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SUMMARY
A two week visit was made to India with the following objectives:-

O to identify and prioritise fresh fruits and vegetables which have a potential
for export development which is being restricted by technical factors in order
to select crops on which the project should concentrate

0 to secure collaboration for the project from APEDA, researchers and those
involved commercially in the export marketing chain of fresh fruits and
vegetables

O to identify a person who will work with the project for three years who
could register for PhD degree on fruits and vegetables exports

O to gather technical and economic information and data on exports of fresh
produce

Meetings were held with those involved in the various aspects of the fruit and
vegetable export trade, from farm to port, and mangoes and speciality bananas were
identified as the crops on which the project should be based. Collaborators were
identified for mangoes from Konkan Krisshi Vidyapeeth, Dapoli, Maharashtra and the
Association of Fruit and Vegetable Growers' Co-op Society of Andhra Pradesh. Both
of which strongly indicated there keenness 1o co-operate.

It was recommended that the former was a suitable organisation to collaborate with on

export of Alphonso mangoes, especially to investigate the physiological disorder of

Spongy Tissue which was said to be a major limiting factor in export development. [t

was recommended that a member of staff or a recent MSc graduate should carry out a

PhD research programme on this subject funded by the project and jointly supervised

by project staff Consideration needs to be given on how this could be financed since it

was not part of the original project proposal. Research into Stone Weevil control was I[
recommended by APEDA, but since this is essentially a preharvest problem it may be
inappropriate for inclusion within the current project.

The latter organisation was not strictly within the target area but it is the main area for
the production of export quality of mangoes by small farmers and on every other count
it ideally suited the aims of the programme. APEDA agreed to select a suitable
candidate for a PhD working through this organisation and let the project staff in UK
know within about a month.

Considerable information was gathered on technical and economic aspects of fruit
production and export from India which will be used for reports and evaluation.

Little specific work was carried out on bananas but the report identifies a research “
programme designed to address the factors limiting sea-freight export. A visit by a
member of the team to India in January 1997 is planned to finalise the mango
experiments to be set up in April. At the same time air-freighted exports of speciality
bananas will be initiated to be used in simulated sea-freight trial in the UK.
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INTRODUCTION

1. This report presents the findings and recommendations arising from a two
week visit to India, September 1995, as part of the Indian Horticultural Export Project
(CO894), The visit followed on from an earlier trip by Dr Taylor (July, 1996) who had
previously visited the Head Office (New Delhi) of the Agricultural and Processed Food
Products Export Development Authority (APEDA), the key collaborator and co-
ordinator of the project in India, to discuss the objectives and planned activities for the
afore mentioned project. At the same time, APEDA’s advice was sort in establishing
the selection criteria on which the commodities for research would be identified . A
priority ranking for a small number of fruit crops (mango followed by banana and
possibly papaya) believed to have export potential for the European market was
provided. Technical constraints to their development were discussed.

2. A desk study undertaken at Natural Resources Institute to identify Indian
horticultural products with UK or European market potential identified mango, and n
particular the Alphonso variety as having the greatest export potential, particularly if a
protocol for their shipment by sea could be developed. A number of other
commodities viz., melon and pomegranate were also mentioned as having some
potential, but this was felt to be limited.

3. The chjectives of the present visit were:

e o gather technical and economic information and data on exports of fresh
produce (and in particular those commodities identified by APEDA and
from the UK market survey) from Kamatika and Maharashtra states

» to identify and prioritise fresh fruits and vegetables which have a potential
for export development which is being restricted by technical factors

s select crops on which the project should concentrate (this to be done in
conjunction with a market survey in the UK)

 secure collaboration for the project from APEDA, researchers and those
involved commercially in the export marketing chain of fresh fruits and
vegetables

« identify a member of staff of an Indian agricultural university who could
work on the project for three years and register for a PhD degree on fruits
and vegetables exports

4. The visit was undertaken by Professor A K. Thompson (Cranfield University)
and Dr § Taylor (Natural Resources Institute) and co-ordinated by APEDA. Through
APEDA, visits were made to research institutes/universities in Maharashtra and
Andhra Predesh. Production areas in both states were visited and interviews were
held with key personnel in the export chain, from farmer through to exporters, A




series of meetings were also held with clearing and forwarding agents, shipping lines
and the container port authorities to study the logistics of sea transport and identify
any constraints.

5. An itinerary of the visit and a list of the organisations and people met are
provided in Appendices A and B, respectively.

VISITS
ODA Delhi. Mike Wilson, Senior Agricultural Adviser.

& A short meeting was held with Mr Wilson who was appraised of the objectives
and progress of the project. He described the current ODA work in the agricultural
field in India. There were no programmes currently funded by ODA which impinged
on this project. It is, however, likely that in the future ODA will provide technical
assistance on crop production which would include relevant horticultural crops. This
may interface with the project in that it could have a positive effect on the production
of certain crops some of which would be suitable for export. It is therefore important
to keep the ODA staff in Delhi informed of the progress of the project.

APEDA, Delhi. Mr Raju, Director

7. Mr Raju, Director of APEDA, expressed considerable support for the project.
He commented that the project was very much in line with APEDA’s mandate to
develop Indian horticultural commodities and promote their exports with a view to
maximising foreign exchange earnings and providing better income to farmers.

B Mr Raju was of the opinion that the project should not be piecemeal but should
concentrate on developing technologies for one or two crops. This approach has been
adopted by APEDA who have concentrated their efforts in recent years on the
development of the grape export industry in Maharashtra.

9. A number of other crops (mangoes, bananas, papaya, lychee) have been
identified by APEDA as having potential for export, overwhelmingly, mangoes were
considered to be the first priority. (This is very much in line with the findings of the
UK/Europe market study.) India harvests 9.45 million tonnes a year of which only
3000 tonnes are exported to Europe. Alphonso, the chief variety exported to UK, is
primarily grown in the Konkan region of Maharashtra. It currently achieves a premium
price on the market, largely because of its quality but also to cover the high cost of air
freight from India. The shipment of mangoes by sea was seen as a means of reducing
price and developing sales. APEDA described a number of attempts by exporters to
do so with varying degrees of success. The development of a protocol defining
maturity at harvest through to conditions for sea freight (controlled atmosphere vs
refrigerated) was felt to be key to the development of the mango export industry.

10.  Copies of an exporters guide to grape export had been developed by APEDA.
A similar guide for mangoes was considered to be a prerequisite for the development
of the mango export industry. The guide could be based on the research done on the




project. From subsequent discussions with exporters it was clear that there is a need
for such a guide now, and it was hoped by them and APEDA that the mango guide
would not take as long to produce as the grape guide, some six years.

11. A key objective of the visit was to identify a suitable PhD student who would
undertake a programme based on the research lines defined during the present visit.

On the basis of Mr Raju’s recommendations visits were made 10 research stations and
universities in Maharashtra and Andhra Predesh that are active in postharvest
technology. It was agreed that the cv's for a number of candidates would be submitted
to APEDA for selection

12.  Agreement needs to be sought from ODA to include Andhra Predesh within
the project area. The justification for its inclusion was on the recommendation of
APEDA that this is the principle mango growing area and the quality of fruit renders it
the area with the greatest potential for export. There was also a keenness among the
small farmers in that state to collaborate with the project.

Indian Agricultural Research Institute, Delhi. Dr Susanta Roy {All India Co-
ordinated Research programme on Postharvest Technology of Horticultural

Crops)

13. A meeting was held with Dr Susanta Roy, Head of the Post-Harvest Lmit and
co-ordinator of India's research programme on post-harvest technology for
horticultural crops. The post-harvest unit appeared to be actively carrying out
research, including controlled atmosphere storage of mangoes, and had a good record
of publications. They expressed a willingness and keenness 10 co-operate with the
project. The possibility of providing a candidate to undertake the split PhD was
discussed and Dr Roy identified a Mrs Nita Sen, a research fellow at the institute. The
final decision is to be made in conjunction with APEDA

14 IARI would be well placed to collaborate with the project in terms of facilities;
the unit was well equipped with gas and high performance liquid chromatography, a
colour difference meter, an Instron universal tester modified atmosphere packing
equipment, 6 controlled temperature rooms, 4 controlled atmosphere storage lines and
general laboratory instruments. There was also a food processing group with mlot
plant equipment. However, IARI's locality in relation to the mango production areas
pose a serious disadvantage to an effective collaboration. They have recently taken
delivery of vapour heat treatment equipment supplied under Japanese technical co-
operation arrangements. They will be using it for experiments on fruit fly control for
fruit to be exported to Japan. If the experiments prove successful they will need to
purchase the complete equipment costing some £2 million.

National Horticultural Board, Delhi. Dr R K Sharma

15.  The Board, part of the Ministry of Agriculture, has a national co-ordinating
role in research and development for the industry. They also collect and disseminate
statistics. Many of these were relevant to the project and copies were provided




In 1988 they established a Market Information Network called NHBNET which
provides information (daily and monthly bulletins) to producers on market
trends/prices for a number of fruits and vegetables in the major cities in India.

Exporiers, Bombay

16.  There was considerable interest in the development of expons of mangoes.
The technical problems faced in developing these exports were considered substantial
and it was strongly recommended that the project should concentrate solely on this
crop, at least initially, and then move onto others. Alphonso mango had a good
reputation on the local market and commands a premium price, but there is a lot of
new planting so suitable quantities for export development should be available. It was
pointed out that the development of the grape export industry had taken some 6%
years and it was hoped that mangoes would take considerably less.

17.  Costs of leasing a 40 foot reefer containers has recently risen from $3,500 in
1995 to §5,950 + 8 % which is approximately $6,500 in 1996. There were also
problems of delays in shipping containers out of the port which have been as much as
10 days for grapes. Exporters, however, agreed that the pori authorities have been
very accommodating for the mango shipments. The delays are particularly difficult
since it prevents them planning deliveries ahead with importers.

I8 For grapes fruit quality was cited as a problem and it was stated that an
exportable portion of only some 10 % was common. The small farmers that the
exporters dealt with were said to be very receptive to new ideas, but are very
concerned not to be “taken for a ride”.

Port Operations Centre, Jawaharial Nehru Port Trust, New Bombay.
Mr A K Sen

19. A site visit was made to the recently developed container terminal at the
Jawaharlal Nehru Port Trust (JNPT) in New Bombay.

20.  Fresh produce for export usually arrives at the port already in reefer containers.
There are two reefer container parks at the port, one with 156 plug points and the
other with 64. The shipping lines employ workers who stay at the park and constantly
monitor the containers’ temperatures. At certain times of the year (March-May) the
container plug points are insufficient and perhaps two containers will be parked at each
point and the workers will constantly swap over the containers to ensure their
temperatures are maintained. There is a planned expansion of the port and another
park is scheduled to be completed within two years which will have a further 240
plugs. The port has & back-up generator which switches on automatically if the main
supply is interrupted.

21.  There were two charges that the POC made for containers. One was a single
handling charge {2500 rupees) and the other was a daily charge (800 rupees) for the
use of the plug, If containers remained for longer than 15 days there was an additional
charge levied on a daily basis for the space occupied. The normal throughput of
reefers was about 60% 40 foot and 40%% 20 foot




27 Containers can be stuffed in the port area. The Container Freight Station has
facilities for receiving produce delivered from lorries for loading into the comtainers.

23, The POC authorities were very sympathetic to the special problems of
transporting highly perishable fresh fruit and had introduced a green channel.
Normally the port requires containers to be delivered to the port two or three days
prior to the boats scheduled departure. However, for containers which contained
highly perishable fresh fruit they were able to accept these the same day as the ship
departed.. This was subsequently confirmed in discussions with some of the shipping
line representatives. There may be problems with this in the future if very large
numbers of containers are involved, but if the number does not exceed 10 containers,
no problems were foreseen.

Shipping line representatives, Bombay

24, Under the auspices of APEDA a meeting was held with representatives of the
major shipping lines in Bombay handling fresh horticultural produce.  The logistics of
sea transport and some of the problems faced by the shipping lines were discussed. It
was reported that shipping times from Bombay to Felixstowe in UK vanes from as
little as 17 days for the fastest service through the Red Sea (CMB Transport Agencies
India Pvt. Ltd.). The shipping lines, however, reported mixed results in the sea freight
of mangoes to Europe: two 20 foot reefers containing mangoes {Alphonso) from
Nasik arrived in the UK in a satisfactory condition, however there had been some
problems with the shipment of three 40 foot CA containers holding Chausa mangoes
from Lucknow. All the companies interviewed indicated a clear need for research in
this area and were willing to collaborate in any future shipping trials.

[Supplies of both 20 and 30 foot reefers were readily available. It was
indicated that for mangoes it takes some 48 hours for harvesting, treatment,
precooling, stuffing and transport to the port. Importers in UK require at least
4 days shelf life on arrival. this gives a total postharvest life requirement of at
least 23 days.]

Forwarding agents, Bombay

25.  There was strong support that the project should include sea-freight export
development of speciality bananas. There are major supplies of this crop within 200
km of Bombay. It is a popular crop with small farmers since it provides them with a
regular income and helps their cash flow. this is because unlike grapes or mangoes it
can be harvested all the year round.

26.  Costs of renting the Transfresh controlled atmosphere storage unit which
converts a reefier container costs $1,850.




Konkan Krisshi Vidyapeeth, Dapoli, Maharashtra, Dr R B Dumbre

27 This is an Agricultural University which awards BS¢, MSc and from 1995 a
part taught, part research PhD degree. They also have a farm of some 600 hectares
growing mainly mangoes and cashew. Research areas cover postharvest technology,
fruit processing, propagation (they have pioneered and trained some 6,004 farmers,
housewives etc. in & simple method of grafting), irrigation (mainly trickle), plant
breeding and cultivation practices. The general impression given was one of an active
innovative organisation.

28.  The rainfall in the area is very high, but distributed over a three to four month
period from June to September. Work had been carried out on mango harvesting
using a “nipper” which cut the stalks to the appropriate length and thus avoided latex
staining. They had also developed a maturity grading system based on the specific
gravity of mangoes. They have found that fruit with a specific gravity of between 1.00
and 1.02 are suitable for export marketing To achieve this in a packhouse fruit are
placed in water and those that sink are removed and placed in a 2.5% salt solution.
Those that sink in this solution are of the correct maturity for export. They had also
developed a precooling system by placing the fruits in iced water for 6 hours after
harvest.

29.  Postharvest problems with mangoes were identified as follows:-

1. Internal spongy tissue which occurs almost exclusively on the variety Alphonso.
This cannot be detected on the intact fruit, but it can reach levels as high as some 30
% affected. Mo cause has yet been identified, inspite of considerable research, and
it is thought to be related to both preharvest and postharvest factors including
harvest maturity and postharvest temperature. They considered this to be the most
important problem in developing the export of Alphonso. They were very keen to
develop a collaborative project on this one topic and it is appropnate to seek
funding for a joint PhD programme. A literature review on internal spongy tissue
was provided and is enclosed in Appendix 2.

2. Both anthracnose disease and stem end rot are major problems. With careful
preharvest fungicidal sprays both these diseases could be controlled. [t was also
mentioned that postharvest fungicidal treatment (500 ppm Bavistan) can control
anthracnose.

3. The problems of fruit damaged because of inappropriate postharvest handling was
discussed and it was felt that these could be overcome with the use of plastic
containers rather than traditional woven baskets.

Godrej Agrovet Lid. Nashik, Dr K D Deshmukh, Marketing Manager.

30.  The fresh fruit export is a minor part of a large company which has disparate
interests. They started grape export to UK and Holland four years ago and, inspite of
losses in the current years trading, they will continue and are interested in expanding
into the export of other fruit. The packhouse was well designed, hygienic and had
been approved by UK importers, They are not grape producers but by from some 400
small farmers. Their own workers harvest the fruit taking only bunches of the required




quality. This is commonly about 10 % of the crop but can be as high as 50 % with
some efficient growers. They provide technical assistance to many of the farmers to
ensure good agricultural practices and that the growers only use permitted pesticides
and that they are applied at the appropriate level and the correct time. The fruit not
bought by the exporters is harvested by the farmers and marketed locally, Thereisa
good local market for grapes but the farmers receive approximately half the price paid
by the exporters. There is competition between exporters and the system seems to be
of benefit to small farmers.

31, Harvesting begins at about 06.00 and the first fruit will arrive at the packhouse
some 3 hours later, The workers take plastic crates which will hold some 5 kg of frun
to the field and carefully harvest the bunches into these. On arrival at the packhouse
the boxes are taken directly into the air conditioned packhouse where they are hand
graded and trimmed on conveyor belts and packed into fibreboard coated cartons. The
boxes contain a plastic bubble sheet at the bottom, above which is a polyethylene bag.
Each bunch is first placed in its own bag and these are place in the larger bag in the
box. A sulphur dioxide pad is placed above the grapes and the polyethylene bag is
closed.

32, Boxes are taken to a forced air precooler until the berry temperature has fallen
to 1 °C. This takes about 4 hours. Boxes are then taken to an adjacent cold room rum
at close to 0 °C and the boxes are palletised. The reefer container pulls up to a door
close to the cold room and the pallets are loaded using a hand pallet truck. This
operation takes about ' hour to load about 14 tonnes into the containers, The
containers are then taken to the port and loaded the same day onto ships bound for

Europe.
Oceanic Imports and Exports Corperation, Nashik. Mr Atul Sharma.

33.  The operations for grape exports were similar to those described above.
Interest by the company in growing and exporting green beans by air-freight to UK
was expressed, but so far they had not been able to grow beans of a suitable quality.

Andhra Pradesh Agricultural University, Hyderabad, Andhra Pradesh.
Professor M V Rao, Vice Chancellor

34 Discussions on collaboration between APALU and the project resulted in a large
degree of empathy and a desire to collaborate in what the Vice Chancellor described as
a very important but neglected area of research. He indicated his keenness to nominate
ane of the members of his Postharvest Technology Department or someone who had
recently completed their MSc degree for the PhD degree funded by the project.
However, before doing so he required a Memorandum of Understanding. This was
because he required permission from the State Government to enter into such an
agreement. Confirmation was required on whether the project can collaborate in
Andhra Pradesh state since it was not included in the original ODA Country
Framework Document. Unfortunately there were some student problems on campus
which meant that it was not possible to see the facilities there and meet the relevant
staff.
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Association of Fruit and Vegetable Growers’ Co-op Society of Andhra Pradesh.
Mr K Prasada Rao, Executive Director.

35, The society represents some 300 small holder fruit and vegetable producers
(each growing between about 1 and 5 hectares of mangoes) who are keen to get into
the fruit, especially mango, export industry. The co-op had tried exporting mangoes
by sea-freight with variable success, They were very keen to develop the industry on a
large scale and were very keen to co-operate, even to the extent of supplying and
office and secretarial facilities in Vijaya. They will be able to air-freight to UK
different mango varieties at various harvest maturities in order that controlled
atmosphere storage experiments are carried out. Contact with the Transfresh
Corporation of USA had been made and they had indicated their willingness to co-
operate with them on actual trial controlled atmosphere sea-freight shipments in the
next mango season. Fruit of Banganapalli and Totapari were available for all this
experimental work and suitable fruit of the former should be available from the second
week in April until the end of May and for the latter from early May until mid June.

Mango farms in Andhra Pradesh State

36.  Two farms were visited where a number of varieties were being grown. Trees
at the farms varied in age between about three years up to 10 years old. Banganpalie
was the main variety produced, as it commanded a premium price on local markets,
followed by Totopuri which was a late yielding variety. Other vaneties were produced
only in small quantities. Cultural practices appeared good with copious use of poultry
manure on one farm. Pest and disease control was based on advice provided by the
State Extension Services and appears to consist of Some twice a year application of a
fungicide and an insecticide. The farmers appeared satisfied that this gave good
control. It was reported that there was considerable amounts of new mango orchard
establishment in the area and that it was an economic viable crop for small farmers to
produce for the local market. One farmer was inter-cropping with guava and using
drip irrigation. One farm had a packhouse, they were growing grapes for drying into
raisons and the packhouse was used for these. For the mangoes for the local market
they were harvested into baskets, taken to the side of the field They were then graded
on the ground in terms of size and surface defects on the fruit and sold to mddle men
who visited the farms. These were transported stacked in the back of pick-up trucks
without any packaging or protection, to the local market.

Principal Secretary of Agriculiure, Government of Andhra Pradesh, Mr V
Anandarau

37. A courtesy call was made to inform the PSA of the purpose of the project. He
expressed his support and offered to help in any way he could. He also expressed the
importance that he and his Minister considered the postharvest aspects of the
development of mango exports were to farmers on Andhra Pradesh State.




Fruit exporters from Andhra Pradesh

38,  Although three people attended the meeting only one (Mr N Sriranga Reddy)
was actually involved in export. His companies experience was mainly involved with
grapes but they had exported mangoes by air freight to the Far East and to
Switzerland, generally with economic success. These had been only small quantities
and the company was keen to develop the mango export business by sea freight

APEDA, Hyderabad

30 There is no office of APEDA in Hyderabad and the area of Andhra Pradesh is
cover by the office in Bangalore under the direction of Mr T A Viswanathan, Mr
Viswanathan accompanied the project team during the visit to Andhra Pradesh and
indicted that he would provide all the help possible for the project.

Directorate of Horticulture, Government of Andhra Pradesh.
Mr Ar Sukumar, Director.

40,  Support for the project was expressed by the Director and staff. It was even
indicted that they would be prepared to supply a suitably qualified member of their
staff to take the PhD studentship post on the project and that such a person could be
made immediately available. The Directorate of Horticulture’ is responsible for issuing
phytosanitary certificates to fruit exported from the State and would therefore be ina
good position to ensure that the quality of fruit exported would meet the protocol and
standards developed within the project.

Department of Marketing, Government of Andhra Pradesh.
Mr Vijay Mohan Lal, Additional Director.

41.  The Department of Marketing had worked closely with exporters especially
with the Association of Fruit and Vegetable Growers' Co-op Society of Andhra
Pradesh. They had produced a lot of promotional material and developed a band
“Sungold” for the local Banganapalli mango (which is also locally called Benisham)
The literature was very professionally produced. Support for the project was
expressed. The Department of Marketing co-ordinates the fresh fruit export activities
in the state

PhD Studentship

42.  The position for the PhD student on the project was discussed at length at
almost all the meeting during the visit. At the Indian Agricultural Research Institute in
Delhi considerable help was given and the team were introduced to a member of staff
(Mrs Sen) who was interested in the post and appeared well qualified and highly
suitable. The only reservations were that since she was fairly newly married and her
husband was working at the TARI in Delhi the time that she would have to spend in the
UK and South India would make it difficult for her.
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43,  Mr P Naganand, the Additional Director of the Directorate of Horticulture of
the Government of Andhra Pradesh also expressed interest in the post.

44, The Vice Chancellor of the Andhra Pradesh Agricultural University in
Hyderabad agreed that he would nominate a member or recent graduate from his
University for the post, This would also have the advantage that the University
facilities and staff would also be brought into the project. The Viee Chancellor
required a Memorandum of Understanding before he could proceed,

45  The Director of research of Konkan Krisshi Vidyapeeth in Dapoli, Maharashtra
were prepared to collaborate in the project but they were keener to work on the
“Spongy Tissue” disorder of Alphonso mangoes. He claimed that this was the only I'I'
impaortant factor which was limiting the development of the export industry of
Alphonso mangoes,

APEDA, Bombay. Mr R P Gauntam
46.  The handling system for export of mangoes was described as follows:-

Fruit harvested in boxes and carried to a packhouse

Fruit dipped in benomyl fungicide

Fruit waxed

Fruit precooled in a forced air cooler taking some 6 hours to reduce their

temperature to 13 °C

Fruit stored in & cold room at the same temperature

6. Cold store had a direct connection so that a reefer container could be
reversed to the door

7. The container was precooled and the fruit transferred so that the cold chain
remained unbroken

8. The trucks which was used for have integrated diesel generators so that the
refrigeration can be applied during transport to the docks

9. On arrival at the docks the reefers were connected to the electricity supply

at the docks to await loading on the ship

e =

L

ACTION POINTS

47.  The following points and those included in the wrap up meetings require
action:-

1. Determine whether it will be possible to incorporate research into the spongy
tissue problem of Alphonso within the project.

2. Consider recommending a revision of the budget allocation to include the PhD
studentship for Konkan Krisshi Vidyapeeth in Dapoli to work on spongy tissue
and possibly stone weevil of mangoes. A provisional estimate of costs was
given as £3,000 to cover fees and materials for the three years. Supervisory
visits could be incorporated within the currently planned visits

3. Agree that the first priority should be to research into the various varieties of
mango with speciality bananas as a second crop
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4. Set up experiments on the development of Spongy Tissue with Konkan Krisshi
Vidyapeeth in Dapoli. This should be in the form of a PhD student registered
locally with supervisory inputs from the project team. From reading the
literature review it would seem a reasonable hypothesis that CO; metabolism o
toxicity might be involved., This appears not to have been previously
investigated and would make a good starting point for & PhD, with, if verified,
an investigation of preharvest and postharvest factors which could be
manipulated to control it. Another aspect which could be considered if the
hypothesis proved invalid would be to investigate non-destructive methods of
assessment of the presence of Spongy Tissue.

5. Plan the experiments with Banganapalli mango fruit. These could be as
follows:

« Harvest fruit at different maturities based on such factors as shoulder
formation, peel colour, specific gravity and total soluble solids content,

s Transport samples of these to UK by air-freight at fortnightly intervals,
starting mid April, for simulated sea shipment trials to be carried out.
These will investigate different levels of O; and CO; and how these
interact with temperature (probably 10 °C and 13 °C) overa 3 to 4
week simulated transport period. Fruit will be removed from controlled
atmosphere storage and kept at 20 °C for 5 days to simulate marketing,
An air contral will be included. Physical, chemical and sensory
characteristics of the fruit will be measured, before, and after controlled
atmosphere storage and after the shelf life studies.

e Carry out trials on postharvest hot water treatment of fruit and store
them at 13 °C for 3 to 4 weeks to simulate sea freight shipment. The
fruit quality to be assessed directly after storage and afler and 5 days
shelf life.

« Investigate the various methods of assessing harvest maturity on the
quality of the ripe fruit.

« With the collaboration of commercial exporters one controlled
atmosphere container and one reefer container shipment will be sent to
the UK. This needs to be confirmed in terms of the risks involved at
this early stage of the project.

6. Design experiments to determine the optimum conditions for sea-freight

export of speciality bananas. This could be as follows

« Investigate methods of determining harvest maturity, This should
include either colour coded bunch covers or ribbons applied at the first
appearance of the fruit then the assessment of number of weeks to full
maturity.
e Assess the need for postharvest fungicidal treatment to control
postharvest development of crown rot
« Devise a postharvest handling protocol to ensure that fruits are not
damaged.
s In consultation with European importers and carton manufacturers in
India evaluate the most suitable packaging methods. Consideration
should be given to prepriced individual clusters each in its own
polyethylene bag,
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» [nvestigate the effects of modified atmosphere packaging on the
marketable life of produce.

o Study the effects of controlled atmosphere storage on the marketable
life of produce.

» [nvestigate the ripening conditions for fruit after transport and assess
the effects of harvest maturity and transport conditions on the quality of
the fruit.

A visit by a member of the UK team will be made to & suitable
banana producing area selected by APEDA at the beginning of January.
At this time air-freight shipments of fruit will be made to UK to begin
controlled atmosphere storage expenments.

7. Discuss whether there is need for further market evaluation inputs at this stage,
especially whether it is necessary for a UK market economist to visit India.

8. The design for hot water treatment equipment for the mango trials was
discussed with the Executive Director of the VIJAY A association of fruit and
vegetable growers' co-op societies of Andre Predesh. It would be necessary to
provide equipment of sufficient capacity for up to 20 tonnes each day. It was
agreed that AK Thompson would provide such a design that could be made
and assembled in India.

Wrap up meeting with Mr S.K. Sharma, General Manager APEDA

48  The points agreed were:-

APEDA would find a suitable person to fulfil the PhD post with a view o
the person starting their work in UK by November 1996 and based in
Andhra Pradesh while in India.

The crops to be the subject of the project should be mangoes and speciality
bananas.

The project would seek funds for a second PhD student to be registered and
to work at Konkan Krisshi Vidyapeeth in Dapoli on Alphonso mangoes.

A design for small scale mango hot water treatment equipment would be
supplied to APEDA so that one could be in place for the next mango
harvest season in Andhra Pradesh

» A meeting would be arranged at Silsoe College for the Director of APEDA
s The next visit to India by a member of the project team would be January

1997 to confirm the mango work and arrange for facilities in Andhra
Pradesh and visit the banana producing area of Jalgaon in Maharashtra.

49 Wrap up meeting with Mr J.5. Raju, Director APEDA

A meeting was held at Silsoe College on 23 September. The action points above were
discussed and a draft of this report was given to Mr Raju. He was very supportive of
all the points described, and the selection of mangoes and bananas were in line with his
own thinking. He asked if the following points could be incorporated into the project:-

An investigation into the seed weevil to be incorporated into the work to be
done at Konkan Krisshi Vidyapeeth in Dapoli on Alphonso mangoes.
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s The project should be linked with markets. It would be useful to involve
representatives from the UK import sector and supermarket technologists
in this work especially when the team are setting up experiments in India.

It is important that selected farmers be exposed to the way other countries
produce mangoes and bananas for export. An approach will be made to
enquire whether ODA have funds to support these visits. It was considered
that some 20 farmers would be involved over the three years of the project
(say 7 persons each year) and visits would be made to Latin America or
South Africa.

e As part of the project it was requested that the UK team should be involved
with the promotion of the two products mentioned above. APEDA
arranges promotions two or three times each year and Project staff could be

present at these to provide support.
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APPENDIX A

ITINERARY OF VISIT

8th September (Sun): Arrive in New Delhi from UK
9th September (Monday):
am - Introductory meeting with Mr Raju (Director) of APEDA
- Meeting with the Joint Secretary Mr S.M. Acharya in the Ministry of
Commerce (and acting Chairman of APEDA)
- Meeting with Mr Raju, Mr Sharma (General Manager) and Dr Lal (Project
Manager) of APEDA to discuss itinerary.

p.m. - Visit to IARI to meet key scientists in the Floriculture and Horticultural
Division and the Entomology Department (VHT facilities).

10th September (Tuesday):

am - Meeting with officials of the National Horticulture Board, Ministry of
Agriculture.

p.m. - Visit to ODA to brief and discuss project with Mike Wilson.
- Travel to Bombay.

11ih September (Wed):

am. - Meeting with Mr Gautam, Deputy Director of APEDA
- Visit to INPT port facilities at New Bombay,

p.m. - Meeting with shipping lines handling horticultural produce.

12th September (Thursday):

am. - Meeting with key exporters of horticultural produce at APEDA office.
p.m. - Meeting with clearing and forwarding agents at APEDA office,

13th September (Friday):

am./p.m. - Travel to Konkan Krishi Vidyapith, Dapols

- Meeting with the Vice Chancellor, Konkan Agricultural University




14th September (Sat):
am. - Meeting with key staff at the University to discuss project and areas of
collaboration.

- Visit to University farm (mango orchards/plant breeding).

p.m. - Visit to Biotechnology Department

15th September (Sun): Travel to Nasik.

16th September (Monday):

am. - Visit to Godrej Agrovet Lid.,

p.m. - Visit to Oceanic Imports & Exports Corpn,,

17th September (Tuesday): Travel to Bombay

18th September (Wed): Travel 1o Hyderabad

am. - Meeting with Mr Viswanathan, APEDA (Bangalore office), Mr Prasada Rao,
President, Cheemalallpadu Fruit and Vegetable Growers Co-op Society

- Visit to mango orchards

pm - Visit to mango orchards
- Meeting with Mr M_V. Rao, Vice Chancellor, A P. Agricultural University

19th Sept (Thur):
am. - Meeting with Nr Naganand, Deputy Director of Horticulture Department

- Meeting with Mr Vijay lal, Director of Marketing, Department of Marketing
- Meeting with exporters

- Meeting with Mr V. Anandarau, Prl. Secretary, Agniculture, A.P, Government

p.m. - Travel to Bombay
20th Sept (Fri):
am. - Final meeting with Mr Raju, Mr Sharma and staff (APEDA)

p-m. - Travel to UK

il




APPENDIX B

LIST OF ORGANISATIONS AND PEOPLE MET

Agricultural and Processed Food Products Export Development Authority
(APEDA)

Ministry of Commerce, Dehli

Mr §.M. Acharya, Joint Secretary in the Ministry of Commerce & Acting
Chairman of APEDA

Delhi OfTice:

Mr J1.8. Raju, Director

Mr A.S. Rawat, Deputy Director

Mr 8 K. Sharma, General Manager

Dr B. Lal, Project Manager (VHT)/ Division of Entomology LARI
Mr D K. Aggarwal, Field Officer/ Division of Entomelogy IARI

3rd Floor

Ansal Chambers No 2

B, thksjifanm Place Tel: 91-11-618]1 TOR/G192141

Mew Delhi-1 10066 Fax: 91-11-6193016
Bombay OfTice:

Mr R P. Gautam, Deputy Director
Mr V K. Vidyarthi, Asstt Director

Unit No 3, 12th Floor

MVIRDC Centre No. 1

World Trade Centre

Cuffe parade, Tel: 91-22-2183106

Bombay-400 005 Fax: 91-22-21B9681
Bangalore OfMice

Mr T.A Viswanathan, Asstt. Director

12/1/1, Palace Cross Road Tel: 91- 3343425
Bangalore-560020 Fax: 91- - 3364560




ODA

Mr Mike Wilson,
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Senior Matural Resources Adviser, Dehli Office, but contactable through:-

Overseas Development Administration,
94, Victoria Street, London SWIE 5JL, UK

Tel 4440)171-917-0285 Fax 44-(0)171-917-0491

Email: nredmw vs2(@oda gtnet gov.uk

Exporters

Maharashira
Mrs Sharda Prabhuchimulkar (Manager/Export)

Eurofruits Pvt. Ltd.

687 Neelkant Apartments, Ground Floor

Amar Mahal,
Tilak MNagar
Bombay -400 085
India

Mr Nintin Agrawal

Eurofruits Pvt Lid

Gate no 1031 Vadner Bhairav Road
Taluka Chandwad

Nasik 423 111

Dr K.D. Deshmukh
Marketing Manager
Godrej Agrovet Ltd,
Pirojshanagar

Eastern Express Highway
Vikhroli
Mumbai-400079

Mr N.M. Bage
Chief Executive
Growgood Exports
6, Milgiri

Samant Wadi
Goregaon (East)
Bombay-400063

Mr Atul Sharma

Oceanic Imports & Exports Corpn.
126, Kadawa Mhalungi

Taluka Dindori

MNasik

Tel: 91-22-5228775/6
Fax: 91-22-5225254

Tel: 91-2553-54165/54166/54173

Tel: 91-22-5171861
Fax: 91-22-5170861

Tel: 91-22-8732695
Fax: 91-22-8734332

Tel: 1-2557-21117
Fax: 91-2557-21072
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Andhra Pradesh

Mr K Prasada Rao
President: Cheemalapadu fruit and vegetable growers co-op society
Executive Director: VIJAY A association of fruit and vegetable growers’ co-op

societies of AP,

5§9-7-8, Ramachandra Nagar

Vijayawada-520008 Tel: 91-0866-475304
Andhra Pradesh Fax: 91-0866-477984

Clearing and Forwarding Agenis

Mr Uday Sait & Mr Deepak Trivedi

Ace Clearing & Forwarding

29, Lalsingh Bldg.,

Lohar Street Tel: 91-22-2085768/ 2085371
Bombay-400 002 Fax: 91-22-2051852

Mr P. James

P. James

Custom House Agents: 11/600

203, Gulab Building

237, P.D'Mello Road Tel; 91-22-2623587
Bombay-400 --1 Fax: 91-22-2621162

Shipping Lines

Mr Harish Shetty

Container Marine Agencies Pvt. Lid.

Suite 502, Gulab

5th Floor

217, P.D'Mello Road Tel: 91-22-2622004
Bombay-400 001 Fax: 91-22-26128312

Mr Ravi Menon

Assistant Manager - Marketing

CMB Transport Agencies India Pvt. Lid
Vakils house, 3rd Floor

18, Ballard Estate Tel: 91-22-2665380
Bombay-400 038 Fax: 91-22-2622255
Mr Laval Fernandes

Assistant Manager - Marketing

Container Movement (Bombay) Transport Pvt. Lid.

25-26 Vaswani Mansions

120, Dinsha Vachha Road Tel: 91-22-2045866
Mumbai-400 020 Fax: 91-22-2873400




Mr Kanti Chandarana
Freightaids

Mapla House

Room No 1, 1st Floor
91 Modi Street

Opp. Masjid

2657760
Mumbai-400 001

Mr Ronald Deane
Manager, Sales
Maersk India Limited
102 Free Press House
215 Nariman Point
Mumbai - 400021

Mr Girish V. Gaikwad
Marketing Manager

Seahorse Ship Agencies Pvt. Ltd.
Apsara Building

Meena Bazar, Sth Floor

Colaba Causeway
Mumbai-400001

Mr Leslie Correa

Marketing & Pricing Executive
Sea-Land Agencies (India) Pvt. Ltd.
Nhava House

65, M. Karve Marg

Mumbai-400 002

Mr P.K. Hui

Deputy General Manager

The Shipping Corporation of India Ltd
Shipping House

245 Madame Cama Road

Mumbai -400 021

Mr 5.P. Mohile

Chairman, Karmahom Conference
4 Shoomni Vallabhdas Marg,
Mackinnon Bldg.,

Ballard Estate

Bombay-400038

Zl

Tel: 91-22-2623535/ 2699990/

Fax: 91-22-2692381

Tel: 91-22-2875071
Fax; 91-22-2043704

Tel: 91-22-2833131, 2883611
Fax: 91-22-20221992

Tel: 91-22-2057950
Fax: 91-22-2096498

Tel: 91-22-2022849

Tel: 91-22-2610527
Fax:***
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Jawaharlal Nehru Port Trust

Mr A K. Sen, Manager Container Terminal

Port Office:

Administration Building

Nhava Sheva Tel: 91-22-7242377
New Bombay 400707 Fax: 91-22-7242868

National Horticulture Board, Ministry of Agriculture

Dr R K. Sharma, Deputy Director
Mr Y.S. Yadav, Personnel Director

85, Institutional Area
sector-18 Tel: 91-124-341225/6
Gurgaon-122 001 Fax: 91-124-342989

Indian Agricultural Research Institute (IARI)

Dr Susanta K. Roy (Project Coordinator PHT)
Dr R K. Pal (Post-harvest technologist)

Division of Fruit and Horticultural Technology
IARI Tel: 91-11-5788429
New Delhi 1100122 Fax: 91-11-740722/5752006

Konkan Krishi Vidyapeeth (Konkan Agricultural University)

Dr A.G. Sawant, Vice Chancellor ( Agricultural Extension)

Dr Raghunath B. Dumbre, Director of Research (Agricultural Entomology)
Dr A.S. Chavan, Dean, Faculty of Agriculture (Agricultural Chemistry and Soil
Science)

Dr S.P. Birari, Associate Dean, Collegeof Agnculture (Plant Breeding)

Dr M B. Magdiem, Head, Department of Horticulture

Dr G.D. Joshi, Associate Professor of Food Technology (Horticulture)

Dr A D. Rangauala, Associate Professor of Horticulture (Flonculture)

Dr B L. Dhonukshe, Professor of Biotechnology

Dr J.C. Rajput, Associate Directore of Research, Regional Fruit Research
Station, Veujuxla -416516

Dr D.P. Saualee, Associate Professor of Horticulture, Central Experiment
Station, Waleauah, Dapoli.

Kankan Agricultural University

Dapoli-415712 Tel: 91-02358-82025/82411 1o
B2417

Maharashira Fax: 91-02358-82074




Andhra Pradesh Agricultural University

MrM.V. Rao

Vice-Chancellor

Rajendranagar Tel: 91-040-245035
Hyderabad 500030 Fax: 91-040-24503 1

Government Departments of Andhra Pradesh

Mr V. Anandarau
Prl. Secretary, Agriculture & Agricultural Production Commissioner
Plot No. 815

Road No 41

Jubiles Hills Tel: 91-040-232269
Hyderabad 500 034 Fax: 91-040-233700
Mr P. Nagananad

Additional Director

Directorate of Horticulture

Public Gardens Tel: 91-040-234091
Hyderabad 500004 Fax: 91-040-240124
Mr Vijay Mohan Lal

Additional Director of Marketing

Department of Marketing Tel: 91-040-242305

Hyderabad 500029




APPENDIX C
SPONGY TISSUE

SUMMARIES OF PAPERS 1987 TO 1995 AND REVIEW PAPER

The literature review provided by Konkan Krishi Vidyapeeth and the following
summeries give no evidence that contradicts the hypothesis that spongy tissue is due to
CO; toxicity.

General reviews

TI: Mango research in India - new developments.

AU: Chadha,-KL

AD: Indian Council of Agricultural Research, New Delhi 110 001, India.

S0 Indian-Journal-of-Horticulture. 1989, 46: 3, 279-284, 61 ref

AB A review and discussion under the following headings (and sub-headings): mango
improvement (new varieties and hybrids, hybrids, and selection of superior clones),
production technology (propagation, rootstocks, high density planting, pruning,
nutrition, irrigation, and intercropping); physiological studies (physiology of flowering,
mango malformation, fruit drop, spongy tissue, control of tree vigour, and clustering in
mango); disease and pest management; and harvesting and storage.

TI: An approach to integrated post-harvest handling of mango.

AL Roy,-SK; Joshi,-GD

AD: Division of Fruits and Horticultural Technology, Indian Agricultural Research
Institute, New Delhi 110 012, India.

S0 Acta-Horticulturae. 1989, No. 231, 649-661; 38 ref, Second international
symposium on mango, Bangalore, India, 20-24 May 1985

AB: Alphonso mangoes were harvested when the first fruits started to fall, and were
classified by specific gravity (sp.gr.) as to whether they floated in water (sp.gr. <1.00),
2 5% NaCl (sp.gr. <1.02) or 5% NaCl (sp.gr. <1.04), Of the fruits harvested at this
time, 17% were immature (sp.gr. <1.00); this compares with 1-2% immature firuit
following conventional commercial practice for harvesting. Fruits of sp.gr. 1.02-1.04
had the best flavour and texture. With increasing sp.gr. the fruit colour improved, but
the incidence of the disorder spongy tissue also increased. Chilling injury in cold
storage at 10 °C occurred only in fruits of sp.gr. <1.02. A 5-minute hot (52 °C) dip in
Bavistin [carbendazim] (1000 p.p.m.) solution gave the best improvement in fruit shelf
life. Fruits stored at 10@ had longer storage life, higher moisture content and acidity,
and higher levels of ascorbic acid and tannins, but lower TSS, sugar and total
carotenoid pigment contents than fruits ripened at room temperature. In trials
comparing containers for fruit transport, the least fruit weight loss and bruising
occurred using partitioned, corrugated fibreboard boxes, the most damage ocecurred
using conventional wooden boxes with dry grass and newspaper as cushioning
material.




23

TI: Advances in horticulture: fruit crops - Volume 4.

Al: Chadha-KL (ed.), Pareek-OP

AD- Indian Council of Agricultural Research, New Delhi 110 001, India.

SO: 1993, xoooovii + 1661-2127; ref at ends of chapters

PB: Malhotra Publishing House, New Delhi; India

AB: This is the fourth volume in a series of 13 volumes on Indian horticultural
research and the last of the 4 volumes in this series which are devoted to fruit crops.
This volume comprises 21 chapters covering fruit maturity, fruit ripening, harvesting,
handling and storage, postharvest losses, irradiation, processing, making preserves and
pickles, dehydration, wine making, utilization of fruit wastes, innovations in
postharvest technology, biennial bearing in mango, mango malformation, mango
disorders (spongy tissue, black-tip and internal necrosis), granulation in Citrus, guava
wilt, ecophysiological disorders in grape, and fruit cracking. Volume 4 has its own
subject and author indexes

Causes of Spongy Tissue and its control

T1: Pattern of distribution of spongy tissue in the affected Alphonso fruits at different
locations.

AU Katrodia,-JS, Rane,-DA

AD: Department of Horticulture, N.M. College of Agriculture, Navsari 396 450, India.
S0 Acta-Horticulturae. 1989, No. 231, 873-877; 6 ref,, Second international
symposium on mango, Bangalore, India, 20-24 May, 1985,

AB: Spongy tissue, which occurred in 19% of mangoes at harvest, was localized
predominantly at the distal end of the fruit, whereas postharvest exposure of fruits to
the sun around midday resulted in the greatest occurrence of spongy tissue in the
middle part of the fruit. This localization, sometimes on one side of the fruit only,
points to convected heat as being the cause of spongy tissue disorder

TI: Spongy tissue in mango - causes and control measures,

AU: Katrodia, -8

AD: N.M. College of Agriculture, Gujarat Agricultural University, Navsari 396 445,
India.

S0 Acta-Horticulturae, 1989, No, 231, 814-826; 23 ref, | fig., Second international
symposium on mango, Bangalore, India, 20-24 May, 1985,

AB: The physiological disorder, spongy tissue, is peculiar to southern India, and
affects up to 30% of mango fruits. It is a ripening disorder, characterized by fruits with
a soft centre, with white corky tissue or internal breakdown, Affected fruits have a
high content of unhydrolysed starch. Possible contributory factors to the disorder are
reviewed. The disorder, which affects some cultivars more than others (Alphonso is
particularly susceptible), appears to be caused by convective heat rising from the soil
rather than by nutrient imbalance or pathogens. It can be alleviated by mulching or sod
culture. Suggestions for further work are given.
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TI: Spongy tissue development in mango frust of cultivar Alphonso in relation to
temperature and its control,

AU Katrodia,-JS; Sheth,-IK

AD: N.M. College of Agriculture, Gujarat Agricultural University, Navsari 396 450,
India.

S0 Acta-Horticulturae, 1989, No. 231, 827-834, 10 ref,, Second international
symposium on mango, Bangalore, India, 20-24 May, 1585,

AB: Symptoms similar to the physiological disorder spongy tissue were produced in
Alphonso mangoes still on the tree and in harvested fruits by heating the fruits to 40-
45aC by sun exposure, or by using infra-red radiation, a hot-plate or an incubator.
These treatments resulted in inactivation of enzymes and inhibition of starch
hydrolysis. In 2 field trials, sod culture utilizing Eragrostis [Spartina] cynosuroides,
which grows naturally in Gujarat, completely eliminated the disorder Ground
temperature was reduced by 200 compared with clean cultivation, thus reducing
convected heat. Sod culture was more effective than mulching with paddy straw or
mango leaves. Cover crops of mung [Vigna radiata] and cowpea [Vigna unguwicnlatal)
had no advantage, as they required irmigation, which increased humidity and pests.

TI: Biochemical nature of spongy tissue in Alphonso fruits.

AU: Katrodia.-JS; Rane -DA; Salunkhe,-DK

AD: Department of Horticulture, Marathwada Agricultural University, Parbhani 431
402, India.

S0 Acta-Horticulturae. 1989, No. 231, 835-8309; 16 ref, Second international
symposium on mango, Bangalore, India, 20-24 May, 1985,

AB: Spongy tissue, occurring in fruits ripened indoors at room femperature {351
o) and in fruits exposed to intense sunlight (fruit pulp reaching 48a), was analysed.
Affected tissues had lower pH, lower ascorbic acid, beta-carotene, reducing and non-
reducing sugar contents, lower amylase and invertase activities, and higher acid and
starch contents than the unaffected surrounding pulp, which was similar to tissue from
healthy ripe fruits. It is concluded that spongy tissue is a localized physiological
disorder where ripening is inhibited, and is caused by overheating,

TI: Towards the understanding of spongy tissue development in mango cv. Alphonso.
AU: Sharma-MR

AD: National Bank, Bombay, India.

S0: Orissa-Journal-of-Horticulture, 1991, 19: 1-2, 50-56; 9 ref

AB: The role of climate, locality, time of harvest, matunty stage, tree age, nutritional
status and microorganisms in the development of spongy tissue are considered.
Differences in chemical composition and enzyme activity of healthy and affected fruits
are discussed. The symptoms of the physiological disorder known as soft nose are
described and possible causes are discussed. Possible areas for future study are
suggested.
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TI: Possibilities of overcoming physiclogical disorders in mango by breeding

AL lyer-CPA; Subramanyam-MD

AD: Division of Fruit Crops, Indian Institute of Horticultural Research, Hessaraghatta,
Bangalore 560 089, India.

SO: Acta-Horticulturae. 1992, No. 317, 241-244; 23rd International Horticultural
Congress, 27 August-1 September 1990, Florence, Ttaly ; 3 ref.

AB: In 1976, the cultivar Alphonso, which is susceptible to spongy tissue formation,
was used in a breeding programme as a common parent and crossed with Banganapalli,
Neelum, Kalapady and Janardham Pasand, which are free of the ripening disorder.
Evaluation of progeny showed that spongy tissue formation is genetically controlled.
The character is monogenic and susceptibility to the disorder is recessive, with
Alphonso being homozygous recessive. Screening of the hybrid progenies enabled the
isolation of 2 promising hybrids: Hybrid 10, characterized by its large fruit size (750
g), and Hybrid 13, more akin to Alphonso in terms of fruit colour, size, quality and
flavour, Both are free of the disorder.

TI: More hybrids of mango.

AL Pandey-RM

AD: Indian Institute of Horticultural Research, 255 Upper Palace Orchards,
Bangalore, Karnataka 560 080, India.

SO Indian-Horticulture, 1993, 38: 2, 4-5.

AB: Among crosses between varieties Alphonso, Banganapalli, Janardhan Pasand and
Neelum, 3 superior hybrids were isolated. These hybrids have medium to large fruit
with firm, fibreless flesh, a small stone without surrounding spongy tissue and
attractive flesh and skin. Hybrid 10, Arka Aruna (Banganapalli X Alphonso), is a
distinetly dwarf tree, precocious and regular in bearing, which gives a moderate yield.
Hybrid 13, Arka Puneet (Alphonso X Banganapalli), is a semi-vigorous, heavy yielding
variety. Arka Anmol, hybrid 17-3, is a semi-vigorous, moderate yielding tree. Two
further hybrids which are still being evaluated are ITHR hybrid 11-2 (Alphonso X
Neelum) and ITHR hybrid 20-8 (Neelum X Alphonso). Both are semi-vigorous with a
regular bearing habit. ITHR 11-2 is a heavy yielding, midseason vanety whereas [THR
20-8 is a late variety with a moderate yield. Notes on cultivation techniques and crop
protection for these new hybrids are included.

Detection of Spongy Tissue

TI: X-ray imaging for detecting spongy tissue, an internal disorder in fruits of
'Alphonso’ mango (Mangifera indica).

AU Thomas-P: Saxena-SC; Chandra-R; Rao-R; Bhatia-CR

AD: Food Technology & Enzyme Engineering Division, Bhabha Atomic Research
Centre, Trombay 400 085, India.

$0O: Journal-of-Horticultural-Science. 1993, 68: 5, B03-806; 10 ref

AB: An internal physiological ripening disorder, ‘spongy tissue', affects about 30% of
Alphonso mangoes, the most popular Indian cultivar. Fruits show no external
symptoms at harvest or on ripening but cutting reveals internal damage to the
mesocarp which adversely affects fruit quality. Both fully grown green, unripe
mangoes and ripe fruits exhibit the disorder. A non-destructive X-ray inspection
method has been developed to detect affected mangoes. X-ray photographs and X-ray
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images of fruits having spongy tissue show dark grey patches corresponding to internal
cavities in contrast to light grey areas of healthy flesh. The method could be used for
quality control for on-line detection and separation of mangoes having spongy tissue

prior to packaging.




oFONGY TIools UISOADER L alFaliol MadG0 FHULTsS - Calszs

Al QUEToUL MEAGUHLS = A HeVIEw

G.D. JOsEl

Assoclate Prolessor of Horticulture (PHTL)

and
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Assoclate Professor of Agril.Botany,
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IWTRODUCTION

| Depold,
Disg. Har.naﬁir:l., Maharashtra 5£ata,

The ripe fruits of Alphonso mango are affected by a
serious malady known as "Spongy tissue" an important
physiological ripening discrder also known as "internal
flesh breakdown". The extent of losses caused by spongy
tissue range from 20 to 60 per cent under the Konkan
conditions, Tho occurrence of spongy tissue disorder was
first reported by Cheema and Dani (1334) for the firat time

(Limaye et al.,1976),

Spongy tissue is the developmant of yallowish white
cortky patches with or without &ir pockets in the break-
.down are not apparent atc harvesting nor at ripe stage, It
__ia only visible when the ripe fruit is cut open ints two
halves, The quality of mango fruit is very much impaired
due to this disorder, Though the disorder is known to oceur
since long, its development 1s increasingly felt in the
recent years becduse of .1ts vast export potential for fresh
Alphonso fruits (Subramanyam et a8l.1976; Gunjata at al,1982),

For identification of exact causes and contraol
measures for complete erradication of this disorder, a
lot of wors< has been done at Heglonal Frult Research
Station, Vengurla and College of Agriculture, Dapoli do
as to find out correlations between the cutbreak of disorder

and specific factors responaible for the same.

Tha occcurrenca

of spongy tissue disorder has been linked with various

factors whilch are of following types,




l. Horticultural aspects
2.
3
)

Ecologlcal aspects
Microblal spoilage

Wutritiona]l aspects
Biochemical satudies
Fhyslological studics

o Ln
.

ERLSENT STATUS QF HESEsHCH

I) " Horticultural Aspeces i

Ihe research work done during past to find cut cuuses
and control measures in relation to various horticul tural
aspects is described as below i

l. Varietal resconse i 1t has been gbserved that
#lphonso mango ie the most susceptible variety to Bpongy
tissue in which the incidence goes upto 60 per cent
depending upon ?Siiuus factors. 1n addition to this other
varieties, LUgodhapedha, Goamankur, ﬂelluigﬁlﬂmhan. Suvarnarekha,
Ferndndin, Jlour also develop spongy tissue in varying degree
(Limaye et al.,1975). racchatiock variety from Gujarat is
reported to be resistant to spongy tissue., The mango varieties
like Poeiri, Kesar, Hdeelum &and a mango hybrid "Ratna' developed
by Konkan Krishi Vidyapeeth, Dapoll are chserved to be free
from spongy tissue under Konkan conditions,

2, Stage of maturity at harvest 1 The incidence of
Spongy tissue in Alphonso mango incre2sed with advancing
maturity. The lowest percentage (104, fruits wers affected
by spongy tissue in the fruits harvested at ‘A’ stage (12 anna)
and the maximum percentage (B7,.67%) was cbserved in the fruitrs
harvested at '0' state (Tree ripe). I1If the fruita are harvested
at 'BE' stage of maturity (14 anna) the occurrence of spongy
tissue was at considerably low level (23,33%) and the fruit
quality of ripe fruits is also acceptable, Humergus reports
do support the view that spongy tissue incidence was the

—




maxlmum when the frults are harvested tree ripe as opposed
to the frulcs mature but uncipe (Limaye et al. 1976; Jeshi
and Limaye, 1584).

3, Size and weight of fruilt at harvest 3 The incidence
of spongy tissue in Alphonso mango was increased with increa-

5ing frult welght, the incidence being 18.1 (%), 25,4 (%) ,
36.4(%) ana 44.5(k) for fruits weighing 200 g, 200-250 g
250-3C0 g and above 300 g, respectively (Limaye et al_, 197s),
The occurrence of spongy tissue was positively correlated with
the specific gravity of the slphonso mange fruits (Krishna-
murthy, 1980; Joshi and Hoy, 1985; Joshi and Limaye, 1986).

4. rge of the tree : It is obsarved in alphonso mango
that the lncidence of spongy tissue is more in older trees as
compared to younger trees. In one experiment, 70 year old .
Alphaonso tree had 52,.3(%) incidence of spongy tissue followed

by 34.4(x) from 40 years old tree and 31.1(%) from 20 years old
tree {Joahi and oy, 1985).

S5, Effect of rootstock 3+ It was observed in the studies
conducted at Heglonal Frult Research Station, Vengurla that
the rootstocks have significant influence on the occurrence
of spongy tissue in alphonso miéngo fruits, The minimam
incidence (33.4%3) was cbserved in alphonso scion grafted on
vellaikolamban a less vigorous polyembryonic (dwarfing) root-
stock, whereas the highest incldence was in alphonso scleon
grafted on Alphonso seedlinmy stock (57.3%). It appears that
the vigour of rocotstock influence the occurrence of spongy '
' tissue because of differences in the root distribution pattern,
root=activity and capaclty to dbsorb warious kinds of mtriants
from soil (Joshi and Koy, 1985).

6. Effect of mapuring : It is generally believed that
the higher doses of nitrogen leids to inecrecased incldence of
spongy tissue a3 reported by Young (1957) in case of "Soft

npse” in mango in similar physioclogical discrder. However, tha




Studies carried gut at the Regional Fruilt Kesearch Station, E
Vengurle in mangc manurial trial on alphonso mango showed

B4 tnorfe was no signiticant differences in the oCocurrenca

of spongy tissue as well as yield due to various levels of

d, F, K and thedlr inceracrions (Joshi and Limaye, 1984).

> eru_y . v

7. Effect of mulching : It was gbsarved that the fruits
harvested from sod culture and grass mulech had slgnificantly
low levels of spongy tissue, i.e. (34,5 and 21.624%) anmd
(31.C0 and 27,54), respectively as compared to control
(50 and 49%). The soil temperatures of sod cultured plots and
grass mulched plots were lower by 6.68 and 10.42°C amd 10,4 2nd
10.25°¢, respectively. The reduced radiated heat from the
mulcned and sod culture plots appears to be responaible for
reduced occurrence of Spongy tissue in Alphonso mango fruit
tTaple 1). turondkar and Gunjate (1989) and Shath L1985)

cplned that the convective heat arising from soil influences
the cccurrence of spongy tissue therefore, nmulching and
vegeration reduces the incldence of spongy tissue,

il) Lcological sspects :

The ecologicel factors like location of tha orchard,
season of hacrvest wnd climatiec conditicus prevailing during

Lruit development play important role in relation to develop-
ment of sSpongy tissue.

l. Location : It was observed by Subramanyam et al. (1971)
that the incidence of spongy tissue was higher for Alphonsg mangg
frults yrown in cocastal region as compared to other locations,
1t was reported by Joshi and Limaye (1986) that the trees
located in plain areas exhivited more cpongy tissue (56.6%) aa
compared to hill slopes (46.64) and the top of hill (35,5%). 1t
dppears that the seoll molsture and temperature have some
relation with the spongy tissue development, The moisture leavel
was observed to be low on the top of hill as compared to other
locations, '




2. Season of harvest 1t has been observed that tha
early (15th April) harvested alphonso fruits contained cﬁﬁpg.
ratively less spongy tissue affected fruits, The Alphonsg
mango £ruits harvested after 15th May and rainfall cccurring
1+2 weeks prior to harvest have higher incidencs of spongy
tissue disorder, , ! B

ill) Hierobial Spoilage :

1. Baeterial intection : There may be aspathogenic cause
to the spongy tissue disgorder yet no strong evidence to support
this hypothesis has been provided. The resefrch work carried
out at reglional Eruit Research Station, Vengurla confirmed
that no pathogen could be lsolated from spongy tissue, in
some cases 1t appeared to be sterile,

IV) Hutritional Aapecta j

1, Mineral comoosition of s>ongy tissue 3 Gunjati_éé 51,
(1975a) reported that the calcium content of spongy tissus was

lower than the surrpunding tissue of spongy tissue-affected
fruli: or conpletely healthy tissuec of ripe Alphonso mango, -
Adccgrcling to Arishnamurthy (1981), there was no significant
difference in caleium content but the spongy tissue had lower
potassium levels as compared to healthy pulp of Alphonso mangs,
In the studies carried out at the College of Agriculture,
Dapolli also indicated that there were lot of fluctuations in
the values of calclum contmat from year to year, Howaver, in
As sszn that except K 2nd Ha all otner nutrients weze highsx-
in spongy tlisue &2 compared to healthy pulp of alphonso mango,
In ‘Cerabas' mango, calecium levels were higher and potassium
levels lower in spongy tissus as apposed to healthy tissua --
{(Gavitem and Lizada, 1384). Subfamanyan et al.(1971) also -
oksexved that spongy tissuz had lower levela of calcivm ard
plognzy lavealas of phasphor s, ] Lo L

2, Mut-liticnzl imbalapce 3 42 a method of =c. Tk

pro~hazyest calel''m 2ips applled bto mango frults increased tha
pilicden content of fruits 23 well az reduced the oo urreance
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of spongy tissue in salphonso mango. Calcium chloride was
more effective than calcium nitrate, Uy contrast post-harvest
dips containing calcium did not significantly reduce tho
incidence of spongy tissue (Gunjate et a8l.,1979b), The
Gpplication of calcium sprays is not always successful on
mungs as Krishnamurthy (1982) showed that application of
pre-harvest spray and/or post-harvest dips of calcium chloride
and/or boric acid failed to reduce the incidence of breakdown
or enhance the calcium levels in the fruit of Alphonso mango.

V) EBicochemicdl nsSpects :

From the analysis of the healthy ripe alphonso mango
fruics, unaffected part of affectsd fruits and the spongy
tissue, lt 15 revealed tnat the normal ripening of the

mango £ruit 1s retarded at the localised spot of spongy
Eissue,

l. pioechemical changes assoclated with spongy tissue .
in e studies conducted at College of agriculture, Dapoli
Ly Gunjuce et 21.(1982) and ratkar et al,. (1584) in slphonso,
it cun be ocuzerved from (Taole 1) thiat the spongy tissue
contained nigher levels of acidity (0.68 = 0.B4X) as compared
to healthy pulp (0.31 - 0.345). digher levels of starch
content (7.96 - H,24i) were cbserved in spongy tissue which
was abszent in healthy ripe pulp. The polyphenolic inhibitor
centent was cbserved to be higher in spongy tissue (1.15 -
1.98 mg/g) as compared to healthy pulp (0.45 - 0.68 mg/qg).
The levels of ketoglutaric acid and pyruvic acid are also _
reported to be. low. 1In contrast with this the spongy tissue
had lower pH (3.8 a5 compared to 4.55 in healthy pulp); lower
carotencid contents (5001 ugfg as compared to B5669 ug/g in
healthy pulp):; lesser amount ol total sugars (B,.07T4 as
compared to 15,58 .. in healthy pulp) lower ascorble dcid conton
g.480=-12.18 (m3/100 g) &z compared to (2B.59 = 41.17 mg l00 gq)
in healthy pulp; and lower amgunts of coluble proteins
(0.53 my g) 48 compared to healthy »sulp (1,54 mg/g).




A Enzvmolajicdl stadiecs assoeiated with spongy tissue ;

The dita on tae aetivity of vuriousg enzymes studiecd
Dy GUupca ot al, (1985) in spongy tissue and heal thy pulp of
#lphonsg mengo have been presented in ‘fable 2, 3; %4, §,

3) niylase and lnvertase actlvity :+ The spongy tissue
exhlolced ahout 16 times lesser amyldse aceivity and 2.5 times
higher invertaso dgtivity as conpared to healthy pulp. Similar
obfervatigns have been reported by Chhatpur =t al,{1968-63)

for amylase and ~min et 8l1.(1974) for invertase activity in
spongy tissuc, These observetions are also in accordance

with the findings that the sucrose level in Spongy tissuc 1is

very low as compared to healthy pulp (Junjate et al.,1982).

b) asecgrulc acid oxidase activity s The activity of
8fcorblc acid oxidose wus found to be seven times hizher than
in the healthy pulp, Similar results have been reported by
Amin et al,(1974). The lower amount of ascorbic acid in
Spongy tissue of mango reported by Junjate ot al,(1982) and
Patkar ct 2l,(17984) is perhops due to the presence of higher
ascorbic scid oxidase activity in the spongy tissue.

c) Peroxidase and Catalase activity :; The activity of
poth the .enzymes peroxidase and caetalass was found to he mich
le=s in §;¢ngy tissue as compared to healthy tissue. It was
S.5.times less in cdse of peroxidase and 2.5 times less for
cdtalase., The peroxidase have been known to be involved in
ethylane biosynthesis wnich has an imgortant role in fruit
ripening (Gupta et al., 1385).

d) wlutamate Dehydrogenese (GLH) and vlutamate oxalodcetate

transaminese (wJT) activity ; It 15 also noticed that the spangy
tissue exhiblited much lower activity of GUH and negligible
activity of GJl. both the ecnzymes 0H and SOT have been shown

to play important role in aminsacid biosynthesis in ripening
frults, The decreased protein contents observed in spondgy

tissue may be due to réanld breakdown of protein or inhibition

of protein synthesils, 'The palyphensl levels in spongy tissue
were very high. The phenalizc compounds hiave been known to exert
inhipitory effects on several enzymes (Supta et al., 1985).




Thercfore, spongy tissue disorder in mango 1s essential
the result of imnhulénces in metabolism Loduced by some factor
or fuctors in the pre-harvest or post-harvest environment that
leads to the tissue Lreakdown or flesh breakdown during the
course of ripening.

V1) Phiysiolodvicil Asoects :

ihe xnowledge of metaboliec changes causing the spongy
tissue, & physiologicel ripening disorder in slphonso mango
iz limited, The following studies on the physioclogical
éspects huve been done to find ocut the physicloglical basis
for development of spongy tissuc in wlphonso mango.

l. fost harvest sunlight exposure i Lunjate et al.
(1982) studied the effect of post-harvest exposure of alphonso
M&ngo fruits to sunlight, 1t can be seen from the data in
Table 6 thet as the exposure period increased, there was a
marged increase in occurrence, The oceccurrenco of this break-
QoW was mdxlmwn at 120 winutes (100.4) and 240 minutes {1p0/4%)
of exposure of fruits to sunlight, Such internal breakdown of
fruikts after exposure of fruits to sunlight might have beon
roesulted from lnsctivation of ripening enzymes due to heat-or
dccumulation of phencls or other types of inhibitors of mango
pulp. Though, the mechanism of development of spongy tissue in
ripe fruit is not understood, the farmers could bea advised ‘to

avold the inadvertent exposure of fruits to direet sunlight
df tar harvast,

2., rost-harvest high temperzture exoosure 3 In the
Studies carried gut ut the Collene of ngricul ture, Dopoli, it
was wbcerved tnat the occurrence of the spongy tissue disorder
in the mature slphonso mungo fruits exsosed to 459%C for 3p and
50 minutes after harvest was the same as that of the untreated
fruita. vrowever, 100 per cent of fruits exposed to 55%C for
60 minutes developed the disorder. These appears to be relatios

Snip between ripening teuperdture on the development of internal
bredakdown wulch needs to bDe warked out in details.
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3. #ipening temperature of fruit ; In the experiment
carried out at the College of ~griculture, Dapoli, it was
Noticed that the incidence of spongy tissue is lower in the
fruits ripened at 379C (12,54) ‘as compared to the control
\normal ripening 23k). The increase in temperature by 59
resulted into substantial increase (85.)) in the incidence of
spongy tissue (Table 7). The frults.ripened at 47°C were
almost spoiled, and showed 100 per cent incidence of Spongy
tissue. when the experiment was repeated in next season with
dn addition of pre-cooling treatments, it was observed that
fruits dipped in water at 10% for 18 hrs. did not show spongy
tissue incidence, wnile the fruits exposed to 20°c for 5 hrs,
showed as much incidence as observed in control,

Thus, dacd suggests that post-harvest exposure of fruits
to low teuperature 15%¢ to 10°C for a period of 10-18 hrs,
followed by ripeninog &s usual in wooden crates might prove
benericial for tne control of spongy tissue disorder.

4, kost-harvest Ethepnon aplication : Lad ot al, {1985)
have studied the effect of post-harvest Ethephon dippiﬁ;-af
fruits (for 15 mloutes) on the cccurrence of spongy tissue
dlgorder in slphonse mango. L1t iz ovuserved from the data in
Taple 8 thet post harvest dippiny ot fully muture slphonso mango
fruits in 300, 750, 1000 ppm solution of ethephon ndnimised the
occurrence of spongy tissue disorder. The treatments also
enhanced ripening of fruits by 2-3 days as compared to centrol,

1t i3 probable thac ethylene released by ethephon inside the
fruits mignt be interacting with the ripening inhibitors inside
the frult which are responsible Eor the enzymes catalase,
peraxidase, amylise during the process of ripening (riactoo

et al.,1%268,. 1t has been alsp reported that the high CDE
concantration and tenperature S 35%
the rate of ripening by blocking the ethylene biosynthesis,
The addicional application of etheaphon enhonce the rate of

during ripening retard




ripening of mengo £ruit and reduces the ocourrence of Spongy
tissue without much increuse in the ripening temperature of
rrult,

[ ]

EMIVUKE LIHE Ur HESE.WRCH WUHK Ul SeUnGY TISSUER

I'he spongy tissue, a ripening disorder in hHlphoanso mango
dppoard to be widespredad and occurs at leveln that cbtuce
dppraciacle economlc loss due to deteripration in the fruite
quality, There are meny manifestations and these depend upon
the various pre-hurcvest and post-harvese factors including
locatlion, climate, cultivars, cultural nractices and post-
harvest handling practices (¥43.1 ang 2).

eventhough, the lot of researeh work has been done in
thls problem the identification of exact ceuses for the oecurr-
ence of sponay tissuc and the specific factors responsible for
Ehe sam2 has not been possible so far (Kane at al,, 1976;
Walnwright and surbdge, 1983) . Heowever, the following aspects
Showing a particular trend needs to be further studied by
cureydng out the Lundamental research,

1) Why tree rigse fruit of slohonse mango develops spongy tissue
dizorder 7 -

d4) lnhibitor accumilatiogn in fruit

b} High temperature during fruit development/ripening.
c} Low molsturae level, hizh soil tesperature stress.

2) ILmbalance of whicn nutricont cduses spongy tisgue disorder 7

a) Calcium deficioncy

b} Potassium deficiency

c) High nitrogen (from urea) toxicity
d} High chlorine (from MJi') toxiclty

L - - ¥
2} Al HA toxicity or LO,., Zn deticiency

J) How radlepnt heat Erom soll intluence the occurrernce of

gpongy tlizsus disorder 7

a) Iligh soil temnecature stress

b} Low soil wolsture, low nutricnt untarge
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%) HoWw hign temperature during risening affect Lespiratian
_-_'—__——__".-__._‘

ethivlene blosynthesis and spungy tissue 7

4) Imbulunce in anylase enzyma wnich causes ripening
of fruic,

by Inhibition of ethylene Biosynthesis

=) How leutron Magnetic Hesource lmaging (Wekl) technigue

can be used for non-destructive detection of spongy
tissue in rise mango fruits 3

This technigue has been Successfully used for non-
destructive dataction of physiological disorders in fruits
iike Apple, Peach, Pear ete. (Wang and Wang, 1983),

CONCLUSTON

e 1 T W

The spongy tissuce lncidence increased with inecreasing
fruit size, fruit weight, specific gravity and post harvest
exposure of frults to sunlight., The incidence of spongy tissue
was maximum when £rults are harvested ripe as apposed to mature
Put unripe and in the middle of harvesting period or late in
the season,

The cv. smlphonso was the most susceptible, the occurrence
of spongy tissue disorder but varictiss like Pairi, Heelum,
Totapuri ana méngo hybrid Rawna were not Susceptible, The
incidence of spongy tissue was higher in #lphonso mango grafted
on alphonso mango seedling rootstock lbut it was minimum in cdse
of Vellalkolamban a polyembryonis dwarfing rootstock, The
location altitude, latitude, season are also associated with the
occurrence of sSpongy tissue. The reduced radiated heat fram
the mulched plots and sod culture plots appeasrs to be responsible
for reduced occurrence oi spongy tissue in salphonso manga,

Spongy tissue contained higher levels of acidity, pyruvic
acid, ketoglutaric acid, starch and polyshenols but it hod
lower pH, caraotenoids, total soluble solids, ascorbic acild




and soluble proteins, The enzyme activitics of amylase,
glutamate dehydrogenase, glutamate oxaloacetate transaminase,
peroxidase and catalase were all low in spongy tissue whilse,
those for pectln esterase, mallec enzyme, invertﬁﬁe and ascorbic
dcid oxlddsc wore lower. ‘Tnese evidences suggest that the
limbalanes in the metabolism of fruit during ripening causes
devel gpmant of spongy tissue.

Pre-narvest dipping of alphonso mango fruits in caleium
chloride solution significantly lncreased the calcium content
of fruic and also reduced the occurrence of spongy tissue in
Alphonsg mangd suggesting that the spongy tissue disorder
might be caused due to calcium deficiency. However, ilncrease
10 the incicence of spongy tissue by post-harvest exposure of
£rults to sunlight and increased ripening temparature {41“C}
but post narvest dipping of fruits in Ethephon solution
reduced the lncidence of spongy tissue suggests that it is
an abnormality in ripening devaloped due to hinderance in
riponinyg of fruitcsa.

Idenciflication of the exact coauses has not been possible
45 there are poor correldations betweon the outbresk of gspongy
tlssue disorder and the speclflc factor responsible for the same,
The modificction of a single factor can not completely control
the incidence of this disorder, therelore, there should ba an
integroted approscn for the control of spongy tissue disorder,
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Takble 1,

Effect of mulching on gecurrence of spongy tissue

Incidence 5541 T ra- Scil tempera- Tree cancpy
of spongy  ture (°C) (of ture (C) temperature
Treatment Eissue open space {arcund tree lncl
(=) between two based)
trees)
1 2 3 4 5
1. hulech il.0 37,57 32,29 32,72
L
(33.55)
2, Sod culture 34.5 41,29 32,83 43,18
(35,77}
i. Coorrgl 50.0 £7.97 314,85 33,94
(clean eul ture) (45.21)
..... + 3.C46 C.103 0,3 0. 141
C.0.nk 5D g, 242 6.1 D.a7 o, 42

*(Figures in pErenties

e

is indicates arcsin velues)




Table 2. Enzyae activity in nezslthy &nd spongy tissue of rize ~lononso mei:Jo fruits

Enzyme activity {units/mg protein)

17

Zannle ~mylase Invertése Jslutaigace Jlutémate reronidise Jatslise sScorulc
dehydro- oxaloacetate ucid
—enase trensenlnese oridice
Hezlthy pul= 4.62 gl 0,27 10, 60 2,74 3.55 1.80
dezglthy pulp from
scongy fruit 1,92 o7 0. 26 10.C4 5, 44 6,10 0,70
spongy tissue 0.8 155 0.12 oo, 04 0,52 1,36 12,80

Zun-induced
spougy tissue 1.16 289 0.07 dil 4.96 1.13 11. 60
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Table 3, hRate of hydrogen peroxide decomposition by catalase
enzyme from healthy and spongy tissue in ripe Alphonso

mango frulkt

mate of H,0, decomposition

5
== Time in minutes
Ho,

H =t 5 55
. 1 10 3.65 7.02 1.26 1.26
{8 20 3,79 5. 20 0.B84 0.84
i 30 3,23 0,68 1.13 L1
5, iWig 1.639 0.30 0.BS 0.85
s =10 V.54 .10 1.70 1.00

H = Heal thy pulo from healthy fruit & = Spongy tissue

SH = Healthy pulp from spongy Lrulte 35 = Sun-indueced spongy tissw
{(Gupta et al., 1985)

Table 4., Joluble proteins and polyphenols in heal thy and
spongy tissue of ripe ilphonso mango fruitc
I, Lamnla Frotains Polyphenols
to. e (ma/g tissue) (mg/g tissue)
[ liealchy pulp ICom
hoalthy tissuc 1,54 D.45
by Healthy Sulp Erom
soongy Erult 1,87 0.7
3. Lponygy tissue 0, 53 1,15
3. sun=induced sSpongy tissue 0.99 0.51

{(dupta et al., 1985)
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of post harvest exposure of 20 fruits Lo
sunlight on the occurrence of intercnal breakdown
in eslphonoo mango

nvorage AVOrdge fverage
sr. Exposure affected affectad incida fruit
ito, Ersatient fruita (i) fruits (5) temoeratucs
year 1980 yedr 198l e
L3 L3
- Control 15 (19.92; 10 (13.28) 34.5
- i 5 imieniton 20 [26.56) 20 L20. 56) i R
3, 10 minutes 35 {3iG.08) J0 L32,.90) ig.5
g. 20 minutes A5 (36.08) 50 (45.00) 41.5
5. 30 minuces 45 (42.12) 60 (50.77) 43.5
6. 40 minutss 45 (42,12) 60 (50.77) 45,0
G i 60 minutes o0 (50.77) M (57.11) 49,0
8, 120 minutes 100 (20.00) 100 (90.00) 49.0
9, 240 minutes 100 (90.00) 100 (90.00) 49.0
Sode ¥ 2.07 2,23
C.D, a8t 53 Q. 0 3,10

* Figures in parentnesis indicote arecsin values

Table 5, Chemical comoailtion of healthy ond affccted fruies
of ~lphonoco mango

Sr. Sanple ingl=- Starch Hedu- ..on- Total ~sScor- Caro- Foly-
Ho. diey () cing reduc- sugar bpig teno- phenaols
(s) sug- ing £:4) acid ids (mg/g
ars 4 Sugurs mg/ dig’/ tissue)
e 100 g 100 g
1, Healthy 0.34 0.00 6.54 10.04 15.68 28.59 BG69 0,58
Fulp
2, Unaffected 0.52 0.00 5.98 7.33 13.31 21.8B0 8445 1,30
part of
affected fruilt
. Spongy tissue 0.84 7.96 3.67 2.02 8.69 12,18 5001 1,98
4., nffeptad 1.84 1lD.56 2.99 4.05 7.04 13.50 4000 0.85
tissuen of
sunlight

exposed frults




Lffact of ripening temperature on the incidence of

Tabla 7,
spongy tissue in ~lphonco mango
1985-86 1986-87
3r. Tredatmane
Mo, (Ripening ‘[oinperature) Ho,of e Ho, of ¥
fruits incidence fruits inciden
Studied studied

1. 371 16 12.5 33 23.7
2. 42% 20 85.0 80 13,8
3. 435 50 100.0

Cold water tre=atment followed )

by ripening as usual
4. 10% : 1B hrs 50 Hil
5. 15°%c : 15 hres 50 2
6. 20°C i1 5 hrs. 50 20
Ta Pre-cooling fﬂllﬂHEd

by ripening at 37°C 46 15,2
B. dilipening at munling

temperature (15-20°C) 20 10
9, Control 30 20
Table 8, Effect of post-harvest Ethephon treatment on

cccurrence of spongy tissue in alphonso mango

St L fercentage occurrence of spongy tissue
PP fredatment :

& Year 1382 Year 1383
1.  Ethephen 250 ppm 10.00 (18.19)+4 11.66 (19,79)*
2, Ethephon 500 ppm 6.566 (15,00) B8.33 (16.59)
3. Ethephon 750 ppm 8,33 (16.60) 10.00 (18, 19)
4. Lthephon 1000 ppm 5.00 (11.25) 8.33 (16.59)
5. Control {(without 23.33 (28.84) 25,00 (30.46)

tred tineiik) +
S 2.46 2,12
C.D, at 54 7.56 6.52

# {(Flgureg in the parentheses indicate the arecsin values)
(Lad et al., 1985)
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