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ABSTRACT

Onionsare preferred all over theworld as vegetable, salad and accompani-
ment of food, being eaten fresh, dehydrated, frozen, pickled, stewed, roasted
and fried in different shapes and sizesfor taste and flavor in several prepa-
rations at home and recipes of processed foods in industry, besides recent
therapeutic use as nutraceuticals. Desirable attributes of onions for dehy-
dration industry are given along with aschematic diagram for dehydration.
The emergent dehydrated onion products are displayed along with their
nutrient composition and specificationsfor permissible level of microbial
contaminants to ensure safety of human beings after consumption. Sig-
nificance of high TSS, flavor and pungency isnarrated, highlighting meth-
ods of TSS and pyruvic acid estimation. On this background short-day
onions are discussed, being the prevalent variety in India for local con-
sumption and export, in the context of state-wise productivity, year-wise
export volumesvis-a-vis realization, heterogeneity of cultivars and factors
influencing their size, pungency, bolting and doubling are given, which are
likely to influencetheir varietal improvement programin India. Thus, this
brief review sets a stage focusing on constraints in improvement and tar-
geted parametersdesired from improvement.
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INTRODUCTION

Onionsarepreferred al over theworld asvegetable,
salad and accompaniment with food. Hence, they are
under cultivation on an area of 3.45 million hectares
(MHa), providing 64.47 millionmetrictons(MMT) pro-
duction and thereby globdly ranked secondinvaueon
thelist of cultivated vegetablecrops?. Intheworld, China
is the largest (19.3%) producer, followed by India
(17.8%), while Republic of Koreahashighest produc-
tivity of 62.5ton/haon global scenario (TABLE 1)

However, onionsarea so grownin 126 countries,
of which about 62% of theworld’s production is from
the Asiatic countries?, where short-day onions are
grown. Storage and trangportation of theseonionsfrom
producersto consumersbeing amajor problem, huge
demand for itsprocessing has been created.

1. Onionsareversatile, being eaten raw, stewed,
roasted or fried

Onionsare one of the oldest vegetablesknown to
mankind, used for their flavor, aromaand taste. They
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TABLE 1: Areaunder cultivation, production and productivity
of onionintheworld

Sr. Onion Area Production Productivity
no. (MHa) (MMT) (Tongha)
1 World 3.45 64.47 18.68
2 China 1.00 20.55 20.53
3 India 0.61 08.17 13.20
4 USA 0.064 03.60 55.88

areused (i) invast number of recipesand preparations,
gpanningworld’s almost all cultures, (ii) in fresh, frozen,
canned, pickled and dehydrated formsand (iii) usually
chopped or sliced, in amost every type of food, in-
cluding fresh salads, cooked foods, asaspicy decora-
tion and an accompani ment to themain course®. De-
pending on the variety, an onion can be picy and pun-
gent or mild and sweet. Besides, they are preserved
domesticaly or industrialy asaraw material for avari-
ety of food manufacturing processes such asdehydra
tion, freezing, canning and pickling. Infact, onionswere
oneof theearliest (Snce 1941) established dehydrated
vegetablesand widdy used in the manufacture of other
processed foodg™.

1.1 Onionsasfunctional food

The Institute of Medicine’s Food and Nutrition
Board® defined functional foods as“‘any food or food
ingredient that may provide ahedth benefit beyond the
traditiona nutrientsit contains™e.

1.1.1. Usesin mediterranean

“Let food be thy medicine and medicine be thy food”
was believed by Hippocrates nearly 2,500 years ago;
thisthemeisreceiving renewed interest now under the
term neutraceutical 9. Bulbsfromtheonionfamily have
been used from themillenniaasacommonfood aswel |
asinthetreatment of many diseases®. Thefirgt citation
inthisregardisfoundin Codex Ebers (1550 BC), where
anEgyptian medica papyrushasreported severd thera
peutic formul ae based on onions asuseful remedy for
simpleto complex diseases such as headache, bites,
worms, problematic hearts and tumours®. Egyptians
thought that onionsaided in endurance and hence con-
sumed inlarge quantities. In ancient Greecetoo, pre-
sumably for the samereason, athletes atelarge quanti-
tiesof onion. Raw plantswereroutinely given to asth-
maticsand individua ssuffering from bronchid-pulmo-
nary complaintg'®. Roman gladiatorswerea so rubbed
down with onion to firm up their muscles. Later on,
Greeks and Romans used them asimportant healing
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agents. Eventoday, they are used for the same purpose
by most of the peoplein the M editerranean ared*Y.

1.1.2. Usesin India

Here, (i) traditionally onionsare used for thetreat-
ment of fever, dropsy, catarrh and chronic bronchitis,
(i) raw onion has an anti septic val ue throughout the
alimentary canal, fresh onion juice being moderately
bactericidd, (iii) warmjuiceisdropped intotheear to
relieveear-ache, (iv) onionsare eaten with refined sugar
to stimulategrowth of children, (v) mixed with vinegar,
onionsare used to treat sorethroat, (vi) cooked with
vinegar, they areconsumed in jaundice, splenicenlarge-
ment and dyspepsia, (vii) eatentwice/ day inmaaria
feverswitharemarkablerdief*, (viii) itsessentia oil
(0.05% of thebulb) containsaheart stimulant, increases
pul sevolume and frequency, restores systolic pressure,
coronary flow, stimulates smooth musculaturein intes-
tineand uterusand (ix) it promotesbile production and
reduces blood sugar!*3.

Modern medical research has confirmed that (a)
onions contain as many as 150 phyto-chemicals, (b) a
flavonoid, quercetin, an anti-oxidant (phyto-chemica)
foundinonions, scavengesfreeradicalsin the body,
inhibitsoxidation of low-density lipoproteins, protectsy
regeneratesvitamin E and helpsto circumvent harmful
effects of heavy metal ions, (C) other sourcesof quer-
cetin are tea (Camillia sinesis) and apple (Malus
domestica); but research has shown that absorption of
quercetinfrom onionsistwicethat from teaand more
thanthricethat from gpples(http://hedth.learminginfo.org/
onion-nutrition.htm), (d) anti-asthmatic, anti-diabeticand
anti-platelet activitiesexistinonionand (e) daly intake
of 50-100 g onionsis recommended to take utmost
advantage of beneficia therapeutic effectd®4.

2. Onion products

United Statesistheleading country inonion culti-
vation and processing, whereonionisprocessedinthe
form of pickled onion (in brine and acetic acid). For
processing, bright white onions, which arefully cured
and freefrom externa damage, fungi, bacterid spores,
sprouting and greening are used*®.

Globaly, important cultivarsfor dehydrationinclude
White Creole, Southport White Globe, Dehydrator No.
8 and Dehydrator No. 149, which are long-day or
intermediate-day |ength type. Long-day or intermedi-
ate-day length typecultivarsarenot ableto form bulb
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TABLE 2: Desirableattributesin onionsfor dehydration in-
dustry

Adaptability to kharif (rainy season) and rabi

L (winter season)

2 Good resistance to biotic and abiotic stresses
3 Resistance to bolting during bulb production
4 Minimum % of doubles

5 Small basal plate

6 Thin neck

7 Outer tough dry skins

8 High yields

9 Good transport resistance

10 High total soluble solids (>20%)

11 High insoluble solids

12 Snow white shining colour

13 Good storage quality

14 Long dormancy

15 Free from greening

16 High degree of pungency

17 Low reducing: non-reducing sugars to avoid

caramelization
18 Good flavour

TABLE 3: American dehydrated onion and garlic association
quality standar dsand grade specifications

Product Colour Bulk index (ml/100 g)
(optical index) Minimum Maximum
Sliced 90 400 -
Large chopped 20 300 -
Minced 90 150 220
Granulated 105 110 180
Ground 20 120 180
Small chopped 20 180 245
Chopped 90 180 280
Special large
chopped 90 270 -
1/4” Diced 90 240 310

under short-day |ength conditions. White onion variet-
iesfor the process ng unitswithimportant attributesare
summarizedinTABLE 2.

Fresnly harvested bulbsaswell asstored bulbsare
used for dehydration. During harvesting, handling and
storage, thebulbscarry aheavy load of harmful bacte-
ria, fungi and yeast. Thereisevery possibility of passng
thesemicrobesto thefinal product. Therefore, utmost
careisexercised to reduce them by peeling outer 2-3
layers, de-rooting and surface sterilizing before cutting
and dehydration. vanArsdd et d.[*9 havegivenasche-
mati c representation of theflow diagramfor onion de-
hydrationinfigure 11,

Traditionaly onion dehydrationisperformedona
domestic scale by sun-dryingin India. Varioustypes
and capacitiesof solar driershavea so been designed

Cmion harvasting

| Field curing |

| Cutting the neck and rocts |

!

i Storing, sorting, faading to linae |

Cnions for processing

l

| Washing, de-raoting and topping, inspeating
| Slizing |
|

Sliced onions

(B8% moisture) go kg

| Dring |

Dried onions
(7% rmoisture) 12 he

!

| Bin drying |
|

Dried cniens

|

| doreening |

!

rAspirating, inspacting |

I
Dried onlons
Bz

:

Heating (optional), further proceszing,
packing, distribution

!

Onion flakes
Figurel: Onion dehydration flow diagram

for dehydration. However, controlled drying under op-
timum temperatureand timegivesthequality product.
Dehydration ispreceded by removal of outer skin, roots
and woody portion to reduce microbial load. Com-
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TABLE 4: Nutrient composition of dehydrated onion

Sr.no. Nutrient Content (%)
1 Carbohydrates 75.7
2 Protein 101
3 Fiber 5.7
4 Ash 3.2
5 Fat 11
6 Moisture 5.0
7 Energy (Kcal) 347
Sr. no. Trace elements mg/ 100 g
1 K 943
2 Ca 363
3 P 340
4 Mg 122
5 Na 54
6 Fe 3
7 Zn 2
Sr. No. Vitamin mg/ 100 g
1 Ascorbic acid 0.015

mercia dehydrationisachieved under hygienic condi-
tionsby forced hot air with thetotal processdivided
into three stages: drying at 75, 65 and 55-60°C, the
temperature and duration of dehydration becoming
lesser asthemoi sture content fallsfrom 82% to about
5%.

Dehydrationisconsdered completewhenthefina
moisture content (~4%) isachieved by circulation of
warmair currents. Whileappearance of the dehydrated
products being taken as areflection of optimized con-
ditionsfor drying, the process needsto be completed
inminima periodtoavoid partid caramelization of free
sugarsinonion. Thisispossibleinonionswith high (18-
26%) TSS, wheredehydrationisrapidwiththeremova
of 72-78% moisture.

Dehydrated products

Onionisdehydrated intheform of flakes, rings,
kibblesand powder (Figure2).

TheAmerican Dehydrated Onion and GarlicAs-
socition hasgiven standardi zed qudity and grade speci-
ficationsfor dehydrated onion products”. Based on
particle size the products are classified as shownin
TABLE3.

In al products, moistureisnot morethan 5.0 %
and they should befreefrom (i) metalic particles, (ii)
hair, (iii) extraneous vegetable/ woody maiter, (iii) seed
stems, (iv) black or dark brown onion pieces dueto
excessive heating, (v) sediment attached to onionand
(vi) roots. Thedehydrated products arefortified with
commercially availableanti-caking agents, packedin
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Sliced

Small
Chopped

Gramulated
Premium

powder
Figure2: Onion dehydrated products

polythene bags, placed in fiber drums so asto protect
them from moi sture and photo-oxidation. For this pur-
pose, the dehydrated products are stored under cool
and dry conditions, away from light, since high tem-
perature (above 15°C) and exposureto light reduce
their colour quality by partid yellowing.

Asamatter of principle, the products should be
totaly freefrom any pathogen, beyond doubt. Thecount
of other microbesislimited toleves, which ensurehu-
man saf ety upon consumption, as prescribed by Pre-
vention of Food Adulteration & Food Product Order
(PFA & FPO):

Microbe Permissiblecontamination/ gm
Total viable count <100,000
Yeastandmould <500

Coliforms <100
Salmondla Not detected
E.coli Not detected

Nutrient composition of dehydrated onionsisshown
iINTABLEA4.

A largepart of dehydrated onion productsare used
as seasoningin the production of ketchup, chili sauce,
meat casserol es, cold cuts, sauces, soup, mayonnaise,
salad dressing, sweet pickles, pet food, potato chips,
crackersand other snack items. Food servicing outlets
also use dehydrated onion because of its convenience
in storage, preparation and use®®.

3. Important attributesof onionsfor processing

Systematic breeding programmesfor the devel op-
ment of high TSSwhiteonion varietiesarelaunched by
AgricultureUniversities, variousresearch organizetions,
seed companiesand dehydrationindustry inthe United
States, Chinaand India. These programsare the back-
bone of the dehydration industry, ashigh TSS (i) has
lessmoisturefor dehydration, (ii) requireslessenergy
and (1ii) needslessdehydrationtime, whichinturngives
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white (rather than yellowish) products. Development
of suitablevarietiesin short-day onionsgrowninAs-
atic countriestoo hold good promisewiththeavailable
indigenous and exatic inputsto develop hybrid onion
varieties, which havethe attributes desired by the de-
hydrationindustry (TABLE 2).

3.1. Total solublesolids (T SS) and pungency

Onion bulbisafood storageorganellefor flower
and seed production. Itsfleshy structureismade up of
concentric scales, which contain ssmple and complex
sugars, sul phur- and nitrogen-containing flavor precur-
sorsand considerableamount of moistureintheturgid
cells. Thebulbisprotected against (i) funga infection
by agroup of water-sol uble phenolic compounds, pro-
tocatechuic acid and catechol®, (ii) decay during the
resting/ storageperiod by outer dry papery scdes, while
basal plateis protected by acorky outer layer® and
(iii) moistureloss by tight neck closureand low rate of
respiration2Y,

Though different methodsto measure solidity and
dry matter content of bulbswere examined and corre-
lation coefficients between different characterscalcu-
lated, no strong correl ations were found between the
results of different methods of measuring solidity. On
this background, Mann and Hoyle (1945)22 werethe
first to userefractometer for predicting dry matter con-
tent of onion juiceon thebasisof itsrefraction value,
which gaveareliable estimate of the dry matter content
of onion bulb®.

3.1.1. Dry matter composition of onions

Fluctuationsin dry matter content are extensively
studied by Fenwick and Hanley (1985, 1990a)2+I.
Onion contains non-structural carbohydratesthat in-
clude glucose, fructose and sucrose, together with a
series of oligosaccharides, thefructangd®!. Low mo-
lecular weight fructansup to 9 DP (degree of polymer-
ization) areabsent in outer, older bulb scdes, but present
inanincreasingamount from outer toinner bulb scaes.
In contrast, freefructose concentration washighestin
outer scale, but lowest ininnermost scale, whileglu-
cose and sucrose did not change across the bul bi®.,

3.1.2. Preferencefor dry matter by dehydration
industry

Tableonionspreferred from fresh market havelow
(9-13%) dry matter content. In contrast, cultivarspre-
ferred by thedehydrationindustry havedry matter above
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20%. Comparison between cultivars of low, medium
and high dry matter content showed that (i) low dry
matter cultivarshavehigh glucose, fructoseand sucrose
levelsand only tracesof fructans, (ii) medium dry mat-
ter cultivarshavelower glucose, fructoseand sucrose
levels, but high amount of fructansand (iii) thesame
trend persistsin high dry matter oniong®.

3.1.3. Basisof onion flavor and pungency

Onion juice contai ns sul phur-containing organic
compounds, which congtitute pungency. When onion
tissueisdamaged, an enzymeallinase present inthe
vaccuoles of cells oozes out. It hydrolyzes akyl or
akenyl cysteine sulphoxidesheldin the cytoplasm(®,
forming varioussul phides, which congtitute onion fla-
vors?! and pyruvic acid asabyproduct of hydrolysis.
Therefore, pyruvic acidistaken asan approximatein-
dicator to onion pungency and enzymeticaly produced
pyruvateto compare pungency indifferent cultivarsina
number of sudies. Asametter of enhancingtherdiability
of pyruvicacid estimates, modificationto (a) commonly
used procedurefor pyruvic acid estimationin oniong?”
and (b) eimination of interferencefrom pigmentsinyd-
low onionsledto (i) changesin concentrationsand vol-
umesof thereagentsand (ii) useof 515 nmrather than
420 nm as an absorption maximafor estimation?,

3.1.4. Pungency asafunction of onion cultivar

Over 95% of pyruvic acid is produced in onion
tissuewithin 6 minutesafter itsdisintegration. Itstota
amount produced appearsto depend on the degree of
onion pungency. While weak onions produced 2-4
umoles, intermediate strength onions produced 8-10
umolesand strong onions 15-20umolesof pyruvicacid
per g2 Thus, ahighly significant corrdation (r=-0.97)
exists between theamount of enzymatically produced
pyruvic acid in onion juiceand itsolfactory threshold
concentration. Thiscorrelationindicated that determi-
nation of pyruvicacidinafreshly prepared onionjuice
constituted afairly smple, reliable and convenient
method of estimating onion flavor too?.

3.1.5. Pungency asafunction of geneticand envi-
ronmental factors

To determinetheeffect(s) of genetic and environ-
menta factorson onion pungency onthebasisof pyru-
vicacidleves geneticdly identical clonesgrown at three
different locati ons and greenhouse showed that onion
pungency wassignificantly influenced by (a) clonetype,
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(b) location of growth (which determined 11.4% of to-
tal variaion) and (c) their interaction(s). It wasobserved
that genetic differencesa one determined 81.3% of to-
tal variation, location (including dl environmentd fac-
tors) and clone x |ocation interaction determined 11.4
and 7.3% of thetotd variation, respectively. The pun-
gency levelswere(i) not positively corrd ated with soil
sulfur levelsin 16-97 ppm range, (ii) loosely inversely
correlated within cloneswithincreasing bulb weight,
(i11) uniform (8% CV) in the clones, followed by hy-
brids(10.6% CV) and open-pollinated cultivars (21.3%
CV) and (iv) influenced by environmental factorstoa
lesser degree. Therefore, choosing cultivarswith low
pungency, ided growing environment and proper sulfur
nutrition control, are key factorsin producing sweet
oniong®.

4. Short-day onionsin India

All onionsarephysiologicdly long-day plants. How-
ever, mechanismthat controlsonionbulbingisrealy a
phytochrome responseto thelength of night. There-
fore, inshort-day (SD) onionsgrownintropics, bulbing
isinduced inresponseto night lengths, whicharerda
tively long, at around 12 hours. Intermediate-day (1D)
and long-day (LD) cultivarsgrown at higher latitudes
areinduced toform bulbsby nightsthat arerelatively
shorter (8-11 hours), corresponding to days of 13-16
hourg3Y,

4.1. Creoleonionsin tropics

‘Creole’ is a traditional onion of Louisiana State
(USA), now grownintropica countriestoo asit (i) has
toleranceto purpleblotch, (ii) fulfillsneedsfor moder-

TABLE 5: Sate-wiseonion production in India (NHRDF, 2007)

Sr. State Area Yield Production
no. ('000ha) (Ton/ha) (in'000MT)
1 Gujarat 52.45 21.23 1,113.48
2 Maharastra  116.02 21.1 2,448.27
3 Haryana 13.74 19.73 271.05
4 Rajasthan 30.13 15.02 452.42

Madhya
5 Pradesh 26.29 13.1 344.3
6 Bihar 27.66 11.08 306.43
7 Uttar Pradesh  60.38 10.46 631.38
8 Tamil Nadu 27.2 10.19 27711
Andhra
9 Pradesh 21.93 9.12 199.93
10 Orissa 57.3 8.72 499.45
11 Karnataka 57.39 7.93 455,11
12 Others 37.26 12.12 451,59

ate-sized, pungent onionsand (iii) givesreasonable
yields. Waxy layer ontheir leaves presumably provides
better toleranceto hot conditionsand attack by biotic
factor(s). Asaresult, mature Creole bulbshave (a) sev-
eral tough dry skins, (b) good transport resistance, ()
long dormancy and (d) reasonable storage life (4-5
months) under hot conditiong®Y. Since Creole selec-
tions(‘Creole Red PRR PVP’ from Sun seed; ‘Creole
Red PRR’ from Peto) with improved pink-root dis-
ease-resistance exist, White Creole has provided the
basis for the devel opment of short-day dehydration
onionsby virtueof relatively high dry matter content3Y,

4.2.OnionsinIndia
4.2.1. Onion productivity

Since 1950, older onion cultivars (Nashik Red’,
‘Bombay White’, ‘Poona Red’ etc.), christened after
digrictsof their origin, wereused for cultivation. Even
though onion research started in Indiasince 1950, an
averageyield hasbeen lessthan 11 tong/ha, probably
thelowest among the ma or onion producing countries.
Whilecultivation (i) during kharif and (ii) under short-
day condition has been partly responsiblefor lower
yields, itisequaly truethat (a) improvement in variet-
ies, (b) sustainableinputsand (c) good agronomic man-
agement practicesare needed toraisetheyields. Most
varietiesgrownin Indiaare open pollinated and hybrid
seed production using cytoplasmic maesterile(CMS)
lines has not been fully exploited®2.

4.2.2. Sate-wisescenario

Indiaranks second in onion bulb production (8.1
MMT), with second largest areaunder cultivation (0.61
MHa).t InIndia, Maharashtra(i) isthelargest producer
of onions(2.44 MMT), (ii) haslargest cultivation area
(116,020 hectares) and (iit) onion productivity isdightly
lower (21.1 tons/ha) than in Gujarat (21.23 tong/'ha)
(TABLE5)#,

4.2.3. Exports

Export of onionsfrom Indiaduring 2005-06 was
0.78 MMT, valued at Rs. 71,59 million /-4, Export
data(TABLE 6) hasshown that with each passing yesr,
onion export hasgrown tremendoud y**.

Besides fresh onions, India a so exported dehy-
drated onion (4124 tons) and processed onion (9095
tons), worth Rs.178.11 millionand Rs. 191.85million,
respectively*®l, Infact, the export of dehydrated on-
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TABLE 6: Export of onionsfrom India (NHRDF, 2008)

. Rate Realization

Year  Quantity (Tons) poron) (Million US$)
19511952 56,986.00  187.22 0.24
19611962 11402300  255.47 0.65
19711972 5486600 41476 0.51
19811982 16977100  1,733.99 6.54
19911092 40613500 401267 3622
20012002 50692400 811572 9142
20022003 54521100 710160  86.04
20032004 84071700 976816  182.49
20042005 94144800 868334 18166
20052006 77813400 920108  159.10
2006-2007 116106200 977922  252.32
2007-2008 110140400 1167443  285.74
20082009  867,00L00 844182 16265

ionstouched 12567 tons, worth Rs. 542.2 million dur-
ing 2003 -04¢, To our knowledge, export has almost
doubled (25,000 tons), crossing therealization of Rs.
1000 million during 2007-08.

4.2.4. Heter ogeneity of cultivars

For onion production, many Indianfarmersusether
own seed, which hasgivenrisetohigh genetic diversity.
Duetocultivation of different onion cultivarsor localy
named land races, adapted tolocal environment, highly
heterogeneous onion population existsin India. To con-
servethesevarietiesfor posterity, Nationa Bureau of
Plant Genetic Resources Gene Bank, New Delhi has
collected large accessions®7.

4.2.5. Regional influenceon onion bulb size

Onioncropistakenduring elther rabi season (winter
about 11-12 hr photo-period) or kharif season (mon-
soon, 11-12 hr photo-period) to which cultivars are
well adapted®Y. Onionsgrownin South Indiatend to
besmaler than thenorthern cultivars. For example, (i)
Bangal ore Rose onion of 25-30 mm in diameter, cat-
egorized assmall, isgrown mainly in Karnatakaand
AndhraPradesh®, (ii) cultivarsgrownin Maharashtra,
Gujarat, Uttar Pradesh, Haryana, Madhya Pradesh,
Rajasthan and Punjab, grouped in big category, yield
flat to round shaped, medium-sized (40-65 mm diam-
eter), pungent onions.

4.2.6. Varietal improvement

In order to promote onion improvement with ex-
port potential, Associated Agricultural Development
Foundation (AADF) was set up in 1977, which was
later rechristened asNational Horticultural Research
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and Development Foundation (NHRDF), Nashik. In
Maharashtra, thisinstitution hasdevel oped cultivars (i)
Agrifound Light Red (Rabi), (i) Agrifound Dark Red
(Kharif), (iii) Agrifound White (dehydrator) and (iv)
Agrifound Red (multiplier onion) for export. Arkase-
riesof improved cultivars were developed by Indian
Institute of Horticultural Research (IIHR), Bangalore.
Tamil Nadu Agricultural University (TNAU),
Coimbatore, hasbred multiplier oniong®!. Onion breed-
ing in India is compiled by Pathak and Gowda
(1994)49 Pathak (1999)! and finally updated by
Guptaand Bhonde (2006)“?. Inthe meantime, Singh
(1998)“* found that seed availability of improved In-
dian-bred cultivarswas not adequate to meet the de-
mand. Almost dl Indian cultivarspossessed TSSin 11-
13° brix range® or below 15° brix“4l, Studies on
exotic onionshave a so not shownany promising culti-
varg*’48_ |n view of these studies, Pandey (2002)1°!
has stressed theimportance of high TSSfor the Indian
onion dehydration industry.

Presently, ICAR, Agriculturd Universtiesand R&D
centersof dehydrationindustry areworking ononion
breeding. Varietal improvement through classical breed-
ing procedures, aided by biotech approachessuch as
marker-assisted breeding isessential not only for bet-
ter yields, but also for several desirablecharacteristics
suchas(i) resistanceto diseaseg, (ii) resistanceto abi-
otic stresses, (iii) bulb quality parameters, etc. Although
plant breedersin Indiahaverel eased severa varieties,
they possess undesirabl e characters of high bolting,
doubling etc. Secondly, white onion varietiesreleased
for processing haverdatively low TSS (13%) ascom-
pared to some of the exotic open-pollinated varieties
and F, hybrids (18-26%).

4.2.7. Nuisanceof bolting

Bolting (formation of cellulosic, woody, non-edible
structurein the centre of onion) isageneral problem
during bulb production under field conditions. Severa
cultivars producebolting to the extent of 20%, causing
considerablelossesin bulb production. Theboltsuse
up the stored edible material of the bulbs. Whilethe
environmental conditionsareknown to influence %
bolting, inherent susceptibility to bolting isavarieta
character. Evaluation of Indian onion varietiesby dif-
ferent scientists has found bolting as high as
39 6%[44,45,50—52] .

4.2.8. Doubling of onions
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Another important undesirabl e character that af-
fectsthequality of the bulbsfor processingisthe pres-
enceof doubles. Doublingisprimarily avarietd char-
acter, althoughitisconsiderably affected by environ-
mental conditions, includingirrigation. Studieson the
evauation of (a) Indian cultivarshavefound doublesas
high as 55.5 %150:534851 gnd (b) exotic cultivars have
found doublingin2.9-71.8 % range’™.

4.2.9. Pungency of onions

While highly pungent onionsare popular inIndia,
less pungent ones are preferred in other countriesfor
fresh consumption. However, thevariahility in pungency
inbulbsof different cultivarshasnot been thoroughly
investigated™!. Whilelndianwhiteonion cultivarscon-
tained up to 12.1 umolesof pyruvic acid/gin agree-
ment with earlier sudieson Indian cultivars, Agrifound
Light Red contained 12.2 pumoles pyruvic acidi#659l,

Dueto high pungency, Indian cultivars can make
good quality dehydrated flakes and granules. The
coloured varieties like dark red, red and yellow are
a so used for dehydration, but thequality of dehydrated
produceisinferior totha fromwhitevarigties®™. These
resultsarerecently confirmed that existing Indian culti-
varsare not promising for processing’™. In contrast,
cultivars devel oped by selection such as JV-16, JV-7,
JV-12,ARL-2and ARS-1 hold promisefor dehydra-
tion by virtue of their higher TSS, bolting resistance,
lower % of doubles, higher pungency, adaptability to
short-day condition and good yiel d™.

5.CONCLUSIONS

Whilelow (9-13%) total solublesolids(TSS) lines
arepreferred for table purposes, high TSS (18-26%)
aremogt vita attributefor the processing (dehydration)
qudlity of onions, ashigh solid containing cultivarsgive
higher product yield, at lower cost of processing. Tobe
globally competitivein the dehydrated onion products,
high solid linesarethereforeamust. Thisobjectiveis
achievableby the devel opment of cultivars, whichhave
(i) ability togrow during kharif (rainy season) and rabi
(winter season), (ii) resistanceto bolting during bulb
production, (iii) less% of doubles, (iv) high pungency
and (v) good yield among the other characters. Withan
increasing demand for competitivevarietiesfor thepro-
cessingindustry, itisessentia to strengthen our efforts
for improving onion cultivars, through hybrid genera-

e, REVIEW

tion, using theexisting germplasm and availableexotic
variies.
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