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ABSTRACT

Mango (Mangifera indica L.) is a highly perishable fruit with a short shelf life at
ambient conditions, which may lead to post-harvest losses approximated to be 40-
45%. This reduces returns to farmers significantly. The problem is compounded by
the fact that most farmers do not have access to cold storage facilities. Nutrient
management has been shown to affect postharvest characteristics of fruits.
Calcium particularly plays a critical role in cell membrane integrity, tissue firmness
and delays lipid catabolism. Previous studies have indicated a deficiency of
calcium in some mango growing regions in Kenya. A field study was carried out to
determine the effect of varied calcium formulations applied at various stages of
growth on mango fruits post-harvest quality and organoleptic acceptability. The
study was carried out in Embu County Eastern Kenya during seasons 2017/2018
and 2018 /2019 using “Van Dyke” cultivar, aged approximately 10 years. The
experiment was set up in a randomized complete block design with a split-split plot
arrangement, three trees per replication, replicated thrice. Three calcium
formulations: calcium chloride, calcium nitrate and Easygro™ were applied at rates
of 0%,1.0%, 1.5% and 2.0% at fruit set, 30 days after fruit set and 30 days to
physiological maturity. The calcium sources formed the main plots, the timing of
application formed the subplots while the rates of application formed the sub-sub
plots. Total soluble solids (TSS) and percentage titratable acidity (TA) were
assessed at harvest and after 12 days of storage under ambient conditions
(25£2°C, 70£5% relative humidity) using standard procedures. Selected fruits’
sensory attributes were also evaluated after storage using a hedonic scale.
Analysis of data was done using the 14t Edition of the Genstat software. The
differences among the means of the treatments were compared using Fisher's
Protected LSD test at 5% probability level. Fruits sprayed with calcium chloride,
2.0% at fruit set had higher TSS (6.8 ° brix and 6.3° brix) (10.47 ° brix and 9.10 °
brix), TA (1.29% and 1.27%), (0.77% and 0.675%) than other treatments at
maturity and after storage in both seasons, respectively. Calcium chloride at 2.0%
level of application led to a superior peel color appearance contrary to calcium
nitrate and Easygro™ also applied at 2.0%, which led to an inferior peel color
appearance and an inferior taste of fruits. Therefore, calcium nitrate and easy gro
should be sprayed at concentration of 1.5% for good taste and peel colour
appearance.

Key words: Mango, total soluble sugars, total titratable acidity, organoleptic, shelf-
life
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INTRODUCTION

Mango is an important fruit crop though faced with short shelf life challenges in
ambient conditions, which may lead to high post harvest losses. Various
physiological processes occur in the mango fruit during ripening that lead to
disintegration and softening of the fruit cell wall and eventual senescence. Calcium
is a primary component of the pectin that strengthens the cell wall, hence plays a
key role in fruit firmness [1, 2] and influences other physiological processes [3].

Calcium compounds have been shown to enhance post harvest shelf life of mango
[4, 5, 6] peach [7], guava [8], and avocado [9] fruits. However, excessive
application of calcium may lead to inferior eating quality [10]. Calcium in the form of
calcium chloride has been reported to delay fruit ripening rate thus increasing the
shelf life of guava [11], apple [12], mango [2] and pear [13]. Calcium nitrate on the
other hand has been reported to be more effective than calcium chloride in quality
preservation of mango fruits [14]. The effectiveness of any calcium formulation
depends on the time, frequency and concentration of applications [2, 4, 5].
Therefore, the purpose of this study was to compare the effectiveness of varied
formulations of calcium applied at different times and rates in delaying the ripening
rate of mango fruits while maintaining fruit quality.

MATERIALS AND METHODS

The experiment was set up in Embu County, Kenya, with an elevation of 1174m
ASL and coordinates of 0° 32 S 37° 41E in seasons 2017/2018 and 2018/2019.
“Van Dyke” mango cultivar trees aged approximately 10 years were used. Calcium
chloride, calcium nitrate and easy gro were applied at 0%, 1.0%, 1.5% and 2.0 %
at three varied stages of fruit development (fruit set, 30 days after fruit set and 30
days to physiological maturity). Randomized complete block design was used with
a split-split plot arrangement, three trees per replication, replicated three times.
The calcium sources formed the main plots, the timing of application formed the
subplots while the rates of application formed the sub-sub plots. Easygro is a foliar
based fertilizer with a composition of: 14% nitrogen, 2.5% magnesium, 2%
potassium, and 13% calcium. Fruits were harvested at physiological maturity and
transported to the post harvest laboratory at Jomo Kenyatta University of
Agriculture and Technology in plastic crates which were lined with dampened
newspapers to prevent injury and minimize heat load during transit.
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Data collection and analysis

The fruits' total soluble solids (TSS) and titratable acidity (TTA) were assessed at
harvest and after 12 days of storage under ambient conditions (25£2°C, 70+£5%,
relative humidity). Selected fruit sensory attributes were also determined after 12
days of storage at ambient conditions. Analysis of data was done using the 14t
Edition of the Genstat software [15]. The differences among the means of the
treatments were compared using Fisher’s Protected LSD test at 5% probability
level.

Total soluble solids and titratable acidity determination

Three fruits, from each treatment, were selected and a fruit juice obtained from
each batch. Three ml of the extracted juice was placed on a hand refractometer
(Model 500, Atago, Tokyo, Japan). Total soluble solids level was recorded in”Brix.
Five ml of the extracted juice was diluted with 25 ml of distilled water. Ten ml of the
diluted solution was then titrated with 0.1 N NaOH using phenolphthalein indicator
[16]. The TTA was then expressed as a percentage of citric acid using the equation
below:

Citric acid equivalent (%) =

Dilution factor

(Sample reading (ml) X X 0.0064(citric acid factor:)) 100

Sample weight

Organoleptic attributes determination

Fifteen fruits were taken from each replication and sliced into approximately equal
sized slices, which were then anonymously coded and placed on a white paper. A
panel of 15 untrained, college researchers was guided on how to score selected
sensory attributes (peel color, pulp taste and general acceptability) using a 7-point
hedonic scale [17]: 1-Dislike extremely, 2-Dislike very much, 3-Dislike moderately,
4-Neither like nor dislike, 5-Like moderately, 6-like very much and 7-like extremely.
The general acceptability of the fruits was determined by adding the scores of the
evaluated attributes. The average of each of the panelists was then analysed and
presented in graphs.

RESULTS AND DISCUSSION

Main and interactive effects of source, time and rate of calcium application
on fruit TSS at harvest and after storage in ambient conditions

Source, rate and time of calcium application significantly (p<0.05) affected the fruit
TSS at harvest and after 12 days of storage under ambient conditions in both
seasons (Table 1). Interactions between source and time of calcium application
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significantly (P<0.05) affected the fruit TSS at harvest and after 12 days of storage
at ambient conditions in both seasons (Table 2).

Application of calcium significantly (P<0.05) reduced the accumulation of soluble
solids at harvest and after storage in both seasons. The low TSS among fruits
sprayed with calcium implies that they could be stored longer than those with
higher TSS because they had not ripened fully hence have an enhanced shelf life.
The lower levels of TSS at the end of the storage period in calcium sprayed fruits
could be because of the role of calcium in delaying metabolic activities of fruits
[6,18]. There was an increase in fruit TSS as the storage period advanced
irrespective of the treatment. The increase in TSS with storage is because of the
conversion of carbohydrates to sugars through enzymatic activities [2, 19]. Fruits
sprayed at fruit set had significantly lower TSS than those sprayed after 30 days,
which were in turn significantly lower than those sprayed 30 days to physiological
maturity at harvest and after storage in both seasons. This indicates that calcium is
more effective when applied in the early periods of fruit development [2].

The interaction between rate and time of calcium application had significant
(P<0.05) effects on the fruit TSS at harvest and after 12 days of storage in both
seasons (Table 3). Fruits sprayed with 2.0% calcium had significantly lower TSS
than those sprayed with 1.5%, which in turn had significantly lower values than
those sprayed with 1.0% at harvest and after storage during both seasons and in
most cases irrespective of the time of application.

The interactions between source, rate and time of calcium application significantly
(P<0.05) affected the TSS of the fruits at harvest in both seasons (Table 4).

Main and interactive effects of source, time and rate of calcium application
on fruit TTA at harvest and after storage in ambient conditions

Source, rate and time of calcium application had significant (P<0.05) effects on
fruit TTA at harvest and after 12 days of storage in both seasons (Table 5).
Interactions between source and time (Table 6) and between rate and time (Table
7) of calcium application significantly (P<0.05) affected the fruit TTA at harvest and
after storage in both seasons. Fruits sprayed with calcium chloride at fruit set and
30 days later had significantly higher TTA than those sprayed with calcium nitrate,
which were in turn not significantly different from those sprayed with easy gro.
Most of the fruits sprayed at 30 days to maturity did not have significantly different
TTA from each other and were not significantly different from unsprayed ones.
Calcium treated fruits had significantly higher TTA content than untreated fruits due
to delayed fruit ripening associated with calcium [20, 21]. The high acidity in
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calcium treated fruits has been previously reported [6, 22]. Fruits sprayed with
calcium chloride had significantly higher TTA than those sprayed with easy gro at
harvest and after storage in both seasons. Fruits sprayed at fruit set outperformed
those sprayed 30 days after fruit set, which in turn outperformed those sprayed 30
days to physiological maturity at harvest and after storage regardless of the source
of calcium. This is because calcium is more available at the early stages of fruit
development as alluded in other studies [2,9]. Fruits sprayed at 2.0% had
significantly higher TTA than those sprayed with calcium at 1.0% at harvest and
after storage in both seasons.

Interactions between source, rate and time of calcium application significantly
(P<0.05) affected the fruit TTA at harvest in both seasons (Table 8) and in season
1 only after strorage.

There was a general decrease in fruit acidity after storage. During storage under
ambient conditions, fruits start to ripen as they approach climacteric period, which
triggers an increase in malic enzyme and pyruvate decarboxylation reaction [23]
hence a decrease in acidity with storage. Ripening leads to the accumulation of
TSS that is a result of breakdown of starch to sugars. The ripening process was
probably slower in calcium-treated fruits than control, thus a high acidity
comparatively even after storage. Similar results showing decline in TTA after
storage has been reported [2,15, 24].

Effect of source, rate and time of calcium application on sensory quality of
fruits after storage in ambient conditions

All the calcium sources invariably affected fruit peel color in both seasons (Fig 1).
Application of calcium chloride led to higher peel color scores than untreated fruits.
Peel color was ranked with superior scores as the rate of calcium chloride
increased. Calcium nitrate on the other hand led to high scores as evaluated by the
panelists for concentration 1.0% and 1.5%. However, as the concentration of
calcium increased from 1.5% to 2.0%, peel color was given inferior scores
irrespective of the time of application. Similarly, application of easygro at higher
rates (1.5% and 2.0%) registered lower scores than the control in both seasons.
The enhanced peel color appearance due to calcium chloride application has been
reported previously [4]. The same authors reported a deteriorated skin colour due
to application of calcium ammonium nitrate. The deterioration in color could be due
to nitrogen in easy gro and calcium nitrate that affected color formation. Fruit color
decreases as nitrogen content increases [25,26] because nitrogen inhibits
anthocyanin synthesis and accumulation [27].
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SEASON

o I | III | III | I [ iIi o

S1R1 S1H2 S1R3 S2R1 S2R2 82R3 S3R1 S3KR2 SIR3 X0
Source and rate of calcium application

SEASON 11

S1R1 SIR? SIR3 S2R1 SIR2 S2R3 S3R1 S3R2 S3R3 X0
Source and rate of calciom application

Figure 1: Effect of different sources of calcium on the peel color of ripe mango fruits
Bars represent standard errors of the means at p < 0.05
Si-Calcium chloride, Sz-Calcium nitrate, S3-Easygro, Xo-Control, R1-1.0%, R2-1.5%,
R3-2.0%, Ts-Fruit set, T>-30 days after fruit set, T3-30 days to physiological maturity

All the calcium sources affected the taste of fruits negatively in both seasons (Fig.
2). As the rate of calcium concentration increased the taste of the fruits deteriorated
regardless of the source and time of application. Application of calcium at 30 days
to maturity had superior taste scores than application at fruit set and 30 days later.
This could be because earlier application led to more availability of calcium than
later application [2, 9]. Calcium application led to deteriorated mango taste probably
due to reduced accumulation of soluble solids with the application of calcium as
previously reported [1, 14, 20], which led to a poor taste comparatively. This has
also been reported in peach [28], apricot [29] and jujube [30]. Additionally, calcium
may have imparted bitterness and saltiness, which results from residual calcium on
the fruit mesocarp hence the unfavorable taste scores [31, 32, 33].

SEASON

o I | '1 | III | I ::j ili o

S1R1 S1H2 S1R3 S2R1 S2R2 82R3 S3R1 S3KR2 SIR3 X0
Source and rate of calcium application

SEASON 11

S1R1 SIR? SIR3 S2R1 SIR2 S2R3 S3R1 S3R2 S3R3 X0
Source and rate of calciom application

Figure 2: Effect of different sources of calcium on the taste of ripe mango fruits
Bars represent standard errors of the means at p < 0.05
Si-Calcium chloride, S2-Calcium nitrate, S3-Easygro, Xo-Control, R1-1.0%, R2-1.5%,
R3-2.0%, Ts-Fruit set, T>-30 days after fruit set, T3-30 days to physiological maturity
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The general acceptability of the fruits was significantly (p<0.05) affected by the
source, rate and timing of application in both seasons (Fig.3). Fruits sprayed with
calcium nitrate (1.5%) at 30 days to fruit maturity had significantly the highest
scores. Application of calcium nitrate (2.0%) had the lowest acceptability rating
irrespective of the timing of application in both seasons.

SEASON 1 SEASON 1T

—_
-

Source of calciom and timing of application Source and timing of calclom application
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SIRL SIR2 SIR3 S2RI S2RZ S2R3 S3RI S3RZ S3R3 X0 SIRI SIRZ SIR3 SRl S2R2 S2R3 SIRI SIR2 SIR3 X0

Figure 3: Effect of different sources of calcium on the general acceptability of ripe

mango fruits

Bars represent standard errors of the means at p < 0.05

Si-Calcium chloride, S2-Calcium nitrate, S3-Easygro, Xo-Control, R1-1.0%, R2-1.5%,
R3-2.0%, Ts-Fruit set, T>-30 days after fruit set, T3-30 days to physiological maturity

CONCLUSION

Calcium chloride (2.0%), applied at fruit set was more effective in maintenance of
post harvest quality than other treatments. The taste of fruits was, however,
negatively affected when calcium concentration increased to 2.0%, irrespective of
the calcium source. Therefore, availability of calcium to the fruit should be
optimised by either lowering the concentration to below 2% or spraying at 30 days
after fruit set to achieve optimum levels. Similarly, calcium nitrate and easygro led
to inferior peel colour when sprayed at 2.0%. Therefore, calcium nitrate and easy
gro should only be sprayed at concentration of below 1.5% to achieve good peel
colour.
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Table 1: Main effects of source, time and rate of calcium application on fruit
total soluble solids (°Brix) at harvest and after storage in ambient

conditions
Season 1 Season 2
At harvest After storage At harvest After storage
Source
Easy gro 11.730 15.430 10.430 14.37°
Calcium nitrate ~~ 11.32b¢ 15.100 10.26° 14.16°
Calcium chloride  10.19¢ 14.500 9.81b 13.27°
Control 16.442 18.282 16.192 18.212
p-value <.001 <.001 <.001 <.001
Lsd (p<0.05) 1.13 2.08 1.91 2.12
Cv% 18 14.5 18.9 15.7
Time
T 9.20° 12.67¢ 9.10¢ 11.78¢
T2 12.24b 16.120 10.52b 15.090
Ts 13.41a 17.222 12.692 16.212
p-value <.001 <.001 <.001 <.001
Lsdp<0.05) 1.04 0.73 1.18 0.93
Cv% 17.50 9.30 21.40 12.60
Rate
1.0% 11.82b 15.59p 11.60 14.84b
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1.5% 11.16bc 15.07b¢ 10.05¢ 13.87b¢
2.0% 10.26¢ 14.37¢ 8.864 13.09¢
0% 16.44a 18.282 16.19a 18.212
p-value <.001 <.001 <.001 <.001
Lsdp<0.05) 1.13 1.19 0.94 1.68
Cv% 18.00 14.30 16.10 15.3

T1=Fruit set; T2=30 days after fruit set; T3=30 days to physiological maturity; LSD=Least significant
difference; CV=Coefficient of variation. Treatments with different letters in the same column are
significantly different according to LSD at p <0.05
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Table 2: Interactive effects of source and time of calcium application on fruit
total soluble solids (°Brix) at harvest and after storage in ambient

conditions
Season 1 Season 2
At harvest After storage At harvest  After storage
Ctrl Ty 16.672 18.202 16.172 18.302
Ctrl T3 16.502 18.172 16.132 18.032
Ctrl T2 16.172 18.222 16.272 18.302
S3Ts 13.96° 17.58ab 12.89p 16.13bc
S2Ts 13.19¢ 17.01bc 12.31b 16.360
S3 T2 12.30¢ 16.06¢ 9.87cd 15.37¢d
S2To 12.174 16.024 9.79cd 14.91d
S1Ts 12.064 16.77¢ 11.72b 15.53bcd
SiTe 10.96¢ 15.50¢ 9.99¢ 13.92¢
S3 T 8.94f 12.66¢ 8.54¢ 11.60f
S2 Ty 8.61f 12.28¢ 8.68¢% 11.21f
SiTy 7.579 11.23f 7.72¢ 10.349
p-value <.001 <.001 <.001 <.001
Lsd (p<0.05S*T  0.74 0.64 1.20 0.90
Cv% 6.80 4.40 11.80 6.70

S=Calcium chloride; S,=Calcium nitrate; Ss=Easygro; R1=1.0%; R2=1.5%; R3=2.0%; Ctrl=Control;
T+=Fruit set; T>=30 days after fruit set; T3=30 days to physiological maturity; S=Source; T=Time;
R=Rate; LSD=Least significant difference; CV=Coefficient of variation. Treatments with different
letters in the same column are significantly different according to LSD at p <0.05
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Table 3: Interactive effects of rate and time of calcium application on fruit
total soluble solids (°Brix) at harvest and after storage in ambient

conditions
Season 1 Season 2
At harvest After storage At harvest After storage
Ctrl T 16.672 18.202 16.172 18.302
CtrlTs 16.502 18.172 16.132 18.032
Ctrl T2 16.17a 18.472 16.272 18.302
RiTs 13.900 17.57%c 13.620 16.98b
R2Ts 13.08¢ 17.09¢d 12.36¢ 15.87¢
Ri T2 12.324 16.30¢f 11.31d 15.52¢
R3 T3 12.224 16.70de 10.94d 15.18¢d
R T2 11.88de 15.83f 9.73¢ 14.67de
Rs T2 11.22¢ 15.449 8.60f 14.01¢
Ri Ty 9.24f 12.90n 9.86¢ 12.02f
Rz T 8.53f 12.29 8.07f 11.079
Rs T 7.349 10.98; 7.029 10.07"
P-value <.001 <.001 <.001 <.001
Lsd (p<005) R*T 0.75 0.54 0.61 0.75
Cv% 6.8 3.8 6.0 5.5

R1=1.0%; R2=1.5%; R3=2.0%; Ctrl=Control; T1=Fruit set; T,=30 days after fruit set; T3=30 days to
physiological maturity; T=Time; R=Rate; LSD=Least significant difference; CV=Coefficient of
variation. Treatments with different letters in the same column are significantly different according
to LSD at p <0.05
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Table 4: Interactive effects of source, rate and time of calcium application on
fruit total soluble solids (°Brix) at harvest

Season 1 Season 2

Source Rate T4 T2 Ts T4 T2 Ts

Calcium chloride 1.0% 8.30pa  11.53i 13.40¢d 9.17K  11.43¢%9 12.93c
1.5% 7.60r  11.00k  12.109n 7.67° 9831  11.77¢f
2.0% 6.80s 10.33m  10.67¢ 6.330  8.70km  10.47n

Calcium nitrate 1.0% 9.47m 12.60¢%  13.80¢ 10.809" 11.03fen  13.47¢
1.5% 8.670 12200  13.17de 8.17mn 9871  12.3Qc
2.0% 7.709  11.70h  12.60¢f9  7.070  8.47mn  11.17fh

Easy gro 1.0% 9.97mn  12.83def 14,500 9.600  11.47¢9 14.47b
1.5% 9330 1243fg  13.97%c 8.37imn  9.50Kk  13.00c

2.0% 7.53r 11.63hi  13.40c 7.67°  8.63Km  11.20fh

Control 0% 16.672 16172 16502  16.17¢ 16.27a 16.132
P-value 0.008 0.038
Lsd (P<0.05) SXTXR  0.63 0.87
Cv (%) 3.30 4.90

T1=Fruit set; T2=30 days after fruit set; T3=30 days to physiological maturity; S=Source; T=Time;
R=Rate; LSD=Least significant difference; CV=Coefficient of variation. Treatments with different
letters are significantly different according to LSD at p <0.05
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Table 5: Main effects of source, time and rate of calcium application on fruit
total titratable acidity (%) at harvest and after storage in ambient

conditions
Season 1 Season 2
At harvest After storage At harvest  After storage
Source
Easy gro 0.41b 0.23b 0.49p 0.26V
Calcium nitrate  0.42° 0.262 0.54ab 0.302
Calcium
chloride 0.592 0.332 0.672 0.352
Control 0.13¢ 0.05¢ 0.18¢ 0.15¢
p-value <.001 <.001 <.001 <.001
Lsd(p<0.05) 0.14 0.09 0.13 0.07
Cv % 39.1 26.5 34.5 23.5
Time
T 0.72a 0.41a 0.74a 0.41a
T2 0.37b 0.24b 0.55b 0.27b
Ts 0.24¢ 0.10¢ 0.28¢ 0.19¢
p-value <.001 <.001 <.001 <.001
Lsd(p<0.05) 0.10 0.07 0.10 0.05
Cv % 40 34.8 26.5 26.4
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Rate

1.0% 0.35° 0.190 0.450 0.23bc
1.5% 0.46° 0.250 0.562 0.290
2.0% 0.622 0.382 0.682 0.402
0% 0.13¢ 0.05¢ 0.18¢ 0.15¢
p-value <.001 <.001 <.001 <.001
Lsd(p<oos 0.14 0.09 0.13 0.06
Cv% 37.5 63.7 43.8 39.1

T1=Fruit set; T2=30 days after fruit set; T3=30 days to physiological maturity;
LSD=Leastsignificant difference; CV=Coefficient of variation. Treatments with different letters in
the same column are significantly different according to LSD at p <0.05
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Table 6: Interactive effect of source and time of calcium application on fruit
total titratable acidity (%) at harvest and after storage in ambient

conditions
Season 1 Season 2
Treatment At Harvest After storage At harvest After storage
S1 T 0.932 0.502 0.992 0.52
SaTy 0.74bc 0.48abc 0.73bc 0.40
SaT4 0.69be 0.39abe 0.69bcd 0.38
SiT2 0.57¢ 0.36b° 0.64bcd 0.30
STz 0.32¢ 0.20¢ 0.55¢ 0.27
S: T2 0.29¢% 0.22¢ 0.60¢d 0.29
SiT3 0.29¢e 0.13¢e 0.36¢ 0.23
S3Ts 0.23¢e 0.09e 0.24f 0.15
S2Ts 0.23¢e 0.10e 0.29¢f 0.21
S4Ti 0.14de 0.04¢ 0.20f 0.18
S4To 0.14de 0.08¢ 0.19f 0.16
S4Ts 0.11e 0.02¢ 0.14f 0.09
P-value <.001 <.001 <.001 0.09
LSDp<005)  S*T 0.18 0.14 0.16 ns
CV% 31.20 4140 22.30 21.20

Si=Calcium chloride; So=Calcium nitrate; Ss=Easygro; T1=Fruit set; T=30 days after fruit set;
T3=30 days to physiological maturity; S=Source; T=Time; LSD=Least significant difference; CV=
Coefficient of variation. Treatments with different letters in the same column are significantly
different according to LSD at p <0.05
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Table 7: Interactive effects of rate and time of calcium application on fruit
total titratable acidity (%) at harvest and after 12 days of storage in
ambient conditions

Season 1 Season 2
Treatment At harvest After storage At harvest  After storage
Rs T 0.99a 0.652 0.962 0.532
Rz T 0.760 0.41b 0.78bc 0.41b
Ri Ty 0.61¢ 0.31¢ 0.67¢d 0.35¢
R3 T2 0.53¢ 0.34¢ 0.71bcd 0.42b
R T2 0.36¢% 0.244 0.59¢e 0.25¢
R3Ts 0.33¢ 0.17¢ 0.36f 0.24de
Ri T2 0.28¢e 0.20¢e 0.48e 0.18f
R2Ts 0.25¢f 0.09f 0.31% 0.19¢f
RiTs 0.17f 0.069 0.229 0.16f
Ctrl Ty 0.14f 0.049 0.209 0.18f
Ctrl T2 0.14f 0.08¢ 0.19¢h 0.16f
CtrlTs 0.119 0.029 0.14h 0.09¢
P-value <.001 <.001 <.001 <.001
Lsd (p<o0s) R*T 0.11 0.06 0.15 0.05
Cv% 27 27.1 20.7 19.3

Si=Calcium chloride; Sp=Calcium nitrate; Ss=Easygro; T+=Fruit set; T>=30 days after fruit set;
T3=30 days to physiological maturity; S=Source; T=Time; LSD=Least significant difference; CV=
Coefficient of variation; Ctrl=Control. Treatments with different letters in the same column are
significantly different according to LSD at p <0.05
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Table 8: Interactive effects source, rate and time of calcium application on
fruit total titrable acidity (%) at harvest

Season 1 Season 2

Source Rate T T2 T3 T4 T2 T3

Calcium chloride  1.0% 0.66%¢  0.46f 0.27Kkm — 0.80«  0.52k 0.24p
1.5% 0.830 0.55¢ 0.309n 0.916  0.649n 0.37mn
2.0% 1.292 0.69¢ 0.35¢ 1.272 (.76 0.48«

Calcium nitrate ~ 1.0% 0.59¢  (0.20Kkm Q. q5kmn (649"  0.50K 0.19pa
1.5% 0.780 0.309  0.23ik 0.71¢fg 0.60 0.33re
2.0% 0.85° 0.379 0.329" 0.83cc  0.70f 0.36mn

Easy gro 1.0% 0.57¢ 0.18kmn Q. 15kmn (.56  0.42m 0.22r4
1.5% 0.67«¢  0.24h  (.22K 0.72defg (.55 0.24p

2.0% 0.82° 0.54¢f  0.33¢ 0.79ce  (0.679" 0.260°

Control 0% 0.14mn 0.14m  0.11n 0.20,4  (0.19pd 0.144
p-value <.001 <.001

Lsd (p<0.05) SxTxR  0.08 0.09

Cv (%) 11 10

T+=Fruit set; T,=30 days after fruit set; T3=30 days to physiological maturity; S=Source; T=Time;
R=Rate; LSD=Least significant difference; CV=Coefficient of variation. Treatments with different
letters are significantly different according to LSD at p <0.05
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