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Abstract 
Understanding of the physiological effect of post-full-bloom foliar boron 
combined with calcium (B+Ca) on apple (Malus domestica) peel tissues is 
envisaged to give way to the unknown mode-of-action by which these miner-
al regimens suppress fruit sunburn-browning incidence in orchards. Promo-
tion of this mineral approach among growers, as a certainly cheaper alterna-
tive to mitigate fruit sunburn-browning incidence in apple orchards necessi-
tates clear elucidation of its mode-of-action. This study investigated peel 
photosynthetic pigments and total peroxides (as a measure of oxidative 
stress) in three apple cultivars, ‘Cripps Pink’, ‘Golden Delicious’ and ‘Granny 
Smith’ which were treated with four B+Ca treatments varying in levels of B 
and Ca as well as inclusion of zinc (Zn) in one treatment. Randomized com-
plete block design experiments with five replications were conducted at 
commercial farms in Western Cape, South Africa. Significant (p < 0.05) 
treatment effect for major pigment aspects and total peroxides occurred in all 
cultivars, but with strong influence of cultivar and fruit age. For instance, ef-
fect of varying B, Ca and possible B+Ca duet-effect on photosynthetic pig-
ments occurred in ‘Cripps Pink’, whereas the Zn-treatment was mainly re-
sponsible for significant treatment effects in both ‘Golden Delicious’ and 
‘Granny Smith’ apples. Significant treatment effect for total peroxides oc-
curred in ‘Cripps Pink’ and ‘Granny Smith’, yet significant interaction effect 
occurred with ‘Golden Delicious’, however, these significant results did not 
yield meaningful peel oxidative stress differences among the treatments. Fo-
liar treatment differences in photochemical efficiency (Fv/Fm) were not sig-
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nificant. The study concludes with firm evidence that foliar B+Ca treatment 
composition has a significant effect on apple peel photosynthetic pigments 
depending on cultivar, and Zn is not desirable in the formulation of these 
treatments. 
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1. Introduction 

Post-full-bloom foliar applications of boron combined with calcium (B+Ca) 
suppress fruit sunburn-browning incidence in apple orchards, however the un-
derlying mode-of-action is not known [1] [2] [3] [4]. Without a clear explana-
tion of such mode-of-action, it is difficult to promote this certainly cheaper ap-
proach in mitigating apple fruit sunburn-browning. The mode-of-action sought 
is highly envisaged to be a biochemical mechanism induced in apple fruit peel 
tissue by the foliar B+Ca treatments [5] [6] [7]. Apple peel phenolic dynamics 
among foliar B+Ca treatments did not yield clear treatment induced patterns 
[7], yet these treatments had significantly suppressed class 1 (very mild type) 
sunburn-browning in two distinct cultivars [3]. This raised need to investigate 
other apple peel biochemical aspects, particularly still those relevant to apple 
fruit sunburn-browning development, for instance, photosynthetic pigments [8] 
[9], and oxidative stress status and/or species [10] [11] [12]. 

Calcium (Ca) is known to be a crucial co-factor in the reactions of the oxy-
gen-evolving complex of photosystem (PS) II [13] [14], perhaps explaining the 
observed de novo repair of PS structures leading to photoprotection in 
groundnut (Arachis hypogaea) plants undergoing heat stress and treated with 
foliar Ca [15]. Increased chlorophyll was also reported by [16] after foliar Ca 
application in grasses undergoing heat stress. On the other hand, low quanti-
ties of boron (B) supplied to Mung bean plants (Vigna radiata) also increased 
chlorophyll and carotenoid levels with reduction in plant stress indicators [17]. 
In addition, foliar B in sweet cherry at full-bloom increased chlorophyll and 
carotenoid pigments [18]. These research findings raise possibility that foliar 
B+Ca may influence levels of apple peel chlorophylls as a physiological effect, 
and then suppress sunburn-browning if increments or preservations of chloro-
phyll pigments occur. 

Additionally, Ca and B have key roles in plant cells, relating to structural and 
maintenance of membranes integrity [19] [20] [21], especially from oxida-
tive-stress-driven lipid peroxidation phenomenon induced by metal toxicity, 
water deficiency, excess light and heat stresses among others [22] [23] [24] [25] 
[26], but [3], did not find significant cellular structural differences among these 
foliar B+Ca treatments. Ordinarily, innate antioxidant mechanisms in plant tis-
sues attenuate harmful effects of oxidative stress [27] [28] [29]. Notably, high 
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light and temperature stresses induce oxidative stress in apple peel tissues which 
heralds sunburn-browning induction and severity development [10] [11] [12], 
and certainly, low apple peel oxidative stress level is as well important to realize 
low sunburn-browning incidence at fruit harvest [30] [31] [32] [33] [34]. Appli-
cation of foliar B and/or Ca in plants including fruits reportedly promotes anti-
oxidant capacity [27] [35] [36] [37] [38] [39], and this raises questions as to 
whether foliar B+Ca treatments possibly reduce apple peel oxidative stress. 
Hence, in addition to photosynthetic pigment changes, this study investigated 
apple peel oxidative stress and photochemical efficiency (Fv/Fm) of apple peel 
photosystem (PS) II in the three study cultivars treated with the varying foliar 
B+Ca treatments. 

2. Materials and Methods 
2.1. Experimental Setup and Treatments Design 

The study was conducted in the Western Cape, South Africa during the 2015/16 
season using randomized complete block design experiment, with five replica-
tions for ‘Cripps Pink’, ‘Golden Delicious’ and ‘Granny Smith’. These orchards 
were on two farms, 1) Applethwaite (34˚12'08.0'S; 18˚59'16.5'E), located in Elgin 
(‘Golden Delicious’ and ‘Granny Smith’) and, 2) Welgevallen (33˚56'52.5'S; 
18˚52'19.9'E) located in Stellenbosch (‘Cripps Pink’). Single trees were used as 
experimental units, meaning that for the five experimental design replications, 
each replicate had five trees. All apple trees were trained as central leaders on 
M793 rootstock and they received fertilizers, pest and disease control, thinning 
and irrigation according to commercial practice. 

The design of the foliar B+Ca treatments followed indications and results ob-
tained by [1] in regard to combining B with Ca to suppress sunburn-browning 
in ‘Golden Delicious’ apples. The treatments were, 1) B’0.00+Ca’0.00 as control, 
2) B’0.02+Ca’0.06+Zn’0.03 (6 ml Manni-Plex® B plus 10 ml Manni-Plex® 
Cal-Zn), 3) B’0.02+Ca’1.24 (6 ml Manni-Plex® B plus 65 g Calsol®). Treatment 
(iv) B’0.08+Ca’1.24 (5 g Spraybor® plus 65 g Calsol®) and treatment (v), 
B’0.17+Ca’1.24 (10 g Spraybor® with 65 g Calsol®). Treatment B+Ca nomencla-
ture as used in this study represent respective B and Ca levels as weight/weight 
according to respective formulation product labels, as guided by composition of 
products indicated in Table 1, for instance B’X + Ca’Y infers X g·l−1 B combined 
with Y g·l−1 Ca and then tank-mixed with 10 L of water. All the treatment for-
mulation products were sourced from NexusAG (Pty) Ltd., South Africa, ex-
cept Spraybor® which was got from Nulandis (Pty) Ltd., South Africa. The 
full-bloom in ‘Cripps Pink’ apples occurred on 5 October 2015, and the foliar 
application of the B+Ca treatments began on 5 November 2015 (30 DAFB), 
and continued consecutively at weekly intervals on 12, 19, 27 November 2015 
and 3, 10 December 2015. Full-bloom in both ‘Golden Delicious’ and ‘Granny 
Smith’ occurred on 16 October 2015, and the foliar treatments were applied 
starting at 25 November 2015 (39 DAFB), and as well continued consecutively at  
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Table 1. Composition of the products used to formulate foliar treatments. 

Trade name Active Ingredients 

Manni-Plex® Cal-Zn 6% Ca, 6% N, 3% Zn 

Manni-Plex® B 3.3% B, 5% N 

Calsol® (5Ca(NO3)2NH4NO3·10H2O) 19% Ca, 15.5% N 

Spraybor® (Na2B4O7·10H2O) 16.5% B 

 
weekly intervals on 2, 9, 15, 22 and 29 December 2015. In all the experiments, 
the foliar B+Ca treatments were applied until run-off (high volume) using mo-
torized Stihl® backpack sprayer and targeting the developing fruitlets. 

2.2. Quantitative Determination of Photosynthetic Pigments and  
Total Peroxides 

At selected fruit maturity stages/days after full bloom (DAFB), fruit was ran-
domly picked by the row tree sides and within the outer tree canopy and later 
peeled in whole to obtain peels. Four fruit maturity stages towards harvest ma-
turity were taken for each cultivar whereby for ‘Cripps Pink’, the fruit was sam-
pled at 122, 136, 150 and 164 DAFB, for ‘Golden Delicious’ at 80, 94, 108 and 
122 DAFB, and in ‘Granny Smith’ fruit sampling was done at 94, 108, 122 and 
136 DAFB. After fruit peeling, the peels were milled in liquid N, and stored at 
−80˚C until quantitative determination of photosynthetic pigments and total 
peroxides. 

The quantitative determination of apple peel photosynthetic pigments (chlo-
rophylls and carotenoids) and total peroxides levels was conducted using analyt-
ical grade chemicals and solvents sourced from Sigma Aldrich, South Africa. 
These were, 1) Acetone 99.9%, 2) Titanium Tetrachloride (TiCl4), 3) Hydroch-
loric acid (37%) (HCl) and 4) Hydrogen Peroxide (H2O2). Acetone stable plastic 
cuvettes (Lasec® (Pty) Ltd, South Africa) were used. The Milli-Q system (Milli-
pore, Bedford, MA, USA), was the source of the double distilled water (ddH2O) 
as required. All centrifugation procedures at 3220 g and 20000 g were done at 
4˚C with Eppendorf™ 5810R and Eppendorf™ 5417R cooling centrifuges respec-
tively, and a UV-visible light spectrophotometer (Cary 50 Bio, Varian, Australia 
(Pty) Ltd, Melbourne, Australia) was used for all absorbance measurements. 

Chlorophyll pigments were determined following slightly modified method 
adopted from [40] [41]. Briefly, 500 mg of fresh frozen apple peel was stirred 
with 3 ml cold acetone in a 50 ml capacity centrifuge tube at 4˚C for 24 hours in 
darkness, followed by centrifugation for 15 minutes at 3220 g, and extract was 
decanted into test tube and held at 4˚C in darkness. Thereafter, an additional 2 
ml cold acetone was added to the residues, followed by vortexing and centrifug-
ing for 15 minutes at 3220 g, and decanted as previously. The two-decants were 
combined, centrifuged for 15 minutes at 3220 g, and 2 ml of extract was pipetted 
off. The 2 ml extract was centrifuged at 20000 g at 4˚C for 15 minutes, and after 
1 ml was pipetted off and held at 4˚C in darkness until determination of photo-
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synthetic pigments. Chlorophyll and carotenoid pigment levels were determined 
from absorbance values at 470, 645 and 670 nm following [40] [41], with acetone 
as the blank. Levels of chlorophyll a, chlorophyll b, total chlorophyll and total 
carotenoids were expressed as μg·g−1 apple peel fresh weight. 

Total peroxides levels were determined with slightly modified protocols of 
[42] [43]. Briefly, 1 g of fresh frozen apple peel was added to 5 ml of cold ace-
tone, and homogenized using Ultra Turrax, IKA T18 basic (14,000 min−1) for 30 
seconds, and homogenized mixture was centrifuged for 15 minutes at 4˚C and 
3220 g. After, 2 ml of supernatant was pipetted off and centrifuged at 4˚C and 
20000 g for 15 minutes. Then, 1 ml of resulting supernatant was added to 12 ml 
of ddH2O, followed by vortexing. Thereafter, 1 ml of Titanium reagent (20% 
TiCl4 in HCl (37%) volume per volume) was added, vortexed and held for 5 mi-
nutes at room temperature, and then, 1 ml of this mixture was used for absor-
bance measurement at 415 nm with ddH2O as the blank. The total peroxides le-
vels were determined with standard curve made using freshly prepared commer-
cial H2O2, ranging from 0.2 to 1.8 μM and diluted from a stock of 2 μM kept at 
4˚C. The total peroxides levels were expressed as μmoles (μmol) of H2O2 per 
gram of apple peel fresh weight. 

2.3. Evaluation of Apple Peel Photochemical Efficiency 

Immediately before respective fruit harvest of both ‘Golden Delicious’ and 
‘Granny Smith’ apples, four fruit from both tree row-sides of the tree were ran-
domly sampled, and placed in the dark, from where photochemical efficiency of 
photosystem II was measured as a ratio of variable to maximum chlorophyll flu-
orescence (Fv/Fm). The Fv/Fm values were recorded on both sun exposed and 
unexposed sides of fruit using a pulse modulated fluorimeter (FMS2, Hansatech 
Instruments Ltd., King’s Lynn, Norfolk, England). 

2.4. Statistical Analyses 

The data was subjected to analysis of variance using Statistica software [44], and 
differences were deemed significant for p < 0.05, where appropriate, means were 
separated with the Fisher’s LSD posthoc test. 

3. Results 
3.1. Photosynthetic Pigments and Total Peroxides 
3.1.1. ‘Cripps Pink’ Apples 
There was no significant interaction (B+Ca*DAFB) effect for any photosynthetic 
pigment aspect as well as total peroxides (Table 2), but foliar B+Ca had a signifi-
cant treatment effect except for chlorophyll a to chlorophyll b ratio and total ca-
rotenoids. Chlorophyll a, chlorophyll b, total chlorophyll and total chlorophyll to 
total carotenoids ratio patterns were largely similar among B’0.02+Ca’1.24, 
B’0.08+Ca’1.24 and B’0.17+Ca’1.24 where highest and insignificant differing val-
ues were recorded between them. However, only treatment B’0.17+Ca’1.24  
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Table 2. ‘Cripps Pink’ apple peel photosynthetic pigments and total peroxides. 

Treatments (B+Ca) CHLa1 CHLb1 TCHL1 TCAR1 CHLa:CHLb TCHL:TCAR TPERO2 

B’0.00+Ca’0.00 27.19bc 18.12bc 45.31bc 12.21ns 2.01ns 3.77bc 5.89a 

B’0.02+Ca’1.24 29.39a 20.95ab 50.33a 12.63 1.53 4.08ab 6.06a 

B’0.02+Ca’0.06+Zn’0.03 26.09c 16.65c 42.74c 12.86 1.86 3.38c 5.87a 

B’0.08+Ca’1.24 28.25ab 21.66a 49.90ab 11.29 1.53 4.60a 5.32ab 

B’0.17+Ca’1.24 30.04a 22.78a 52.82a 12.43 1.41 4.43a 4.58b 

p 0.0019 0.0028 0.0007 0.0923 0.1305 0.0024 0.0033 

Days after full bloom (DAFB)       

122 35.40a 27.55a 62.95a 13.67a 1.36b 4.77a 5.60b 

136 29.45b 24.26b 53.72b 11.33b 1.38b 4.98a 5.71ab 

150 23.89c 13.77c 37.66c 12.52ab 2.04a 3.07b 6.37a 

164 24.01c 14.54c 38.55bc 11.62b 1.90a 3.37b 4.49c 

p 0.0000 0.0000 0.0001 0.0001 0.0056 0.0000 0.0000 

p (B+Ca*DAFB) 0.6232 0.4092 0.5722 0.2332 0.4819 0.2942 0.1780 

1μg·g−1 apple peel fresh weight, 2nmol·g−1 apple peel fresh weight, CHLa = Chlorophyll a, CHLb = Chloro-
phyll b, TCHL = Total Chlorophyll, CHLa:CHLb = Chlorophyll a to Chlorophyll b ratio, TCAR = Total 
Carotenoids, TCHL:TCAR = Total Chlorophyll to Total Carotenoids ratio and TPERO = Total Peroxides. 

 
showed consistent significant differences in chlorophylls and total chlorophyll to 
total carotenoids ratio from the control. But, B’0.08+Ca’1.24 was only signifi-
cantly different from the control with only chlorophyll b and total chlorophyll to 
total carotenoids ratio, while B’0.02+Ca’1.24 did significantly differ with control 
for only chlorophyll a and total chlorophyll. Treatment B’0.02+Ca’0.06+Zn’0.03 
had lowest levels of chlorophyll a, chlorophyll b, total chlorophyll and total 
chlorophyll to total carotenoids ratio that were not significantly different from 
the control, but differing with all other treatment, yielding a sharp contrast be-
tween this zinc (Zn) containing treatment against all other B+Ca treatments. In 
addition, treatment effect on total peroxides was significant, and treatment 
B’0.17+Ca’1.24 had lowest and statistically different value from the control and all 
other treatments, except B’0.08+Ca’1.24. The ‘Cripps Pink’ apple peel total perox-
ides levels associated with the control, B’0.02+Ca’1.24, B’0.02+Ca’0.06+Zn’0.03 
and B’0.08+Ca’1.24 did not differ significantly. 

The effect of fruit maturity stages (DAFB) was significant on all ‘Cripps Pink’ 
apple peel photosynthetic pigments aspects as well as total peroxides (Table 2). 
Values of chlorophyll a, chlorophyll b and total chlorophyll significantly de-
clined with progress of DAFB, with levels recorded at 122 DAFB significantly 
higher compared to all other DAFB periods. At 136 DAFB, chlorophyll a, chlo-
rophyll b and total chlorophyll were significantly higher from the indifferent 150 
and 164 DAFB values, but total chlorophyll at 136 and 164 DAFB was as well not 
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different. The total carotenoids at 122 DAFB was significantly different from all 
others with exception of that recorded at 150 DAFB. However, total carotenoids 
values at 136, 150 and 164 DAFB periods did not differ significantly, but gener-
ally total carotenoids decreased with advance of DAFB. The total chlorophyll to 
total carotenoids ratio at 136 and 122 DAFB was not significantly different, but 
these two values were all significantly different from the indifferent total chlo-
rophyll to total carotenoids ratio values of both 150 and 164 DAFB, thus show-
ing significant decrease from 136 to 150 DAFB. In contrast, chlorophyll a to 
chlorophyll b ratio increased with DAFB progress, 122 and 136 DAFB had the 
lowest and not significantly differing values which jointly differed significantly 
with the higher indifferent values recorded at both 150 and 164 DAFB, the sig-
nificant increase occurred from136 to 150 DAFB. In addition, total peroxides 
also significantly increased, but only from 122 to 150 DAFB (Table 2). The low-
est total peroxides level was at 164 DAFB, which was significantly lower from 
values at all other DAFB periods. 

3.1.2. ‘Golden Delicious’ Apples 
There was no significant interaction (B+Ca*DAFB) effect for all photosynthetic 
pigment aspects (Table 3). Foliar B+Ca treatment effect was significant treat-
ment effects occurred for only chlorophyll a, total chlorophyll and total carote-
noids aspects, where levels of these three aspects had similar variability patterns, 
characterized by treatment B’0.02+Ca’0.06+Zn’0.03 having lowest levels signifi-
cantly different from values associated with all treatments and control, except 
chlorophyll a and total chlorophyll values of B’0.08+Ca’1.24. The chlorophyll a, 
total chlorophyll and total carotenoids values of the control, B’0.02+Ca’1.24, 
B’0.08+Ca’1.24 and B’0.17+Ca’1.24 did not differ significantly. As was ob-
served with ‘Cripps Pink’, a general sharp contrast in chlorophyll a, total chlo-
rophyll and total carotenoids occurred between B’0.02+Ca’0.06+Zn’0.03 and 
all other treatments, except that in ‘Golden Delicious’, this Zn containing 
treatment had insignificant chlorophyll a and total chlorophyll differences 
with B’0.08+Ca’1.24. 

Days after full bloom (DAFB) had significant effect on all photosynthetic 
pigment attributes, and chlorophyll a, chlorophyll b, total chlorophyll and total 
carotenoids showed similar patterns as fruit maturity progressed (Table 3), 
where significantly differing highest and lowest values of these four aspects were 
recorded at 80 and 122 DAFB respectively, showing significant decrease as ‘Gol-
den Delicious’ fruit maturated. Generally, chlorophyll a to chlorophyll b ratio 
decreased from 80 to 108 DAFB, and rose by 122 DAFB to indifferent levels with 
both 80 and 94 DAFB periods. As was with ‘Cripps Pink’, total chlorophyll to 
total carotenoids ratio pattern among DAFB periods in ‘Golden Delicious’ was 
an exact reverse of the chlorophyll a:chlorophyll b. Thus, total chlorophyll to to-
tal carotenoids ratio generally increased from 80 to 108, before decreasing at 122 
DAFB to levels indifferent from those at both 80 and 108 DAFB periods. 

https://doi.org/10.4236/ajps.2020.116068


A. Mwije et al. 
 

 

DOI: 10.4236/ajps.2020.116068 946 American Journal of Plant Sciences 
 

Table 3. ‘Golden Delicious’ apple peel photosynthetic pigments. 

Source CHLa1 CHLb1 TCHL1 TCAR1 CHLa:CHLb TCHL:TCAR 

Treatments (B+Ca)       

B’0.00+Ca’0.00 55.25a 39.14ns 94.39a 28.95a 1.41ns 3.27ns 

B’0.02+Ca’1.24 54.85a 39.43 94.27a 27.37a 1.40 3.45 

B’0.02+Ca’0.06+Zn’0.03 48.18b 35.64 83.82b 24.36b 1.36 3.47 

B’0.08+Ca’1.24 52.12ab 38.21 90.33ab 27.91a 1.36 3.26 

B’0.17+Ca’1.24 55.10a 40.06 95.16a 28.45a 1.38 3.37 

p 0.0056 0.1079 0.0218 0.0011 0.0529 0.1899 

Days after full bloom 
(DAFB) 

      

80 65.18a 46.39a 111.57a 33.22a 1.41a 3.37b 

94 52.41b 37.90b 90.30b 27.35b 1.39a 3.33b 

108 49.90b 37.16b 87.06b 24.48c 1.35b 3.57a 

122 44.92c 32.53c 77.45c 24.59c 1.39a 3.18b 

p 0.0000 0.0000 0.0000 0.0000 0.0158 0.0029 

p (B+Ca*DAFB) 0.1024 0.2245 0.1481 0.0866 0.1251 0.5475 

1μg·g−1 apple peel fresh weight, CHLa = Chlorophyll a, CHLb = Chlorophyll b, TCHL = Total Chlorophyll, 
CHLa:CHLb = Chlorophyll a to Chlorophyll b ratio, TCAR = Total Carotenoids and TCHL:TCAR = Total 
Chlorophyll to Total Carotenoids ratio. 

 
A significant interaction (B+Ca*DAFB) effect occurred for ‘Golden Delicious’ 

apple peel total peroxides (Table 4). At 80 DAFB, all treatments did not differ 
significantly, whereas at 94 DAFB the control’s highest total peroxides differed 
significantly with only values of B’0.02+Ca’1.24 and B’0.02+Ca’0.06+Zn’0.03. At 
94 DAFB, all foliar B+Ca treatments did significantly differ from each other. At 
108 DAFB, total peroxides of the control did not significantly differ with any foliar 
B+Ca treatment. Significant total peroxides differences at 108 DAFB occurred only 
with B’0.08+Ca’1.24 (higher) and B’0.02+Ca’0.06+Zn’0.03 (lower). At 122 DAFB, 
total peroxides value of the control was only significantly different to that of 
B’0.08+Ca’1.24, and among treatments significant differences were only between 
the Zn treatment (highest) and both B’0.02+Ca’1.24 and B’0.08+Ca’1.24. 

Generally, apple peel total peroxides levels decreased with fruit maturity, as 
values recorded at 80 DAFB were significantly higher than those at 122 DAFB 
(Table 4), except in control and B’0.02+Ca’0.06+Zn’0.03. Only treatment 
B’0.02+Ca’0.06+Zn’0.03 showed non-significantly differing total peroxides le-
vels across all fruit maturity stages. Furthermore, treatments B’0.08+Ca’1.24 
and B’0.17+Ca’1.24 showed non-significantly differing total peroxides levels 
from 80 to 108 DAFB, and the same was with treatment B’0.17+Ca’1.24 from 
94 to 122 DAFB. At 108 and 122 DAFB, only treatments B’0.08+Ca’1.24 and 
B’0.02+Ca’1.24 showed significant differences in total peroxides levels between 
the two advanced fruit maturity stages. Generally, the interaction 
(B+Ca*DAFB) effect analysis (Table 4) did not reveal any foliar B+Ca treatment  
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Table 4. ‘Golden Delicious’ apple peel total peroxides1. 

Treatments (B+Ca) Days after full bloom (DAFB) 

 80 94 108 122 

B’0.00+Ca’0.00 9.4abcd 10.7a 8.3bcd 7.7cde 

B’0.02+Ca’1.24 10.4ab 7.6cde 8.9abcd 5.6ef 

B’0.02+Ca’0.06+Zn’0.03 9.4abcd 7.6cde 7.4cdef 8.3bcd 

B’0.08+Ca’1.24 9.6abc 9.4abcd 10.1ab 5.1f 

B’0.17+Ca’1.24 10.5ab 9.1abcd 9.5abcd 7.3def 

1nmol·g−1 peel fresh weight, p (B+Ca*DAFB) = 0.0276. 
 

that showed clearly distinguishable increasing or decreasing total peroxides pat-
terns as ‘Golden Delicious’ fruit maturated from 80 to 122 DAFB. 

3.1.3. ‘Granny Smith’ Apples 
In ‘Granny Smith’ apples, a significant interaction (B+Ca*DAFB) effect oc-
curred for all photosynthetic pigment aspects (Table 5), with exception of the 
ratios and total peroxides (Table 6). No significant differences were recorded 
for chlorophyll a, chlorophyll b , total chlorophyll and total carotenoids levels at 
94 DAFB, except treatment B’0.02+Ca’1.24 whose lower values significantly dif-
fered with higher values obtained with B’0.08+Ca’1.24. At 108 DAFB, treatments 
and control did as well not differ significantly from each other for chlorophyll a, 
chlorophyll b, and total chlorophyll, except treatment B’0.02+Ca’0.06+Zn’0.03 
with lowest values that significantly differed with all other values at this DAFB pe-
riod. The total carotenoids levels at 108 DAFB was also not significantly different 
between treatments and control, except the lowest value of associated with 
B’0.02+Ca’0.06+Zn’0.03 which significantly differed with the control and all 
treatments save B’0.17+Ca’1.24. At 122 DAFB, there was no foliar B+Ca treatment 
difference with the control for chlorophyll a, chlorophyll b, total chlorophyll and 
total carotenoids that were significant. Yet, among treatments, only the highest 
values of B’0.02+Ca’1.24 were significantly different with values recorded with 
B’0.02+Ca’0.06+Zn’0.03 (except total carotenoids) and B’0.08+Ca’1.24. Also, at 
136 DAFB, no treatment had significant differences from the control, except the 
lowest values of treatment B’0.02+Ca’0.06+Zn’0.03, which were as well signifi-
cantly different from all other treatments except B’0.08+Ca’1.24. 

As ‘Granny Smith’ apples maturated, the control and B’0.17+Ca’1.24 consis-
tently showed no significant chlorophyll a, chlorophyll b, total chlorophyll and 
total carotenoids differences from 94 to 136 DAFB. From 94 to 108 DAFB, 
treatment B’0.08+Ca’1.24 showed higher levels of chlorophyll b, total chloro-
phyll and total carotenoids which were jointly different from values recorded 
at 122 and 136 DAFB, thus only this treatment had chlorophyll b, total chlo-
rophyll and total carotenoids as well as chlorophyll a clearly decreasing as fruit 
maturated. Overall, across 94 to 136 DAFB, chlorophyll a, chlorophyll b, total 
chlorophyll and total carotenoids levels were generally and significantly lowest 
in treatment B’0.02+Ca’0.06+Zn’0.03, yet all other treatments did not differ 
amongst themselves and with the control. 
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Table 5. ‘Granny Smith’ peel photosynthetic pigments. 

Pigments1 Treatments (B+Ca) Days after full bloom (DAFB) 

Chlorophyll a2 

 94 108 122 136 

B’0.00+Ca’0.00 161.06abc 154.71abcd 153.33abcd 145.58cde 

B’0.02+Ca’1.24 144.21cde 159.32abcd 172.36a 138.48def 

B’0.02+Ca’0.06+Zn’0.03 155.26abcd 119.74fg 145.59cde 113.37g 

B’0.08+Ca’1.24 168.45ab 157.80abcd 139.21def 128.63efg 

B’0.17+Ca’1.24 151.87abcd 146.86cde 158.26abcd 150.68bcd 

Chlorophyll b3 

B’0.00+Ca’0.00 121.96abcd 124.53abc 119.17abcd 112.86bcde 

B’0.02+Ca’1.24 108.71cdef 126.68ab 133.71a 107.47cdef 

B’0.02+Ca’0.06+Zn’0.03 116.99abcd 94.74fg 112.53bcde 87.14g 

B’0.08+Ca’1.24 128.19ab 127.05ab 106.17def 99.28efg 

B’0.17+Ca’1.24 115.92bcde 117.45abcd 122.55abcd 118.86abcd 

Total chlorophyll4 

B’0.00+Ca’0.00 283abcd 279abcd 272abcd 258bcde 

B’0.02+Ca’1.24 253cdef 286abc 306a 246def 

B’0.02+Ca’0.06+Zn’0.03 272abcd 214fg 258bcde 201g 

B’0.08+Ca’1.24 297ab 285abc 245def 228efg 

B’0.17+Ca’1.24 268abcd 264bcde 281abcd 270abcd 

Total carotenoids5 

B’0.00+Ca’0.00 63abc 62abcd 63abcd 58cdef 

B’0.02+Ca’1.24 57cdef 63abc 67a 55def 

B’0.02+Ca’0.06+Zn’0.03 61abcd 51fg 61abcd 47g 

B’0.08+Ca’1.24 67ab 64abc 55def 53efg 

B’0.17+Ca’1.24 60bcde 56cdef 62abcd 62abcd 

1μg·g−1 peel fresh weight, 2p (B+Ca*DAFB) = 0.0067, 3p (B+Ca*DAFB) = 0.0050, 4p (B+Ca*DAFB) = 0.005 
and 5p (B+Ca*DAFB) = 0.0009. 

 

Table 6. ‘Granny Smith’ peel photosynthetic pigment ratios and total peroxides. 

Source CHLa:CHLb TCHL:TCAR TPERO 

Treatments (B+Ca)    

B’0.00+Ca’0.00 1.29ns 4.45a 16.60a 

B’0.02+Ca’1.24 1.29 4.49a 12.44b 

B’0.02+Ca’0.06+Zn’0.03 1.30 4.29b 11.87b 

B’0.08+Ca’1.24 1.29 4.42a 14.66ab 

B’0.17+Ca’1.24 1.28 4.50a 13.21b 

p 0.1230 0.0081 0.0278 

Days after full bloom (DAFB)    

94 1.32a 4.45ns 10.23b 

108 1.25c 4.48 14.77a 

122 1.30b 4.42 15.77a 

136 1.29b 4.36 14.25a 

p 0.0000 0.1330 0.0011 

p (B+Ca*DAFB) 0.4731 0.4705 0.2979 

CHLa:CHLb = Chlorophyll a to Chlorophyll b ratio, TCHL:TCAR = Total Chlorophyll to Total Caroteno-
ids ratio and TPERO = Total Peroxides (nmol·g−1 peel fresh weight). 
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The ‘Granny Smith’ apple peel chlorophyll a to chlorophyll b ratio, total chlo-
rophyll to total carotenoids ratio as well as total peroxides values displayed a sig-
nificant interaction (B+Ca*DAFB) effect (Table 6). Foliar B+Ca effect was only 
significant with total chlorophyll to total carotenoids ratio and total peroxides, 
while fruit maturity (DAFB) effect was only significant with chlorophyll a to 
chlorophyll b ratio and total peroxides values. With total chlorophyll to total ca-
rotenoids ratio, all treatments and the control were not significantly different, 
except B’0.02+Ca’0.06+Zn’0.03 which was significantly lower compared to all 
treatments and the control. The highest total peroxides level was recorded with 
the control, and was significantly different from that of all other treatments, ex-
cept B’0.08+Ca’1.24. However, total peroxides levels among foliar B+Ca treat-
ments were not significantly different. 

As ‘Granny Smith’ apple fruit maturated, chlorophyll a to chlorophyll b ratio 
generally decreased, the highest and significantly different level from all other 
maturity stages was at 94 DAFB, and lowest level was at 108 DAFB which dif-
fered significantly from the indifferent 122 and 136 DAFB values. However, total 
peroxides at 94 DAFB was significantly lowest from all other fruit maturity stag-
es, and total peroxides differences at 108, 122 and 136 DAFB periods were not 
significant. 

3.2. Apple Peel Photosynthetic Efficiency (Fv/Fm Values) 

There were no significant differences among treatments for Fv/Fm values in 
both ‘Golden Delicious’ and ‘Granny Smith’ apples at harvest (Table 7). The 
Fv/Fm of sun exposed fruit side (SE) was lower compared to the unexposed fruit 
side (NSE). Respective standard errors associated with SE and NSE means 
showed that in ‘Golden Delicious’ only SE and NSE Fv/Fm was not significantly 
different in treatment B’0.17+Ca’1.24, yet in ‘Granny Smith’ all SE and NSE 
Fv/Fm values were significantly different from each other. 

 
Table 7. Apple peel photochemical efficiency (Fv/Fm values). 

Cultivar Treatment (B+Ca) Fv/Fm SE Fv/Fm NSE 

‘Golden Delicious’ 

B’0.00+Ca’0.00 0.76 ± 0.03* 0.85 ± 0.01* 

B’0.02+Ca’1.24 0.76 ± 0.03* 0.83 ± 0.02* 

B’0.02+Ca’0.06+Zn’0.03 0.80 ± 0.01* 0.84 ± 0.01* 

B’0.08+Ca’1.24 0.78 ± 0.01* 0.86 ± 0.01* 

B’0.17+Ca’1.24 0.81 ± 0.02 0.86 ± 0.04 

p 0.5230 0.3230 

‘Granny Smith’ 

B’0.00+Ca’0.00 0.81 ± 0.02* 0.86 ± 0.01* 

B’0.02+Ca’1.24 0.83 ± 0.01* 0.86 ± 0.01* 

B’0.02+Ca’0.06+Zn’0.03 0.83 ± 0.01* 0.86 ± 0.01* 

B’0.08+Ca’1.24 0.83 ± 0.01* 0.86 ± 0.01* 

B’0.17+Ca’1.24 0.84 ± 0.01* 0.87 ± 0.01* 

 p 0.3390 0.9040 

SE = Sun Exposed side of fruit, NSE = Unexposed side of fruit, Fv/Fm = Maximum photochemical efficien-
cy and * significant mean differences between corresponding SE and NSE data. 
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4. Discussion 
4.1. ‘Cripps Pink’ Peel Photosynthetic Pigments 

Apple peel biochemistry is strongly influenced by cultivar differences as well as 
other prevailing factors [45]-[51]. Therefore, in this study each cultivar was con-
sidered independently in statistical analyses, with the control (no B+Ca) provid-
ing the basic yard-stick to delineate the importance and meaningfulness of the 
significant differences and effects obtained. In ‘Cripps Pink’, the significant fo-
liar B+Ca effect on all photosynthetic pigment aspects except, chlorophyll a to 
chlorophyll b ratio and total carotenoids suggests that treatment effect was 
mainly on chlorophylls and not carotenoids. The significant DAFB effect oc-
curred in patterns agreeable to the physiological apple fruit growth changes, for 
instance, chlorophyll a, chlorophyll b and total chlorophyll levels decreased as 
fruit maturated, which is expected due to chloroplasts (contain chlorophyll) 
transitioning to chromoplasts (contain carotenoids) as fruit maturity progresses 
[52] [53], as well as in apple fruit [54] [55]. Although it appears that ‘Cripps 
Pink’ apple peel total carotenoids slightly reduced with advance of DAFB, the 
total chlorophyll to total carotenoids ratio values with their significant reduc-
tions as DAFB advanced, inferred presence of more total carotenoids per unit of 
total chlorophyll, hence demonstrating that carotenoids were relatively pre-
served and/or remained constant as total chlorophyll decreased when fruit ma-
turity of ‘Cripps Pink’ apples progressed. 

Evidence of decreasing total chlorophyll on a relatively stable total carotenoids 
as ‘Cripps Pink’ fruit maturated is also observed from the significantly increasing 
chlorophyll a to chlorophyll b ratio values as DAFB progressed. Chloroplasts 
transitioning to chromoplasts with apple fruit maturation involves chlorophyll 
destruction, a process preceded by conversion of chlorophyll b to chlorophyll a 
[56] [57] [58]. The increasing chlorophyll a to chlorophyll b ratio infers that 
chlorophyll a is higher in comparison to chlorophyll b occurred with advance of 
DAFB in ‘Cripps Pink’ apple peel, possibly arising from decompositions of total 
chlorophyll. The total chlorophyll to total carotenoids ratio estimates the integr-
ity of photosynthetic systems [59], where a higher total chlorophyll to total ca-
rotenoids ratio would infer that prerequisites of chlorophyll protection are 
available, like carotenoids which are more photostable [60] [61]. Carotenoids are 
heavily involved in antioxidant and photoprotection mechanisms in plants [62] 
[63] [64], and as well in apple fruit peel tissues [65] [66] [67]. 

Therefore, the ‘Cripps Pink’ apple peel total chlorophyll to total carotenoids 
ratio with B’0.02+Ca’0.06+Zn’0.03 in comparison with other treatments, 
shows reduced photosynthetic integrity due to the significantly low value. 
However, total chlorophyll to total carotenoids ratio in this Zn-treatment and 
B’0.02+Ca’1.24 were not significantly different from B’0.00+Ca’0.00 (control), 
possibly indicating, 1) that B’0.08 and B’0.17 treatments promoted best photo-
synthetic integrity possibly due to higher B levels, and 2) a duet function of B 
plus Ca as B’0.02+Ca’1.24 significantly differed from the Zn treatment, but not 
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from both control, B’0.08 and B’0.17, possibly inferring that more B was neces-
sary in combination with the Ca’1.24 to promote photosynthetic integrity in the 
‘Cripps Pink’ apple peels. However, propositions 1) and 2) are scantily sup-
ported by the peel mineral concentrations, because apple mineral analyses at 80 
DAFB (two weeks after the last foliar treatment application), showed that treat-
ment B’0.17+Ca’1.24 had highest B that differed significantly with only the con-
trol, but all treatments did not differ [3] [4], yet at fruit harvest treatment 
B’0.02+Ca’1.24 peels had highest B that only significantly differed with the con-
trol and B’0.08+Ca’1.24, whereas the Zn, B’0.08 and B’0.17 peels had indifferent 
B concentration [3] [4]. 

The incongruity between mineral analyses and peel biochemical effect illu-
strated above was also observed when these same peel mineral differences did 
not explain sunburn suppression with these same foliar treatments used in this 
study [3] [4]. This reveals that there is more of a “biochemical and/or physiolog-
ical” importance of B, and in combination with Ca on apple peels that cannot be 
construed by mere peel tissue differences of one mineral amongst the treatments 
or control. In the study by [1], B in combination with Ca (duet effect) yielded 
successful sunburn-browning incidence suppression in ‘Golden Delicious’ ap-
ples, which makes propositions 1) and 2) alluded to above in relation to B, Ca 
variation and their combination in treatments appear valid, and particularly the 
treatment effects espoused in both 1) and 2) can possibly be related to the sought 
mode-of-action as photosynthetic systems and chlorophyll destruction precede 
apple fruit sunburn-browning development. 

Overall, treatment B’0.02+Ca’0.06+Zn’0.03 showed the lowest chlorophyll 
a, chlorophyll b, total chlorophyll and total chlorophyll to total carotenoids 
ratio levels in ‘Cripps Pink’ apple peel (Table 2), and these were significantly 
different from all other foliar B+Ca treatments but not the control. However, 
the significantly lower total chlorophyll to total carotenoids ratio of this 
B’0.02+Ca’0.06+Zn’0.03 suggests more preservation of carotenoids against the 
much decreasing total chlorophyll as fruit maturates, and not an increase in peel 
carotenoids as treatments did not differ significantly for total carotenoids. How-
ever, results associated with B’0.02+Ca’0.06+Zn’0.03 being largely at par with the 
control (no B+Ca), further indicates that treatment composition has an effect on 
the ‘Cripps Pink’ apple peel biochemistry. This is because Zn inclusion com-
promised this treatment and not its low Ca levels, the control with no Ca was 
indifferent with B’0.08+Ca’1.24 for chlorophyll a, chlorophyll b and total chlo-
rophyll as well as with B’0.02+Ca’1.24 for total chlorophyll to total carotenoids 
ratio. 

The observation that B’0.02, B’0.08, B’0.17 all combined with Ca’1.24 not sig-
nificantly different from each other, demonstrates the possible importance of 
only B plus Ca (duet function) free from Zn to attain stable photosynthetic inte-
grity in contrast to the control for ‘Cripps Pink’ apple peels. Although there are 
cases where B’0.02+Ca’1.24 (chlorophyll b and total chlorophyll to total carote-
noids ratio) and B’0.08+Ca’1.24 (chlorophyll a and total chlorophyll) were not 
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significantly different from the control, it is notable that B’0.17+Ca’1.24 was 
consistently significantly different from the control, further confirming the im-
portance of different B levels in treatment composition, duet importance of ap-
propriate levels of both B and Ca, and overall discrediting inclusion of Zn. These 
important observations and differences among these treatments, however, did 
not cause corresponding differences in sunburn-browning suppression out-
comes in ‘Cripps Pink’ apples [6], suggesting more complex physiological phe-
nomenon with the foliar treatments beyond individual apple peel metabolite 
dynamics [6]. 

4.2. ‘Golden Delicious’ Peel Photosynthetic Pigments 

Observation on significant foliar B+Ca treatment effect with chlorophyll a, total 
chlorophyll and total carotenoids levels in ‘Golden Delicious’ apple peels showed 
that treatment B’0.02+Ca’0.06+Zn’0.03 with significantly lower levels had large 
importance in the results. Lower Ca in B’0.02+Ca’0.06+Zn’0.03 appears less im-
portant in the results as the control (no B+Ca) showed insignificant differences 
for chlorophyll a, total chlorophyll and total carotenoids with B’0.02, B’0.08 and 
B’0.17 all with Ca’1.24 treatments. This further suggests that inclusion of Zn ac-
counts for the B’0.02+Ca’0.06+Zn’0.03 results as was observed in ‘Cripps Pink’ 
apple peels as well. Apart from the negative effect of including Zn, no evidence 
on importance of varying and/or combining B and Ca in all ‘Golden Delicious’ 
photosynthetic pigments studied in contrast to ‘Cripps Pink’ results. This con-
trast in ‘Cripps Pink’ and ‘Golden Delicious’ apples that are genetically related 
[68], indicates that foliar B+Ca treatment formulation and cultivar differences 
jointly influence respective apple peel biochemical profile, and this may be partly 
responsible for the varying sunburn-browning suppression outcomes among 
cultivars and these foliar B+Ca treatments reported by [2] [3] [4]. 

The significant decrease of the chlorophyll a, chlorophyll b and total chloro-
phyll confirm to decreasing of chlorophyll pigments as apple fruit maturates and 
as earlier mentioned with ‘Cripps Pink’. However, ‘Golden Delicious’ apple peel, 
chlorophyll a to chlorophyll b ratio did not show increasing levels as fruit matu-
rated, contrary to ‘Cripps Pink’, but it is noted that as in ‘Cripps Pink’, the exact 
reverse pattern of chlorophyll a to chlorophyll b ratio occurred for total chloro-
phyll to total carotenoids ratio in ‘Golden Delicious’ as well as DAFB progressed, 
further indicating the importance of cultivars differences in the context of this 
study. The decreasing total carotenoids with advance of DAFB in ‘Golden Deli-
cious’ is probably due to loss of carotenoids as [69] noted that both chlorophyll 
and carotenoid pigments decrease in pome fruit where the peel background col-
or changes from green to yellow as fruit maturity progresses. ‘Golden Delicious’ 
apples maturate to a carotene-yellow color. 

In ‘Golden Delicious’ apples, the high magnitudes of total flavonoids to total 
phenolics ratio [7] matched with high magnitudes of total chlorophyll to total 
carotenoids ratio (Table 3) obtained in this study as the DAFB progressed, 
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showing that highest photosynthetic integrity prevailed with highest total flavo-
noids to total phenolics ratio (more flavonoids per unit of phenolics). This is in 
line with role of promoting and protecting photostability by flavonoids in plants 
and as well in fruits [60] [61] [70] [71]. In addition, ‘Golden Delicious’ apple 
peel high total chlorophyll to total carotenoids ratio matched with low, chloro-
phyll a to chlorophyll b ratio and vice versa as DAFB progressed in agreement 
with photostability analogy illustrated above. Although, high total chlorophyll to 
total carotenoids ratio matched with low chlorophyll a to chlorophyll b ratio as 
DAFB advanced in ‘Cripps Pink’, high total flavonoids to total phenolics ratio 
values [7], do not correspond to high total chlorophyll to total carotenoids ratio 
(Table 2). A difference between ‘Cripps Pink’ and ‘Golden Delicious’ is thus 
further observed, and another difference as well with total carotenoids as DAFB 
advanced, where in ‘Cripps Pink’ there appears more preservation of total caro-
tenoids as the fruit maturates (Table 2), in contrast to ‘Golden Delicious’ where 
the total carotenoids significantly decreases with maturation (Table 3). Carote-
noids too have roles in photoprotection mechanisms [62] [63] [64] [72] [73] 
[74], and may explain the photostability relations in values of total chlorophyll 
to total carotenoids ratio and chlorophyll a to chlorophyll b ratio in ‘Cripps 
Pink’ without a significant total flavonoids to total phenolics ratio input in con-
trast to ‘Golden Delicious’ apples. This illustrates that different cultivars have 
different mechanisms to photostability, and this may as well influence the sought 
mode-of-action to the extent of involving several domains of peel biochemical 
aspects [6], overall this is further evidence of cultivar differences in context of 
this study. 

4.3. ‘Granny Smith’ Peel Photosynthetic Pigments 

In this study, significant interaction (B+Ca*DAFB) effect only occurred for 
‘Granny Smith’ apple peel photosynthetic pigments contrary to findings in both 
‘Cripps Pink’ and ‘Golden Delicious’ apples. However, observation of this sig-
nificant interaction result reveals it is largely due to, 1) significantly low values 
associated with Zn containing treatment across all DAFB levels, which was much 
clearer in the main effects analysis that is not presented, and 2) B’0.08+Ca’1.24 
that only showed respective pigments decreasing with advancing fruit maturity, 
but still had insignificant differences with control and most treatments at any 
DAFB period. Therefore, the importance varying B and/or Ca is not realized, but 
inclusion of Zn is found not desirable as was the case in ‘Cripps Pink’ and ‘Gol-
den Delicious’ apples. 

Generally, ‘Granny Smith’ showed higher magnitudes of chlorophyll and ca-
rotenoids compared to both ‘Cripps Pink’ and ‘Golden Delicious’, reason being 
‘Granny Smith’ apples maturate to deep green colored fruits unlike both ‘Cripps 
Pink’ and ‘Golden Delicious’. According to [69], stay-green pome fruit keep 
higher levels of chlorophyll and carotenoids at advanced maturity, and [61], high 
levels of chlorophyll and carotenoids prevail together in ‘Granny Smith’ apples. 
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This further underpins the importance of cultivar differences as mentioned ear-
lier. The total chlorophyll to total carotenoids ratio value associated with 
B’0.02+Ca’0.06+Zn’0.03 was significantly lowered compared to the control (no 
B+Ca) and all other foliar B+Ca treatments, suggesting that inclusion of Zn 
compromises this photosynthetic integrity indicator in ‘Granny Smith’ apple 
peels. A similar observation was made in both ‘Cripps Pink’ and ‘Golden Deli-
cious’ apples. The prevalence of high chlorophylls and carotenoids in ‘Granny 
Smith’ peels possibly explains the insignificant DAFB effect with total chloro-
phyll to total carotenoids ratio levels contrary to findings in both ‘Cripps Pink’ 
and ‘Golden Delicious’ apples. 

4.4. Ineffectiveness of Lipid Peroxidation Assays in Context of  
This Study 

Photochemical efficiency as measured with Fv/Fm values had insignificant dif-
ferences among the treatments. According to [75], normal values range from 0.7 
to 0.8 which qualifies the values observed in Table 7 as normal, and these insig-
nificant Fv/Fm differences among treatments is in agreement with findings of 
[3] with these treatments. Since, apple fruit susceptibility to oxidative stresses 
increases with maturity [76] [77] [78], it was envisaged at the inception of this 
study that peel oxidative stress levels would increase with advance of DAFB, 
however, that was not observed as total peroxides levels decreased with advance 
of DAFB in ‘Cripps Pink’ (Table 2), generally did not decreased or increase 
within any given treatment with advance of DAFB in both ‘Golden Delicious’ 
(Table 4) and ‘Granny Smith’ (Table 6). This means that the fruit was having 
literally no oxidative stress to sufficiently impact the photosynthetic systems of 
the apple peels. Furthermore, these foliar treatments variably associated with 
significant differences in sunburn-browning in both ‘Cripps Pink’ and ‘Golden 
Delicious’ apples [2] [3] [4], conforming that differential levels of oxidative 
stresses in apple peels occurred. However, the failure to observe the envisaged 
behavior of total peroxides levels as alluded to above, and particularly within 
treatments for ‘Cripps Pink’ and ‘Golden Delicious’, raised concerns on suitabil-
ity of the total peroxides assay for apple peel oxidative stress as used in this 
study. 

Total peroxides content has been reported as a measure of lipid peroxidation 
and used to indicate oxidative stress status of plant tissues, including apple peels 
[43] [79]. Total peroxides as quantified following [42] [43] constitutes of 90% - 
95% Hydrogen Peroxide (H2O2), with the remaining 5% - 10% being hydrope-
roxides or peroxy radicals [79] [80]. It was then observed that magnitude of total 
peroxides levels was generally low in ‘Cripps Pink’ (red-blushing with maturity), 
followed by ‘Golden Delicious’ (carotene-yellowing with maturity) and highest 
in ‘Granny Smith’ (green at maturity), meaning that green fruiting had more le-
vels of the quantified H2O2, which also is the trend of total chlorophyll levels 
(Table 2, Table 3, and Table 5 all point to a strong possibility that oxidative 
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stress measure evaluated in this study largely constituted of H2O2 generated via 
the chloroplast pathway. As such, the discussion on the foliar B+Ca treatment 
effect on total peroxides levels as apple peel oxidative stress dynamics was ren-
dered not important in this study, due to the unreliability of the method used. 

A key realization from previous study by [81] where no significant differences 
were found in cell membrane integrity between apple fruit with and without 
sunburn-browning disorders, raises concern that lipid peroxidation process and 
its products like total peroxides is very minimal or not there at all in apple peels 
of fruit with sunburn-browning (lower severity of sunburn) and this was the 
type of fruit that was utilized in this study. Notably, also the protocol applied in 
this study has mostly been reported in fruit held in appropriate storage after 
harvest at a specified maturity stage [42] [43] [79]. However, in this study apple 
peel evaluations of total peroxides were conducted on consecutively multiple 
maturing stages, and furthermore, the established variations in peel biochemi-
stry (especially phenolics and ascorbic acid) as apple fruit maturate [82] [83] 
[84] [85], could introduce quenching effects on respective spectrophotometer 
absorbance readings [42] [43] reported. However, modifications, particularly 
extended sample extract dilutions adopted in this study following [86] avoided a 
quenching effect. 

In the studies of [43] [87], oxidative stress in ‘Golden Delicious’ apple peel 
was quantified basing on; 1) the thiobarbituric acid assay reactive substances 
(TBARS) and total peroxides levels both estimated in terms of malondialdehyde 
(MDA) and H2O2 levels respectively. Both of these parameters have been used to 
study oxidative stress levels in plant, fruit as well as apple peel tissues [26] [79] 
[88] [89] [90]. However, in this study the MDA assays performed following both 
[43] [87] protocols did not yield trustworthy results as per the spectrophotome-
ter readings obtained. This could have been due to the highly fluctuating sugars 
and phenolic metabolites that occurs in apple peel tissue with progression of 
fruit maturity and/or even due to fruit exposure to solar irradiance as samples 
were collected from outer tree canopy positions [45] [84] [91] [92]. Sugars and 
phenolic metabolites are abundant in apple peels [82] [83] [85], and are well 
known to compromise MDA assay output [87] [93]. Overall, apple fruit peel tis-
sue oxidative stress analysis using the MDA or total peroxides assay seems best 
suited for studies dealing with single maturity stage, and mature harvested fruit 
in storage as was the case in the studies of both [43] [79], but most importantly 
lipid peroxidation assays cannot determine oxidative stress levels in apple fruit 
with sunburn-browning in line with findings of [81] as well. 

Probably future endeavors in relation to the context of this study, should 
consider using confocal microscopic analyses of oxidative stress species [94] 
[95] [96] or non-destructive hyperspectral imaging [97]. Oxidative stress in 
plant tissues can arise from enzymatic and non-enzymatic pathways, whereby 
enzymatic source is via catalytic activities of lipoxygenases (EC 1.13.11.12), 
while non-enzymatic sources are due to reactive oxygen species (ROS) formed 
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within different cell compartments [98] [99]. Lipoxygenase-derived oxidative 
stress is more associated with plant organ senescence [100] [101], although 
non-enzymatic oxidative stress was reported to be involved as well [102]. How-
ever, an important aspect in relation to this study, is that oxidative stress species 
and/or intermediates generated in the lipoxygenase-enzymatic pathway are 
deactivated in respective complex enzymatic processes while those generated in 
non-enzymatic pathway are not subjected to enzymatic deactivation [103], 
which exacerbates their effects on cellular physiology [28]. 

Following from above, non-enzymatic oxidative stress is expected to predo-
minate apple fruit sunburn-browning phenomenon as the respective plant organ 
(the apple fruit) is certainly not in senescence, even up to commercial harvest, 
which is in agreement with previous studies of [34] [104] [105]. Notably, ascor-
bic acid and related cycle including glutathione are part of the non-enzymatic 
antioxidant which are very important in scavenging of ROS [106], however, 
prior to this study preliminary experiments data with such foliar treatments did 
not yield significant differences for ascorbate parameters and glutathione as well 
(E. Lotze and E.W. Hoffman, Stellenbosch University, Unpublished data, 2014). 
This suggests that apple peel biochemicals like flavonoids which protect cell or-
ganelles with high metabolic activities [70] [71], and are as well very potent an-
tioxidants seem more versatile in curtailing oxidative stress inducers of sun-
burn-browning in line with recommendation of deeper peel flavonoids investi-
gations made by [7], as well as in agreement with studies of [104] [105] [107]. 

5. Conclusion 

Post-full-bloom foliar boron plus calcium applications affect photosynthetic 
pigments in apple peels depending on treatment formulation and cultivar idio-
syncrasies. For instance, inclusion of Zn lowered the levels of apple peel photo-
synthetic pigment attributes in all the study cultivars, yet varying B, Ca levels in 
treatments showed that a B plus Ca duet function was only important in ‘Cripps 
Pink’. Although significant treatment and interaction effects were recorded in 
‘Golden Delicious’ and ‘Granny Smith’ apple peels respectively, treatment com-
position in relation to different B or Ca levels could not appreciably explain any 
effect on the photosynthetic pigment attributes in these two cultivars, the inclu-
sion of Zn-treatment caused significant changes in respective results. Remarka-
bly, only photosynthetic integrity indicators of ‘Golden Delicious’ related with 
levels of flavonoids found in a preceding study, providing another proof of 
cultivar differences in relation to this study. The study cannot confirm pre-
cisely that foliar B+Ca treatments reduce oxidative stress levels in the studied 
apples towards their harvest maturity. This resulted from the inadequacy or 
low efficiency of lipid peroxidation assays to yield oxidative stress differences 
under the experimental circumstances and conditions of this study. However, 
this finding does not negate the notion that apple fruit oxidative stress increas-
es with maturity, or even role of oxidative stress in development of sun-
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burn-browning as strongly established in literature, but rather this study high-
lights the need to find alternative approaches to lipid peroxidation assays and 
preferably non-destructive methods in investigating peel oxidative stress dy-
namics in maturating apple fruit. 
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