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Sunburn damage on apple fruit has been reported widely [1]. Sunburn incidence
is expected to increase in future, specifically in the Western Cape in South Africa,
with very clear climate change predictions [2]. Sunburn thus has significant financial
implications on profitability for the South African export dominated apple industry, as
sunburnt fruit is not accepted in the main export markets. In the United Kingdom, no
visible sunburn on apples is allowed, whereas only fruit with class 1 sunburn (Sunburn
classification guide [3]) is accepted in Europe. To reduce sunburn, which can be 40%
for some cultivars, an affordable and sustainable alternative is needed. Researchers
[4] reported that Manni-Plex® calcium (Ca) and boron (B), applied in combination as
pre-harvest foliar applications, reduced sunburn significantly for ‘Golden Delicious’
(GD) apples. This research was continued to investigate the efficacy of the Ca/B
combination as alternative formulations on GD. The biggest reduction in sunburn
incidence was found in sunburn class 1. Results indicated that more formulations
will be suitable to reduce sunburn on GD significantly compared to the control than
the initial sorbitol formulation. The Spraybor (5 g)/Calsol combination applied as six
weekly foliar applications from 28 days after full bloom (DAFB) was the most efficient
combination to reduce sunburn on GD in 2015/16.

1. Introduction

Sunburn is categorised as a physiological disorder in
reaction on direct or indirect high flux densities of solar
radiation [1]. It can also be induced indirectly by an in-
crease in radiant heat [5,1,6]. This is a worldwide phe-
nomenon on apple fruit, but differs in intensity between
cultivars and growing regions.

In the Western Cape region of South Africa, apple pro-
duction is one of the main agricultural activities with a
very important contribution towards revenue. Approxi-
mately 50 % of all production is exported [7, 8]. Sun-
burn damage to fruit is predicted to increase due to
clear predictions of increased temperatures and a de-
crease in precipitation by the IPCC [2]. The impact of
sunburn incidence on fruit is significant, as losses due
to sunburn of up to 50 % of fruit of exportable quality
has been reported [9]. Thus amelioration for sunburn
reduction will become a necessity for a sustainable in-
come.

Present amelioration strategies to reduce sunburn
incidence in apple orchards include physical shading
of fruit and cooling of fruit. Physical shading include
pruning strategies [1], the selection of root stocks and
shade net structures [10-12]. Direct cooling of fruit has
been achieved by overhead irrigation [12,13-15] during

susceptible periods of fruit to sunburn damage. The
latest development was the application of protective
films [6,12,16,17]. However, all of the above strategies
have limitations, whether financial or logistics and
therefore room for alternative, sustainable solution
exists.

Research with foliar applications of calcium and bo-
ron to reduce bitter pit lead to an unusual outcome on
sunburn in apples. [4] reported that Manni-Plex® (Ca)/
Manni-Plex® (B), applied in combination as pre-har-
vest foliar applications, reduced sunburn significantly
in ‘Golden Delicious’ (GD) apples. Although B has
been reported to have antioxidant characteristics [18],
it has never been implicated in sunburn mitigation in
apples. This research was continued during 2014/15
and 2015/16 to investigate the efficacy of the Ca/B
combination with alternative formulations and less ap-
plications on three apple cultivars. In this paper, only
the trial on GD during 2015/16 will be discussed.

2. Materials and methods

2.1. Site selection and treatment application

The initial trial [4] was performed on a commercial
farm (Queen Anne; 34°2'41.10” S 19°12’53.20” E) in
the Elgin-Vyeboom-Villiersdorp area, Western Cape,
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South Africa during 2011/12-2012/13. The extension of
the research was carried out on a different farm (App-
lethwaite; 34°12’08.0” S 18°59'16.5” E) in the same
area, during 2015/16. As the first trial was described
in [4], a summary of treatments are given in Table 1
and details of only the second trial in 2015/16 will be
described in full.

A randomised block design with seven treatments
replicated eight times on single trees were applied to
full bearing GD trees on M793 with a history of severe
sunburn damage. Various combinations of foliar Ca &
B described in Table 2 were applied from 28 DAFB on
a weekly basis for six weeks.

2.2. Parameters quantified related to fruit quality

Mineral analyses (Ca, nitrogen (N) and B) of the peel
(2015/16) of six fruit of similar size per tree, were con-
ducted by a commercial laboratory Bemlab Pty Ltd,
Strand, two weeks after the last foliar application (Ta-
ble 3).

On the commercial harvest date, 26" of February
2016, approximately 17 kg of fruit was harvested ran-
domly, per tree, from the most exposed side of the row
(Western side) to include the highest possible sun-
burn incidence. A sample of 10 fruit of similar size was
picked at shoulder height, at random, from each tree

Table 1. Foliar applications of Ca and Ca/B combinations applied 21 DAFB for eight weeks during 2011/12 and 2012/13 adapted from Lotze

and Hoffman [4]

Product Composition for Composition for
B Ca B-formulation Ca formulation
Control no B Control no Ca 0 0
None 10 ml Manni-Plex Ca 0 100g/kg Ca
80 g/kg N
6 ml Manni-Plex B 10 ml Manni-Plex Ca 33 g/kg B, 100g/kg Ca
50 g/kg N 80 g/kg N
None 67 ml Calflo" 180 g/kg Ca,
140 g/kg N
10 mg/kg B,
Si 10 mg/kg,
Mo 10 mg/kg
None Afri-CAL®19 (CaCly) 138 g/kg Ca

Table 2. Foliar combinations of Ca/B applied weekly from 21 DAFB for eight weeks on GD during 2015/16. Amounts calculated for 10L water.

Products Active Ingredients Active Ingredients
B Ca Composition of Composition for
B product Ca product
Control no B Control no Ca 0 0
6 ml Manni-Plex B 10 ml Manni-Plex Cal-Zn 33 g/kg B, 60 g/kg Ca,
50 g/kg N 60 g/kg N,
30 g/kg Zn
6 ml Manni-Plex B 68 g Calsol 33 g/kg B, 190 g/kg Ca,
50 g/kg N 155 g/kg N
5g Spraybor 68 g Calsol 165 g/kg B 190 g/kg Ca,
(Na2B407:10H20) 155 g/kg N
7.5 g Spraybor 68 g Calsol 165 g/kg B 190 g/kg Ca,
155 g/kg N
10 g Spraybor 68 g Calsol 165 g/kg B 190 g/kg Ca,
155 g/kg N
9ml ‘No-burn’ 60 g Calcimax Not declared 78,5 g/kg Ca,
5g/kg B
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for fruit quality analyses at the laboratory of the De-
partment of Horticultural Science, Stellenbosch Uni-
versity. Standard methods were used to determine the
starch break down, fruit firmness, total soluble solids,
back ground colour and fruit size. Detailed results are
presented in [3].

Approximately 100 fruit was used for a visual classi-
fication of sunburn incidence on individual fruit basis,
using an adapted sunburn classification guide for GD
[3] (Table 4) from [19] (Fig 1).

Table 3. Mineral analyses results for apple peel 80 D

Statistical analyses were performed with SAS 9.3
(SAS Institute, Inc, Cary, North Carolina, USA) using
a two-way ANOVA. Significant differences were allo-
cated for P < 0.05.

3. Results and discussion

No significant differences were recorded between
treatments for N concentration in the peel in spite of
the addition of nitrate to the fruit in the Ca/B combina-
tion treatments.

AFB after the last application to GD in 2015/16.

Treatment N Ca B
mg.100 g FW™

Control 89 "™ 10.57 ba 7.42 bc

Manni-Plex B & Manni-Plex Cal-Zn 84 8.65b 5.60c

Manni-Plex B & Calsol 85 12.38 ba 7.78 bac

5 g Spraybor & Calsol 90 12.73 ba 9.17 bac

7.5 g Spraybor & Calsol 94 16.88 a 118 a

10 g Spraybor & Calsol 99 12.60 ba 11.6 ba

No-burn alt. Calcimax 90 11.84 ba 9.34 bac

P 0.481 0.037 <0.0001

Table 4. Sunburn incidence of GD fruit at harvest 2015/16.
Treatment Total Class 0 Class 1 Class2 Class3 Class4 Class5 Class6
Sunburn (%) (%) (%) (%) (%) (%) (%)
(%)
Control 35.8™ 64.2° 16.4° 10.6° 5.1 2.3™ 0.75™ 0.6™
Manni-Plex B & Manni-Plex 33.0 67.0° 17.4° 6.9 4.2 2.4 1.57 0.6
Cal-Zn

Manni-Plex B & Calsol 23.9 76.1° 10.2° 5.7° 4.6 2.6 0.46 0.3
5 g Spraybor & Calsol 12.5 87.5° 5.65° 3.3° 1.8 0.8 0.23 0.7
7.5 g Spraybor & Calsol 27.3 72.7% 11.4% 8.7" 4.4 2.4 0.23 0.2
10 g Spraybor & Calsol 19.7 80.3" 10.7* 4.5 2.6 1.2 0.32 0.5
No-burn alt. Calcimax 29.9 70.1"2 142" 8.2 4.7 1.4 1.16 0.2
P 0.1753 0.0089 0.0164 0.0642 0.1893 0.3412 0.1413 0.8207

2

Figure 1. Sunburn classification for GD adapted by Daiber [3]

3
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At this phenolocial stage (80 DAFB), the foliar appli-
cation of additional Ca compared to the control with
none, did not reflect a significant increase in Ca peel
concentration which was unexpected. The Ca concen-
tration differed significantly between two treatments —
Manni-Plex Cal-Zn/ Manni-Plex B and Spraybor (7.5
g)/Calsol, but these did not differ significantly from the
rest of the treatments. The lowest Ca concentration
was associated with the Manni-Plex Cal-Zn/ Manni-
Plex B which was unexpected, as it was also lower
than the control (not sign.), and may be due to the
addition of the Zn to the original formulation used in
2011-2013 (Manni-Plex Ca).

Significant differences in the B concentration in the
peel were found between the control and Spraybor
(7.5 g)/ Calsol treatment, with the latter showing sig-
nificant higher B levels in the peel which confirms the
effect of applying additional B to the fruit. The B con-
centration was also significantly higher in the Spraybor
(7.5 g)/ Calsol and Spraybor (10 g)/ Calsol treatments
compared to the Manni-Plex Cal-Zn/ Manni-Plex B,
confirming the higher initial B concentration of Spray-
bor in these combinations.

With regards to sunburn incidence, total sunburn per-
centage was significantly reduced in the Spraybor (5
g)/ Calsol treatment (12.5 %) compared to the control
(35.8 %) and Manni-Plex Cal-Zn/ Manni-Plex B treat-
ments (33.0 %) that did not differ from one another.
This contrasted previous results with the sorbitol for-
mulation [4] and indicated the suitability of alternative
Ca/B formulations for the reduction of sunburn in GD.
When sunburn incidence in the different sunburn cat-
egories were considered, the Spraybor (5 g)/ Calsol
combination was the only treatment with a significantly
lower percentage sunburn in class 1 and class 2 than
the control. Treatments had no effect on higher sun-
burn classes 3 to 5. The Manni-Plex Cal-Zn/ Manni-
Plex B treatment showed the same high class 1 sun-
burn incidence (17.4 %) than the control (16.4 %),
again indicating contrasting results of [4], which may
be due to the addition of Zn.

Fruit quality was not compromised by any of the treat-
ments [3], except for a slight advancement in maturity
with the Spraybor (10 g)/Calsol treatment and was not
related to the reduction in sunburn.

4. Conclusions

Previous findings of a significant reductions sunburn
incidence in GD [4] were confirmed. However, it was a
different formulation of the Ca/B combination that re-
sulted in the highest reduction in total sunburn as well
as percentage fruit in classes 1 and 2. The Spraybor (5
g)/Calsol treatment consistently reduced sunburn sig-
nificantly compared the control and Manni-Plex Cal-
Zn/Manni-Plex B treatment in total sunburn as well as
class 1. It also resulted in a significantly lower percent-

age of sunburn fruit in class 2. This tendency persisted
towards classes 3 to 5 (non-sign.). Thus, it is possible
to reduce sunburn significantly with a different foliar
application (Spraybor (5 g)/Calsol) with six weekly ap-
plications from 28 DAFB.

Treatment combinations containing calcium nitrate as
Ca source showed significant higher B concentrations
in fruit peel, but at present, the elevated B levels only
cannot be correlated to the reduction of sunburn in
these treatments. The actual concentration of B in the
fruit peel did not fully explain the positive results with
sunburn mitigation. There was no clear relationship
between the reduction in sunburn incidence and the
Ca or B concentration in the peel at 80 DAFB, indicting
another mode of action for the reduction of sunburn.

From previous reports [3; 4], the significant reduction
cannot be ascribed to a direct effect of the B or Ca
supplementation only. An application of Manni-Plex®
Ca or Manni-Plex B only did not reduce sunburn, thus
it has to be a combination of these two elements which
was confirmed by result from 2015/16. Data from
2015/16 also indicated that fewer applications (6) ap-
plied slightly later (28 DAFB) was efficient in reducing
sunburn on GD.

In future, the unusual role of B in combination with Ca
as pre-harvest foliar application to reduce sunburn has
to be validated on more cultivars and fruit kinds. The
most beneficial combination, time of application and
number of applications required for the optimum re-
sults can be refined. The Ca and/or B concentration in
the peel and/or fruit alone did not explain the mode of
action of the reduction in sunburn and points towards
a different approach than a physical alteration of the
peel which was initially put forward.

An alternative mode of action may be changes in the
biochemical composition of the peel after the foliar
application of Ca and B. Boron has been reported to
influence the metabolism of phenolic compounds and
anti-oxidant activities [18; 20] in tobacco. Similarly, the
role of B is known to abate sugar transport in plants
[21; 22] and may play a role in polyphenol synthesis
[23] which will be upregulated if additional B is applied.
In addition the anti-oxidative properties of Ca as well
as the recent study [24] that indicated the role of Ca
in signalling in the chloroplast need to be considered
in this respect. The role of regulation of chlorophyll,
anthocyanins and quercetin glycoside concentrations
in the peel with the foliar application of the Ca and B
combination that is known to play a role in sunburn de-
velopment [25;26] can be another explanation for the
observed reduction of sunburn. In the next phase of
this project, various analyses for anti-oxidant -, pheno-
lic - and pigment concentrations in these apple peels
have commenced, will discuss these topics in detalil
and will be used to propose a mode of action.

126



Létze E./BORON 2 (3), 123 - 127, 2017

Acknowledgements

Funding was provided by Elim Kunsmis Pty Ltd and
Nulandis. The following people were involved in and
contributed towards this research in different capaci-
ties: Dr E.W. Hoffman and post graduate student A.
Mwije.

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

Racsko J., Schrader L. E., Sunburn of apple fruit: His-
torical background, recent advances and future per-
spectives, CRC. Crit. Rev. Plant Sci., 31, 455-504,
2012.

IPCC, Climate Change 2007: Impacts, adaptation and
vulnerability: Contribution of Working Group 1l to the
fourth assessment report of the Intergovernmental
Panel, Genebra, Suica, Cambridge, 2007.

Daiber S. H., Quantifying changes in tree physiology
after amelioration to reduce sunburn on apples, MS-
cAgric Thesis, Stellenbosch University, Department of
Horticultural Science, Stellenbosch, 2017.

Lotze E., Hoffman E. W., Foliar application of calcium
plus boron reduces the incidence of sunburn in ‘Gold-
en Delicious’ apple, J. Hortic. Sci. Biotechnol., 89 (6),
607-612, 2014.

Felicetti D., Schrader L., Changes in pigment concen-
trations associated with the degree of sunburn brown-
ing of ‘Fuji’ apple, J. Am. Soc. Hortic. Sci., 133, 27-34,
2008.

Schrader L. E., Zhang J., Duplaga W. K., Two types
of sunburn in apple caused by high fruit surface (peel)
temperature, Plant Heal. Prog. 2001.

DAFF/PPECB, Annual Report 2014-2015, South Af-
rica, 2015 (http://www.daff.gov.za/.).

Hortgro, Deciduous Fruit Statistics, South Afrca, 2015
(www.hortgro.co.za).

Makeredza B., Schmeisser M., Létze E., Steyn W. J.,
Water stress increases sunburn in ‘Cripps’ Pink’ apple,
Hort Science, 48, 444-447, 2013.

Bogo A., Casa R. T., Agostineto L., Gongalves M. J.,
Rufato L., Effect of hail protection nets on apple scab
in ‘Royal Gala’ and ‘Fuji’ apple cultivars, Crop Prot., 38,
49-52, 2012.

Hunsche M., Blanke M. M., Noga G., Does the micro-
climate under hail nets influence micromorphological
characteristics of apple leaves and cuticles?, J. Plant
Physiol., 167, 974-80, 2010.

Gindaba J., Wand S. J. E., Comparative effects of
evaporative cooling, kaolin particle film, and shade net
on sunburn and fruit quality in apples, HortScience, 40,
592-596, 2005.

[13]

(14]

[15]

(16]

(17]

(18]

(19]

[20]

(21]

(22]

(23]

[24]

[25]

(26]

Gindaba J., Wand S. J. E., Do fruit sunburn control
measures affect leaf photosynthetic rate and stoma-
tal conductance in ‘Royal Gala’ apple?, Environ. Exp.
Bot., 59, 160-165, 2007.

Iglesias |., Alegre S., The effect of anti-hail nets on
fruit protection , radiation , temperature , quality and
profitability of ‘Mondial Gala’ apples, J. App. Hortic., 8,
91-100, 2006.

Marais S., Sunburn control in apple fruit, MSc Agric
Thesis, Department of Horticultural Science, Stellen-
bosch University, Stellenbosch, 2005.

Erez A., Glenn D. M., The Effect of Particle Film Tech-
nology on Yield and Fruit Quality, Acta Hortic., 636,
505-508, 2004.

Glenn D. M., Prado E., Erez A., McFerson J., Puterka
G. J., Areflective, processed-kaolin particle film affects
fruit temperature, radiation reflection, and solar injury
in apple, J. Am. Soc. Hortic. Sci., 127, 188—-193, 2002.

Cakmak |., Rémheld V., Boron deficiency-induced
impairments of cellular functions in plants, Plant and
Soil, 193, 71, 1997.

Felicetti D. A., Schrader L. E., Photooxidative sunburn
of apples: Characterization of a third type of apple sun-
burn, Int. J. Fruit Sci., 8, 160-172, 2008.

Ruiz J. M., Bretones G., Baghour M., Ragala L., Be-
lakbir A., Romero L. Relationship between boron and
phenolic metabolism in tobacco leaves, Phytochem,
48 (2), 269-272,1998.

Blevins D. G., Lukaszewski K. M. Boron in plant struc-
ture and function, Annu. Rev. Plant Physiol. Plant Mol.
Biol., 49, 481-500,1998.

Brown P. H., Bellaloui N., Wimmer M. A., Bassil E. S.,
Ruiz J., Hu H., Pfeffer H., Dannel F., Romheld V. Boron
in plant biology, Plant Biol. 4 (2), 205-223, 2002.

Lombardo S., Pandino G., Mauro R., Mauromicale G.
Variation of phenolic content in globe artichoke in rela-
tion to biological, technical and environmental factors,
Ital. J. Agron., 4,181-189, 2009.

Stael S., Rocha A. G., Wimberger T., Anrather D., Voth-
knecht U. C., Teige M. Cross-talk between calcium sig-
nalling and protein phosphorylation at the thylakoid, J.
Exp. Bot., 63, 1725-1733, 2012.

Felicetti D., Schrader L. Changes in pigment concen-
trations associated with the degree of sunburn brown-
ing of “Fuji” apple, J. Am. Soc. Hortic. Sci., 133 (1),
27-34, 2008.

Felicetti D. A.,Schrader L. E Changes in pigment con-
centrations associated with sunburn browning of five
apple cultivars, Il. Phenolics, Plant Sci., 176,84-89,
20089.

127



