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Registrar, Bursar, Librarian

Deans & Directors

Professors

HODs

Fellow Staft and Students, Distinguished Ladies and Gentlemen

PREAMBLE
It is with gratitude to Almighty God that 1 am standing here before
you today to deliver the inaugural lecture of this great citadel of
learning, the only Federal University of Technology. east of the
Niger. The lecture is the first from the Department of Crop Science
and Technology. This lecture will portray what I have been doing for
the past twenty years since [ delended my PhD. Thesis at the
University of Ibadan, Ibadan. Nigeria. [ worked as a Rescarch officer
at the National Root Crop Resecarch Institute, Umudike for six years
before 1 joined the Federal University Of Technology. Owerri as
Lecturer II in 1984. When | started my M.Sc research project which
was on the Storage Diseases of Cocoyam (Colocasia esculentca). |
came to my home town, Amawbia in Awka South Local Government
Arca of Anambra State to conduct the survey. My grandmother's barn
was used as one of the experimental sites. When she saw me in her
barn assessing the incidence and scverity of the storage rots of
cocoyam, she asked me what the drama was for. [ answered that [ was
conducting an investigation for my M.Sc project. My grand mother
Mgbeke nta exclaimed, “you mean Ekwunife that you have gone to
the University to study about cocoyam which I have been growing
and storing for over eighty years. My grand mother of blessed
memory died at the age of 96 years?” Glory be to God for a life well
lived. [ am happy today that [ am giving a lecture on the history of my
research spanning twenty-four years. I consider it a singular privilege
indeed to share my thoughts with you. Mr. Vice Chancellor. Stall.
invited guests. fellow scientists, budding scientists. and friends of the
University on a vital and topical issue "securing the harvest to ensure
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food for all: a plant pathologist's perspective™. I have chosen this
topic not only because of its relevance to our survival and
requirement for food but because it is tangential (o our cconomic
development as a nation.

WHATISPLANTPATHOLOGY?

Mr. Vice-chancellor sir, at lectures of this kind. it is not right to think
that one is talking to a group of professional colleagues and not
remember that there are some highly educated persons who do not
know what plant pathology means. Plant pathology or
phytopathology is the study of the discascs of plants. Phyto-
pathology is coined from three Greek words. pathos. phytos and
logos: pathos mcans sullering, phyto means plant and logos mean
study. So, plant pathology is the study of the suffering of plant. Plant
pathology is also known as plant medicine. The only difference
between human medicine and plant medicine is that in the casc of
plant medicine the patients do not talk while in human medicine the
patient can give the clues that may guide the Doctor in his treatment
of the ailment. Plant pathology is a broad discipline, which is a
synthesis of both biological and scientific activitics concerned with
the understanding of the disease syndrome. Plant pathology is
therefore the study ol nature, development and control of plant
discases. A disease is a difficult phenomenon to define but a modern
conception is that disease is an interaction among the host-pathogen
and environment. The dictionary meaning of diseasc is any
departurc from health, presenting marked symptoms. malady.
illness and disorder. Plants that are discased are distinguished by
changes in their morphological structures or physiological
processes. which are brought about by unfavourable environment or
by parasitic agents. Some workers have also defined disease as = a
series of harmful physiological process caused by continuous
irritation of the plant by a primary agent”. Stakman and Harrer
(1957) defined plant disease as a physiological disorder or structural
abnormality that is harmful to the plant or any ol its part or products
thatreducces the economic value™



THE NEED FORFOOD STORAGE

Food shortages in Nigeria in the last few years have necessitated the
need to reduce post harvest losses and to develop improved system lor
transportation and distribution of fruits. vegetables, tuber and root
crops to and from rural arcas. There seems to be higher losses of
highly perishable fruits and vegetable than cereal and other field
crops. In the United States. at a national conference on food losses
held in 1976, a scientist defined post harvest loss as " that weight of
wholesome edible product that is normally consumed by humans and
that has been separated [rom the medium and site of its immediate
growth or production by deliberate human action with the intention of
using it for human feeding but which for any reason fails to be
consumed by humans". Fruits, vegetables. roots and tuber crops arc
highly perishable crops. This endowment is derived from the fact that
they are harvested at stages when they contain high water content and
are still physiologically very active and therefore vigorously perform
functions such as respiration. transpiration etc. I'ruits. vegetable. root
and tuber crops are very important in the dict of man in that they
provide some vitamins, amino acids, minerals salt, fiber and
carbohydrates. There may be changes in the nutritive value during the
marketing of fruits, vegetable. root and tuber crops and this may
contribute to quality loss. The overall losses in fresh fruits.
vegetables. tuber and root crops between the farmer and consumer are
about12% of the total production. According to a survey conducted 1n
1965 in USA. losses in {Tuits, nuts and vegetables were recorded to be
about 23 % of the total loss that occurred during the post-harvest
period. In Nigeria. some comprehensive studies have been carried out
to determine the level of post-harvest losses of fruits. tuber and root
crops during storage, transportation or at wholesale. retail or
consumer levels.



Table 1: Causcs of Post-harvest Losses of Fruits, Vegetables, and
Root & Tuber Crops in Nigeria.

Commodity Type of diseases Percentage loss Causal agent Reference
Cocoyam Corm rot 22.5-76.2%  dAsperaillus niger;  Nwufo &
(Colocasia Botrvdiplodia Fajola
esculenta) theobromae: (1981)

Fusarium solani;
Riuzopus stolonifer;
Sclerotium rolfsii;

African pear  Soft rot 35.6-64.2%  Bowvodiplodia  Nwufo
{Dacrvodes) theohronac; et al (1989
edildls Rhizopus stolonifer:

Aspergillus niger,
Frwinia spp;

Cassava Tuber Tot Botrvodiplodia - Nwufo et
{Manihot theobromace; al (1987)
csculenta Rhizopus stolonifer;
cromz) Aspergilins niger;

Yeast;

Nanthomonas sppy;

African Sced rot 15.2% Botryodiblodia  Nwulo &
Breadfruit theobromance; Mba
{Treculia Rhizopus stolonifer, (1988)
cafricanda) Botryodiplodia
theohromac:
Fluted Pod rot 42.2-725%  Erwinia spp; Nwulo &
Pumpkin Aspergitlus niger  Emcebiri
{Telferia Rhizopus stolonifer: (1990)
occidentalis) Botrvdodiplodia
theobromac:
Tomatoes Soft rot Nematospora corvii: Ofor &
(Lycaopersicon Rhizopus stolonifer: Nwufo
escitlema) (2002)
Soft rot 5-12% Rhizoctonia solant; Onesirosan
Rotrvodiplodia & Fafunla
Theobromac: {(1976)

Fusarium cquiscti:
Fusarium xylaroids:



Soft rot 7.6-21.2%

Soft rot

Soft rots

Cassava

escnlintu

CraaT)

Sweet Soft rots
Yolado

It

Akande
(1975)

Geotrichum
candidum:
Sclerotium rolfsii:
Pythium spp.

Aspergillus niger; Madunagu
Aspergillus flavus: & Ebana
Peniciltuim spp.  (1994)

Rhizopus stolonifer:

Lasidiplodia Ekundayo
theobronae, & Daniel
Torchoderma hen=sanm; (1973
Cvlindrocearpon

candidum;

Asperailfus niger:

Aspergilius flavas:

Arinze et
al (1975)

Botrvaodiplodia
theobromace;




Nwuto et al (1989) reported that the incidence of post harvest rots
of Dacryodes edulis were high in all the locations surveyed in
Southeastern Nigeria (35.6-64.2%). Nwufo and Mba (1987) also
conducted a survey of storage rot disease of Treculia africana in
Imo State and reported that the storage loss was about 15.2%
during severe infections.

Table 2: The Incidence of TFruit Rots Caused By Pathogens in
Dacryodis edulis Fruits Collected from Different
Locations in South Eastern Nigeria (LSD At 0.05% = 6.645)

Locations Pathogens*

in South

Lastern

Nigeria Botryodiplodia  Rhizopus Aspergillus  Erwiniaspp. % Incidence
thecobromae stolonifer niger of Total Rots

Oweni 32.6+24 48242715641 1.2 58+1.1 605+ 2.1

Umuahia 324424 56.2+ 3217.8+1.1  85+23 404+1.8

Nsukka 42.8+42 124+1.4124 none 336+1.6

Port

Harcourl. 246+1.2 SR6+3.120442.1 §4+14 64.2+24

Arochukwu36.4 1 1.6 420424156+ 1.3 10.2+1.2 45.64 1.7

Amawbia 356124 524414 126+22 102418 52.51£3.2

SOURCE: Nwufo etal (1989)
*Amountofrot found. expressed as a percentage of total rots

tSignificantly differcntat the 5% level

Parpia (1976) estimated the losses during the storage and handling of
all crops in Tropical Africa at about 30%. In Nigeria, however.

Oncsiroson and Fatunla (1976) showed that up to 21% of the
potential harvest of tomato fruits were lost to rot in the field while an
additional 5-20% rotted during marketing. Also 7.6-21.2% losses of
tomato fruits due to rots were recorded at Ife between 1974 and 1975
(Akande 1975). Fajola (1979) gave a comprehensive survey of the
post harvest losses in tomato fruits in South-western Nigeria as
24.6% at harvestand 43 4% at different stages of handling. Olorunda
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and Aworh (1983) in quantitative assessment of post harvest losses
recorded as high as 20% losses in [resh tomatoes. pepper and onions
involved in North-south markecting chain. Adisa (1980) recorded
4.16-8.45% tomato fruit rots in the ficld, 10.66-39.28% rot at harvest
and 31% and 40% respectively for the dry and wet seasons during
marketing.

If post harvest losses can be serious in USA with the sophisticated
technology. it is very likely that such losses will be higher in
developing countries like Nigeria. lLosses during storage and
handling for all crops in tropical Africa were estimated at about 30%.
In Nigeria, Nwufo (1980) and Nwufo and Fajola (1981) reported that
storage loss of Colocasia esculenta was about 22% at low incidence
while it may be up to 76.5% during severe infections in South Eastern
Nigeria.
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fuble3:  The Percentage Incidence and Severity of Corm Rots of

Colocasia esculenta Determined at Different Locations.

%Incidence

iocatiorn % Severity
/mo Stat.

Umudike 76.2+4 2.9% 536 +12
Abano 519+ 21 375+ 24
Lnambra State

Urp River 512+ 19 388 +1.6

Amawbia 50.0+2.1 281. + 19
Jaidi 393+1.1 284+ 23
Neunkka 225+1.2 12.3+ 1.7

< 1oss River State
waniba 40.6+423 234+1.1
source Nwufo and Fajola (1981)

* Standard error

{iata are means of determinations from ficld and barns in each location.

A reduction in the losses will definitely contribute to improving
world food supplics. The need to store cocoyam arises from two main
reasons viz utilization for food and propagating materials during
cultivation. Fruits. vegetables, root and tuber crops deteriorate under
tropical conditions of high relative humidity and high temperature. It
1s not uncommon to have losses in Nigeria ranging from 30-50% or
cven more in respect of many fruits. vegetables, root and tuber crops
between harvesting on the farms and consumption in our villages.
towns and cities. There are no reliable data on production figures of
fruits. vegetables. roots and tuber crops in Nigeria. However,
Oyeniran (1985) suggested tigures like 3.8m tonnes of onions, 6m
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tonnes of tomatoes, 15 million tonnes of plantains and 35 m tonnes o
citrus as annual production figures in Nigeria. Ezedinma (1987
cmphasized that the figures available on production and productivits
in Nigeria do not inspire confidence and that there i1s need for reliable
statistics to guide planning of production and utilization of crops in
Nigeria particularly the food crops. Onwueme (1987) providec
information on some production data of cocoyam. vam and cassava i
Higena. He reported that 137 millions tonnes of yam, & millio
jonnes of cassava and 16.2 pulhon tonnes were nroduced 1n Nigeria.

[he quantity of frurts, vegetables, roots and tuber crops for the
Nigerian food basket can of course be increased by decreasing the
field and post-harvest losses now incurred in the crops. Of particular
importance are the various storage losses. which not only decreasc
the quality of fruits. vegetables. tuber and root crops available but
also effectively limit their availability to a few months of the year.
The solution to the problem lics in the development of effective
storage methods or use of pesticides that can adequately protect the
produce during storage.

Fruits and vegetables are largely grown in Nigeria for consumption
by the farmers' family or for sale at small village markets. According
to the best production figures available, Africa accounted for 43
million tonnes of fruits and about 31 nullion tonnes of vegetables in
1989 respectively, 12.7% and 7.1% of world total (FAO. 1989).
Africa produces 17.3% of the world roots and tubers but yields are
very low, her average is only about 57.3% of the world average.
Nigeria produced about 346 million metric tones of root and tuber
crops in 1989 (FAO. 1989). The world population. which has
doubled in the last four decades. i1s expected to double again in the
21" century (WMO. 1988). The high rates of population growth are
generally to be found in the developing countries and are proving to
be an increasing threat to world nutrition since it is in these countries
that food supplies are already inadequate. According to the Food and
Agriculture Organization of the United Nations (FAO. 1989) an
estimated 50% of the world population are engaged in agriculture
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el over 50% ot people in the developing countries are involved in
sencaltural activities while less than 10% of the people in the
Jdovetoped world are engaged in agriculture. In the third world where
lerize percentage of people is engaged in agriculture, people still
o rapple under the shackles of malnutrition which claims millions of
‘ves, while many other people are faced with nutritional disorders
symptoms varied by different shades of physical deformitics.
diseases, retarded vigor and growth, depression and inadequate
potentials for hard work (Babalola, 2001). In September 1973, the
United Nations General Assembly sitting in New York passed a
resolution stating * the [urther reduction of post- harvest food losses
in developing countries should be taken as a matter of priority with a
view to reach at least a 50% reduction by 1985, That deadlinc
expired 19 years ago and post harvest losses are still viewed as the
most important factor responsible for food inseirity in Nigeria.

Post harvest losses of all perishable tropical produce have been
reviewed and conservatively estimated at 25% of production
(Coursey and Booth, 1972). Crops losses ca¢h year through pest
and discases are enormous. Field losses in eXcess of 25% occur
regularly in many part of the world and storage losses are often at
lcast as high (WMO, 1988). Post harvest losses have a double
prolonged effect on the nation's development. the effect on the
nutritional status of the population and uluma{ely they affect the
country'seconomy.

CAUSES OF POST HARVEST LOSSES _

I'resh fruits, vegetable, root and tubers have diverse morphological
structures, composition and physiology. These crops are high in
water content and thus are subject to desiccation and to mechanical
injury. They are also susceptible to attack by bacteria and fungi
resulting in pathological breakdown. Losses in quantity and quality
occur in horticultural crops between harvest and consumption. Post -
harvest losses of [ruits. vegetables, root and tuber crops result from
physical. physiological and pathological factors or a combination
ofthese factors.
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LOSSES DUETO PHYSICALFACTORS

Losses of fruits. vegetables, roots and tuber crops occur as a result of
mechanical damage or injury which takes many forms and may
occur at any stage from pre- harvest operation, harvesting, handling
such as grading, packaging and transportation, storing to exposure in
the market and finally at home. The market value of the produce wiil
also reduce as a result of mechanical damage. The fruits, tubers and
root crops that are damaged mechanically deteriorate quickly. They
arc also predisposed to attack by fungi and bacteria.

[Losses due to mechanical damage are frequently overlooked
because of the added complexity of secondary physiological and
pathological losses. which are difficult to estimate. Nwufo (1984)
reported that the mode of infection by the cocoyam rot pathogens is
through wounds. The pathogens penetrated the parenchyma cells of
the cortical region and established themselves both inter and intra
cellularly. Various types ol physical damage (surface injuries, impact
bruising. vibration brushings etc) are major contributors to
deterioration. Mechanical injuries are not only unsightly but also
accelerate water loss, provide loci for fungal infection and stimulate
Co, (Carbon dioxide) and C.H, (ethylene) production by the
commodity. Nwufo (1984) reported that Botryvodiplodia theobromae
and Sclerotium rolfsaii, which caused the corm rots of cocyam, are
wound parasites {or they did not cause any rot of the corms which
were not wounded artificially. The pathogens penectrated the corms
through the wounds. This suggests that to minimize rot. efforts
should be made to avoid damage to corms during harvesting and
transporting to storage barns.

LOSSES DUE TO PHYSIOLOGICAL FACTORS

The physiological condition of fruits, vegetables, root and tubers is
very important and physiological losses are variable in nature. The
commodities are living structures, so, natural endogenous respiratory
losses of dry matter and transpiratory losses of water do occur. The
respiratory and transpirational losses directly influence the quality of
the produce and its susceptibility to microbial attack. Water loss can
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ve one of the main causes of deterioration since it results not only
irom dlreu quantitative losses (loss in net weight) but also causes
~vs in appearance due to wilting and shriveling, textural quality
ang ,lthrltlondl quality. The dermal system (outer protective
¢rerage) plays an important role in the regulation of water loss by
¢ommodity. Transpiration (evaporation of water from the pldnl
tissuesy which is a physical process can be controlled by various
treauments applied to the commodity (sutface coatings and wrapping
A‘fit plastic films) or (by manipulation of the environment €.
untenance of high relative humidity). Exposure of the fruits.
ables roots and tubers to undesirable temperatures can result in
ological disorders like freezing injury and heat injury. Certain
of physiological disorders originate from pre-harvest
ional imbalance e.g blossom end rot of tomatoes result from
rum deficiency. very low oxygen (< 1%) and / or high carbon
diexide (>20%) atmospheres can result in physiological breakdown
ot most fresh fruits and vegetables. The interactions among O., CO.
and C,H, concentrations, temperature and duration of storage
wtiuence the incidence and severity of physiological disorders
rclated to atmospheric composition. Nwufo (1994) also reported
that cocoyam corms are subject to chilling i injury when exposed to
very low temperature for a long time. The magmludc depends on the
relationship between time and temperature interactions. The
damage caused by low temperaturé manifest on internal tissue
breakdown, increased water loss and susceptibility to decay. It is
also known that if cocoyam is exposed to excessively high
femperature storage. losses do occur. In some parts of Nigeria. the
mternal temperature of corms exposed to sun may reach 45°C - 50°C.
Desiccation brought about by evaporation also causes loss of the
cocoyam corms during storage. Sprouting whlch 1s a physiological
process is known to cause the storage loss o¥ root and tuber Crops.
Coursey (1961) showed that while sprouting of yams stored in
different regions of Nigeria was very variable, it could reach 100%
after 6 months in storage.

15



LOSSES DUE TO PATHOLOGICAL FACTORS

The most serious causal factor of post harvest losses of fruils.
vegetables, roots and tubers in Nigeria is the attack by micro
organisms. These losses result from the rapid and extensive
breakdown of hosts tissues by microorganisms. Most ol the
pathogens are traumatic or wound parasites. Initial attack 1s by onc oi
the few specific pathogens followed by a massive infection by other
weak pathogens and saprophytes. which grow on the dead ussues
remaining from the primary infection. The pathogens reduce the
quality of the produce when little destruction of tissuc has occurred.
Fungi and bacteria are frequently involved in the case ol cocovain
storage deterioration. A variety of microorganisms have been
recorded as responsible for the storage rots of fruits, vegetables. root
and tubers. Pathological brecakdown is onc of the common
apparent causes of dcterioration. However. attack by nun
organisms usually follows mechanical injury or physiolog.
breakdown of the commodity. In a few cases. pathogens can infet
healthy tissues and become the primary cause of deterioration.

" Table 4: Post Harvest Diseases of Tropical Fruits of Commerce

Discase Condial state Sexual state Lstimates
- minimum fo

Discase

Banana and plantain,

Musa spp Anthracnose  Colectrochum musae  Glomerella cingulata + 7 10 9 C
{Berk. And Curt.) Arx {Stonem. Spauld and
= Gloesporium musarum - Schr,

cke. and Mass.

Thiclviopsis Theiclaviopsis paradoxa Ceratocystis paradoxa
Finger-stem rot (de Seynes) Hohnel  Dade
= Ceratosmella paradoxa

(de Seynes) Dade NI
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Botrydiplodia

Finger-stem rot

Fusarium
Finger-stem

and spot rot

Cigar-end rot

sauirter Jo!

Crown rot

Guava, Psidiun
guajava L.

Anthracnose

Phoma rot
Pestalotia rot

Phytophthora rot

Botryvodiplodia stem-end rot

Botrydiplodia theobromae
Pat =?

Diplodia natalensis?
Fusarium roseum Lk

amend. Snvd and | lans

Verticillium theobromae

(Turc.) Hughes

~Stachyhdwm theobromae Turc

= Verticiliium staphylidium
Holmes trachysphaera

fructigena Tabor & Bunt.

Nigrospora sphaerica {Sace
Mason Fusarivo roscum

aften with 1. Paradoxa

B. theobromae. C. Musa.,

N. Sphaerica. and
V. Theobroame

Colletortrichum
Gloeosporidoides
{Pcnz)

Arx = Glocosporium
psidii Delacr.

Phoma psidii . Tlen

Pestalotia psidin Pat.

Botrvadipladia theabroanue Pai.
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Clomerella cingulata
{Stomen)
Spauld. And Schr
+3"109C
"hytophthora nicotiana var.

Parasitica (Dast.y Waterh. 3°C 10°C

B30 100 +8C



Pineapple, Ananas
comosus |,

Thielavopsis soft rot
= water blister

= black rot

Bacterial brown rot
Pink disecasc

Fruitlet core rot

Fruit rot

Fruitlet core rot

Papaya, Carcica papaya |

Anthracnose

Stem-end rots
Ascochyla

Phomopsis

Phytophthora

Botrodiplodia
Rhizopus rot

Alternaria rot

higlavopers pantdond gile Svnesd Sl e praeadoss g

Hohnel

Erwmna ancinas (B F Sm) Serm
Unidentified bacteria
Pangilae eienlosion Thom

Frsarim mombiforme Shel

Fusarium monthfoinie
var. Subglutinans

Wi s Foat

Collectanichum siocosporiades Glomerella cingulata

{Pex) Ar (Stomen. ) Spauld & Schr

Aseoehvta carciac-papava P Mysocsphaerella sp.

Phomopsis canicae-papaya
Petri & Cif.
Phytophthora micotiana var,
parasitica (Dast) Waterh
Rhiopus spp.

Botryyodiplodia theobramae Pat

Alternaria alternata (Fr.)

Keissler =A tenius auct.
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Tomatoes (Lvcopersicon ¢sculenum Mill

Alternaria rot Altrenana alternata (Fr j Keissher

= A. tenius auct -3°C
Pleospora rot Stemphylium botrvosum Pleospora lveoperisci

Wallr. Fl. & Em.Marchall  -3°C
BUCkCyC rot Phyvtophthron parasiticn Dast

P. capsici Leonin,
P. Drechsleri Tucker + 10°C

H()‘J_‘y'tis rot Botrylis cinerea Pers. ex. Fr.Botrvotinia fuckeliana
(d. By) Whetz] . 2C
Rhizopus rot Rhizopus spp. H2E
Sour rot Geotrichum candidum
Lk. ex Pers. 200

Source: Sommer MN.F (1982)

Micro- organisms associated with the storage rot of fruits. tuber and
roots crops are known to produce extracellar enzymes, which
degrade the components of cell wall of the host tissues. The enzymes
involved in the decomposition of the cell wall in¢lude pectinases and
cellulases. The pectinases: pectinmythyldsterase(PML) and
polygalacturonase (PG) are known to degrade the pectic components
of the cell wall. PME hydrolyses the methyl esters of the uronic acid
residues while polygalacturonase cleaves the -, 4bonds between the
uronide residues in pectin and pectic acid. It r¢leases galacturonic
acid. The celluloses are known to decompose gellulose in both its |,
native state and crystalline forms. A complex of cellulose originally
designated C,.C, and cellobiase arc involved in the conversion of
cellulose to glucose (Reese.1956). The C, or endo-B-1. 4 gluconase
splits soluble chains and cellobiase converts native ccllulose
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susceptible to enzymes of the C, type. A number of organisms have
been reported to produce both cellulolytic and pectolytic enzymes in
culture and in infected tissue. Nwufo (1984) reported that the two
organisms (Bofryodiplodia theobromae& Sclerotum. rolfsii) thai
caused the storage rots of cocoyam produced cellulolytic and
pectolvtic enzymes in culture and infected tissue. The culture filtrates
of B. theobromae and S. rolfsii macerated the host tissue of cocoyai
corm. The pectolytic enzymes (PG and PME) in the culture fi]trates
and the rot extract of £ rfoof o W G
and 5 respectively after 5 hours of incubation The resnlt revealsd
that there was a syneraistic action between the pectolytic ano
cellulolytic enzymes in the rmerceiation and ~ell death ofhes. (158w
of cocoyam corm..

mcre showed maceration, indey af 4

Apart from the maceration of the hoer nieee, pathogens. are also
known to destroy the structural integrity of the host tissue Nwufc
and Fajola (1985) reported that the two organisms. B. theohromace
and S. rolfsii which caused i%e cor rot of cocoyam alse destrove

the histological structures of the iissue of cocoyam corm i he twre
organisms penetrated and colonized the corm tissue intercellularts
and intracellularly. The infected tissues were cleared of most of thei
starch grains and the cells disintegrated within 10 days o
inoculation.

It has also been reported that during pathogenesis the food contents
of the host tissue are greatly reduced. Apart from destroying the
histological structure of the corm, the carbohydrate. proteinand lipid
contents were reduced on infection by both B._theobromae and S.
rolfsii (Nwufo and Fajola, 1985). Nwufo et al (1987) reported that
cassava root infection by B. theobromae caused a loss of 88.9%
starch and 28.75% of the total nitrogen. The contents of reducing
sugars increased by 11.7%. Infection by Rhizopus stolonifer caused a
starch loss of 84% and a loss of total nitrogen of 23.8% whereas the
increase in the content of reducing sugars was 40.60% and that of
total lipid was 52.4% (Table5).
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Nwufo el al (1989) reported that Alrican pear fruits wection by B, theobromae cadsed a
wiarch and 2% of total nitrogen, The content of lipid incrcasea Ty
Infection of African pear by Asperyilius mizer caused 2 starch loss of T1%hand o baes b E 08
Al the total lipid whereas the increase in the cantent of rafal nitrogen was 39 6% Treetion b
Rhizopus stolonifer_caused a starch loss of 1% and a foss of total 1 trogen ol oave da
caticiil of sutal lipids increased by 0.976 (Tubico) Nwuto and et

lasn b 01

the three funsi ihat cause the il ro! diconses of Muted pumabkin (700 Fariter!
reduced the starch. total nitrogen and lipid contents o the secdsa i infeetion
Table 0. Percentage Content of St i 1P otcniodid o i dlealtiv s dan cands
of Dacrmodic wdulis afler 4 Days s
N e
Period of Stard | Uk i w Wi
Incubation - |
(davs) Treatment %o preseit iy ; 5
0 Control 4.20 :
BT - | 5
AN . E !
RS - - - - | -
1 Control Q1 i2.7 323 6 45
BT 340 1S g Pyl 3
AN 3.9 I ' EEE 5
RS 33 214 | 120 SO L §1
2. Control 4.20 0 i3 l ) i
BT 2.2 17.6 bl 77 69.4 &
AN 1.8 574 9 34 fin.d 1.3
RS 1.6 619 14.8 54.2 650 0.6
3 Control 4.10 248 0.9 N 53
BT 1.8 37.4 9.7 1.0 76.7 7.3
AN 1.4 639 17.9 86.3 644 .9
RS 12 69.1 10.9 13.5 65.3 02
4. Control 4.10 2.4 9.8 2l 62.9 38
BT 1.6 61.0 9.0 2.0 78.2 19.6
AN 1.2 T0.7 18.2 89.6 62.4 4.6
RS 0.8 80.5 8.9 1.3 638 0.9

Key: BT-Botryodiplodia theobromea: AN- Aspergiflus niger: RSRAzopiss
stolonifer Source: Nwufoetal( 1987)
(Data are derived from six determinations in two separate experiments)
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CONTROL OF POST-HARVEST DISEASES

Post-harvest losses of fruits, vepetables, roots and tubers can be
controlled wm Nigena by employing four main methods; chemical;
cultural practices, environmental manipulation and curing. [tis very
smportant that a thorough knowledge of the causes and occurrence of
post- hurvest losses ol fruits, vegctables, root and tubers is known
voany control ucasuares can be recommended. It is also
necessary 1o have knowicdge of the storage and handling methods in
wder Lo minimize wastage. In Nigeria, social factors also contribute
w0 post-harvest losses apart from the phystological, physical and
nathologieat tactors. These social factors include limited financial
FESOUTCES s;u! non- avatlability of sophisticated facilities for storage
i the produce. Post-harvest diseases must be considered in the
wwlection ur' handling practices or methods. Therefore. an
anderstanding ot disease organisms. the host commodity and the
retation ol handling methads to both 1s of critical importance.
nicyichited with the pathogen and the host commodities are the
i U;- environments and handling stresses to which fruits are
uho . Handbing practices may allect the commodities’ discasc
;uscepy ul* lity as a consequence of stage of maturity, ripencss or

nescence cuts. Brutses and punctures may facilitate the entrance of
he pathogen into the mmmodil)-'_ I'nvironmental factors of primary
concern in post-harvest diseases ol fruits. vegetable, roots and tubers
are temperature, relative humidity and atmospheric composition,
the presence of pathogens completes the disease triangle (organism-
wsi-environment). The appropriate control measures may vary from
one srowing region to another depending upon the nature and
sertousness of the threatening discascs. Distances and time of
transportation to market affect diseasc pressures. Finally the capital
nvestment required for handling facilities influences greatly the
choice of control strategy.

CHEMICAL CONTROL OF POST HARVEST DISEASES

Post harvest diseases of lrm!k. vegetable, roots and tubers can be

reduced by application of fungicides. They are applied as dips.
NAYS <1nd dust on the produce. Not much work has been done on the
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use of chemicals for the control of post-harvest diseases in Nigeria.
However, Fajola and Nwufo (1985) reported that captan and benlate
(at 100-500 pprit) completely inhibited the spore germination of B,
theobromae and Sclerotivim rolfsii. The fungicides were effective
against the artificial infection of the corms of Colocosia esculenta.
Benlate and Dithane M-45 inhibited the growth of Botryodiplodia
theobromae. Vusarium solani, Sclerotuim rolfsii and Rhizopus
stolonifer to varying degrees. Nwufo (1988) also reported that
dipping of the corms in 500ppm captan or benlate before storing in
soil pots was cffeciive in reducing storage rots of cocoyam. The
storage potentials of the African pear ( Dacryodes edulis (G.Don.)
were also investigated by Emebiri and Nwufo (1990). At 15°C fruits
dipped in palm oil before being packaged were of better quality and
retaincd firmness longer than fruits dipped in a 500 ppm benlate
solution. Avocado fruits treated with benlate, captan and KMnO, and
stored at 10% remained fresh after 21 days storage (Nwufo et al
1994).

[ want to stress that chemicals are the foundation of the most
manageable of the diseases control tactics at our disposal. However.
the present range of fungicides available have a number of
limitations. Most of the fungicides available are protectants. This
means that the farmer has to apply them following a prophylactic
schedule 1.c whenever the probabilities of infection have reached a
certain threshold value. Other issues aside. the increasing energy
costs of this method are causing a major problem. All plant protection
chemicals are applied wastefully. Another serious limitation is their
toxicity to certain crops. Human and environmental hazard limit the
present use of fungicides although one must admit that no major
problem have so far arisen when the instructions for use have been
followed. There have been severe cases of acute poisoning e.g in Iraq
in the 1970s following the consumption of mercury treated seeds.
There is little documented evidence of adverse environmental effect
due to the use of fungicides in Nigeria.

These factors should be borne in mind when chemicals are to be used

24



ior the control of post-harvest discases of fruits, vegetables, roots and
tubers in Nigeria. Firstly the chemical must be efficient in controlling
the diseases at low concentration, the cost of formulation and
application should be put into consideration and most importantly
chemical residues must not constitute a health hazard to the applier or
the consumer. The chemicals that will be added to the commodities
should be screened and only used in accordance with food additive
regulations of Nigeria. It is unfortunate that in Nigeria, there are no
legislations in respect of the amount of residues to be tolerated on our
produce like yam. cocoyam. fruits and vegetables.

[1is against this background, that in the use of synthetic chemicals in
disecasc control while eliciting much concern owing to the
undesirable side effects emanating from their use that I got interested
in the use of natural products as fungitoxicants for the control of post
harvest rots of fruits and tubers in Nigeria. Synthetic fungicides
however. possess undesirable side effect which have necessitated the
scarch for other viable alternatives. Compounds in higher plants
have come under focus as successful natural fungitoxicants because
of their phototoxic systemic and biodegradable nature (Fawcett and
Spencer, 1970; Baye 1978). This emerging discipline of utilizing the
essential oils from higher plants as potential plants disease eradicants
has been enunciated by various workers (Chaurasia and Kher, 1978;
Dubey and Kishore, 1987; Nwufo and Emebiri 1988; 1989; Nwulo.
1993). Nwuto and Emebiri (1988) reported that the essential oils
extracted from Nchanwu (Ocimum viridis) and nche (Suaccogloltis
cabonensis) had [ungitoxic effects on the five rot pathogens of
cocoyam. Ofor and Nwufo (2002) also investigated the use of five
spices: Ocimum conum. Ocimum viride, Xylopia aethiopica. Piper
guineense and Monodora myristica in controlling tomato rot caused
by Nematospora coryii and Rhizopus stolonifer. Ocimum comum oil
reduced the rot caused by N. corryii and R. stolonifer by 89.39% and
87.63% respectively. Oils trom Xylopia aethiopica. P.guinecinse
and M. myristica were also found to be effective in reducing the fruit
rots ol tomato.
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(ii) CULTURALPRACTICES

The method of harvesting and handling of fruits. vegetable. tubers
and roots after harvest is important becausec many of the pathogens
involved in storage discases enter through wounds. Such wounded
fruits, tubers and roots if they are unnoticed during sorting provide
avenues for fungal and bacterial pathogens. Improved methods of
harvesting and handling during transportation can reduce mechanical
damage. In Nigeria. the techniques of handling fruits, vegetables,
tubers and roots are poorly developed. Fajola and Nwufo (1985)
reported that storage trials under some enviconmental conditions
showed that storage of cocoyam corms in soil pits particularly under
shade was very successtul during a 12-weck storage period. Storage
in well-drained pit significantly reduced natural infections of
cocoyam corms without impairment to texturc and taste.

(iii)) ENVIRONMENTAL MANIPULATIONS

Post-harvest losses of fruits, vegetables, roots and tubers can be
controlled by manipulating the environmental conditions in which
they are stored. Relrigeration is recommended for the reduction of
walter and respiratory losses during storage. The rate of metabolism s
generally slowed down with a decrease in temperature. Fajola and
Nwulo (1985) reported that low temperature (5-10°C) was effective
against artificial infection of the cocoyam corms. Storage studies ol
cocoyam corms were carricd out under different environmental
conditions (open laboratory, dry saw dust, moist saw dust. soil pit and
polythene bags) and there were reduction in storage losses. (Nwufo,

1988)).
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Table7:  Percentage Weight Loss, Length of Sprout (mm) and rot
Of Corms of €' esculenta During a 12 Week Storage

Period Under Different Environmental Conditions

% weight loss, length of sprouts
(mm) and % rot of corms under

P

different conditions

Period of storage Control

Sawdust Saw dust

Polythene
(Week) (openlab) (dry) (moist) bag
0 0 0 0 0
2 19.0 65 O 2.0
Percentage weightloss 4 17.3 214 7.5 4.5
8 32.4 235 246 7.6
12 39.2 396 327 9.2
0 0 0 0 0
2 10.0 1.4 121 12.2
fean length of sprous (mm) 4 114 123 13.2 3] Hid
6 12.1 146 132 163
6 12.1 146 266 22.4
1:2 1.2 194 326 27.5
0 0 0 0 0
2 0 0 0 0
Fercentage comes sowing decay 4 235 426 354 19 5
6 64.7 60.7 603 586
12 785 725 714 70.4

Source: Nwufo (1988)

Data are means of 3 determinations, with 10 corms per treatment.
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Improvement in packaging have contributed greatly to more cfficient
marketing of fresh {ruits and vegetables in developed countries
(Hardenburg, 1975). Consumers now recieve produce in fresher
conditions with less damage, more potential shell lile and greater
appeal and convenience than ever before becausc ol packaging
advances. Modern packaging has contributed to improved handling
of food between farmers and consumers. Packaging in the form of
using various containers and wrapping materials for [ruits and
vegetables have been embarked upon by me and other Scientists in
the School of Agricultural and Agricultural Technology (IFU'TO)
since 1985. Emebiri and Nwufo (1990) investigated the storage
potentials of African pear (Darcyodes edulis) using four fruits types
At ambient temperature (28.5-35°C) those fruits enclosed in cither
paper bag or polythene bags could be stored satistactorily for 3-8
days after which they deteriorated rapidly. Storage life was increased
at low temperature but injury due to chilling was observed at S'C. At
15°C fruits dipped in palm oil before being packaged were of better
quality and retained their firmness (Table8). Storage in moist
sawdust, wood shavings or water were the least effective in
extending shelf life. Post-harvest treatment of avocado pear with
wax, fungicides and KMno4 and polyethylene and paper bag
packaging were studied to extend the shell-lile of avocado ( Persca
americana Mill) under refrigeration and at ambient temperature
(Nwufo et al. 1994). At ambient temperature fruits ripened within 6
days while those in polyethylene bags at 10°C remained healthy for
21 days. Fruits at ambient temperature (28-30°C) and at 10°C did not
store well in paper bags. The different conditions and packaging
materials affected the germination. percentage. growth and scedlings
VIgor.

Storage of cocoyam corms at low humidity may form an important
aspect of disease control of storage rots but there may be rapid loss of
water. Nwufo and Fajola (1981) reported that no rot developed when
inoculated corms were kept under levels of relative humidity lower
than 50%. Relative humidity not only affects the activity ol decay
causing organisms but also affect moisture loss from fruits and
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vegcetables. Lealy vegetables should not be stored for a long period
because they lose moisture readily. Good refrigeration practices are
cssential to reduce post harvest losses. They can be supplemented
with controlled or moditied atmospheres. Nwufo (1994) observed
that woscaled leaves of Telfuria occidentalis and  Pterocarpus
vovanxvii rapidly lost water during storage at either ambient or low
temiperature. Packaging of the leaves in polyethylene bags alleviated
thesce losses and waler stress.

(iv) CURING

Curing is one of the simplest and effective methods of reducing post-
harvest physiological and pathological losses of root and tuber crops.
Curing is a healing process, which involves suberization and
development ofa periderm. which is effective in reducing water loss,
and acts as a mechanical barrier against pathogen attack. High
temperature and relative humidity influence the process of curing.
Cocoyam corm can be successtully cured by smoking. Proper
handling of the root tubers after curing is important to avoid turther
mechanical damage. which may predispose them to fungal and
bacteral attack.

POST-HARVSET LOSSES AND PRESERVATION OF
INDIGENOUS FRUITSAND VEGETABLES INIGBO LAND

Mr. Vice-chancellor sir. distinguished ladies and gentle men, people
say that charity begins at home. [ am happy to report that I have been
involved in the postharvest losses of indigenous fruits and vegetable
inlgbo land.

A large number of crops commonly classified as fruits and
vegetables are grown in lgboland .
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Table8: Indigenous Fruits And Vegetables Utilized In [gbo Arcas
Of The South-Eastern Nigeria

Scientific name Igbo name Part used
Amaranthus hybridus nene leaves
Abelmoschus esculentus Okwuru fruit/leaves
Chrysophyllum abidium Udara frunt
Chrysopyllum delevoyi Udara enwe fruit
Dacroydes edulis Ube fruit
Dennetiatripetala nmimi fruit
Gongronema latifolium utazi leaves
Irvingea gabonensis Ugiri/agbolo fruit/seeds
Ocimimviridis Nchanwu leaves
Pterocaprus soysuxii Oha leaves
Pentaclethra macrophylla  Ukpaka,Ugba seed

Piper guineense Uziza leaves/sceds
Solanum macrocarpon Ayara leaves/fruit
Telfairia occidentalis Ugu ' leaves /seeds
Vernonia amygdalina Onugbu leaves

Fruits and vegetables supply a lot ol minerals and vitamins.
According to FAO recommendation, not less than 5%ol the total
calories in-take should come from non-starchy vegetables.
Vegetables are also valued for their high contents of unavoidable
carbo-hydrate or fibre, which may be up to 16% by fresh weight.
Vegetables are generally regarded as crops of minor or sccondary
importance. Many of our vegetables such as Telfuiria, Vernonia.
Pterocarpus etc, have suffered neglect (Okigbo. 1975). Sai (1965)
concluded that fruits and vegetables are not accorded the importance
they deserve in the diet of West African people and are hardly
considered food. At best they are prepared and accepted as a relish or
a flavoring agent. It is the basic carbohydrates staple. which is
considered food. There are many important indigenous vegetables.
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however, their ethno- botanical importance is buried in the sands of

tme

By the year 2000, it was suggested that Igbo population will increase
to abeut 20 million. Estimate indicate that between 3 to S million
neople in fgbo fand do not have enough food to eat and this is likely to
merease with increased population. Past governments in Nigeria
have ermphasized two lines of action to cope with this current and
future food demand. These are reducing food demand by slowing
population growth and augmenting food supplies by expanding
produciion. A third vital measure is to reduce the loss of food after
harvest and prior to consumption

' fgbo fand enormous post-harvest losses of fruits and vegetables
sult from altack by micro-organisms, insects, birds, rodents and
deterioration in storage. Physical and mechanical damage may arise
atany stage 1o the handling chain pre-harvest operations, harvesting,
packaging. transportation and storage. To quantify these loses in
‘uboland is scarcely possible. However, Nwufo and Mba (1988) and
Nwuto and Emebiri (1990), Nwufo et.al. (1989) have estimated the
tosses of some fruits like Ube, Dacryodis edulis, Ukwa, Treculia
africana and Ugu pods.Telfairia occidentals in south eastern
Nigeria. Deterioration of the fruits during storage was associated
primarily with the actions of pathogens or by physiological

reactions,

Maost wvegetables and fruits are utilized at immature stage of
development. At this stage they have a characteristically high
metabolic rate and lack many of the protective structures such as wax
and thickened cuticle or periderm. which protect them against
physical injury, moisture loss and invasion by pests and diseases.
Most ol the post-harvest loses which occur are the result of the
accumulative effects of careless harvesting. exposure to unfavorable
environmental conditions. ineffective agents and poor packaging.
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Table 9: Mean Score ( Standard Error) for Fruit Type,
Packaging and Treatment on the Storability of the African Pear

Storageat  Storage at Storage at  Storage at
Arnbienttemperature {7 days) 15°C (15days) 15 C(15days) 15 C(15days)

Means score of fruittypes:

Fruittype | 2.8+0.02 1.0+002 20+011 1.0+0.02
Fruittypell 2.5+0.01 25+010 40+010 1.0+0.01
Fruittypelll 2.3+0.04 40+010 40+0.13 23+007
FruittypelV  3.0+0.06 40+013 38+0.17 3.8+0.08

Partially matured 2.5-+0.10 35+007 40+007 38+012
Coefficient of
variation(c.v. %) 10.59 42 49 24.62 58.85

Packaging {(mean score of all fruit types)
Package with
polythene bags 2.3 1 0.02 331012 354+008 231001

packagewinpaserbags 2.9 0,11 27+011 361012 24+0.12
Post harvesttreatment (mean score of all fruit types):

bipsedntentate seuten 3.0 + 0,02 28+003 3.5+007 2.2+01
Dippedinpalmoil 2.2 +0.01 324007 36+0.13. 2.5+0.05

SOURCE: Emebiriand Nwufo (1990)

Nature of post-harvest losses

Fruits and vegetables form important sources of supplementing the
predominantly carbohydrate diets of people in Igbo arcas of
southeastern Nigeria. In Igboland, consumption of fruits and
vegetables is inadequate and can be improved through a scheme of
ctficient storage and distribution. This situation may be as a result of
colossal wastage resulting from rapid deterioration of the crops. The
traditional method of carryving fruits and vegetables to local market in
baskets lead to much wastage of unsold produce. Fruits and
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vegelables also get wasted on the farms and never reach the markets.
successtul storage of fruits and vegetables therefore involves the
maintenance of their quality in terms of flavour, texture. and
motstore content and other factors associated with edibility.
Treatment to which traders in Igboland subject fruits facilitate their
deterioration. hence the high percentage losses obtained.

A. Fruits
I'he most important causes of spoilage of fruits in Igbo areas of
southeastern Nigeria i1s microbial attack usually resulting from
infection through wounds or bruises. Most fruits are normally
harvested during the rainy scason, June-October and packaged into
haskets, transported home and later taken to the market. During
harvesting and post-harvesting handling. some fruits are bruised
thereby facilitating development and spread of rot diseases. Bulking
of truits inside baskets also aggravate biodeterioration.

(1) Ube (African Pear) Dacryodes edulis member of the family
Buserceac is an evergreen; the fruits are blue-purplish when
ripe and shaped like sausage. The fruits are dipped in hot
waler to soften them and are served with either roasted or
boiled maize.

fruits of Doedulis are normally harvested during the rainy season
fune-September. Alot of wastage is however incurred resulting from
some  handling methods. During harvesting and post-harvest
hendling  some  fruits are bruised thereby facilitating the
development and spread of rot diseases. Nwufo et.al. (1989)
reported that the incidence of post harvest rot of D. edulis was high in
all the towns visited in south-eastern Nigeria (35%-64.2%). The
capacity of the African pear to produce fruits is considerable. The
number gathered from a single tree during the major fruiting season
varies [rom 7.000 to 10,500 with an average yield 0f223-335kg/tree
{Omoli and Okivi 1987)
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(i1)

(iii)

African bread fruit (Ukwa. Treculia africana) a member of
Moraceac s a fruit tree which grows uncultivated and semi-
wild .It produces mature fruits during the “hungry season™ in
Abia, Imo, Enugu and Anambra states of Nigeria following
the planting of major staples such as vam .maize and
cocoyam. The seeds contain about 17-23% crude proten and
are cooked and eaten as a main dish. The seeds can be
processed inte breadlruit flour from which several food
products such as bread. cookies and biscuits can be prepared.
The seeds are not stored for long period because they are
highly perishable. In a survey conducted in Imo state in 19853-
86(Nwulo and Mba, 1988) the storage loss reported was
about 15.2% during scvere infection. There is need to conduct
investigation on the best and cheap method of storing the
seeds for consumption and germplasm establishment.

Fluted pumpkin (Ugu. 7elfairia occidentalis). a member ol
the family Cucurbitaceae 1s widely grown in south-castern
Nigeria- for its edible leaves and sced. Longe et
al.(1983)reported that the seeds contain about 3% fat and
27% crude protein. Seeds are scarce during the growing
period (April/May) because the fruits arc normally harvested
between October and December and cannot be stored for a
long period. Nwuto and Emcbirt (1990) reported losscs of
about 72.5% in some locations in southeastern Nigeria. Little
attention has been given to the storage of the sceds of this
nutritious leafy vegetables usually propagated by seeds. The
net effect has therefore resulted in scasonal production and
consumption. Nwufo ct.-al. (1990) reported that partial
drying afler soaking in Benlate at 1000ppm turther prolonged
the storage life of Telfairia seeds. Storage of Telfairia sceds in
polyethylene bags at 10°C was better than storage in paper
bags. Storage of Tellairia seeds at ambient temperature (28-
30°C) was unsuccesstul. The traditional method of storing
Telfairia pods is by keeping them in yam barns unul they are
nceded for planting.
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Leafy vegetables.

Leafy vegetables form an integral part of the diet of people in lgbo
land a5 of Southeastern Nigeria. Several varicties are available.
Poor handling during marketing. however leads to wastage. The
market women just pile the vegetables in baskets exposed to
sunshine and rain. The vegetables lose colour casily turning brown
and eventually black within a few days. [n some places Telfairia and
Vernonia leaves are harvested in cool weather, the vegetables are
bunched together and tied. The bunched stems arc dipped into water
and stored in polyethylene bags. Telfairia and Pterocarpus lcaves
were kept Iresh for 6-7 days.Many pre and post-harvest practices can
be adopted to reduce the level of post-harvest losses of fruits and
vegetables in lgboland. These include:

Pre-harvest factors

Environmental conditions during production can atfect the shelf life
of fruits and vegetables. Crops free from pests and diseases should be
stored. actors connected with cultural practices including time of
nrigation. fertihizer level and plant spacing may also influence the
physiological condition ofacrop at the time of harvesting.

Harvesting and handling.

Post-harvest losses can be reduced by improving both harvest
practices and subscquent handling methods adopted at all stages
until consumption. In Igboland food handling techniques are poorly
developed and fresh produce is frequently handled in the same way
as durable crops, which results in excessive mechanical damage.
Harvesting during or immediately after heavy rains should be
avoided and it should be carried out during the cooler part of the day
usually carly morning. Vegetable crop harvesting is always carried
out manually with the aid of a harvesting tool. For fruits and
vegelables a knife 1s frequently used. Care should be taken to avoid
mixing diseased produce with sound produce.
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Packaging and transportation

The use of correctly designed containers for marketing the perishable
products can considerably improve produce quality and reduce the
level of loss. Farmers seleet the cheapest and most readily avatlable
container. which is ill designed for transportation of produce. In
Igboland most fruits and vegetables are transported in bulk handling
conditions. Under these conditions the lorries should be fined with
leaves and the produce should be carelully stacked and adequateh

covered ontop to protect it from adverse environmental conditions.

Refrigeration
The holding of produce at reduced temperature througl the use of
refrigeration is one of the important methods of extendimg
lite and reducing the level of post harvest loss. There are however a
number of limitations to the use of cold storage forreducing losses ol
vegelable [ood in developing countries. Many of the vy
commoditics arc too low a unit value to bear the cost ol epern

mechanical and commercial refrigerated storage. Individuats or

communitics lack the capital needed for erection ol cold stores orth
expertise to run them. Many tropical fruits and vegcetables are liable
to low temperature injury. In Igboland arcas ol southi-castern
Nigeria, commercial cold storage ol fruits and vegetables s not
feasible.

Phytosanitary control

Good phytosanitary practices can have considerable mpact on
product quality. FField hygiene through the removal of plant debrs
reduces the infection load in the field. The climination ol diseased
matcrial at harvest reducces the contamination of sound produce as
does the washing and cleansing of harvesting implements,
containers. lorries and store houses. Pesticide can be applied after
harvest as [umigants, wraps. dips. dusts and sprays. Among the wide
range of chemicals. which have been used to reduce post-harvest
loss, are captain, dichloran, borax. sodium orthohenylphenate,
thiabendazole and benomyl (Eckert and Sommer. 1967). Usc of
pesticides is not highly recommended for the farmers in the rural
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areas of [gboland. The farmers are not literate enough to know how
to apply pesticide to fresh produce. There is then need on the part of
the extension Agents to educate farmers in rural arcas on the hazards
ofusing pesticides.

Post harvest technology for reducing loss can gencrally be
considered under three headings: handling, processing and storage.
In attempting to develop or apply post-harvest technologies to
reduce food loss in Tgoland, it must be remembered that cultural,
economic. social and political factors affect the nature and
magnitude of food loss: and the attitudes of farm families and
sovernment to tood conservation. Many kinds of costs can be
assoctated with post-harvest losses and it is important to assess these
costs as thoroughly as possible for an accurate picture of possible
cconomic and social consequences.

Post-harvest losses i Igboland arc as a result of unavailable and
madequate technologies. II the application of known post-harvest
technologies 1s an appropriate means of conserving fruits and
vegetables. why does a gap exist between the establishment and use
ol technologices in Igbo areas of south-castern Nigeria? The major
rcasons lor this are as follows: Firstly, proposed technical solutions
arc frequently copied or borrowed from developed countries rather
than creatively appropriate technologies being adapted to the
realiies and needs of our people. Secondly. there are frequently no
adequate incentives for individuals to invest in post-harvest
technologies. This lack of incentives is frequently linked with
aspects ol government policies. Thirdly the decision to store fruits
and vegetables to mimmimize losses and stabilize prices are made by
admmistrators who do not have the expertise or fail to refer to
adequate technical knowledge. Post-harvest losses can be
substantially reduced by using methods adopted in developed
countries ke improved packaging and refrigeration. An awareness
of the role of relrigeration in quality maintenance have made it
possible to move perishable fruits and vegetable to distant cities in
fresh condition and provide consumers with a relatively constant
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year-round supply.

In [gbo arcas of Southern Nigeria. low cost stovage ol {ruits and
vegetables is not readily available. Increased research s required to
develop low-cost alternatives. Dehyvdration or suin '
simplest and lowest cost method of processine
Whenever dried or simply cooked and dried products are
either for food or for secondary processing it nec
simple type of processing should be encouraged. A cheup and simle
method of preserving fruits is known as asmiob o dolydration

principle involved is osmosis. Plant and auioal tssue can be
dehydrated by immersion in a strong solution 6l suzaror salt m we

Research should be conducted into the use of sophisicarcc
techniques employed in developed countries foi storaoe of fruts ant
vegetables. Future studics on post-harvest losses of frutts end
vegetables should include varietal resistance and toderr methsds of
handling fresh produce. There are multifarious problems assocrated
with post-harvest losses of [ruits and vegetables m lobu creas of

South-eastern Nigeria, so there is urgent neced for post-han
technologists and for scientists to focus their attention on e storaze
of indigenous fruits and vegetables which serve as lood supplements
for many million Igbos.

MODERN AND FUTURE DIRECTIGNS FOR
POSTHARVYEST TECHNOLOGY OF FRUITS,
VEGETABLES, ROOTSAND TUBER CROPS

Both quantitative and qualitative losses take place o frts,
vegetables., roots and tuber crops between harvest and consumntion
In order to minimize losses, one must understand the biological and
environmental lactors involved in detertoration and use those good
harvest technology procedures. which will slow down senescence
and maintain the best possible quality. Fresh frutts. vegetables. roots
and tuber crops arc living tissues which arc subject to continual
change after harvest while some of these changes are desirable. most
arc not desirable from the consumers stand point. Post harvest
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changes m fresh produce cannot be stopped but can be slowed down
within ¢certain Limits. Some ol the biological factors involved in
deterioration include respiration which is the over all catabolic
brocess by which stored oreanic materials {carbohydrates. protein,
tats) ace broken into simple end products with a release of cnergy.
Another hiological factor involved in deterioration is ethylenc
product:on, which is one of the simplest organic compounds. which
has an elfect on physiological processes of plants. It is a natural
product of plant metabolism and is produced by ali ussues of higher

lants and by mucroorganisms. Ethylene is considered the natural
aging and ripening lormone and is physiologically active in trace
amount (0. fppm). Many compositional changes take place during
development and maturation o the commodity on the plant.
Compositional elimpes continue after harvest and this can be
undesirable. Some ot the changes include loss of chlorophyll,
development ol carolenaids, development ofanthrocyanins, changes
m-anthrocyanins and other phenolic compounds. Changes in
carbohvdrates may also occur like the conversion of starch to sugar.,
which is ondesirable in potatoes but desirable in  fruits,
Environmental  factors. which influence  deterioration.  include
temperature. relative humidity, atmospheric composition. cthylenc,
light and other faciers like usage of chemicals (fungicides and

growthregulators).
TEMPERATURE MANAGEMENT PROCEDURES

Temperature management is the most important tool that can be used
to extend the shelf life of fresh fruits. vegetables, roots and tuber
crops. Proper temperature management begins with the rapid
removal of field heat by using one of the following evolving methods
like hydro cooling in-package. icing. room cooling. vacuum cooling
and hydro-vacuum cooling. Cold storage facilities should be well
engineered and adequately cquipped. These include  (a) good
construction and insulation including a complete vapour barrier on
the warm side of the insulation (b) strong floors, adequate and well
positioned doors for loading and unloadimg (¢) effective distribution
of refrigerated air (d) sensitive and properly located controls ()
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enough refrigerated coil surface to minimize the differences between
the coil and air temperature and adequate capacity for expected
needs. Commoditics should be stacked in the cold room leaving air
spaces between pallet and room walls as well as among pallets 1o
ensure good air circulation. Storage rooms should et be overlonded
beyond limit for proper cooling. Commudity temperatur. shonld be
monitored and not air temperatures. Transit vehicles must be cooled
before loading the commodity. Delays between cooling after hary est
and loading into transit vechicles should be avoided and proper
temperature maintenance should be e throughoul the handling
Qvstem.

CONTROLOF RELATIVE HUMIDITY

Relative humidity influences water loss. decay development.
incidence of some physiological disorders and unitormity ol fruts
ripening. Proper relative humidity is 85-90% for fruits and 90-98%
[or vegetables. Relative humidity can be achieved by onc or more ol
the following procedures (1) Addition of moisture (water mist or
spray. steam) (o the air by use of humidifiers. regulation ol air
movement and ventilation in relation to produce load in the cold
storage room: (2) halting the {loor in storage rooms and sprinkling
with water during retail marketing. Many biological procedures are
used commercially as supplements to temperature management.
None of these procedures. alone or in various combinations can
substitute for maintenance of optimum temperature and relative
humidity in extending shelf life of harvested fruits and vegcelables.
Supplemental post harvest technology procedures include washing.
heat treatment. use of sproutinhibitors and post harvest fungicides.

Current technology based mainly on the use of relrigeration,
controlled and modified atmospheres supplemented by various
chemical treatments. has revolutionized the storage and transport of
fruits. vegetables. root and tubers during the course of the past fifty
years and it is now possible for wealthier nations to enjoy most of the
commoner types of fruits and vegetables in a year round basis ( Table
10). However, some of the methods on which this successiul
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technology are based, are now being questioned and consumer
pressure is demonsteating supplies of produce of the same range and
quality without dependence on chemicals. The development of

altemative storape and marketing stratcgies based on minimal use of
pesticides and the adoption ol environmentally safe methods will be
sentral 1o the endeavors of post harvest technologies in the

LAl

immediate future (Sharples. 1990}
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Tablel6: Summary of Recommended Controlled Atmosphere or

Modified Conditions During Transport and/or Storage ol

Selected [ruits.

Commodity | Temp.range CA Potential for | Remarks
('Cy* 040, %Co. | benefits

Deciduous

Tree fruit

Apple -5 2-3 -2 A About40% of
production is
storedunder CA

Apricot 0-5 2-3 2-3 C Nocommercial use

Cherry (sweet] 0-3 3-10 | 10-121 B Some commercial use

Fig -3 5 15 B Lamited
commercial use

Grape 0-3 None | Nonc | D Incompatihle with
SO fumigation

Kiwifruit (-5 2 5 A Some commercial use

Nectarine (-5 1-2 5 B Linited
commercial use

Peach 0-5 1-2 5 B Limited
commercial use

Pear -5 2-3 0-1 A Some commercial use

Persimmon 0-3 3-5 3-8 &) No commiercial use

Plum and prune | 0-3 I-2 (-5 B No comimerciil use

Strawberry (-3 10 1520 A Increasing use
during transit

Nutsand dried frus| 0-23 0-1 U-1001 A [ifective msect
contral method

Subtropicaland

tropical fruits

Avocado 2-13 2-5 3-10 [ B Limited
commercial use
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Banana 12-13 2-5 2-3 A Some commercial o
Grapelruit 10-15 3-10 | 5-10 | ¢ No commercial use
Lemon 10-15 3 0-5 No commercial use
[ime 10-15 5 0-10 | B No commercial use
Olive 8-12 2-5 310 | C No commercial usce
Orange 5-10 [0 5 E No commercial use
Mango 10-15 3 5 L No commercial use
Papaya 10-15 5 10 G Nocommercial use
Pineapple [0-15 3 10 © No commercial use
Artichokes (-5 2-3 3-5 B No commercial use
Asparagus -5 air -10 ) C Potential for use by
processors
Jeets 0-3 None| None| D 98-1--% rh is best
Broccoli 05 |12 [0 B Limited
commercial use
Brussels sprowiy 0-3 [-2 5-7 B No commercial use
Cabbage 0-3 3-3 3-7 B Some commercial use
for long- term storage
g ol certain cultivars
Cantaloupes r 3-7 3-3 10-15] 3 Limited
commercial use -
Carrots 0-3 None| None | D 98-100%rh is best
Cauliflower -3 2-5 2-5 X Nocommercial usc
Celery -5 2-4 0 C Limited commercial
useinmixed loads
with lettiee
Corn. sweet 0-5 2-4 [0-201 B Linnted
commercial use
Cucumbers 5-12 3-3 0 & No commercial use
Honcydews [o-12 3-5 0 & No commercial use
Lecks [ 0-5 1-2 3-5 3 No commercial use
lettuce f (-5 2-5 () B Some commercial use

with 2-3% COadded




Mushrooms -5 air t0-15 Eimied commersial use
Okra 8-12 3-5 0 Nocomaercial m:.-_
5- 100 CO, is
}H.‘i'_ﬁll‘.\_'i!' at5-8°C
Onions.dry | 0-3 -2 0 R No commercial use;
% rh
Onions, green| 0-5 -2 10-20] C el conumcrelal use
Peppers, bell | 8-12 35 | o ¢ | omiteduse
Peppers. chili| 8-12 3-5 0 C Nocommercial use;
10-153%C0L s
beneficial at 5-8°C
Potatoes 4-12 None| None | D No l._':i}]‘l[}}L‘]'CiLﬂ use
Radish 0-5 None| None | D 98- 106 rh s best
Spinach 0-5 air 020 ¢ No commercialuse
Tomatoes
Mature-green| 12-20 3-5 0 B 1 imited commercial Lia:
Partially-ripe| 8-12 3-5 0 B Limited cormmereial use

Source A.A Kaderand 1..C_Morris{1977)

A= Excellent, B=Good, C - Fair. D = Slightornon

PACKAGINGOF FRUITSAND VEGETABLES IN NFGERIA

Modern packaging methods have contribuied immensely to more
efficient marketing of fresh fruits and vegetable (IMardennburg.
1975). Consumers now get fresh fruits and vegetables because of the
level of packaging advances. Good packaging serves as an eflicient
handling method and also serves as a convenience of some storage
unit. This quality of produce is also protected and it reduces waste by
protecting the produce from mechanical damage. moisture loss.
provides clean or sanitary products and pilferage. Good Packaging
now provides services and sales motivation. reduces cost of
transportation and marketing. Wills et al (1977) listed many major
requirements for a good packaging material and these include non-
toxicity and compatible with the food. provision ol sanitary
protection for the food and sufticient mechanical strength to protect
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the contents. The packaging material must also protect moisture loss
and be permeable to gases. The ease of opening and resealing is of
principal importance to the consurer and disposal should be easy
cspecially for retail traders and if possible it should be biodegradable.
A few institutions have carried out studies on the packaging of fruits
and vegetables in Nigeria. These include the Nigerian Stored
Products Research Institute, Department of Food Technology,
University of Ibadan and the Nationally Coordinated Project on Fruit
and Vegctable storage. Packaging in the form of using various
containers and wrapping materials for fruits have been embarked
upon by Scientists in the Department of Crop Science and
Technology. Federal University of Technology since 1984. In several
studies (Nwufo (1984) and Nwufo (1988)), reported that packaging
of fruits and vegetables serves a very beneficial purpose in reducing
the rate of deterioration even under the ambient tropical conditions
Sowunni et al 1980; Opadokun and Ubani. 1984, Opadokun et al.
1984 and Onuruzuh at the Nigerian stored Products Research
Institute have also carried out some studies on the use of packaging
materials in increasing the shelf life of fruits and vegetables in
Nigeria. Nwufo et al (2002) reported that star apples (Chrysophyvilum
albidinum) packaged in low-density polythene bags and stored at 10°C
were of better quality than fruits packaged in either polythene or
paper bags and stored at 28°C. Fruits treated with captaf or benlate
retained freshness after 14 days storage in cither polyethylene or
paper bags at 10°C.The decay free percentage and percentage
marketable fruits were signiticantly higher at 10°C than at 28°C.
There were no significant differences in the protein. fiber and ash
contents of stored fruits but the total Sugar contents were higher in
fruits stored at 28°C than that at 10°C. Fruits stored at 10°C in both
packaging materials contain more ascorbic acid and lipid content
than those stored at 28°C.
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Table 11: Recomunended Cold Storage Conditions and Loss in

Weinht - T Veoeritles Grown in the Tropics

Vegetables ; _ql in_ A‘_};I [% | Storage Lidc | Wit Loss%
(Wecek) \
Asparagus 15672 [sso0 |3 _“T_" w
Cabbage 0-1.7 92-95 |4-0 ’
Cauliflower 0-1.7 85-95 |7 - | _}? o
Colocasia s | sse0 |20 | -
Cucumber 10-11.7 92 2 R -
Egg plant [0-11.7 92 2-3
Lettuce 0 95 T -
Muskmelon 1.7-3.3 8590 | 1.5 ,T_ -;‘__5_—"" )
Okra 89 T E T es
Onion, white | 1.1 7075 | 16-20 a2
Onion. red 0 70-75 [20-24 T
Onfongreen (fmmatuis) | 0 90-95 |2 il St
Pepper (green) 7.2 83-90 |3-5 [“___J -
Pepper (ripe) 5672 lo0os 12 | -
Pumpkin 1.7-15.6 | 70-75 |24-36 37
Tomatoes- VC B
Lines mature greenj 8.9-10 85-90 | 4-5 5.2
_VC Lines ripe | 7.2 90 1 B
Turncip 0 90-95 | 8-10
Water mefon 7.2-15.6 80-90 (2 b s o
oo i
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Pruds Temp."C R.% | Storage Life Wt. Loss %
] (Weeh)
oaendos Wost Tl e ‘[17.8"’ 85-90 | 2 6.3
v Cocaie | 12.8-14.4 [85-90 | 3-4 5.2
v avendish Bins | 12,8 8590 1 1.5 )
i,. d o | P ;_(T_H._______
172 10 500 |15 :
| b2,
R | o-0 2
2 351 __ ) _: . ! 15.0
w7 18.0
L _
|
t; 5.8
I?n‘nfr_l;‘rpli(.* allgreen| 10 4.0
Pipeapple 259 preen ;4 1 |(J_ -

Source: Pantasticoetal (197%)

CONSERVATION, DOMESTICATION ANT UTILIZATION
OF WILD FRUIT PLANTS INSOUTHEAS VLD NIGERIA

I am happy to report that many wild (ruit varietics do occur in great
diversity in southeastern Nigeria. The relevance and contribution of
these plants to human nutrition have been grossly undervalued and
thewr potentials as cheap sources of food and industrial raw materials
Frave not heen fully exploited. Most of these wild plants were found
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to be woody perennial and shiihs whose fruits are eaten raw. These
plantz froit at various period of th2 year occurring between January
and May. The wild fruit plants provide cheap sources of mineral.
vitaring, protein ard carboby: ! ste for the The people of southeasters

s oo usnally consumed raw and the
foem The froits =re also uvsed as
ol e lesves of some are used locally

poimrehiin ey o 1903,

sweeterors and corn
in the proparation of 5o

Nwte: 1960

14 -.'.-.HL i. ETITR.

The abenasnce of these wilo inpis ) southeasters INiges2 s
boot, gbuee Tng

VLN FATR =S

presentty hoieg foreed mte o 0 By

other enitiient and agricuiinrat oracices Tie clesning «
yearly far agriculture. butlay f Commercial purposes by
accelerated the depletion of these species from their natars! habiia
thercby denying the inhabitanis the utilities of these plants. Thereis
therefore need for their conservation either in-situ or ex-stiu by
domestication. The conservation in-situ may be achieved by
protecting the wild trees in their habitat through cultivat:on. The ex-
situ conservation (domestication) maybe accomplished by bringing
the wild fruit under the management of man (Allord, 1960). Except
for few of these wild fruit plants whose domestication have been
very limited, there has been no conscious effort to domesticate them.
Nothing is known about their conservation status or potential for
ocnetic improvement. Little attention has been given to the storage
of the seeds of tropical fruit species while there are many storage
problems yet to be solved and no storage trials have been reported on
the seeds of these neglected fruit tree crops. The maintenance of

(1997) carried out a survey of wild fruit plants in southeastern
Nigeria. A great diversity was observed in the wild trees and twenty
(20) species mostly woody perennials were collected and identified
(Table12)
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Tatde 13

wil tacations in Southeastern Nigeria

Vild Fruit Plants, Their Local and Botanical Name

omrecn name ; Bl name : L.GA/Vilage 1State
~ Ig b ; thitte- 1 Thoma
H i
I D Abiomea ! !Tmo. Abia
; - e j_
e i e i
f ! |
o Newa 1lmo, Abia
(e st hia Trwerrlf Imo
tha-uin | RIS imo
- ¢ Orji Raver I'nugu
AL e J “'I'k‘;.:!‘i__?,-.-:-.i Owertt | Imo
i ; Potetidi : Ngwa Abia
fi - Imo
Tt ) yvivillapes | Abia,
Anambra,
| Enugu, Imo
Udara I Chevsopltin oibidien | Mostvillages | Abia. Anambra
Aki-Akwart J f.t'fo{"f’()ff"F}H{f' dulois ‘ Abra Anambra
Ose L | Afvomonm sieleanera IF Ahia Anambra
Op Ohia Bende & Umuahia [ Abia
ldemili & Aguata | Anambra
Udi& Eziagu  |Enugu
Owerri. Mbaitoli/Orly [Imo
Isi-Tkuato Abia
Mmimi Ohia Lvaria chamae Owerri Imo
Utuaka-nma Saba florida [hiagwa & Obinzeg Imo
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Lagwe-Fgwe Ngwaland

|
Cichicha Seba florida | Mosty tlages l..\'n._--. Anambr
|
|
{

rpoalngba L Ceailemi a0, vakol {Aba
. j -
Likpa - Mesar yrijaees e
j
i R |
' I
lomato Agwo Frrchosanihes Chicumere 1 1102 3O op Mo

Udara Mwaenwe|  Poacfvsiclo b

Enymm- Ocha - -. \Dtu

Source: Nwuloctal (1997)

The successful domestication of these wild frunt tree and mitegrating
them into the cropping systems of the various localities wherc they
are found could enhance the prospect of agro-forestry as sustainable
crop production systems in these arcas. [t may never be possible to
stimulate the same level of concern for endangered forest trees as
currently expressed for endangered animals. This is probably
because il takes decades and centuries belore forest trees specices
eventually disappear. Governments of Africans countries should
show more concern about the conservation status of  these
indigenous tree crops. not just from a biological view point but from
a wide array of economic. social. pharmaceutical. acsthetic and
cnvironmental values that these species provide for humanity and
from ethical considerations and a responsibility to  luture

generations.
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iansic il

Wild Plantsin §

Southeastern Ni IUCl‘ld

{he Characteristics, Uses and Fruiting Periods of the

tvitd mhants
i._.--_l.\_-:'him
Hlepettiaipeialo)

spb [ et e feprro e

]
#¥hnonta

i L gl 25e
Csume (Mocanga studtin
b

i)

fUnugu (ke onica conjer

Joddara O hevsopdneliume el by |

¢ i : /
AL Nbwan O aadoiphg Julors)
|

H
L)

MO e e e e b

Uhia

;\Irmm SOhhiad Uiverrfes olieninge ¥

i

‘ ‘nyim-ocha

El_lluulia:—nm;: {Seehe floridea)
fbgwe-Lgwe

i0chicha

A

rhamgia

Lomato Apwo t frichosanthvs

Hewnering)
Udara Nwacnwe

(Pachystela bericeps)

Characteristics

Waody perensial tree

{ Shrub

Shrub
Waoody perensial tes

Shrub
Waoody pereniial iree

Herbaceous climber

i iL'-l'b(b_.C\l}_i\\

Woody perennial tree
Woody perennial tree
l.iana

Herbaccous liana
Liana

Woody perennial tree
Woody perennial tree
[ iana

Woody perennial tree

Uses
Sweetner

Frut pegy

Mesocaip ealen

Moo amegte
TR

Fruit {Tter Y egien
Propeaieaboaves

Used forsoup
Mesocwrp caten
Seeds ground for

bk siems o

g

[ convesmedicinal
Seed caten with
Kolanuts
{rots caten
Fruits caten
NMesocarp calen
Iruitcaten
Muesocarp caten
Mesocarp ente
Fruitcaten

Seedeiton aftor botling

Mesocarp

ruiting period

March - April

el e.1[c:1| FFeb.- Apl"l]
EFt:h - May
EFr:b -

May

i
ratend Dee =M

Feb -Mey

Dec.-March

Dec - March

Jan-March

Allvearround
Feb-April

April-May
March-

March-May
April-Junc

M

Julv-Sept.
May-August
April-June

July-Sept.

Source: Nwufo ctal (1997)
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CONCLUSIONSAND RECOMMENDATIONS

Fruits. vegetables, roots and tubers are highly perishable crops and
are susceptible to post-harvest deterioration and heavy losses under
conditions ol high temperature and high relative humidity have been
reported. The mest common causes however of post-harvest losses in
developing countries include rough-handling and inadequate cooling
and temperature maintenance (Kitinoja and Kader. 1995} The
fortune of the Nigeria farmer according to Salako (2002) is intricately
linked up with the menace of crops pests. These include insects.
mites. nematodes, plant pathogens. vertebrates pest and weeds.
These pests are known to cause considerable damage to both ficld and
stored plant produce. Crop protection is essentially the ultimate goal
of a plant pathologist. The pathologist employs various avenues to
achieve food for all. The strategies include use ol resistant varietics.
biological control. plant quarantine. cultural control. chemical and
integrated pest management (IPM). Generally. each of these methods
has its high practical points although there arc also limitations
bearing in mind the level of the farmers in the developing countries.
In many developing countries where the resource-poor farmers have
to produce and sustain the economy ( Sengooba. 1991). these calibre
ol farmers require crop protection measures that are cheap so that the
farmers can afford them. simple, so that they can be applied under
traditional circumstances. cost effective, so that they cun cnable
farmers to make profit and prosper. “Mother nature™ seems to have
catered for all of the above measures of plant protection by providing
a wide range of natural plant protectants (Salako. 2002). Plant
pathologists can ultimately achieve the goal of securing the harvest
and thereby achicving food-for all by exploring the various natural
plant protectants.

Success in post-harvest rescarch and development depends on close
collaboration between plant pathologists. physiologists. biochemists.
physicists. engineers and food scientists. It is only by bringing
together these disciplines to work on common projects that practical
solutions can be developed which are robust enough to meet the
needs of commercial storage and marketing. In Nigeria. the lack of
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refrigeration and packaging house facilities results in severce losses.
Seal packaging of fruits and vegetables may gradually come into

common use in the post harvest handling of fresh fruits and

vegetabies. [ Nigeria wants to secure her harvest to ensure food for

{a)

(Ch

A Dwish to meke come recommendations as follows:

Ciovernment policy on infrastructure  and  institutional
devetapraent should be intensified. This will not only
cheourage privaie inventors in the country to invest in Agro
processing, packaging and refrigeration but will also attract
their foreign counterparts in the same direction. Their
participation should be in the following arcas

Mechanized handling from field ol harvest o packaging
house and destination markets

[:xpansion and enhancement in consumer packages, transits
vehicles and cold storage under modified atmospheres to
achieve product longer shelf life. This policy will make
fruits and vegetables available throughout the year.
Production of returnable and  disposable containers to
enhance elficient packaging, distribution and storage of
these products. These containers should be such that could
imaintain the quality of the products for longer periods.

Governmment organs on enlightenment and public awareness
should publicize the need for and profitability m Agro-
products packaging, relrigeration, processing and the large
market opened to the prospective investors in the West
African sub-region.

There should be modilication in handling procedures to
economize in labour, materials and energy use and to also
protect the environment.

Other treatments like waxing. delayed ripening., use of
chemicals like fungicides in conjunction with cold
temperature storage will help to prolong the shell-hte of
{ruits and vegctabies.

Government  should establish laboratories in  research
institutes and tertiary institutions to assess the level of
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