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Abstract

Spongy tissue (ST) of Alphonso mango is the most important physiological disorder which causes grave loss of fruit quality in ripe
fruits without showing external symptoms. Until recently, there was no remedy to overcome the malady, as there were speculations
regarding the nature of its origin. However, following the crucial findings that the disorder arises due to the premature onset of germination-
associated events in the seed of the developing fruit, field experiments were initiated to develop a protocol to treat the disorder. Results
clearly showed that application of salt solutions as a pre-harvest spray between 60 and 70% fruit maturity gave significant reduction in
the incidence of the malady. Among the treatments, application of nutrient mix containing a mixture of macro and micronutrients and
sea water produced fruits with an ST incidence level of <5%. Analysis of data revealed that the osmotic effect generated by hypertonic
salt solutions was primarily responsible for withholding the movement of water from mesocarp to seed thus preventing the onset of
germination-associated events and consequently a reduced incidence of spongy tissue. Pre-harvest application of the nutrient mix
containing macro and micronutrients or sea water on developing fruits between 60 and 70% maturity stage effectively reduced the
incidence of ST to <5% compared to 54.3% in control, besides improving the shelf life and fruit quality. The study also demonstrated that
treatment of fruits before reaching 60% maturity or after crossing 70% maturity was not as effective in reducing ST incidence. The method
offers an easy, effective, economical and eco-friendly solution to overcome the dreaded disorder at the field level thus allowing farmers
to produce superior quality Alphonso fruits free from the malady.
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Introduction

Spongy tissue (ST) of Alphonso mango fruit is a serious
physiological disorder in which the edible quality of the ripe fruit is
severely affected making it unfit for consumption at the advanced stage
of the malady. The problem is of serious concern as the consignment
consisting of spongy tissue affected fruits is liable to be rejected at
the destination by the importing country causing huge losses to
exporters. However, as far as the domestic market is concerned, the

consumers are the worst hit since fruits with spongy tissue do not
show external symptoms even in the advanced stage of the disorder.
Due to the high rate of incidence of spongy tissue in mature fruits
exported from India, many countries including the US and Europe
have not been showing interest in importing the fruit from India, in
spite of the fact that the internal demand for Alphonso fruit in those
countries is considerable and is on the rise with each passing year.
The principal reason for our failure in addressing this major concern
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of exporters in the past was due to the fact that the underlying cause
of the disorder had not been understood even though spongy tissue
disorder was identified and described as early as 1934 and as such
there was no definite cure for the malady.

The insights gained over the last few years on the mechanism
of development of the disorder have helped unravel the mystery
surrounding the spongy tissue disorder which had defied an
answer for long [1]. The fortuitous discovery that pre-germination
associated events in the developing seed play the central role in the
origin of the disorder gave precious insights into the mechanism
of development of the disorder. The detailed understanding of the
physiological processes leading to the formation of spongy tissue and
the critical stage of fruit growth at which the developing seed slips
into germination phase have provided invaluable data with regard
to the possibility of prevention of the incidence of the disorder by
appropriate interventions during fruit growth. The crucial finding in
our studies which revealed that the incidence of spongy tissue could
be brought down significantly by application of paclobutrazol (PBZ)
to developing fruits around 60-70% maturity gave strong indications
with regard to the possible control of the disorder by pre-harvest
sprays [2]. However, the suspected residual toxicity of PBZ in the
harvested fruits [3] posed a serious limitation in extending the process
for field control. Keeping this in view, experiments were designed to
develop a pre-harvest spray schedule using non-toxic chemicals for
the prevention of the malady. The results of the study which clearly
showed that the spongy tissue disorder is preventable are presented
in this paper.

Materials and Methods
Plant material

Adult trees of Alphonso mango (25- year-old) grown in
experimental orchards of the Indian Institute of Horticultural
Research, Hessaraghatta, Bangalore constituted the material for the
study. Trees showing profuse flowering and good fruit set during
Feb-Mar were selected for the experiments.

Fruit treatments

Developing fruits on the tree from 60% -70% maturity (65-75 days
after fruit set) were dipped in the following experimental treatment
solutions, namely (a) sodium chloride, 3% and 5% (b) calcium
chloride, 2% and 3% (c) potassium phosphate, 3% (d) nutrient mix
( Table 3) and (e) sea water along with a non-ionic adjuvant (APSA-
80) @ 0.03% for 30 seconds. Water with adjuvant acted as control. In
order to determine the critical stage of maturity for pre-treatment,
fruits at 50,60,70,80 and 90% maturity levels were treated with
nutrient mix and tested for ST incidence at full maturity.

Scoring for spongy tissue incidence

Fruits were harvested at maturity and ripened at an ambient
temperature of 25 ‘C+ 2 “C and RH of 70+5%. The percent incidence
of spongy tissue was determined based on visual scoring of 100 ripe
fruits from each treatment after cutting them open.

Biochemical analyses

Total carotenoids in the pulp were extracted in 80% acetone and
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estimated spectrophotometrically by recording the absorbance of the
clear extract at 470, 644.8 and 661.6 nm against the pure solvent as
blank [4]. Total soluble solids (TSS) in the pulp was measured using a
refractometer and expressed as % sucrose.

Statistical analysis

The experiment was laid out in a completely random block design
with five replications (single tree replications). Data were subjected
to analysis of variance (ANOVA) using the MSTAT statistical
programme (Michigan State University, East Lansing, MI, USA) and
are presented as means * standard error (SE). Differences in fruit
quality characters and shelf life between control and nutrient mix
treated samples were tested by student’s ¢- test.

Results and Discussion

The incidence of spongy tissue was found to reduce significantly
from 54.3% in control to 12.8% and 4.2% in fruits treated with 1g
or 3g/l of PBZ respectively (Figure 1). On the contrary, pre-harvest
application of gibberellic acid (GA,) to developing fruits was found
to enhance seed germination with a proportionate increase in the rate
of spongy tissue incidence [2]. Spongy tissue in Alphonso mango
occurred from an increased metabolic activity of seed due to the onset
of germination-associated events in the ripening fruit [5]. Since PBZ
is an inhibitor of the biosynthesis of gibberellins and promotes the
production of the hormone abscisic acid leading to inhibition of seed
germination [6], it was obvious that PBZ reduced the spongy tissue
incidence by the down-regulation of seed metabolic activity. Thus, the
present results confirmed our previous findings and firmly established
that spongy tissue incidence in Alphonso mango is regulated by the
activity of seed. However, due to the suspected residual toxicity effects
of PBZ on humans [3] and its influence on physiological processes
in mango, application of PBZ for field control of spongy tissue is not
considered the preferred option.

Studies were therefore, conducted to delay seed germination
by using inorganic salts which are known to induce seed dormancy

s R
70
60 4
50
£ 40
o
=
g
2 304
L]
20 4
10
0 il
Control PBZ 1% PBZ 3%
Figure 1: Effect of application of paclobutrazol (PBZ) on the incidence (%) of
spongy tissue in Alphonso mango.
.
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both in glycophytes and halophytes [7,8] and inhibit germination
in a reversible manner. Abdallah Atia et al [9] showed that salt
concentrations exceeding 50 mM NaCl delayed and reduced seed
germination in sea fennel (Crithmum maritimum L.) without altering
seed viability, These authors further reported that salt-induced stress
could influence and/or block some physiological processes and
concluded that reversibility of inhibition of salt-induced germination
indicated that salt solutions may inhibit the germination mostly via
an osmotic effect preventing the imbibition phase to occur.

Pre-harvest treatment of developing fruits at 60% maturity
with sodium chloride solution of 5% and 3% w/v concentrations
significantly reduced spongy tissue incidence ranging from 11.2-
15.1% respectively compared to 54.3% in control (Table 1). However,
these fruits exhibited surface shrinkage and early ripening symptoms
on the tree. In view of this, experiments were conducted with salt
solutions containing CaCL, potassium phosphate, mixture of macro
and micronutrients and sea water. It was interesting to note that
there was a significant reduction in the spongy tissue incidence in
all these salt treatments compared to control (Table 2).The lowest
incidence of ST was obtained by treatment with nutrient mix (4.2%)
closely followed by treatment with sea water (4.8%) coupled with
better fruit quality characteristics in terms of TSS, shelf life and pulp
color in ripe fruits (Table 3). It was also apparent from the results
presented in Table 4 that pre-harvest treatment of fruits between 60
and 70% maturity was most effective in reducing the ST incidence
while treatment before 60% or after 70% fruit maturity was not as
effective in reducing the ST incidence in fruits (Table 4).

Previous work by Cracknell Torres and Sauco [10] and Young et
al [11] had shown that CaCl, was used to control internal breakdown.
Cracknell Torres et al [12] showed that the incidence of internal fruit
breakdown was significantly and positively correlated with the fruit N
content and negatively related to the Ca content. Based on these, the
above authors assumed that spongy tissue was caused by a deficiency
of calcium. Accordingly, they attributed the reduction of spongy
tissue incidence by CaCl, as due to the reversal of calcium deficiency
in treated fruits. However, past work in our lab had provided
irrefutable evidence for the fact that the observed Ca deficiency in the
mesocarp of ST affected fruit was due to movement of Ca away from

Table 1: Effect of pre-harvest treatment of fruits on spongy tissue incidence in
Alphonso mango.

Pre-harvest treatment of 60% mature Spongy tissue incidence (%)+
fruits SE
Sodium chloride,3% 15.1£ 2.0
Sodium chloride,5% 11.2+1.3
Calcium chloride,2% 14.0+1.0
Calcium chloride,3% 9.3+0.9
Potassium phosphate,3% 14.1x1.2
Sea water 4.840.8
Nutrient mix 4.240.9
Control 54.345.5
CD =P<0.05 3.41

Significant at P< 0.05
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Table 2: Mineral composition of nutrient mix.

Component salt mg/l
NacCl 10000
CaCl, 20000
MgSoO, 500
KClI 1000
H,BO, 50
CuCl, 50
ZnSO, 50
FeSO, 50
MnSO, 50
APSA 0.3ml/l

Table 3: Fruit quality parameters of control and nutrient mix-treated Alphonso
mango fruits.

. . Nutrient mix
Fruit quality parameter Control ——— t-value
Pulp colour Orange-Yellow | Deep Orange-Yellow -
Pulp carotenoids
(mg/100g FW) 15.88+0.83 16.43+0.51 -1.21
TSS (%) 18.5+ 2.0 19.1+ 2.4 -0.20
Shelf life (days) 7.0+ 0.5 8.0+ 0.6 -0.65

Table 4: Effect of application of nutrient mix on spongy tissue incidence in fruits
at different stages of maturity.

Fruit maturity at first treatment Spongy tissue incidence(%)
(%) +S.E

50 31.8+3.4

60 4.1+0.7

70 4.3+1.2

80 50.9+5.5

90 51.2+6.0

Control 55.646.1

CD= P< 0.05 3.64

Significant at P< 0.05

pulp into seed for meeting the increasing demand for Ca caused due
to the onset of germination events and not due to the reduced uptake
of the mineral [5]. Therefore, it was apparent that the effect of CaCl,
in reducing ST incidence in Alphonso mango was through a different
mechanism of action. Since treatment with solutions of sodium
chloride, CaCl, potassium phosphate nutrient mix and sea water
(Table 1) could significantly reduce the spongy tissue incidence, it
was evident that these salt solutions applied to fruits acted possibly by
the osmotic stress caused by the presence of salts in the treatments.

It is known that the effect of salts on plants leads to physiological
drought [13]. Salt solutions having 3% salts typically have more
negative water potentials, relative to the water in the mesocarp. When
a salt solution is applied on the fruit, water molecules in the mesocarp
experience a strong pull from the more negative water potential of
the salt solution from across the peel tissue along an osmotic gradient
due to which the flow of water in to seed is prevented by the opposing
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force. Since the process of spongy tissue formation is initiated only in
those fruits which are physiologically cut off from the supplies of water
and nutrients due to funiculus damage [1], the prevention of flow of
water from mesocarp to seed by application of salt solution leads to
the development of moisture stress in the seed. Consequently, abscisic
acid (ABA) level in the seed increases [14] causing seed dormancy.
As the process of initiation of seed germination events is dependent
on the initial hydration of seed followed by an uninterrupted flow of
water into seed, the commencement of pre-germination-associated
events in the seed are temporarily suspended, thereby preventing seed
germination and consequently leading to fruits with lesser incidence
of spongy tissue disorder. Potassium phosphate at low concentrations
has the ability to act as an systemic induced resistance elicitor leading
to an increase in the synthesis of jasmonic acid (JA) [15] which
acts similar to ABA, thus inducing seed dormancy, delayed seed
germination [16] and a reduced level of ST incidence.

Results presented in Table 3 further showed that fruits treated
with nutrient mix and sea water showed improved fruit quality
characteristics in terms of TSS, shelf life and pulp color in ripe
fruits although the differences were not significant (Table 3). These
observations indicated that the micronutrients in these treatments
could be playing a role in enhancing fruit quality. Sea water is known
to contain total dissolved solids in the range of 35,000 ppm in which
the major components are sodium and chloride ions along with
other micronutrient ions, such as calcium, boron, zinc, sulphur etc.,
[17]. Ca is known to stabilize cell membranes and plays a key role in
maintaining cell structure and turgidity thus giving rise to fruits of
superior quality. The increase in post-harvest life in fruits treated with
the nutrient mix (Table 3) could be possibly related to the uptake of
calcium by fruit tissue as reported in apple [18]. The improvement in
pulp color as reflected in the higher carotenoid content of the pulp and
fruit quality attributes (Table 3) could be due to copper, an essential
micronutrient element involved in the formation of carotenoids
and vitamin A in plants. A deficiency of copper is reported to lead
to small fruits with poor color and quality [19]. Fe in nutrient mix
could have improved fruit characters as a deficiency of the element
leads to the production of smaller sized fruits with poor fruit quality
parameters such as firmness and acidity [20]. Boron is essential for
activation of dehydrogenase enzymes, sugar translocation, synthesis
of nucleic acids and plant hormones [21]. Besides, manganese is
involved in processes such as photosynthesis and metabolism of
nitrogen and carbohydrates which contribute to fruit yield and
quality. Zinc is a component of a wide array of enzymes and has a
role in the production of the growth hormone, indolyl acetic acid.
Considering the various functions of micronutrients in plants, it was
apparent that the beneficial effect of the nutrient mix and sea water on
fruit quality parameters reported in this study was evidently linked to
the numerous vital functions of microelements and their synergistic
actions in plants [22,23].

Data presented in Table 4 showed that spongy tissue incidence
was significantly reduced when fruits of 60-70% maturity were
treated while fruits treated beyond 70% maturity did not. These
results clearly demonstrated that the imposition of the treatment
before fruits reached 70% maturity was critical for regulation of
spongy tissue incidence in fruits. Previous studies had shown that
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70% fruit maturity is the critical stage at which the shift of seed in to
germination phase occurs due to a greatly enhanced competition for
resources among the developing fruits [1]. In order to prevent spongy
tissue formation, it is, therefore, essential to avoid or delay the shift
of seed into germination before it sets in. This conclusion was further
corroborated from the finding that treatment of fruits past the critical
stage was not beneficial due to the irreversible nature of the process
of germination. Thus, the results of the present study involving
the application of simple inorganic salts as a pre-harvest spray on
developing fruits clearly showed that spongy tissue incidence could
be prevented effectively by delaying seed germination events.

In conclusion, the study clearly established that treatment
of developing fruits of Alphonso with nutrient mix or sea water
between 60 and 70% fruit maturity was able to prevent spongy tissue
formation in mature ripe fruits. Pre-harvest spray of fruits between
60 and 70% maturity for 2-3 times was essential to obtain effective
control of the ST disorder. It was also apparent from the study that
treatment of fruits before 50% maturity was not quite effective in
controlling ST incidence and may also likely slow down the rate of
fruit growth by retarding seed metabolism while treatment beyond
70% fruit maturity did not reduce spongy tissue incidence due to the
irreversible nature of the process of germination. Inorganic salts are
considered to belong to the category of substances classified as GRAS
(Generally Recognized As Safe) by the United States Environmental
Protection Agency (USEPA) under the Food Quality Protection Act.
The salts employed for the control of ST are plant nutrients with
no phyto-toxic effects, no adverse impact on the environment and
public health, easy to apply and pose no health risks to farm workers,
unlike pesticide chemicals. Therefore, this method produces fruits
safe for consumption, besides being highly effective, economical and
environment-friendly. It is also likely that treatment with salt solution
may also provide a fair degree of protection against fungal diseases
of mango fruits with little possibility for the pathogen to build up
resistance. Thus, the protocol described here offers a simple and bio-
safe technology in the hands of farmers to produce superior quality
Alphonso mango fruits, both for domestic consumption and export
of fruits as well. Thus, the technology of pre-harvest treatment of
Alphonso mango fruits for the control of spongy tissue disorder which
had defied an answer for more than 75 years after it was first described
by Cheema and Dani [24] represents a breakthrough achievement.
This is also the world’s first report on the successful management of
spongy tissue in Alphonso mango by using commonly available salts
as pre-harvest spray application on developing fruits which could be
gainfully applied by Alphonso mango growers for field control of the
malady.
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