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Abstract

Jelly seed is a major challenge in mango production leading to enormous losses in the value chain. This internal fruit
disorder is characterised by disintegration of cells, consistency of jelly and broken cells. Calcium plays an important
role in enhancing tissue stability and firmness thus reducing cell disintegration. A two-year field study was conducted
in Embu County, Kenya using ‘Van Dyke’ cultivar trees of approximately 10 years old. The objective of the study
was to investigate the effect of varied sources of calcium, applied at different rates and timing on jelly seed occurrence
and tissue calcium distribution. Calcium in the form of calcium chloride, calcium nitrate and easygro® were applied
at 1.0%, 1.5%, 2.0% or 0% (control) at three stages of fruit development (fruit set, 30 days after fruit set and
30 days to anticipated physiological maturity). The experiment was set up in a randomised complete block design
with a split-split arrangement replicated three times. Fruits were harvested at physiological maturity and ripened
at ambient conditions (28 + 1 °C, 75-80 RH). Data collected included: jelly seed occurrence, calcium distribution
(exocarp, mesocarp, endocarp and cotyledon) and fruit weight. Jelly seed occurrence and calcium distribution were
determined at ripe stage. All the calcium sources invariably suppressed the occurrence of jelly seed. Calcium chloride
(2.0 %) applied at fruit set had the lowest average jelly seed score of 1.2 and 2 in seasons I and II respectively.
There was a significant negative relationship between fruit weight (r= — 0.55, r= — 0.52), calcium content in the
exocarp (r= —0.56, r= — 0.49), mesocarp (r= — 0.52, r= —0.76), endocarp (r= — 0.76, r = — 0.66) and jelly seed
incidence occurrence. This suggested that calcium has a role in alleviating jelly seed disorder. Application of calcium
at fruit set was more effective in suppressing jelly seed occurrence than later applications. Calcium chloride (2.0 %)
applied at fruit set was more effective in reducing jelly seed occurrence. There is need to study further on soil based

calcium and other calcium formulations on the effects on jelly seed occurrence.
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1 Introduction

Physiological disorders are among the many challenges
mango (Mangifera indica L.) producers in Kenya and else-
where in the world face. These disorders may cause enorm-
ous losses by reducing the quality of the fruits thereby af-
fecting their consumer acceptability. They are characterised
by flesh disintegration that is not necessarily pathogenic but
can serve as entry point to pathogens (Kumar et al., 2016).
These disorders can be caused by among other factors en-
vironmental conditions, imbalanced soil nutrients, minerals,
soil pH and drainage.

* Corresponding author — mokayanaphis @gmail.com

Stem end cavity, jelly seed and soft nose are among the
disorders that affect mango fruits and they have been de-
scribed to affect different parts of the fruit (Raymond et al.,
1998). According to Raymond et al. (1998) jelly seed affects
the interior of the mesocarp while stem end cavity affect the
proximal end of the fruit. Soft nose, on the other hand, affect
the distal end of the fruit.

Jelly seed disorder manifests itself through the breakdown
of tissues around the seed of the affected fruits. There ap-
pears a jelly like mass in the affected portion of pulp which
is deeper yellow orange in colour and softer compared to
the rest of the mesocarp. Raymond et al. (1998) further re-
ported that the disorder occurs at the interface between the
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stone and the pulp of the fruit with no external symptoms
except the appearance of a jelly like mass around the seed
of the affected fruit. Therefore, fruits that have been affected
by jelly seed can only be recognised so when cut. Addi-
tionally, the same authors reported that jelly seed affected
fruits during early fruit development unlike other physiolo-
gical disorders like soft nose which symptoms were detected
only in fully developed fruit. This disorder affects the colour,
taste, texture and appearance of the pulp and it intensifies
with prolonged storage and maturity (Seshadri et al., 2019).
The shelf life and fruit firmness are greatly affected by this
condition in the long run. Jelly seed has been reported to
be varietal and location specific and “Van Dyke’ variety is
more prone to jelly seed than “Tommy Atkins’ (Njuguna et
al., 2016).

Njuguna et al. (2016) proposed dolomitic lime application
as a remedy to jelly seed disorder. However, application of
dolomitic lime was not effective immediately due to its low
mobility in the soil. Seshadri et al. (2019) reported that
jelly seed is caused by germination of the seed of a devel-
oping fruit due to decreased level of very long chain fatty
acids in the seed. A formulation V (NaCl,, KCI, H3BOs,
CuSOy4, ZnSOy4, FeSO4, MnSO4, and EDTA) by Seshadri et
al. (2019) increased accumulation of calcium, among other
compounds in the seed which delayed seed germination. A
high level of calcium exerts osmotic stress (Torrecilla et al.,
2001) which disturbs homeostasis (Liu et al., 2011). Accord-
ing to Weidner et al. (2009) osmotic stress induces accu-
mulation of phenolic compounds and phenolic acids which
inhibit seed germination (Colpas et al., 2003).

While some authors reported effective availability of cal-
cium even after physiological maturity, there are reports that
fruits accumulate calcium more effectively during the ini-
tial days (Bermadac et al., 1996; Bitange et al., 2019) than
later periods of fruit development. Based on the above find-
ings, the study aimed to evaluate the efficiency of different
foliar calcium compounds in alleviating jelly seed therefore
reducing mango losses. Effective strategies to address this
challenge can contribute to reduced post-harvest losses.

2 Materials and methods

2.1 Experimental site

This study was conducted in two fruiting seasons
(2017/2018/2019) at Karurumo orchard situated in the East-
ern parts of Kenya, Embu County. The area has an eleva-
tion of 1174 m asl with coordinates of 0°32’ S 37°41’ E and
it is classified as lower midland with an annual rainfall of
1206 mm of a bimodal pattern. Long rains start in March
with peaks in April or May while short rains start in mid

October with peaks in November. The soils in this area are
loamy sand to clay (Ferralic Arenosol) that have been found
to have low levels of calcium (Njuguna et al., 2016) and rich
in nitrogen (0.12 %), organic carbon (1 %) and potassium
(1.48 ppm) (Maloba, 2016).

2.2 Experimental material, treatments and design

Already established, uniformly sized in height and spread
‘Van Dyke’ cultivar trees of approximately 10 years old were
used in this experiment. This cultivar is characterised by
an attractive colour, bears regularly, has a poor to moderate
productivity and is resistant to anthracnose and powdery mil-
dew. ‘Van Dyke’ has a rich and pleasant flavour with an or-
ange yellow flesh that is firm. This cultivar is however highly
susceptible to jelly seed disorder. The plots were maintained
in accordance with the cultural recommendations in Kenya
as described by Griesbach (2003).

The experiment involved the application of three differ-
ent calcium sources (calcium chloride, calcium nitrate and
easygro®) at three different rates (1%, 1.5% and 2 % and
0% (control)). These applications were done during differ-
ent stages of fruit development (at fruit set, 30 days after fruit
set and 30 days to anticipated physiological maturity).To ob-
tain the spray volume per tree, the foliage diameter was cal-
culated and the area covered by the foliage used to determine
the amount of water per square meter. One square meter was
equated to 0.5 litres of water. Application was done using a
tractor drawn boom sprayer.

The treatments were laid out in a randomized complete
block design with a split-split plot arrangement with 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.

2.3 Data collection and analyses

Data collected included: calcium concentration (exocarp,
mesocarp, endocarp and cotyledon), jelly seed occurrence,
and weight of the fruit.

2.3.1 Jelly seed incidence, weight and calcium concentra-
tion determination

At physiological maturity 30 fruits were sampled ran-
domly from each treatment. The collected samples were
taken to The Jomo Kenyatta University of Agriculture and
Technology (JKUAT) postharvest laboratory immediately
after harvesting, pedicels were separated from the fruits
which were washed under running water and the surface wa-
ter was allowed to dry. The fruits were then ripened under
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ambient conditions. Upon ripening, the fruits were weighed
again, halved along the endocarp and the jelly seed incidence
scored by use of a hedonic scale (Galan, 1984) and guided
by figure 1.

Fig. 1: Personal classification of jelly seed incidence showing dif-
ferent levels of occurrence: (0) without symptoms. (1) decompos-
ition of the petiole base without affecting the flesh. (2) slightly
affected flesh near the seed. (3) 1/3 of the flesh affected. (4) 2/3 of
the flesh affected. (5) almost all fruit decomposed.

A sharp knife was used to separate the peel, mesocarp,
seed coat and cotyledon of the fully ripened fruits for cal-
cium analysis. The mesocarp samples for pulp mineral an-
alysis were taken from the widest parts of the fruit sampled
between the skin and the stone. This ensured reduced bi-
asness of the concentration of calcium due to the gradient
change caused by the variation of cell density with the out-
ward movement to the skin from the seed (Bally, 2007). The
samples were then dried at 68 °C until constant weight was
obtained and ground to obtain a homogenous sample for cal-
cium analysis. Calcium was determined using atomic ab-
sorption (AAS) spectrophotometer (AOAC, 1996) and ex-
pressed as g mg™!

2.3.2 Data analysis

Data collected was subjected to analysis of variance using
Genstat software 14" Edition (Payne et al., 2011). The dif-
ferences among the means of the treatments were compared
using Fisher’s Protected LSD test at 5 % probability level.
A Pearson’s product-moment was run to assess the relation-
ship between weight of fruit, calcium concentration in the
exocarp, mesocarp, endocarp and cotyledon, and jelly seed
occurrence using Stata software 12 edition. Data thereof
was presented in tables.

3 Results

3.1 Effect of varied calcium sources, rates and timing of
application on mesocarp, exocarp, endocarp and coty-
ledon calcium concentration

The souce of calcium, rate and timing of application and
their interactions had significant effects on the calcium con-
centration in the mesocarp in seasons I and II except the
source of application in season I and the interactions of the
three variables in season II (table 1). As the rate of appli-
cation increased from R1(1.0 %) to R3 (2.0 %) the mesocarp
calcium content increased regardless of the source and tim-
ing of application. The calcium content in the fruit flesh
exhibited a decreasing trend from timing 1 to timing 3 ir-
respective of the source of calcium and rate of application.

Application of calcium chloride (2.0%) and easygro®
(2.0 %) at fruit set led to the highest flesh calcium content
(1.1 ugmg~" in season I and 1.23 pg mg~! for calcium chlor-
ide (2.0 %) in season II). The mesocarp calcium concentra-
tion ranged from 0.02 (control) to 1.23 ug mg~'. Application
of varied sources of calcium, rates and timing had significant
effects on the exocarp calcium content in both seasons except
the source of application in season I (table 2). The interac-
tions of rate and source with time, on the other hand, did not
have significant effects on the peel calcium content while the
interaction of the three variables did not have significant ef-
fects on the peel calcium content in both seasons. The peel
calcium content ranged from 0.1 to 1.2 ugmg™".

The application of varied sources of calcium, rates and
timing of application on the fruits did not have significant
effects on the on the cotyledon calcium content. However,
the cotyledon calcium accumulation ranged from 0.01 to
0.07 ng mg~' representing the lowest mean calcium accumu-
lation relative to the exocarp, mesocarp and endocarp. Ap-
plication of varied calcium sources, rates and timing of ap-
plication and their interactions had significant effect on the
seed endocarp calcium concentration in both season except
in season I where the interactions between rate and source
and that between rate, source and timing of application were
not significantly different (Table 3). Application of cal-
cium chloride (2.0 %) at fruit set registered the highest cal-
cium concentration (1.73 ug mg~") followed by calcium ni-
trate (2.0 %) at fruit set (1.43 ug mg~") in season L. Similarly,
in season II calcium chloride (2.0 %) applied at fruit set re-
gistered the highest calcium content (1.32 ug mg~!) followed
by calcium nitrate (2.0 %) applied at fruit set (1.1 ugmg™).
The calcium concentration in the seed endocarp ranged from
0.13to 1.7 ugmg™".
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3.2 Effect of varied calcium sources, rates and timing of was observed on fruits treated with 2.0 % calcium chlor-
application on jelly seed occurrence ide applied at fruit set. Application of calcium nitrate and
easygro® at 30 days to physiological maturity had non-

Application of calcium had significant (p < 0.05) effects significant effects on jelly seed occurrence. The rate source

on jelly seed incidence (table 4). Minimum jelly seed score

Table 1: Calcium concentration (ugmg™') in the fruit mesocarp as affected by varied calcium sources (S), rate (R) and timing (T) of
application.

Season 1 Season Il
Rate Source Ti T2 T3 Mean T T2 T3 Mean
RO CTRL 0.17 0.17 0.14 0.2 0.06 0.04 0.02 0.0
R1 S1 0.65 023 0.15 0.3 0.66 0.23 0.05 0.3
S2 0.60 020 0.17 0.3 052 0.18 0.03 0.2
S3 0.50 029 0.12 0.3 056 0.15 0.05 0.3
R2 S1 0.73 031 0.18 0.4 0.81 035 0.07 0.4
S2 0.83 026 0.21 0.4 0.64 0.25 0.06 0.3
S3 0.88 0.34 0.16 0.5 0.63 0.19 0.04 0.3
R3 S1 1.10 049 0.39 0.5 1.23 052 0.15 0.6
S2 098 043 032 0.6 1.01 036 0.10 0.5
S3 1.10 048 0.20 0.6 0.83 024 0.11 0.4
LSD R005 Sns TO0.03 R0.07 S0.05 TO0.05
RxS 0.05 RxT 0.06 RxS 0.09 RxTO0.15
SxT 0.08 RxSxT 0.01 SxTns RxSxT ns
CV (%) 14 26.9

S-Source; T-Time; R-Rate. CTRL-Control; S1-Calcium chloride; S2-Calcium nitrate; S3-Easygro.
R1-1.0 %; R2-1.5 %; R3-2.0 %; R0-0 %. T1-Fruit set; T2-30 days after fruit set; T3-30 days to
physiological maturity. LSD-Least significant difference. ns-not significant. CV-Covariance.

Table 2: Calcium concentration (g mg™") in the fruit exocarp as affected by varied calcium sources (S), rate (R) and timing (T) of application.

Season 1 Season Il
Rate Source Ti T2 T3 Mean Ti T2 T3 Mean
RO CTRL 0.1 02 0.1 0.1 0.1 0.1 0.1 0.1
R1 S1 1.0 04 05 0.6 08 04 03 0.5
S2 1.0 05 05 0.7 1.0 05 05 0.7
S3 1.1 07 0.7 0.8 1.1 0.7 0.6 0.8
R2 S1 1.3 0.7 0.6 0.9 1.3 07 0.6 0.9
S2 1.1 08 0.8 0.9 1.1 09 09 0.9
S3 1.3 1.0 0.9 1.0 14 10 1.0 1.1
R3 S1 1.6 10 038 1.1 1.5 1.0 0.8 1.1
S2 1.3 1.0 09 1.1 14 1.1 1.0 1.2
S3 1.5 1.1 1.1 1.2 1.5 12 08 1.1
LSD R0.07 Sns TO0.05 RO0.15 S0.12 TO0.08
RXSns RXTO0.13 RXSns RXT0.26
SXT 0.16 RXSXT ns SXTns RXSXT ns
CV (%) 11.3 18.8

S-Source; T-Time; R-Rate. CTRL-Control; SI-Calcium chloride; S2-Calcium nitrate;
S3-Easygro. R1-1.0 %; R2-1.5 %; R3-2.0 %; RO-0 %. T1-Fruit set; T2-30 days after fruit
set; T3-30 days to physiological maturity.LSD-Least significant difference. ns-not
significant. CV-Covariance.
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Table 3: Calcium concentration (ugmg™") in the seed endocarp as affected by varied calcium sources (S), rate (R) and timing (T) of

application.
Season 1 Season 11
Rate Source Tl T2 T3 Mean TI T2 T3 Mean
RO CTRL 0.12 0.16 0.11 0.13 0.13 0.18 0.18 0.16
R1 S1 123 0.85 048 0.85 0.65 0.63 0.58 0.62
S2 090 0.63 0.62 0.72 0.69 0.68 0.53 0.63
S3 090 0.62 0.30 0.61 0.59 0.63 0.58 0.60
R2 S1 1.23 092 0.64 0.93 092 0.71 0.64 0.76
S2 1.13  0.67 0.68 0.83 0.80 0.73 0.65 0.73
S3 1.03 0.78 043 0.75 0.72 0.69 0.65 0.68
R3 S1 1.70 128 0.72 1.23 1.32  0.81 0.69 0.94
S2 143  0.81 0.69 0.98 1.11  0.80 0.73 0.88
S3 1.10 0.89 0.52 0.84 083 0.76 0.67 0.76
LSD R0.16 S0.13 TO0.09 R0.07 S0.06 TO0.04
RxSns RxT 0.28 RxS 0.03 RxTO0.12
SxT 0.23 RxSxT ns SxT 0.10 RxSxT 0.08
CV (%) 21.9 10.7

S-Source; T-Time; R-Rate. CTRL-Control; SI-Calcium chloride; S2-Calcium nitrate; S3-Easygro.
R1-1.0 %; R2-1.5 %; R3-2.0 %; R0O-0 %. T1-Fruit set; T2-30 days after fruit set; T3-30 days to
physiological maturity. LSD-Least significant difference. ns-not significant. CV-Covariance.

and timing of application and their interactions had signifi-
cant effects on the jelly seed occurrence in season II. The
effect of the varied sources of calcium and timing of ap-
plication is further shown in figures 2 and 3. Higher rates
(2.0%) of calcium chloride, calcium nitrate and easygro®
applied at 30 days to physiological maturity had little or in-
significant effect on jelly seed scores (figure 2). Further, cal-
cium chloride sprayed at fruit set at a concentration of 2.0 %
was more effective in suppressing jelly seed than application
at 30 days after fruit set and 30 days to physiological matur-
ity in that order (figure 3).

Fig. 2: Mango fruits from control treatment (A) and from trees
sprayed with easygro® 2.0 % (B), calcium nitrate 2.0 % (C), and
calcium chloride 2.0 % (D) at 30 days to physiological maturity in
season I.

Fig. 3: Mango fruits from trees treated with calcium chloride
2.0 % at fruit set (M1), at 30 days after fruit set (M2) and at 30
days to physiological maturity (M3).

3.3 Correlation coefficient

There was a moderate negative correlation between jelly
seed occurrence and weight of the fruit, in seasons I and
II (table 5). Similarly, a negative correlation was reported
between jelly seed occurrence calcium concentration in the
exocarp, mesocarp and endocarp for both seasons.
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Table 4: Effect of varied sources of calcium applied at varied rates and timing on jelly seed occurrence in ‘Van Dyke’ fruits.

Season 1 Season 11
Rate Source TI 12 T3 Mean TI 12 T3 Mean
RO CTRL 50 47 47 4.8 50 47 5.0 49
R1 S1 20 3.0 4.0 3.0 3.0 43 5.0 4.1
S2 37 43 43 4.1 40 50 5.0 4.7
S3 40 37 5.0 4.2 50 50 5.0 5.0
R2 S1 1.7 23 3.0 2.3 1.7 27 5.0 3.1
S2 3.0 33 3.7 33 3.0 47 5.0 4.2
S3 33 3.0 3.7 3.3 40 47 5.0 4.6
R3 S1 00 10 27 1.2 03 13 43 2.0
S2 23 27 3.0 2.7 27 37 43 3.6
S3 27 30 33 3.0 33 47 50 4.3
LSD R0.51 S041 TO.3 R06 S04 TO2
RxSns RxTns RxS 09 RxTO0.7
RxSxT ns RxSxT 0.7
CV (%) 16.8 10.7

S-Source; T-Time; R-Rate. CTRL-Control; SI-Calcium chloride; S2-Calcium nitrate;
S3-Easygro. R1-1.0 %; R2-1.5 %; R3-2.0 %; RO-0 %. T1-Fruit set; T2-30 days after fruit
set; T3-30 days to physiological maturity. LSD-Least significant difference. ns-not

significant. CV-Covariance.

Table 5: Correlation (Pearson correlation r) between jelly seed
occurrence, weight of fruits, calcium concentration in the seed, peel
and mesocarp in seasons I and 11

Season 1 Season Il
r p r p
Weight -0.5522 0.0000 -0.5228 0.0000
Calcium content
Pericarp -0.7604 0.0000 -0.6636 0.0000
Exocarp -0.5596 0.0000 -0.4862 0.0000
Mesocarp -0.5194 0.0000 -0.7631 0.0000

4 Discussion

Application of calcium led to an increased calcium accu-
The increase in fruit calcium con-
tent as reported in this experiment has also been reported by
Cheour et al. (1990) and Garcia et al. (1996) who found
that application of calcium chloride on strawberry led to an
increased calcium content in the fruits. Similar results on an

mulation in the fruits.

increase in flesh and peel calcium concentration have also
been reported by Manganaris et al. (2007) after application
of calcium salts on peach fruits.

Application of calcium salts at fruit set resulted in a higher
calcium concentration in the exocarp, mesocarp and peri-

carp. This reinforces the fact that calcium is more available
at early stages of fruit development. Similar findings on the
availability of calcium at early stages have been reported by
Amin et al. (2007), Karemera et al. (2013) and Bitange ef al.
(2019) in mango fruits and Penter ef al. (2000) in avocado
fruits.

The different fruit partitions showed varied calcium con-
centration with the endocarp and cotyledons registering the
highest and lowest accumulation of calcium respectively.
The maximum accumulation of calcium in the endocarp
could be due to its role in ensuring the firmness and hardiness
of the seed cover. Similar results in different accumulation
of minerals in different parts of the fruit have been reported
by Clark et al. (1989), Joyce et al. (1997), and Sinha et
al. (2017) who suggested that the different concentrations in
fruit tissues from similar treatments could be attributed to the
positioning of vascular tissues and transpiration capability of
the tissues in question.

There was a suppressed jelly seed incidence by the appli-
cation of calcium which shows the role of calcium in enhan-
cing tissue stability and firmness. Similar results on the sup-
pressed internal breakdown by application of calcium have
been reported in mango fruit by Burdon & Moore (1991),
Kadiya (1995), Tarmizi et al. (1993), Singh et al. (2006),
Amin et al. (2007), and Seshadri et al. (2019) and bitter pit
in apples (Lotze et al., 2008; Gago et al., 2016).
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Early application at fruit set was more effective in sup-
pressing jelly seed probably because the fruits were actively
taking up the nutrients. Similar results on the availability of
calcium at early stages of fruit development have been re-
ported by Bitange et al. (2019). Similarly, effective use of
calcium at early stages in combating bitter pit in apples has
been reported by Lotze er al. (2008). Amin et al. (2007) re-
ported that pre-harvest application of calcium salts reduced
soft nose incidence in mango fruits underscoring the role
of calcium in enhancing tissue and cell wall firmness thus
preventing disintegration and cell deterioration. The differ-
ences in the significance levels of the source, timing, rates
and their interactions could be due to environmental factors
or other factors that may affect the availability of calcium.
Njuguna et al. (2016) reported that the occurrence of jelly
seed is greatly affected by environmental factors. Addition-
ally, Lotze et al. (2008) reported different effectiveness of
calcium products absorption and suppression of bitter pit in
apple fruit due to different stages of application.

Calcium content was higher in the fruit endocarp, meso-
carp and exocarp of fruits with less on no jelly seed occur-
rence as indicated by the inverse relationship between cal-
cium content and jelly seed score. This reinforces the role of
calcium in alleviation of the disorder.

5 Conclusion

The reduction of jelly seed by application of calcium salts
indicates that calcium salts can be used in its alleviation.
Early application of calcium salts proved to be effective in
reducing the occurrence of jelly seed underscoring the fact
that calcium is more available to the fruit during early stages
of development than later. Application of calcium chloride
(2.0%) at fruit set was more effective in jelly seed allevi-
ation. However, there is need to study further on calcium
compounds applied as soil based on the effects on jelly seed
occurrence or different modern calcium formulations and
agronomic practices that affect the availability of calcium.
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