended that the same products be tested in other 
cultivation areas, with different temperature conditions, and 
on other cultivars. Soil analyses, to determine the effect of 
the fertigation product on soil nutrient status, as well as fruit 
analyses, to determine the nutrient status of the grape berry 
as a result of combined application, are also recommended. 
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