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ABSTRACT

Mango (Variety “TomEJC”) has the highest potential in the export market due to its quality characteristics: ex-
cellent flavor, low fiber content and smooth flesh. However, the variety takes two weeks to ripen to table-ripe
stage, after harvest. Due to this slow ripening nature of the variety, development of anthracnose has a high poten-
tial which leads to rejection by consumers. This disease can be effectively controlled with chemical treatments or
fungicides, which may render the treated fruits less safe for consumption. This research was carried out to find
out the effect of pre-harvest KCI application on the control of anthracnose development of ripe fruits. Three KCl
concentrations, 1 g 17,2 g I'' and 4 g I'' were sprayed separately once on to fruits at immature (one-month after
fruit set) at pre-harvest stage. Fruits harvested at the correct maturity were inoculated with Colletotrichum gloeo-
sporioides spore suspension and allowed for natural ripening in a humid chamber. Incidence and severity of an-
thracnose disease was significantly lower on mangoes treated with 2 g I"' KCI compared to other treatments and
untreated control. Fruit length, fruit width, fruit volume and peel color did not affect by the treatments. There-
fore 2 g I'' KCI could be recommended as a pre-harvest application to mango fruits to minimize post-harvest inci-
dences of anthracnose.

Key words: Colletotrichum gloeosporioides, anthracnose lesions, post-harvest losses, disease severity, disease incidence,
potassium chloride

INTRODUCTION by the

“TomEJC” Mango (Mangifera indica L) is a
beautiful golden orange fruit normally with an
unblemished skin. It has an excellent flavor,
low fiber content and smooth flesh. The fruit
ripens slowly (takes two weeks to ripen to ta-
ble ripe stage after harvest) giving time for the
produce to reach the market (Wijesinghe et al.,
2011). Among the promising mango varieties
in Sri Lanka, “TomEJC” is considered the
most suitable variety for the export market due
to above characteristics. This variety is recom-
mended to be grown in the dry (annual rainfall
< 700mm) and intermediate zones of Sri Lanka
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Department  of
(Www.tjcmango.com/tjc-mango).

Agriculture

This mango variety serves as a host for a num-
ber of pathogens among which fungi are the
major agents of fruit rot after harvest
(Sangeetha & Rawal 2009). Botryodiplodia
theobromae and Colletotrichum gloeospori-
oides are the two most prevalent disease caus-
ing agents that contribute significantly to post-
harvest losses of mango in Sri Lanka
(Wijeratnam et al. 2008). The termination of
fungal quiescence on mango is related to the
reduction of anti-fungal compounds (Prusky,
1996) at ripening stage or the production of
ethylene by the ripening fruit (Freeman et al.,
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1998). The susceptibility of mango fruit to post
-harvest diseases increase during storage after
harvest, as a result of physiological changes
and senescence favoring pathogen develop-
ment (Prusky, 1996).

In the case of postharvest anthracnose, devel-
oping fruits are infected in the field but infec-
tions remain quiescent until the onset of repin-
ing, which occurs after harvest. Once the cli-
macteric period of the fruit starts, lesions begin
to develop (Arauz, 2000). Ripe fruits affected
by anthracnose develop sunken, prominent,
dark brown to black decay spots before or after
picking. Fruits may drop from trees premature-
ly. The fruit spots can and usually do coalesce
and can eventually penetrate deep into the fruit,
resulting in extensive fruit rotting (Nelson,
2008).

Currently, the control of post-harvest diseases
of mango fruit mostly depends on a combina-
tion of pre- and post-harvest fungicide treat-
ments. However, increased consumer attention
on health risks and environmental hazards as-
sociated with the use of pesticides (Wilson et
al., 1994), the legislative restriction aimed at
increased food security, the development of
pathogen strains resistant to few permitted post
-harvest fungicides and the need for high quali-
ty products, have promoted the search for alter-
native control measures to chemical fungicides
(Sanzani et al., 2009).

Induction of host resistance is one strategy that
holds promise for the control of post-harvest
diseases (Adikaram, 1990). Recently, disease
control by inducing host resistance and activat-
ing the defense mechanisms in plants
(especially herbaceous plants) and harvested
fresh produce (Johnson & Hofman, 2009) have
been reported.

The role of K in crop resistance to diseases was
extensively reviewed by Perrenoud, (1990) and
an inverse relationship was found between
available soil K and the severity of diseases
caused by bacteria and fungi (Huber & Amy,

1985).

Potassium fertilizer such as mono potassium
phosphate (MKP), applied as foliar sprays were
highly effective inducers of systemic protection
against powdery mildew in cucumber, mango,
nectarines and grapes (Reuveni and Reuveni,
1995a & 1995b). Further, high K levels of fer-
tilizer have shown to reduce severity of an-
thracnose of banana and mango in Sri Lanka
(Coates, 2002-2007).

Therefore, this study was carried out to find out
the possibility of using KCl to reduce anthrac-
nose development of “TomEJC” mango as a
pre-harvest treatment.

MATERIALS AND METHODS

Mango variety, “TomEJC”, was used in this
experimental plot, at Ellawala farm, Galkiri-
yagama, Dambulla. Orchard management was
done using standard agronomic practices rec-
ommended by the Department of Agriculture,
Sri Lanka (http://www.doa.gov.lk/index.php/
en/crop recommendations/1087).

Three different concentrations of potassium
chloride (KCI) (1 g1, 2 g 1" and 4 g 1"") were
sprayed on to selected mango fruits when they
were at egg size (one month after fruit set).
Each concentration was sprayed once to ten
mango fruits in three different trees (ten mango
fruits per plant per concentration) until the en-
tire fruit was wet and the solution dripped off
from the fruit (approximately 10 ml) using a
hand sprayer. Twenty fruits on another tree,
which were not sprayed with KCl were desig-
nated as control I and control II (control I= non
-treated mango fruits which were inoculated
with Colletotrichum gloeosporioides and con-
trol II = non-treated, non-inoculated mango
fruits). Treatments in the field were done in a
complete randomized block design. After
spraying, all treated and control fruits were la-
beled and covered using special paper bags im-
ported from Thailand.



Teopical Agricultural Desearch &~ Lxtension 19 (2): 2016 230

The fruits were harvested three months after
bagging and brought into the laboratory at
The Open University of Sri Lanka and experi-
ments were carried out to examine the quality
criteria, disease incidence/disease severity
and the potassium content in the fruit peel.

Quality criteria

Quality criteria such as fruit size, fruit vol-
ume, total soluble solids and peel/flesh color
of treated and non-treated fruits were meas-
ured after inoculation with C. gloeospori-
oides. Three fruits were used to measure the
quality criteria, such as fruit size, fruit volume
and total soluble solids and five fruits were
used to measure the peel/flesh color.

Fruit size

Fruit length (from stalk end to the apex) and
width (at the widest position) were measured
using a Vernier caliper (Karemera and Habi-
mana, 2014).

Fruit volume

Fruit volume was measured using water dis-
placement method. Fruits were dipped in a
water beaker and displaced water was collect-
ed and the volume was measured using a
measuring cylinder. This volume was taken as
the fruit volume (Saranada, unpublished da-
ta).

Total soluble solids (TSS)

A few drops of the filtrate of diluted juice (1
ml juice sample: 9 ml distilled water) ob-
tained from treated and control fruits were
used to measure the TSS using a hand-held
refractometer (model-HR-5 A022-1, Kyowa
optical Co Ltd., Tokyo, Japan). The reading
obtained was multiplied by the dilution factor
(DF) to calculate the actual TSS content of
the pulp (DF= weight of sample + volume of
water added/weight of sample), expressed as
Brix (Sarananda & Wijerathnam, 1994).

Peel color and flesh color
Peel and flesh color measurements were done
at the Institute of Post-harvest Technology,

Anuradhapura. Peel color and flesh color were
measured objectively using a Minolta Chro-
mameter (Minolta, Model CR-400, Osaka,
Japan). Color attributes were expressed in
terms of CIE (Commission International de L’
Eclairage, International Commission on Illu-
mination) three-dimensional color space and
denoted as L*, a* and b*. The value L* is a
measure of lightness (white-black and ranges
from black = 0 to white = 100); a* ranges
from negative values for green to positive val-
ues for red and the b* ranges from negative
values for blue to positive values for yellow.
L*, a* and b* values were converted to hue
(h°) value and Chroma (C) (McGuire, 1992).
The Chroma value {(C) = (a**+ b*?) "*} indi-
cates the strength of color. The hue value
was measured as the hue angle. The hue angle
(h® = arctangent (b*/ a*) of target color). The
hue angle was expressed in degrees: 0 = (red),
90° = (Yellow) 180° = (green), 270" = (blue)
(Jha, 2010).

Disease incidence and severity of Anthrac-
nose

Anthracnose disease incidence and severity
was assessed by artificial inoculation of fruits
with C. gloeosporioides. A conidial suspen-
sion (10° conidia per ml) of the fungus was
prepared using a pure culture and inoculated
to the treated and control fruits (control I) as
given below. Ten replicate fruits were used to
assess the disease incidence and severity of
Anthracnose.

Mango fruits were surface sterilized with 70%
v/v ethanol and washed with sterilized dis-
tilled water and air-dried in a lamina flow for
half an hour. Then three holes were made (just
below the stalk, mid position and above the
apical end) using a sterilized cork borer (4
mm) in each fruit (Adikaram, 1986-87; Zeng
et al., 2006, Wijeratnam et al., 2008 ; Awa et
al., 2012).

The inoculation was carried out after half an
hour by placing 0.1 ml of conidial suspension
of C. gloeosporioides into each hole. Thereaf-
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ter, inoculated fruits were arranged randomly
in a humid chamber covered with a glass (28
°C and 100% RH). Disease incidence was rec-
orded daily and disease severity was assessed
by measuring the lesion area (mm?) of infect-
ed fruits by tracing the diseased area onto a
tracing paper and then calculating the dis-
eased area using a graph paper with 1 mm?®
squares from 6™ day until 11" day, after inoc-
ulation (Karunanayaka et al., 2011).

The potassium content in fruit peel
Determination of potassium content in the
fruit peel was carried out at Horticultural
Crop Research and Development Institute,
Gannoruwa. The residual potassium content
in fruit peel was measured using the dry ash-
ing procedure. The concentration of potassi-
um in the diluted solution was determined by
the flame emission spectrophotometer using
the method described by Senevirathna &
Daundasekera (2010).

Peels were obtained separately from three ran-
domly selected fruits of each treatment and
the controls. Each peel sample was air-dried
and ground into a fine powder in a domestic
grinder (Oster BY-TAR, U.S.A). Subsequent-
ly, 0.5 g of each ground sample was ashed in
a muffle furnace (Lenton thermal designs,
England) at 500 °C for 4 to 5 hours until ash
turned white color. The powdery white dry
ash residue obtained was wetted with 2.5 ml
concentrated nitric acid and volume was
brought up to 25 ml by adding de-ionized dis-
tilled water in a volumetric flask. The suspen-
sion was swirled for two minutes and filtered
through Whatman No. 01 (5.5 cm diameter)
filter paper to obtain digested (wet) samples.
A dilution series of the sample solutions were
prepared using the above 25 ml sample solu-
tion. One (1.0) ml of each sample solution
was transferred into volumetric flasks and the
volume was brought up to 50 ml by adding de
-ionized distilled water. The residual potassi-
um content of the peel was measured using
the flame emission spectrophotometer

(Corning, CR 410) and was expressed as per-
centage potassium.

Statistical analysis

Data were analyzed using one-way analysis of
variance (ANOVA) using SAS V. 9.2 (SAS,
2008), SPSS 16.0 (SPSS Inc., Chicago, IL,
USA) to test the difference among treat-
ments, considering all variables simultaneous-
ly and Tukey's Honest Significant Difference
(HSD) Test to evaluate the level of effects for
all pair-wise comparisons. Canonical Dis-
criminate Analysis was used to represent the
linear relationship of the colorimeter varia-

bles.

RESULTS AND DISCUSSION

Effect of potassium on quality criteria of
“TomEJC” mango

Fruit length, fruit width and fruit volume were
unaffected by treatments, compared to control
fruits (Table 1). The highest TSS was ob-
served in control II (14 + 0.00) and a similar
value was recorded in fruits treated with 4 g
KCl (13.75+ 0.08). The maximum level of K
was observed in fruits treated with 4 g* KCl,
which was (0.61+ 0.01).

In the present study, L* values for peel color
were not significantly affected by treatments
(Table 2). According to the findings of this
study, b* values were also not affected by
treatments, indicating no change in yellow-
ness. However, flesh color showed a different
response to treatments. The highest lightness
was observed in flesh of control II. A similar
trend was observed with chroma. However,
hue values for treatments and controls ranged
between 82.90 and 79.74 and was not statisti-
cally significant (Table 2). Lowering of b*
values for flesh color when compared to con-
trol II indicated a slight decrease in yellow-
ness in flesh.

Effect of potassium on disease incidence
and severity of anthracnose of “TomEJC”
mango

The incidence of anthracnose disease in man-
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go fruits decreased gradually with increasing
KCl concentration (Fig. 1). However, 1 g 1"
KCI was less effective than the rest of the
concentrations. Further, disease incidence
was 40% lower in 1 g I"" KCl-treated fruits
than the inoculated control (control I). Dis-
ease incidence was reduced to 50% and 70%
in 2 g 1" KCl-treated fruits and 4 gl KCI-
treated fruits, respectively (Figure 1). All con-
centrations of KCI were effective in decreas-
ing anthracnose severity (Table 3). KCI treat-
ed fruits @ of 2 g 1" showed the lowest dis-
ease severity (2.2-2.00 ) until day 9 from the

time of inoculation (Table 3). Further,in2 g1’
! KCl-treated fruits, the lesion development
was delayed until day 9. However, disease
severity was higher in 2 g "' KCl-treated fruits
than 4 g 1" KCI- fruits on day 10 and 11
(Table 3).

A considerable reduction in anthracnose dis-
ease incidence in mango fruits was evident
with increased KCl concentrations. Similarly,
a reduction in disease severity of mango fruits
up to ripening level noted with increased KCl
concentrations. One (1) g 1" KCI was less ef-

Table 1. Effect of KC1 on quality of mango variety TomEJC

Treatment fruit length (cm) fruit width (¢cm) Fruit volume (em®) (gfii) K (%)

Control I 14.52*(0.60) 15.16* (6.65) 464 (30.89) 12.55°(0.59) 0.41* (0.00)

Control TI 15.50(0.15) 9.88(0.08) 505%(50.00) 14.00%(0.00) 0.54°(0.00)
1gl" 15.23%(0.33) 9.28%(0.26) 481%(59.92) 12.25°(0.58) 0.47° (0.00)
2 gl 15.47*(0.32) 8.86(0.37) 504%(42.32) 11.50°(0.00) 0.54°(0.00)
4ol 15.48"(0.64) 8.88(0.25) 456 (24.24) 13.75(0.08) 0.61°(0.01)

Mean (n = 3) + Standard error

Values with the same letters in a column are not significantly different at (p > 0.05) by Tukey's Honest Significant Dif-
ference (HSD) Test. Control I = non-treated, inoculated Control II = non-treated ,non-inoculated and 1 g1",2 g 1" 4 g1

1K (I treated fruits.

Table 2. Effect of KCI1 on L*, a*, b* values of peel and flesh color of mango variety TomEJC

Treatment L* a¥ b* Chroma Hue

Peel Color

Control I 49.84*(3.39) 5.26° (0.68) 31.41% (5.87) 18.34%(2.93)  76.53%(2.58)
Control 1T 51.39*(2.04) 7.50% (0.34) 3536 *(3.11) 21.43%(1.59)  77.09* (1.52)
1gl-1 55.29°(2.78) 4.56" (1.33) 38.04% (4.60) 21.30°(2.62)  82.29* (2.21)
2gl-1 50.94* (2.73) 3.76° (0.51) 30.15% (4.43) 16.95(2.03)  80.33*(2.23)
4gl-1 51.88*(3.27) 5.49% (0.46) 33.80(5.10) 19.65%(2.51)  78.15%(2.40)
Flesh Color

Control T 60.01% (2.58)  8.42*(0.66) 51.83°(3.44) 30.13%(1.92)  80.69%0.58)
Control IT 68.10* (0.83) 8.98%(0.62) 65.41% (0.76) 37.20°(0.62)  82.21%(0.47)
1gl-1 65.53% (2.29) 7.59% (1.60) 61.51% (3.04) 34.55% (1.83)  82.90%(1.36)
2gl-1 60.27% (3.56) 6.87% (1.35) 53.08" (4.29) 29.97*(1.86) 81.61%(1.86)
4gl-1 57.51°(3.01) 8.82% (0.78) 50.18° (3.76) 29.50°(2.06)  79.74% (0.90)

Mean (n = 5) + Standard error. Values with the same letters in a column are not significantly different at (p > 0.05) by
Tukey's Honest Significant Difference (HSD) Test. Control I= non-treated, inoculated Control II = non-treated, non-
inoculated, and 1 g1-1, 2 gl-1,4 g1-1 KCl treated fruits.



233

fective than the rest of the concentrations test-
ed. The reduction of disease severity was
more prominent from 6-8 days and it was not
seen from day 9 to 11. This may be due to the
over ripening of fruits (Wijesinghe et al.
2011).

Numerous researches have shown that inci-
dence and the rate of development of diseases
may be reduced by an adequate and balanced
mineral nutrition in many crops. In particular,
K and CI fertility have been effective in re-
ducing crop injury from diseases (Magen and
Imas, 2004). According to Marschner
(1995), the benefit of K has been explained by
its effect on primary metabolism by favoring
the synthesis of high molecular weight com-
pounds (protein, starch and cellulose), thereby
decreasing the concentration of soluble sug-
ars, organic acids, amino acids and amides in
plant tissues, which are necessary for feeding
pathogens and insects. These compounds are
more prevalent in K deficient plants, which
are more vulnerable to diseases and pest at-
tacks. Further, there are reports on activation
of K-dependent enzymes involved in energy
metabolism, photosynthesis and solute
transport and enzymes involved in sugar and
nitrogen metabolism (Amtmann et al., 2008).
These processes increase the ability of the
plant to resist entry and infection by fungal,
bacterial and viral pathogens and the benefi-
cial effect of K was most obvious for fungal
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and bacterial diseases where 70- 60 % of stud-
ies reported a decrease in disease incidence
(Amtmann et al. 2008). K dependence of
starch synthesis (Nitsos & Evans, 1969) and
synthesis of pyruvate kinase (Smith et al.
2000) not only provide an explanation for the
soluble sugar accumulation in K-deficient
plants but also, this enzyme determines the
rate of incorporation of carbon into starch or
organic/amino acids, respectively (Amtmann
et al. 2008). In studies of the influence of K
on disease reduction, Cl has been shown to
aid in the suppression of several plant diseas-
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Figure 1. Effect of KCI on incidence of An-
thracnose disease in mango variety TomEJC.
Values are means of ten replicates at 95% con-
fidence interval

Table 3. Effect of KCl on mean lesion area (mm2) of Anthracnose disease (Colletotrichum

gloeosporioides) of mango variety TomEJC.

Trt Day 06 Day 07 Day 08 Day 09 Day10 Day 11
Control I 12°(2.82)  17.9°(2.81) 27.5*(6.35) 95.3*(54.79) 106"(55.44) 119.3%(54.12)
Control IT  5™(1.67)  11.8(3.58) 21.7%°(6.35) 26.8(6.96) 34.3%°(8.88) 44.1*°(10.95)
1gl” 6.4°(2.71)  17.9°(9.33) 22.2°(10.73) 46.9°(17.52) 49.7°°(17.38) 56.4°°(20.10)
2gl! 0° (0) 0° (0) 0° (0) 2.2°(2.00) 8.4°(3.73)  29.41°(11.52)
4g]! 1.9(1.9)  3.5°(2.81) 4*(2.92) 5°(3.86) 5.3(3.93) 9.6°(5.31)

Mean (n = 10) + Standard error. Values with the same letters in a column are not significantly different at (p > 0.05) by
Tukey's Honest Significant Difference (HSD) Test. Control I = non-treated, inoculated Control II = non-treated, non-

inoculated, and 1 g1-1,2 g 1-1 ,4 g 1-1 KCl treated fruits.
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es (Huber and Amy, 1985). A recent study
carried out by Rathnayake et al. (2010) have
shown that application of 4% KCI to fruits
significantly reduced the Fusarium rot dis-
ease in papaya.

Different explanations on the possible ways
of action of both K and CI involved in the di-
verse diseases are presented and different
mechanisms such as nutritional effects,
changes of the host-pathogen environment
and production of disease inhibitory com-
pounds are discussed (Magen and Imas 2004).

The present data indicate that the pre-harvest
application of KClI is effective in controlling
anthracnose disease of “TomEJC” mango.
The concentration of 2 g I'' KCI was the most
effective in reducing the anthracnose disease
severity of variety TomEJC mango. The re-
sidual K level of 2 g 1" KCl treated fruits was
similar to that of untreated control showing
that there is no residual effect. Further, there
was no significant difference in sugar levels
between treatments. The reduction in disease
severity may be due to the production of anti-
fungal compounds, which in turn increase the
disease resistance of TomEJC mango and also
delay the appearance of post-harvest disease
symptoms. Karunanayaka ef al. (2016) have
reported that antifungal compounds were in-
creased in the fruit peel of mango cultivar
'Karuthacolomban' by potassium silicate treat-
ment which reduced the anthracnose develop-
ment.

There was no significant difference in peel
color parameters when compared to non-
treated, inoculated control fruits (control I)
indicating no significant effect of KCI treat-
ment on the peel color. However, some sig-
nificant differences were observed in some
parameters of flesh color (L*, b* and chroma)
between KCl-treated fruits and control fruits
indicating a slight decrease in yellowness. In
all treatments, hue value of flesh and peel of
ripe fruits were close to 90° which fall in the
yellow quadrant. KCI treatments did not sig-

nificantly affect the other parameters like fruit
length, width and volume.

CONCLUSION

Preharvest application of KCI at a concentra-
tion of 2 g 1" on mango fruits resulted in rela-
tively high control of anthracnose disease inci-
dence and severity of “TomEJC”. Further, the
application of KCl at 2 g 1" on to fruits at pre-
harvest stage resulted in no considerable vari-
ation in residual K, compared to untreated
control fruits and may not cause harmful ef-
fects on the consumer. KCl treatment does not
have a significant effect on peel color, fruit
length, width and fruit volume. Thus, pre-
harvest KC1 can be used as an alternative, safe
treatment method in controlling anthracnose
without affecting the appearance of fruits.
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