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1:15 Key Note Address

Dr. Thomas Augusti H
Professor andHead, School ofMedical Education, Kottayam, India. '
'The role of garlic and onions in health management.**

1:50 Key Note Speaker 1

Dr. Irwin Goldman, Associate Professor, Department ofHorticulture, University

ofWisconsin. USA \

"So shall you weep: a horticultural perspective on medicinal traits in onion."

2:20 Dr. M.H. Siess et al., France

"Anticarcinogenic properties of diallyl disulfide, a flavor component of garlic." ]

2:40 Dr. Samantha Sterling, Australia

"The production of high health value garlic and onions." _

3:00 Refreshment Break (Hill Atrium)

3:30 Kevin Lombard et al., USA ]
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3:50 William Briggs et al., USA ™
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1
Wednesday 1 November, 2000

8:00 Opening remarks, Symposium Chair H

]

8:10 Plant Pathology Session

Key Note Speaker "*\

Dr. Jim Lorbeer, Professor, Department ofPlant Pathology, Cornell University, 1
Ithaca, NY USA

"Nature and control of onion diseases - Current status and future prospects." H

8:40 Christy Hoepting et air, Canada

"Evaluation of insecticide and fungicide combinations for the control of onion ""]

maggot (Delia antiqua) and onion smut (Urocystis cepulae) in Ontario."
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"Potential source ofinoculum of Pantoea ananatis, causal agent of center rot of "*[
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9:20 Refreshment Break (Hill Atrium)

P 9:50 Dr. Fred Crowe et al., USA
^ "Dehydrated garlic powder used to reduce Sclerotium cepivorum in field soil."

10:10 M.A.D.L. Jaime et al., Canada

P "The use ofvesicular arbuscular mycorrhizae (VAM) as biological control of
*• onion white rot (Sclerotium cepivorum)."

10:30 Dr. A. France et al, Chile

"Control of garlic white rot (Sclerotium cepivorum) through different strategies."

10:50 2nd Poster Session -Hill Atrium

11:50 Lunch - GA Banquet Area

[ 1:00 Genetics / Breeding Session 2

m Key Note Speaker

[ Dr. Chris Kik, Plant Research International, Wageningen, The Netherlands.
"Recent developments and future prospects in Allium genetics and

m breeding."

[ 1:30 Dr. Colin Eady et al., New Zealand
"Transgenic onions."

m 1:50 Sijun Zheng et al., The Netherlands

[ "Genetic transformation of onion and shallot."
2:10 Dr. John McCallum et al., New Zealand, USA, and The Netherlands

p "EST mapping and isolation of sulfur metabolism genes in bulb onion."

[ 2:30 L.I. Khrustaleva and Chris Kik, The Netherlands

"The simultaneous exploitation of Allium fistulosum and A. roylei for the

p breeding of onions (A. cepa)."

2:50 Refreshment Break (Hill Atrium)

I 3:30 Dr. Borut Bohanec et al., Slovenia and USA
"Advances in gynogenic haploid induction procedures in onion."

f* 3:50 M.R. Hassandokht et al., Iran and Italy

L "In vitro induction of haploid parthenogenesis in Iranian onions."
4:10 Dr. Sjaak van Heusden et al., The Netherlands, Japan, and New Zealand

r "Mapping studies in Allium."

6:30- Conference Dinner at Pinecrest Lodge, Depart on Busses
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Thursday 2 November, 2000

1
8:15 Opening remarks, Symposium Chair '
8:20 Physiology / Post-Harvest Session

Key Note Speaker, "1
Dr. Remi Kahane, COOPD 'OR, Dijon Cedex, France

"Recent milestones and future prospects in Allium physiology."

8:50 Erin Silva and Bill Dean, USA i

"Carbohydrate partitioning to floral nectar by hybrid onions."

9:10 Dr. Remi Kahane et al., France

"Onion bulb quality: Towards indications of a distinct genetic control of cell )

enlargement and fructose polymerisations."

9:30 Dr. I.G. Tarakanov et al., Russia and The Netherlands _

"Environmental control of morphogenesis in onions: Possible role of j
phytohormone metabolism and assimilate partitioning."

9:50 Refreshment Break (Hill Atrium) j

10:30 Dr. Ian Gubb et al., UK

"Controlled atmosphere storage of onion bulbs ('Stamford')."

10:50 Dr.IanGubbetal.,UK

"Onion quality during controlled atmosphere storage."

11:10 Dr. Bill Tollner and M.A. Shahin, USA

"X-ray imaging for classifying onions based on internal defects."

11:30 S. Pandoo and H. Daby, Mauritius

"Design and performance evaluation of a prototype modified sea container for

onion curing."

11:50 Lunch - GA Banquet Area

1:00 Production Session 1

Key Note Speaker \

Evert Steenge, Agricultural Advisory Bureau, The Netherlands

"Onion growing - In the future*' "1

1:30 A.F. Lopez Camelo et al., Argentina !
"An approach for evaluating efficiency in onion packinghouse operations."

1:50 Reid Torrance et al., USA H

"Chemigation with metham sodium and its effect on Phoma terrestris and weed '

control in the Vidalia onion production area."

2:10 F. Dashti and A Kashi, Iran "]

"The effect ofplanting date, density and planting method on quantity and quality

characters of leek."

2:30 A. Dall Armellina et al., Argentina ""]

"Reduced doses and different stages ofapplication for chemical weed control in

direct seeded onions in Argentina."
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2:50 Refreshment Break (Hill Atrium)

3:20 Dr. Mike Bartolo et al., USA

"Effects of irrigation and nitrogen fertilizers on soil salinity and onion growth and

quality."

3:40 Dr. Mary Ruth McDonald et al., Canada

"Effect of nitrogen source on nutrient status and yield of onions grown on muck

soils."

4:00 A.C. Leong and H. Salbiah, Malaysia

"Potential ofshallot production in the hot humid lowlands of Malaysia."

4:20 V.R. Balasubrahmanyam et al., India

"Response of white Creole onions to tropical, short-day conditions."

4:40 S.M. Masalkar and K.E. Lawande, India

"Studies on the influence of various pre-treatment and drying methods on

qualities of dehydrated onion flakes."

5:00 Business meeting - Mahler Auditorium,

International Symposium on Edible Alliaceae

Meeting Adjourns after business meeting.

Friday 2 November, 2000

7:45 Vidalia Onion Production Tour

Pre-Registration Required
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Presented Papers

Genetics and Breeding Keynote Address: |
Alliums breeding and genetics during the 20th and 21st Centuries

Michael J. Havey 1
USDA-ARS, Dept. of Horticulture, 1575 Linden Dr., University of Wisconsin, Madison,

WI53706, USA. Email: mjhavey@facstaff.wisc.edu «

Abstract

For over 50 years, elite populations or hybrids of bulb onion, bunching onion, chive, and ^

leek have been under development in both the private and public sectors. Sexual I

reproduction and production of true seed in garlic make possible the genetic improvement

and hybrid development of this important Allium. Cytoplasmic-genic male sterility "*]

(CMS) is the preferred system ofmale sterility to produce hybrids of bulb onion, I
bunching onion, and chive. New sources of CMS in bulb and bunching onion,

conditioned by the alien cytoplasm ofA. galanthum, have been reported. CMS systems "*)

to produce hybrid leek are under development. Genetic mapping ofmajor economically I
important traits has revealed their genetic bases. The direct association ofthese

economically important phenotypes with specific genes has become a reality through the 1

identification of expressed sequence tags (ESTs) and candidate gene approaches. !

Haploidy offers the potential to quickly develop completely homozygous inbred lines for

uniform hybrid production. Successful transformation of onion and garlic has opened the "*[

door for the introduction of specific traits and the production of value-added cultivars. '

Developments during the last century H

In the early 1900s, there was no public program with a significant effort on the breeding '

and genetics of Allium crops. Garlic and other asexual alliums were propagated locally

and largely virus contaminated. Populations of seed-propagated Alliums, such as onion, "1
chive, and leek, were maintained by open pollination. Mass selection was used to select

or maintain types or market classes ofthese crops. Seed tended to be locally grown and

sold; bulbs were often shipped short distances and consumed locally. But even at the "*
beginning of the 20th century, international sale of seed and long distance shipping of
onions were documented. Seed of Yellow Bermuda was imported from the Canary
Islands for bulb production in Texas. These mild bulbs commanded a good price in *1
northern industrial centers, such as Chicago or Milwaukee, in the late spring when stocks

of storage onions were depleted (Perry 1950).

In the 1920s and 1930s in the USA, H.A. Jones initiated an inbreeding program to

develop uniform onion populations. Together with his coworkers, Jones documented «

recovery of vigor after crossing among the first generation of onion inbreds (Jones and I

Davis 1944). He also discovered the source of cytoplasmic male sterility (S cytoplasm)
most widely used to produce hybrid-onion seed (Jones and Clarke 1943). Jones «,

cooperated with researchers in the state agricultural experiment stations to release j

numerous onion inbreds and hybrids (Havey 1991). Hybrids came to dominate the

production ofmany market classes of onions, such as Eastern Storage or Sweet Spanish ~i

16



onions in the USA. At the close of the 20th century, much has changed since the early
1900s. Virus-free garlic is commonly grown and true-seed production has become a

reality (Etoh 1983, Pooler and Simon 1994). Chive, leek, and onion hybrids are

commonly grown in many production areas of the world. However some principle onion

production areas are still dominated by open pollinated populations, such as in India,

Texas (USA), or New Zealand. The reasons for this are varying, but primarily are due to

populations possessing S cytoplasm, as opposed to N for the development of maintainer

lines for hybrid-seed production (Havey 1993, Havey and Bark 1994).

Future Developments during this new century

At the beginning ofthe 21st century, we have at our disposal a plethora ofnew and

potentially powerful technologies that may play a role in the genetic improvement of

Alliums. These technologies include functional genomics, genome sequencing, DNA

chips, ordered BAC libraries, and reverse genetics. These new technologies, coupled

with the successful technologies of the last century, offer an array of possibilities for

genetic analyses and plant improvement. However for many of us plant breeders, it may

not be clear how these technologies can be coupled with or used to augment practical

programs to develop superior Allium cultivars.

I foresee six major technologies that may have a significant impact on onion breeding and

genetics as we enter the 21st century. First, I feel that present-day breeders have

underestimated the power of phenotypic recurrent selection in the Alliums. Second,

numerous sources ofCMS are available, allowing breeders to diversity the male-sterile

cytoplasms used to produce hybrid onion seed. Third, marker-facilitated selection will

reduce the costs or increase the efficiency of some evaluations. Fourth, haploidy will .

become more commonly used to quickly develop inbred lines. Fifth, candidate genes

will allow us to assign specific phenotypes to known structural genes. And finally,

transformation will facilitate the development of unique cultivars for specialized markets

or production environments.

As a plant breeder, I have been thoroughly impressed by the incredible responses to

recurrent selection observed in maize. A case in point is the Illinois long-term selection

programs for high and low protein and oil (Dudley and Lambert 1992). Mean values for

these traits among the selected strains lie far outside the original distributions in the

parental populations. In addition, inbreeding depression may be reduced among inbreds

selected out of improved populations (Benson and Hallauer 1994). In onion, impressive

gains in soluble solids content (SSC) have been experienced by the dehydration industry.

I am aware of proprietary data showing a quick increase in SSC from approximately 14%

to 21% after three generations of mass selection. Subsequent gains were not as

impressive, as expected because the major loci conditioning high SSC were fixed in the

early generations. However continued response to selection for high solids has been

observed, with values routinely reaching 25%. Two types of phenotypic recurrent

selection, half-sib and SI-family selection, should work well in onion. For half-sib

family selection, selected bulbs are allowed to open pollinate in isolation. Seed would be

harvested off of each plant and threshed separately. The resulting seed is a half-sib

family with a common maternal parent and random paternal parents. This seed can be
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grown in replicated trials and the best families selected. The best bulbs in each of the i
best families would be selected and allowed to recombine in isolation to generate the next

generation of half-sibs for selection. The time required to complete one cycle ofHS "1

family selection is the same as the generation time, two years. SI family selection would '

be completed by self pollinating individual bulbs from an open-pollinated populations.

These SI families would be evaluated in replicated trials and the best families identified. "1

The best bulbs from the best families would be selected for intercrossing to produce the '

first cycle of selection. Although the greater pollination control of S1 family selection

increases expected gain from selection, greater time (four years per cycle) is required to "1
complete one generation. A question that often arises is the selection intensity for ■

recurrent selection. The plant breeder must balance maximum gain from selection with

maintaining adequate family sizes to maintain genetic variability in the populations. j

After conversing with private-sector maize breeders over the years, they generally

recommend a 10% selection intensity.

Although the primary male-sterile cytoplasm used world-wide for production of hybrid-

onion seed is S cytoplasm, other sources of sterile cytoplasm have been described. T „

cytoplasm was discovered in France (Schweisguth 1973) and is used to produce hybrid

onion cultivars in Europe. I recently demonstrated that male-sterile cytoplasms similar to

T cytoplasm have been independently identified and used to produce hybrid-onion seed m*

in Holland and Japan (Havey 2000). In addition, Dr. Tashiro's group at Saga University j
in Japan (Yamashita and Tashiro 1999a) and my group (Havey 1999) recently released

new sources ofCMS conditioned by the alien cytoplasm ofA. galanthum. Sources of «.

CMS have been described in chive (Potz and Tatlioglu 1993) and bunching onion (Moue !
and Uehara 1985) and are used to produce hybrid cultivars. New sources of male-sterile

cytoplasms have been recently identified or developed for chive (Engelke and Tatlioglu "*|

2000) and bunching onion (Yamashita et al. 1999b). Hybrid leek has recently become a I
reality, using an asexually propagated genie male-sterile plant as the female parent

(Smith and Crowder 1995). However, a CMS system in leek offers great advantages over "*j

this system of asexual propagation. Dr. Peterka and colleagues in Quedlinburg, I
Germany, have successfully crossed S-cytoplasmic onion with leek and are completing

backcrosses to transfer the male-sterile cytoplasm of onion to leek (Peterka et al. 1995). ""!

Marker-facilitated selection has been touted as a potential tool to indirectly select for

quantitatively inherited traits in a practical plant-breeding program (Tanksley 1993). The "1

numbers of genetic markers in onion has steadily increased with the identification and 1
mapping ofRFLPs (King et al. 1998), RAPDs (Bradeen and Havey 1996), AFLPs

(Heusden et al. 2000), and microsatellites (Fischer and Bachmann 2000). Although I "I

have doubts about the cost efficiency of a marker-based approach to manipulate '
complexly inherited traits, I do feel that it offers great promise to reduce the costs of

some phenotypic evaluations. A case in point is the selection of maintainer lines. The "1
laboratories of Sato (1998) and myself(Havey 1995) developed cheap PCR-based

polymorphisms that distinguish N and S cytoplasms of onion. These molecular

determinations reduce from years to hours the time required to definitely establish the "1
cytoplasms ofindividual plants. Subsequently, we have identified molecular markers

flanking the nuclear male-fertility restoration locus (Ms) of onion. We presently have
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one restriction fragment length polymorphism (AOB272/2scoRI) that maps within 1 cM

of the Ms locus. Conversion of this tightly linked marker to a PCR-based system should

be useful to estimate the genotypes at the Ms locus in fertile-by-fertile crosses, i.e. where

linkage disequilibrium has been generated, and reduce the number of testcrosses required

to select maintainer lines. Over the long term, identification ofmolecular markers tightly

linked to major disease-resistance loci or other relatively simply inherited traits with high

evaluations costs will offer significant benefits to our programs.

Haploidy has been widely recognized as an efficient method to develop completely

homozygous inbred lines. The main obstacle to its widespread use is the low frequency

ofhaploid production from populations and problems with doubling the chromosome

number. Dr. Borut Bohanec, University of Ljubljana (Slovenia), has identified specific

inbred lines with relatively high rates of haploid production (Bohanec and Jakse 1999).

These lines have allowed Dr. Bohanec to demonstrate that large differences in haploid

production exist among plants within a line or population. When individual plants

showing high haploid production are re-evaluated over years, they tend to remain high

producers (Bohanec and Jakse unpublished), supporting a genetic effect for haploid

production. We are working with Dr. Bohanec to produce and analyze segregating

families from high-by-high and high-by-low haploid producing plants. A major

limitation to the widespread use of haploidy is the recalcitrance ofonion haploids to
double their chromosome numbers.

Sequencing ofrandom cDNAs has produced expressed sequence tags (ESTs) for many
species. Database searches allow us to estimate the function ofthese ESTs by comparing

to previously sequenced genes from other organisms. We can then use these candidate

genes to identify polymorphisms in segregating populations and evaluate for associations

with economically important traits. Specific examples would be the identification of

specific genes in the sulfur accumulation pathway associated with high or low pungency

or specific genes involved in carbohydrate synthesis associated with high or low solids in

onion. We recently demonstrated that a cDNA with significant homology to an acid
invertase explained a significant amount of the phenotypic variation ofSSC in a

segregating population of onion (Galmarini et al. 2001). Once we know that a candidate
gene may be conditioning a phenotype, we may be able to use transformation

technologies to alter the expression profile of this gene to produce a unique value-added
phenotype.

One of the most promising technological advances recently developed for onion is

transformation (Eady et al. 2000). Because the cultivated Alliums are primarily biennial
crops, breeders cannot respond quickly to changes in consumer preference, deployment

of a new value-added trait, adaition ofdisease-resistance genes after loss ofpesticides for
disease control, etc. The ability to transform into elite inbred lines specific dominant
genes for these important traits would be of great advantage to the onion producer and

consumer. However, we must carefully assess the potential of transformation in light of
consumer fears or apprehensions over this technology. For example, herbicide resistant

onions would offer a great production advantage to the grower, but how will the

consumer react to this engineered product? Speakers later in this meeting will present
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research documenting the health benefits of onion and other Alliums. We must be

careful not to deployed transformed onions and negatively impress those consumers who

would be most likely to increase consumption of Alliums for their health benefits.

In conclusion, the challenges faced by Allium breeders are the same as those 100 years

ago. We actively seek new sources of disease resistance, quality, unique production

advantages, value-added traits, etc. to increase production and consumption ofthe

Alliums. A plethora ofnew technologies exist and offer promise towards the

development of superior cultivars. In spite of these recent advances, the longer

generation times ofbiennial Alliums make their genetic improvement a slow, laborious

process requiring long-term commitments of time and resources and significantly restrict

the abilities of plant breeders to quickly respond to changes in consumer preferences or

market demands.
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Genetics and Breeding Keynote Address:

Recent advances and future prospects in Allium genetics

Chris Kik, Plant Research International, Wageningen University and Research Centre,

PO Box 16,6700 AA Wageningen, The Netherlands (E-mail: c.kik@plant.wag-ur.nl)

Since the last Allium ISHS symposium, which was held in 1997 in Adelaide (Australia),

significant progress has been made in Allium genetics. In this review a number of

research areas in Allium genetics will be discussed and their impact on future research

indicated. These areas are: biodiversity, phylogenetics, genome organization and gene ^

transfer. This review will be focused on the fundamental aspects of Allium genetics as {

another paper in this proceedings (Havey) will deal with the applied aspects of Allium

genetics.

Biodiversity

When describing the global situation with respect to genetic resources of vegetables, j

Cross (1998) wrote with respect to Allium genetic resources: 'Collectively the Alliums

appear well collected with a relative high number of total acessions (N = 12,382) and a «j

high representation (50%) in worldwide collections. However collections from both !

primary and secondary centres of biodiversity are poorly represented (5%) contributing a

serious deficiency in the comprehensiveness of collections in Allium'. According to this ^

statement, a major effort should take place in the forthcoming years to protect the |
existing in situ and ex situ Allium genetic resources and to collect wild populations of

Allium species. Furthermore new techniques should be developed to better maintain the ^

Allium seed in gene banks, because it is known that Allium seed can be kept viable only \

during a limited number of years. Cryopreservation amongst others might be one of the

new techniques which might provide a way forward in this respect. H

Phylogenetics

Mes et al. (1999) constructed on the basis of cpDNA restriction fragments a provisional !

overall tree of the genus Allium. They showed that the subgenus Melanocrommyum was

well supported, that subgenera Allium and Rhizirideum were intermingled and that "*]

subgenus Amerallium splitted into two clades. Clearly more research is warranted to '

further elucidate the overall topology of the genus Allium. Van Raamsdonk et al. (2000)

analysed into detail the subgenus Rhizirideum and they observed that the phylogenetic "1
tree based on AFLP polymorphisms nicely coincided with the phylogenetic tree based on '

morphological characteristics. Comparing nuclear and chloroplast derived trees they

observed that in a number of species reticulate evolution had taken place followed by H
substantial secondary evolution. Especially A. roylei is a good example of this type of

hybridogenic evolution: its nuclear DNA resembles species found in section Cepa

whereas its cpDNA resembles the species found in section Schoenoprasum. Next to ""j
subgenus Rhizirideum also subgenus Melanocrommyum has been subjected to a detailed

phylogenetic analysis (Mes et al. 1999). They showed that most of the previously
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identified sections of this subgenus were artificial. Furthermore they concluded that

concerted evolution did not take place in this subgenus as most of the variation in the ITS

region analysed could be found within species and not between species.

Genome organization

A significant step forward has been made in this research area because during the last

three years the first two molecular linkage maps have been produced. The first one is

based on an intraspecific onion cross (King et al. 1998) and the other one on an

interspecific cross between onion and A. roylei (van Heusden et al. 2000, van Heusden &

Shigyo et al. 2000). The intraspecific onion map was constructed using the RFLP marker

system. Very marked was the high percentage of duplicated loci on the onion genome

(21%). This finding combined with the fact that onion is a large-genome species (105 x

Arabidopsis), led them to suggest that the mechanism behind the genome evolution in

Allium is most probably based on unequal cross-over. The interspecific map was

constructed on the basis of the AFLP marker and resulted in a high density cepa and

roylei map (van Heusden et al. 2000). Using monosomic addition lines of single cepa

chromosomes in a diploid fistulosum background, van Heusden & Shigyo et al. (2000)

made a chromosome-specific linkage map of onion. The next step in this research should

be to link the cepa map to the roylei map from Wageningen and subsequently link this

integrated map to the cepa map constructed in Wisconsin. Furthermore as new maps
linkage maps will become available from other Allium species in the nearby future

genome evolution in this genus can be studied into more detail and comparative mapping
can make a start.

Relatively little attention has been paid to the repetitive DNA of Allium although it

constitues over 95% of the genome. In general two repetitive DNA families can be

distinguished, namely a. dispersed repetitive DNA (e.g. retrotransposons (Ty-copia),
transposable elements (En/Spm)) and b. tandemly repetitive DNA (e.g. rDNA, telomeric

DNA, mini/microsatellites; Fischer & Bachmann 2000). An interesting observation was
made by Pich et al. (1996) when studying the composition of the Allium telomeric DNA.
They showed thai Allium telomeres were not stabilized via the ubiquitously present 5'-

TTTAGGG-3'repeat. Pearce et al. (1996) suggested that most probably Ty-1 copia
retrotransposons were used in Allium for stabilization of the telomeres. However Pich &

Schubert (1998) showed convincingly via double FISH on extended fibers that it is not
Ty-1 copia but En/Spm which stabilizes the telomeric ends ofAllium chromosomes. Ty-1
copia retrotransposons can be found, according to them, predominantly in interstitial
chromosomal regions.

Gene transfer

Gene transfer can be realized via sexual hybridization, genetic transformation and
somatic hybridization.

With respect to sexual hybridization it is known already for a long time that the transfer

of genes from A. fistulosum to onion is difficult. In recent years Khrustaleva & Kik
(1998, 2000) showed that using A. roylei as a bridging species this species barrier can be
overcome, resulting in highly segregating so-called bridge-cross populations [A. cepa x

(A. fistulosum x A. roylei)]. Especially the presence of many disease and pest resistances
in A. fistulosum but also in A. roylei makes this approach very attractive for plant
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breeding purposes. From a fundamental point of view these bridge-crosses are also very '
interesting: they showed us already that the differences in repetitive DNA between onion,

A. fistulosum and A. roylei are very large, furthermore they showed us that randomly H
distributed chiasma, as can be found in A. cepa and A. roylei, are dominant over •

proximally localized chiasma, which are present in A. fistulosum. The next step in this

research will be if there are genomic regions which are difficult to introgress to onion, as ™
these regions will contain genes which are involved in species incongruency. Direct

crosses to introgress genes from A. fistulosum to onion are possible however. Peffley &

Hou (2000) showed in F1BC3 populations via GISH that recombined chromosomes are "I
present and that recombination between the two species took place at the distal ends of

the chromosomes. Furthermore they suggested that using onion cytoplasm as a recipient

cytoplasm gives a higher success-rate than using A. fistulosum cytoplasm. ]

In the last three years reports were published showing that genetic transformation has

become possible in Allium and this is without any doubt a major step forward. In general _

genetic transformation can be achieved using Agrobacterium species as a vector or via j

particle bombardment. In onion stable transformation was reported by Eady et al. (2000)

and Zheng et al. (in press) using A. tumefaciens as a vector. Analysing their transformants ™

both Eady et al. and Zheng et al. found that next to simple integration also complex {
integration patterns of the T-DNA into the host genome were present. For garlic still no

stable transformants have been reported. Only transient expression was found using «

particle bombardment (Barandiaran et al. 1998). j
Successful somatic hy(cy)bridization was reported for leek (+) onion and it was shown

that leek/onion cybrids could be constructed carrying the cpDNA of leek, a recombined ^

mtDNA and a recombined nuclear DNA in which the chromosome numbers were j
variable (Buiteveld et al. 1998a,b).

Perspectives j
In view of the advances made during the last three years in Allium genetics, it can be

envisaged that in the forthcoming years significant progress can be made in the area of "™i

genome evolution in Allium. Especially when maps become available from other Allium I

species like A. fistulosum, A. sativum, A. porrum and A. schoenoprasum and a serious

effort has been made to integrate the various maps. Furthermore the application of "*}

molecular cytogenetics, especially in the area of repetitive DNA evolution will have a !

major impact on our understanding how the large Allium genome evolved. In addition,

the recent establishment of reliable transformation techniques and the advent of high ™*j

througput techniques like DNA chips will allow us to start metabolic pathway

engineering in Allium. However given all this technical advance, we should not forget to

saveguard our Allium genetic resources as they form the starting point of all our research. T
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Abstract Individual onion trials results from the tropics and sub-tropics for 1990 to H

1995 have been published and results for 1995 to 2000 are in preparation. An extensive ■

G x E comparison is also being made, taking into account the statistical sparsity ofthe

'total yield' results for cultivars. Data on year, latitude, photoperiod and temperature "1

define environments for 110 of the onion data sets. Recommendations are made for '

future trials programs: Plant spacing, overall density and agronomic practices should be

as stable as possible across all the trials. A minimum plot size should be recommended. "1
Guard rows must be included. Each trial should include at least two identical standard

varieties. Methods ofharvesting and weighing bulbs should define how to treat bolted

onions. Cultivars with no yield at a trial site should be taken into account in the analyses, "]
to establish where they can and cannot be grown successfully. Improvement in

agronomic comparisons in future can be achieved by including variations in sowing date ^

and in plant density at trial sites. Accurate recording of environmental covariates over 1

the course of a trial adds to its value both locally and for international comparisons.

I'F'I'll

Introduction |

This paper records how onion trials in the tropics were promoted through a seed ™

distribution scheme based in the UK over a ten year period, and adds to this account the

reflections ofmy collaborators in New Zealand, who have been attempting during the

past two years to analyze the overall results in terms ofthe Genotype x Environment (G x «

E) reactions of the onion cultivars involved. Anyone who takes on a similar job of I
organizing trials on onions on a national or international scale in the future may wish to

note our experiences and, we hope, avoid some of the pitfalls which we have ^

encountered. I

How the trials started. ™i

A short history ofthe International Onion Trials program during the 1990s will give the

context for the comments that follow. In 19901 was employed by the Natural Resources

Institute (NRI) in the United Kingdom on a project focused on onions in the tropics, and

was seeking ways to evaluate short-day onions across a range of climates. To provide

help to onion researchers in Marondera, Zimbabwe (18°1 l'S) who I visited periodically, I
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acquired samples of seeds of a wide selection of onion varieties suitable for the tropics.

Not all the seed was needed for the Zimbabwe trials, so samples were offered to other

researchers previously contacted during our survey of onions and storage (Currah and

Proctor, 1990). The response was good and the first seed parcels were sent out to our

contacts for trials at their own locations. The seed companies who we approached were

willing to have their varieties tested in new countries: many donated seeds to us and this

helped to keep the scheme going over the next nine years. The numbers of seed packets

sent out over the course of the program were summarized in Currah (1999). In total, we

distributed over 200 kg of seed, packaged in laminated foil and treated with benomyl and
thiram against diseases. Seed samples were of30 g or less per cultivar.

The trials program therefore began in rather a casual way, without any long-term

plan, nor any idea ofhow it would increase in scale and duration. At the start of the

program, the aim was simply to gain a better understanding of the reactions of onions to

as many types of climate as possible, through informal long-distance collaboration.

Access to seed is often difficult for researchers in the tropics, and they appreciated

the chance to choose a selection of cultivars from an extensive list. Storage was another

important aspect ofmy work with NRI, so I also encouraged researchers to undertake
trials on stored onions (see some of the results in Currah et a/., this meeting.) After the
seed was dispatched, sample record sheets were sent to our collaborators to encourage

data collection. I requested the latitude and altitude of the site and agronomic data.

Forms for data recording and for describing the onion varieties were also provided, and
mean monthly meteorological records for the onion growing period were requested.
Sometimes the weather data were not forthcoming but the majority of our collaborators
supplied them.

An important point in organizing the seed distribution for trials was that no
finance was involved, apart from the postage costs for the seed. Therefore there were no
formal agreements to negotiate: contacts were made directly with the individuals doing
the work. In the UK, my colleagues at Horticulture Research International also took an
active part in the scheme: Dr Dave Astley agreed to store the seed for the project in the
Vegetable Gene Bank and Mrs. Angela Pinnegar assembled the seed parcels and
efficiently dispatched them.

The record sheets only suggested collecting minimal yield data. The more
experienced researchers also recorded information, for example, on the proportions of
bolting, doubling and splitting bulbs, the dry matter content of bulbs, and the sizes of
bulbs if this was important for marketing. Others were less experienced in the running of
trials, and this tended to be reflected in the value of their data.

Dealing with the data generated by the trials program.

I received many sets of trials results and in 19971 was able to publish the first
comprehensive report on the trials as a whole, with help from a statistician and editor at
NRI (Currah et al.t 1997). The report contains the data received from 1990 to 1995.
Each trial, including those on storage, is presented as a separate experiment, with total
yield and marketable yield, sometimes with extra data in addition. Yields were analyzed
statistically if sufficient figures were available. Accounts of trials also include the
weather summaries for the relevant growing period. The second report covering results

27



received in 1995 to 2000 is being prepared, and will be published on diskette. However, '

these accounts make no attempt at comparing different trials.

In 1997 Professor David Midmore invited me to Central Queensland University (CQU), '
Australia as a visiting research fellow. We entered the published onion data sets into a

spreadsheet, using total yield per square meter as the main parameter for comparing H
varietal performance. Simple multivariate analyses of the data across all the trials up to

1995 were summarized (Currah et al, 1999).

At CQU Professor Graham Wood, a statistician, was interested by the collection of onion

data sets and saw ways to take the analyses further. After moving to Massey University

in New Zealand, he arranged for me to send the onion data sets to Jonathan Godfrey, who ]

has been working on the G x E analysis of the data sets as part ofhis PhD program in

statistics. Dr Mike Nichols is acting as the horticultural advisor to the project in New _

Zealand. Godfrey et al., presented at this meeting, shows how they are using the data to |
group cultivars and environments 'under conditions of sparsity'.

Dealing with sparsity. ]

There are many problems with the data sets, but that of 'sparsity' has been particularly ™»

trying for the statisticians. Looking at the data sets as a whole, there is only a very j
limited amount of overlap between the sets with respect to cultivars. Over 300 cultivars

of onions were entered into the trials, but few data sets contain more than about 30 «*i

cultivars, while some have as few as ten. (Limiting the numbers of cultivars sent to any |
one site was a policy designed to keep individual trial size manageable). In the NRI trials

program, each collaborator selected the cultivars he or she wished to grow from a long *l

list which was circulated before each growing season. Naturally, over the nine years of I
the program there were changes in the cultivars which the seed companies supplied: some
fell out of use and new ones, including many hybrids, were introduced. Some appeared ^
briefly on the lists while for others, as much as 3 or 4 kg of seed was distributed over the !
nine year period of the trials.

Hindsight tells us that the system could have been made much more informative by I

including at least two standard cultivars in the selection sent out to each collaborator.
This would have ensured some overlap between all the data sets. Ideally, two contrasting *"]
cultivars such as Red Creole and Texas Early Grano would have been included in each '
trial. In reality, some collaborators chose all red cultivars while others chose all yellow

or all long-storing varieties; some preferred to include new varieties while others wanted H
to grow the same ones over several seasons. Their freedom ofvarietal choice was 1
probably part of the advantage to them in taking part in the scheme, but their different

criteria for choosing cultivars eventually led to the 'sparsity' problem when Godfrey ™)

attempted a wide-ranging analysis across all the experiments. With better planning from !

the start, this aspect could easily have been improved.

In his studies, Godfrey has grouped the cultivars into major response groups across all

environments, based on total yield figures calculated on the basis ofkg per square meter.

i
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Godfrey et al. (this meeting) shows his progress. A matrix of 363 cvs and 110

environments (individual trials) was prepared. The clustering process is being done in

two stages: in the first, genotypes with a similar pattern of response across environments

are clustered, and in the second stage, the performance of cultivars within these major

groups can be compared (Godfrey et al, this meeting).

Joint conclusions on the organization of collaborative trials.

There were many practical problems in organizing the trials, and further conclusions have

been drawn jointly following our collaboration on the statistical aspects of the trials

analysis in the G x E program. Some practical problems which occurred during the trials

program were caused by circumstances: they included refusal by Customs to allow

parcels to enter the country; delays while the parcels were examined by plant health

authorities, so that sowing time was missed; and lack of funds, which sometimes

prevented trials from being run. Failure to report the results was fairly common. The

'success rate' in terms of trials which actually resulted in my obtaining the yield data

requested, as a ratio of the total number ofseed parcels distributed, was something like

one-half: about one-third of the yield data sets were complete enough to include in the G
x E analysis. (In many cases it was necessary to contact our partners again to ask for

further details, for example on the length ofgrowing period, as this was not included in

the initial published report). As some results are still coming in, it is too early for a final

assessment. At present it is estimated that there will be over 100 sets ofyield data results

and about 50 sets of storage data in the second trials report.

The conclusions on how trials should ideally be organized, from the New Zealand group
(Godfrey, Wood and Nichols), who look at the data sets mainly from the statistical point
of view, are given below, with some ofmy comments on the implications of their
recommendations.

1. Plant spacing, overall plant density and agronomic practices should be as stable as
possible across all the trials. (However, collaborators may wish to use a spacing that
maximizes the popular sizes in demand locally. It is also difficult to recommend a
standard agronomic practice which will be universally applicable - maybe guidelines
could be given.)

2. A minimum plot size should be recommended (preferably not less than 2 square
meters).

3. Guard rows must be included. (This is reasonable where plots are on flat land or wide
beds, but one may question its value where plots are set up on narrow irrigation ridges
separated by furrows, a common system used in the tropics.)

4. Each trial should include at least two identical standard varieties. (This would imply
buying in a substantial quantity of seed of these varieties at the start of a trials scheme, so
that identical samples would be available during the following years. The seed should' be
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stored under conditions which are cold and dry so that its germination does not decline

over time.)

5. Methods of harvesting and weighing should define how to treat bolted bulbs. '

(Possibly, the seed stalks should be cut off at bulb neck level and the bulbs should be

included in the total weight. In some cases they were thrown away and not included in *)
the total yield figure, with misleading results.) ■

6. Cultivars with no measurable yield (for example, because of failure to bulb) should be 1
recorded and taken into account in the analyses, to establish where they can and cannot

be grown successfully. (In some cases, cultivars were recorded as having nil yield, which

might be taken to mean that they completely failed to grow; whereas they were actually |
crops which did not form bulbs at a site because the daylength was too short and/or the

temperature too cool. It is important to distinguish these two different results.) ™

7. Using two sowing dates and two different planting densities per site will assist

agronomic comparisons. (This suggestion may be adopted more readily where ™

preliminary trials have already identified the most promising varieties at a given site.) j

8. Environmental co-variates should be recorded throughout the course ofa trial to add «i

to its value both locally and for international comparisons. (Ideally, researchers would j
record the weather data at a site for their own information, but in many cases the

collection ofmeteorological data seemed to be given less attention compared with the ^

effort put into the field experiments themselves. Any move towards adopting integrated !
pest management methods for onion production will require a radical improvement in the

standard of meteorological data collection. However, as electronic weather recording "*]
stations are becoming cheaper, this may become easier to achieve in the near future.) !

The comments above represent differing viewpoints on the trials. In a voluntary "1
collaborative effort such as ours, there is clearly a trade-off between the ideal I
recommendations for an integrated trial system (reducing the 'sparsity' in subsequent

combined analyses) and the needs of researchers who run the trials primarily in order to T
find varieties which they can recommend to farmers in their particular locality. In the '
NRI trials, researchers were offered a free choice of varieties and there were no

restrictions on agronomic methods. This inevitably led to problems when trying to carry "1
out statistical analyses based on G x E interactions. Solving these problems is providing '
a challenge and a stimulus for the development ofimproved methods of analysis.

The International Onion Trials, 1990-2000, represent a marathon effort by hundreds of '
people scattered over the tropics, together with intensive efforts to publish and to analyze
the data in sites at the opposite ends ofthe globe, in the United Kingdom and in New H

Zealand respectively. We hope that this genuinely international effort will be followed '
by others on onions, so that we can update and refine our understanding of the reactions
of specific onion cultivars under tropical climates in the future. H
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Abstract

An incongruity model is presented as a possible explanation for an anomaly in the

germination and establishment percentages observed in F2BC3 seed ofan Allium cepa x 1
A. fistulosum interspecific hybrid. Two hundred eighty four seed were harvested from a

third generation backcross of an Allium cepa x A. fistulosum interspecific F| hybrid. The _

F1BC3 parent expressed Pgi-lm, PG1 alleles of both species - Pgi-12 coming from A. j
cepa (AC) and Pg/-l3allele from A.,fistulosum. (Af). Of 194 seed sown, 53%
germinated and 23.5% remained dormant. Data collected on the F2BC3 progeny ™

population were percent germination, segregation ofAc and Af Pgi-1 alleles, viability j
and genotype of non-germinating (dormant) seed, and seed that was not planted. A

goodness-of-fit test ofthe segregation ofPgi-1 alleles in the germinating population to *»

the expected Mendelian 1:2:1 ratio using the chi-square statistic gave a highly significant j
chi-square value of 61.701. The lack of fit was the result of a 50% reduction of

interspecific genotypes and almost total loss ofhomozygous A. fistulosum genotypes. ««i

Goodness-of-fit analysis of the dormant and implanted seed resulted in similarly skewed j
results. Karyotypes were done for the parent plant and progeny of each of the three

expected genotype classes. We believe the lack of fecundity ofa high percent of the n

progeny is a result of incongruity between the A. cepa and A. fistulosum genomes. <

Two hypotheses have been reported to explain sterility ofA. cepa x A. fistulosum, and !
reciprocal, F| generations and preferential genome transmission in advanced generations.

These are stylar-incongruity (Van der Valk, 1991) and nuclear-cytoplasmic "*|

incompatibility (Bark et al. 1994; McCollum 1974; Ulloa 1993,1995). The study of !
hybrid reproductive breakdown in an F2BC3 generation of a (A. cepa x A. fistulosum) x A.

cepa hybrid has lead to the development of a third hypothesis, that of endospermal H

nuclear-cytoplasmic incongruity. >

Materials and Methods: ""*
Plant number 8 from (Allium cepa x A. fistulosum) x A. cepa BC3 population 951026

possessed an Allium cepa cytoplasmic genome and a Pgi-1273 genotype (Peffley and Hou,
2000). The Pgi-12 allele was derived from A. cepa and the Pgi-13 allele derived from A. H
fistulosum (Mangum and Peffley, 2000). All other screened loci in 951026-8 were '
derived from A. cepa. The plant 951026-8 flowered in summer 1999 and was selfed to

produce the 9926-8 population. *"

1
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Seedling leaf or root material was harvested and macerated in extraction buffer 0.05 mM

glutathione in tris-buffer, pH 7.0, and separated on starch gels after Vallejos, (1983).

Seeds to be analyzed were imbibed overnight in extraction buffer, macerated, and

separated on starch gels. Enzymes assayed included ADH, (E.C. 1.1.1.1), IDH,

(E.C.I. 1.1.42), MDH, (E.C.1.1.1.40), PGI, (E.C.5.3.1.9), and PGM, (E.C.2.7.5.1.)

following Peffley, et al. (1985). PGI was evaluated after electrophoresis with histidine

buffer system (Vallejos, 1983), modified to pH 7.2. Segregation ofPgi-J alleles in seed

populations derived from selfing of the interspecific hybrid plants, was tested with the

chi-square goodness-of-fit test for the expected Mendelian inheritance ratio of 1:2:1 for

Pgi-ra: Pgi-Jm: Pgi-l3n respectively.

Results

Fifty-two percent (117 of 224) of the 9926-8 seeds emerged and became established.

Seedling Pgi-J genotypes observed were 43 Pgi-l2n, 57 Pgi-lm, and two Pgi-l3/i (Table
1). The goodness-of-fit test to the expected 1:2:1 ratio gave a x2 score of 34.37 and
pO.OOl(Table 2). Media in the Speedling flat was sifted to recover seeds that did not

become established. Fifty of the 92 seed that failed to emerge during the initial sowing

were recovered. The other 42 were not recovered upon careful separation ofthe growth

media and may have been desiccated. Ten oftwenty recovered seed tested for enzyme

activity expressed PGI, PGM, MDH and one ofthe 10 seed showed ADH activity (Table

1). The PGI genotype frequency among these seeds was 6 Pgi-l2n: 4 Pgi-lm\ 0 Pgi-1313
(Table 1). Twenty-nine seed that had notpreviously been sown were screened for Pgi-I

and nine Pgi-lm: 19 Pgi-lm: one Pgi-l3li were observed (Table 1). The goodness-of-fit
test for a 1:2:1 ratio gave a x2 score of 7.45 and p<0.05 (Table 2).

Discussion

PGI is inherited in Mendelian fashion in Alliumfistulosum (Mangum and Peffley, 2000).

The 9926-8 population (Table 2) did not give expected 1:2:1 segregation. We propose

here an endospermal nuclear-cytoplasmic incongruity hypothesis that presents both pre-

zygotic and post-zygotic reproductive barriers to explain the reduced numbers of Pgi-13/3
progeny classes and the low establishment rate. The hypothesis was based on a model of

incongruity established by Hogenboom (1984). Incongruity is defined as the non-

functioning of an intimate partner relationship resulting from a lack of genetic

information in one partner about some relevant character of the other which develops as a

result of divergent evolution. It is proposed that incongruity occurs between the A. cepa

cytoplasmic genome and A.fistulosum genes in the nuclear genome ofpolar nuclei and as

a result, the development of pre- and post- endospermal tissue is affected.

Our hypothesis requires an understanding ofAllium bisporic megagemetogenesis (Haig,

1990). After the first meiotic division ofbisporic megagemetogenesis a nucleus was

selected to proceed through meiosis II followed by two mitotic cells divisions to give rise

to eight haploid cells from which one egg cell and two polar cells are derived. If genetic

recombination had occurred, the gametophyte that develops would be a chimeral mixture

oftwo types of cells (Mauseth, 1988). In 951026-8 the chimeral mixture could be an

interspecific, Pgi-J2/3, mixture of cell types.
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occur in

be affected i

Pre-zygotic development o „

because of incongruity. A reduction in the expected number of individuals in the Pgi-1

and Pgi-13'3 progeny classes in the 9926-8 population would be expected. Post-zygotic ^
development of chimeric ovule with Pgi-1 and Pgi-13 polar nuclei would suffer
incongruity such that some of these seed would fail to be established. The numbers of

established individuals in all three progeny classes would be reduced, but these classes H
may be observable in un-sown seed. :

Two Pgi-lm : Pgi-12'3 : Pgi-13'3 genotype ratios were predicted. The genotype ratio "1
among the emerging seedlings would be expected to equal 1:1 Pgi-12': Pgi-12'3- When a
goodness-of-fit chi-square statistic is calculated for the results of electrophoresis on

emerged seed using 1:1 as the expected ratio a %2 = 1 -96,0.20>p>0.1 at df=l (Table 2). \
Assuming a 0.5 recombination frequency involving the Pgi-1 alleles, the expected ratios

in un-sown seed was 2 Pgi-l272: 3 Pgi-1 : 1 Pgi-1 . When a goodness-of-fit statistic is _

calculated for the results of electrophoresis on un-sown seed using these ratios as the j
expected ratios the %2 = 3.62,0.25>p>0.1 at df=2 (Table 2). The failure of the hypothesis
when the total progeny genotyped was tested may be a consequence of not being able to r»

recover seed that failed to emerge. j
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Table 1: Distribution ofPgi-J alleles, Pgi-J2 and Pgi-J3, in
derived from a self-pollination of the Pgi-J2/3 interspecific

Category

Established seedlings

Non-germinating

seed

Seed not previously

sown

All groups together

n=

102

10

29

141

43

6

9

58

57

4

19

80

Pei-
If/3
2

0

1

3

ADH

102

1

29

132

the progeny group 9926-8

hybrid 951026-8.

IDH

102

10

29

141

MD

H

102

10

29

141

PGM

102

10

29

141

P7H

Table 2: Chi-square goodness-of-fit scores for the segregation of Pgi-J genotypes, Pgi-

l2/2:Pgi-J2/3:Pxi-JJ/3, in the 9926-8 progeny.
Category

Established seedlings, n=102

Seed not sown, n=29

All groups together (n=141)

X2 values for the ratios:
1:2:1

34.37***

7.45**

45.47***

1:1

1.96

3.48*

3.49*

2:3:1

10.36**

3.62

13.91**
*** highly significant P < 0.001
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Abstract 1
The efficient production of hybrid leek varieties requires the development of a genetic

system for cytoplasmic-male sterility. Therefore, it was tried to produce leek with an ^

alien cytoplasm. After wide crosses, interspecific hybrids between onion, Japanese ]
bunching onion, chives and leek as male parent were obtained. The triploid hybrids

between male sterile diploid onion with the S-cytoplasm and tetraploid leek were n

multiplied vegetatively and backcrossed to leek. The first backcross resulted in !
pentaploid plants which had 38 to 41 chromosomes. RAPD analysis revealed that there

was no loss ofany onion-specific DNA marker and genomic in situ hybridisation (GISH) "*\

showed all BCi plants having a full set of 8 onion chromosomes, which were transmitted i

by unreduced egg cells ofthe triploid hybrid. There was a considerable variation in the

pollen production between BCi plants. In the second backcross generation the number of 1.

onion chromosomes determined by GISH varied from eight to zero. A segregation of the 1
onion-specific RAPD markers into eight linked groups was established. To relate them

to specific onion chromosomes, monosomic onion-leek chromosome additions and "1

intergenomic translations will be characterised cytologically. Pollen development of '
alloplasmic leek plants will be studied after emergency of flower stalks.

Introduction

Hybrid varieties in vegetables offer advantages in breeding, growing and harvesting. The

functional systems for vegetable hybrid seed production are very different depending on |

the genetic and sexual characteristics of the species. Hybrid seed is used in the most of '

the vegetables species, including such Alliums as bulb onion, bunching onion and chives.

In these Alliums cytoplasms were found preventing normal pollen development in the |
presence of nuclear ms genes.

PPT|

Hybrid leek has shown higher uniformity and higher yielding in comparison to the \

commonly used open-pollinated varieties. Therefore, different attempts were undertaken

to develop a pollen-sterile leek on a CMS basis as necessary presumption for efficient ,—

hybrid seed production. Silvertand and van Harten (1992) used induced mutagenesis, ]
made crosses within the Allium ampeloprasum complex, and searched for spontaneously

arisen CMS mutants. Buiteveld (1998) produced somatic hybrids between leek and «•*

onion. Havey and Lopes-Leite (1999) searched for molecular, cytoplasmic variants j
within A. ampeloprasum correlating with male sterility. We report results ofwork to

induce male sterility in leek by wide hybridization with cultivated Allium species having ^

N- or S-cytoplasms. !
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Interspecific hybridisation

Interspecific sexual hybridisations using leek as male were done successfully with chives

(A. schoenoprasum) with N- and S-cytoplasm, bunching onion (A. fistulosum) with N-

cytoplasm (Peterka and Budahn 1996), and bulb onion (A. cepa) with S-cytoplasm

(Peterka et al.1997). The hybrid status of obtained Allium hybrids was confirmed by

genomic in situ hybridization (GISH), RAPD and morphological analyses. As most

prospectively for induction ofmale sterility in leek the hybrids with S-cytoplasm onion

were considered. Therefore further work has concentrated to onion-leek hybrids.

Meiotic behaviour of onion-leek hybrids

Two onion-leek hybrids, 84/1-94 and 99/1-94, were studied extensively. Chromosome

counts in root tips of hybrid plant 84/1-94 showed some deviations from the expected

karyotype 2n = 3x = 24, such as loss of single chromosomes, intra- and intergenomic

translations, as well as chromosomal differences between vegetatively multiplied

clonal progenies (see Schrader et al., this symposium.). Hybrid 99/1-94 had a stable

karyotype with 24 chromosomes, 16 of leek and 8 of onion. At metaphase I ofmale

meiocytes studied by GISH, the leek chromosomes were paired as 8 cruciform bivalents,

the onion chromosomes as unpaired univalents were outside the plate. At anaphase I leek

bivalents mostly separated normally, some or all ofthe onion chromosomes divided in

chromatides which showed retarded movement and chromatin bridges between them.

Most ofthe onion chromosomes were not included in daughter nuclei of a dyad but

formed micronuclei. At average 7.0 (range 0-17) micronuclei per PMC in telophase I

were counted.. Micronuclei were also observed at tetrad stage with an average of 5.6 (0-

15) per PMC. Nevertheless the regular meiotic chromosomal behaviour oftwo leek

genomes, triploid hybrid 99/1-94 gave no stainable pollen.

First backcross

Comprehensive attempts before backcrossing to double chromosome number of

vegetatively multiplied hybrid plants by colchicine treatment in vivo and in vitro failed.

Therefore backcrosses were made between non-treated triploid hybrids and leek

pollinators. Basing on the meiotic results, two kinds of progeny formation depending on

the genetic constitution ofegg cell in the hybrid could be expected. Firstly, fertilization

with leek sperm cells (n = 16) could occur of reduced egg cells having 8 leek

chromosomes and 0 to 8 onion chromosomes and secondly, the fertilization of unreduced

egg cells with the somatic chromosome number of the triploid hybrids. More than a

hundred umbels of each of the two onion-leek hybrids, 84/1-94 and 99/1-94, were

pollinated manually with leek pollen. The seed set was very low. Whereas hybrid 84/1-94

gave no crossing success, in hybrid 99/1-94 from 72 prepared ovules after in vitro culture

11 plants yielded in the first backcross. The chromosome number ofthe backcross plants

varied between 38 and 41 and were higher as could be expected from fertilization of

reduced hybrid egg cells, but was in accordance with the expected chromosome number

of40 from fertilization of unreduced hybrid egg cells. Additionally, all backcross plants

had a complete set of 8 onion chromosomes as revealed by GISH with a labelled onion

DNA probe. An exception was one backcross plant having 7 onion chromosomes and an

intergenomic translocation. Observed variability in chromosome number was mainly

caused by loss or addition of single leek chromosomes, which could be explained by
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some irregularities in tetraploid meiosis of leek genomes. Unexpectedly, first backcross J
plants showed variable formation ofpollen grains with two stainable nuclei. Some plants

produced in their anthers about the normal pollen amount, whereas others had a very "]
restricted pollen production. In view of the consistent presence ofan onion genome in the J

first backcross plants having the S-cytoplasm of onion the cause for the variable pollen

production must be due to the variability in their genetic leek components rather than to °1
the onion complement. This means, that in exploring the male sterility-inducing effect of ■

the onion S-cytoplasm in leek, analogous to the Ms/ms genes of onion, its genotypical

leek constitution must also be considered.

Second backcross

To reduce the number of the onion chromosomes in the hybrid material and to calculate

the rate to complete elimination, plants of the first backcross were crossed to leek _

pollinators. The seed set was low but higher than in the first backcross. From 104

pollinated umbels 79 second backcross plants were obtained by means of in vitro ovary

culture. Most plants had a lower chromosome number than that of first backcross range

between 30 and 36, only very few had numbers beyond 40. The number ofonion

chromosomes were determined by GISH on root tips of in vitro plantlets. The greater

plant-to-plant variation in the second backcross generation compared to the first ™

backcross was caused by variation in the onion chromosome number. Most ofthe plants J
had 0 to 4 onion chromosomes. Intergenomic translocations and modified leek

chromosomes were also observed. Onion-specific RAPD's in the hybrid 99/1-94 were ^

identified comparing parental onion and leek patterns with that of hybrid. Number of I
these eight segregating marker groups (A to H) observed in the second backcross

generation was in coincidence with the onion chromosome number ofa plant. There were -^

distinct differences in the transmission rate of single onion chromosomes. Monosomic I
additions ofonion chromosomes to leek are used to assign the molecular markers to the

onion chromosomes in the karyotype of Kalkman (1984). "1

Third backcross

The first crosses of second backcross plants with reduced onion chromosome number "1

yielded a about tenfold higher seed set than in the second backcross with plants having all i
8 onion chromosomes. From 7 pollinated umbels 71 plants resulted, 22 of them were

alloplasmic leek plants without onion genomic DNA. "1
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Abstract

Traditional methods have been effective to date in developing improved onion hybrids.

However, due to onions biennial nature and other features of this crop, traditional «

breeding approaches can be time consuming. This is particularly true if traits must be J
shifted from unadapted or wild materials or if the trait of interest is complexly inherited

or difficult to assess on a single plant basis. With the renewal of the long day onion <=n

program at Cornell, we were interested in testing methods to improve the efficiency or j
increase the speed ofthe breeding program. The generation of doubled haploids (DH) has

been used to accelerate inbred development and aid in genetics analysis in other ^

vegetable crops. Work at other institutions indicated the feasibility ofDH production in \
onion. We are currently testing DH production on a variety ofmaterials drawn from the

Cornell onion breeding program to determine whether this method can accelerate inbred ^

development and trait transferal. The use of molecular markers has been shown to be of !
assistance in trait transfer. We are also testing utility of markers for detection and

transferal of desired traits in onion. Success to date of these projects will be discussed. ^

With the renewal ofthe long day onion program at Cornell, the focus has been on 1

improvements that benefit Northeast growers, most ofwhom produce long day pungent

storage onions, although there is also some production of milder onions. Two of the

goals ofthe program are: resistance to Botrytis leaf blight (BLB) and testing use of "1

doubled haploid production for meeting our breeding goals. !

Resistance to Botrytis Leaf Blight Most onion cultivars are susceptible to Botrytis leaf «

blight (BLB), with some cultivars such as "Candy" being extremely susceptible. The

current breeding program is using two types of resistance to Botrytis leaf blight (BLB):

that found in some A. cepa accessions and homegrown varieties and the resistance found ^
in the wild onion A. roylei. j

Prior work identified A cepa accession PI357215 as having tolerance or resistance to

BLB. Further assays with these accessions have supported their tolerance to BLB and "*]

allowed us to select for better horticultural type and for uniformity of the BLB response i

within the stock. Other breeding lines are being developed from homegrown populations

that appeared to include individual plants with some BLB tolerance. The current lines *1
and controls were tested for BLB response in cooperation with Dr. J. Lorbeer in East

Ithaca using inoculation and misting equipment (Table 1). Some of the lines show

increased frequencies of clean (healthy) plants as lines, but the tolerance is lost in hybrids "*
with susceptible A lines, showing that the tolerance is recessive. Further genetic analysis

is underway. Ifthe tolerance can be fixed in a uniform form, it could eventually be used
in the industry. ""]
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Table 1. Botrytis reaction summer 1999 in varieties, breeding stocks and

accessions of onion (A. cepa). (with cooperation of Dr. J. Lorbeer)

Pedigree

Candy

Spartan Banner

KR BLB sel

(RIX stock R X KR BLB sel) Fl

PI 357215 BLB sel

(NY72-4 X PI357215 BLB sel) Fl

Resistant

0

19

62

6

57

23

Total

83

102

99

27

91

100

%

Resistant

0%

19%

63%

22%

63%

23%

Comments

Uniform high

susceptible line

Uniform susceptible

line

Nice large bulbs

Red, high globe

The breeding program is also continuing to transfer the strong BLB resistance ofA. roylei

to onion. This resistance is dominant, and probably controlled by only one or a few

genes. Two impediments must be overcome ifthis resistance is to be used. One is the

interference in the breeding process by sexual barriers. The cross between the two

species is readily made. However in early generations the environmental requirements

needed to induce flowering and the timing of flowering varies widely among individuals

and is unpredictable, and sexual barriers also result in poor or no seed set in self and cross

generations derived from the interspecific cross. This barrier is surmountable, but slows

breeding progress. Another impediment to the BLB program remains restrictions to our

ability to rapidly and reliably screen large numbers of plants, preferably at a very young

age. We use misting equipment for disease field screens in Ithaca to increase the number

ofplants that can be included in the summer BLB screens. For the future, we would

prefer developing and using a molecular-based assay. Initial AFLP analysis has

identified several AFLP bands that appear to be associated with BLB resistance in

bulbing segregants of the BC1F1 population. This information may provide the basis for

development of a molecular screening method.

We are continuing to screen additional wild materials for new sources ofBLB resistance

in 1999 (Table 2.) and in 2000 (Table 3). Some ofthe putative resistant plants are saved

from each of the accessions in the fall chamber BLB tests in spring, followed by increase

of crossing.

Testing the use of doubled haploid production for meeting our breeding goals.

The generation of doubled haploids (DH) has been used to accelerate inbred development

and aid in genetics analysis in other vegetable crops. Work at other institutions indicated

the feasibility ofDH production in onion. We are currently testing DH production on a

variety of materials drawn from the Cornell onion-breeding program to determine

whether this method can accelerate inbred development and trait transfer.

The DH procedures published by other labs involves culture of surface sterilized

immature flowers to obtain embryos. In collaboration with Dr. E.D. Earle, and her post

doctoral fellow Aigers Brant, we started testing this method. A relatively small trial
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summer of 1999 had similar success to the published protocol. The Earle lab cultured

over 13,000 immature flowers from 8 cepa genotypes selected from the Cornell breeding

program (yellow/browns, mild or pungent, some BLB resistant). From these 13,000

flowers, some 500 shoots were recovered. From 370 shoots transferred from plates to

culture tubes for shoot elongation and rooting, 300 plantlets with vigorous growth were

obtained. About 200 of the plantlets have been checked to determine whether they are

haploid or diploid. About 90% are haploid, and about 10% are diploid, most probably as

a result of spontaneous chromosome doubling. Twenty DH plants were transferred to the

onion-breeding program, and have resulted in production of bulbs, which are in cold

storage for the winter. Buds were also cultured from plants of the Fl hybrid between A.

cepa and A. roylei. Four different Fl's were used that for the A. cepa parent. Only one

embryo was obtained and died in culture. The interspecific Fl was not as amenable to

culture, despite the fact that at least one of the A. cepa parents used is a line that responds

well to culture.

A larger number of flowers were cultured Spring/Summer of 2000. It is too early to

detail the results, since embryos will continue to emerge through January 2001.

However, differences among cultivars for numbers of embryos recovered are already

apparent. In addition, no embryos have been obtained yet from the several thousand buds

cultured of the interspecific cross between A. cepa and A. roylei, but we have already

obtained a few embryos from flowers from BC1 plants (A. cepa x (A. cepa x A. roylei)).

Time will tell whether the BC1 generation is truly more amenable to culture than the

interspecific Fl.

Table 2. Botrytis reaction summer 1999 in accessions of wild Allium.

Test at East Ithaca using misting equipment.

ID

A.galanthum 280091

A. galanthum 280565

A. galanthum 280566

A. galanthum 280666

A-galanthum 512034

A. pskemense 280576

A. pskemense 576922

A. roylei

Resistant

15

4

8

11

6

9

3

9

Total

70

71

67

68

72

67

34

27

% Resistant

21%

6%

12%

16%

8%

13%

9%

33%

1

1

1

1

1

I

1
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Table 3. Botrytis reaction summer 2000 in accessions of wild Allium.

Test at East Ithaca using misting equipment.

Candy

Spartan Banner

A. pskemense

PI 576922

A. oschaninii

PI 292163

A. altaicum

PI 280549

PI 280550

PI 280551

PI 280552

PI 280664

PI 369523

PI 483406

PI 576873

PI 576874

A. vavlovti

PI 281727

PI406677

PI 512035

Resistant

0

0

5

0

0

0

0

4

0

6

0

0

0

0

0

0

Tolerant

0

0

0

0

6?

4?

0

0

0

0

0

0

0

4?

0

0

Susceptible

196

175

2

22

35

40

53

45

48

60

35

22

20

56

40

40

Total

196

175

7

22

41

44

53

49

48

66

35

22

20

60

40

40

% Resistant or

Tolerant

0

0

71

0

10

0

0

8

0

9

0

0

0

0

0

0
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Abstract

A transformation system has been developed for onion (Allium cepa L). The H

transformation system is not dependent upon a particular cultivar and can be used in

conjunction with antibiotic, visual and herbicide based selection systems. Both nos and

CaMV35s promoter elements can be used to drive effective expression of selective or

marker genes. Initial transformants have been grown to maturity and the expression ofthe

gfp reporter gene analyzed in plant tissues. Transgenic plants have been selfed to generate

transgenic seed which in turn has been germinated to demonstrate stable inheritance of ]
the transgene. Transgenic plants containing antisense versions of alliinase genes have

been produced and preliminary data indicate that such constructs are capable of altering _

alliinase levels in the regenerated plants.

Introduction »

Successful transformation ofAllium species was first reported in 1998 (Eady et al.). |
Since then work has focused on applying the system both to further our understanding of

Allium biochemical pathways and to produce commercial cultivars of onions with 1*1

improved agronomic traits. In this paper we outline the progress that has been made j
towards these two goals and report on the stability, inheritance and expression ofgenes

introduced into onions. <**]

Stability, inheritance and expression of genes introduced into onions

Transgenic plants containing the CaMV35s driven gfp visual reporter gene were produced ^

in 1998 as described by Eady et al. (2000). Bulbs from these plants were sprouted in mid |
spring in a containment shade house. CaMV35s regulation in onion, as observed by GFP

expression, was essentially constitutive, and profiles of regulation were typical ofthose H

observed in dicotyledonous plants. Large scale inhibition of CaMV35s regulated gene \
expression, as demonstrated in other monocotyledonous species, was only observed in

one transformant. This plant expressed low levels ofGFP activity in a punctate pattern ™\

throughout the plant. GFP activity could not easily be seen in the green tissues ofplants J
due to the presence of chlorophyll. Activity was observed in roots, bulbs, young shoots,

petals, stamens (filaments, anthers, not pollen), carpels (stigmas, style, ovaries, and H

ovule), and stomatal guard cells. Of 12 initial independent transformants 11 flowered and '
set seed in a phenotypically normal manner. The other transformant produced a much

larger pipe, and flower buds produced aerial bulbils instead of flowers. "1

Umbels were self pollinated using green bottle flies in perforated plastic bags tied around

the umbel, and seed was allowed to mature on the plant for -2 months. Seed from the H
above plants were germinated and roots observed for GFP activity in order to determine '
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the inheritance pattern of the transgene (table 1). Plants typically displayed a Mendelian

pattern of inheritance with respect to the transgene.

Table 1

Transformant £°"them Total N,
v, "^ sown Germ.

% GFP GFP

Germ. positive negative
Ratio ChiPr3:l

ChiPr

15:1

98.8.1.1a

98.8.1.1b

98.9.2

97.15.-

98.7.2

Control

98.8.8.1a

98.8.8.1b

98.8.7.1

98.8.7.3

1

Nd

Nd

Nd

Nd

0

1

Nd

1

2

2610

90

510

240

90

270

4080

1950

540

150

1358

46

289

134

65

70

2172

1029

274

92

52.0

51.1

56.7

55.8

72.2

25.9

53.2

52.8

50.7

61.3

1039

0

217

126

57

0

1662

603

202

86

319

46

72

8

6

70

510

368

72

6

3.26

0.00

3.01

15.75

9.50

0.00

3.26

1.64

2.81

14.33

0.199

0.973

0.000

0.005

0.102

0.000

0.625

0.000

0.894

0.283

0.914

Transformant: year: experiment: plate: sector and plant

ChiPr3:l: probability from a Chi-squared test for goodness of fit of a 3:1 ratio

ChiPrl5:l: probability from a Chi-squared test for goodness of fit of a 15:1 ratio

Southern copy No.: copy number of at least one plant within the group analyzed
Nd: not determined.

Manipulation of alliinase levels

Transgenic onion plants were produced containing the following three T-DNA constructs:

Thirteen plants were produced using the three different construct (6 - 35s antisense root

alliinase, 5 -35s antisense bulb alliinase, and 2 -bulb promoter antisense bulb alliinase).

These plants were then analyzed for alliinase activity in root and bulb tissue. The

antisense root alliinase plants all had reduced alliinase activity in roots, unlike the control
- non transgenic onion root tissue. The greatest reduction in activity was just 24% of

control levels. The reduction in activity was probably due to a reduction in the amount of

enzyme present as Western analysis revealed a corresponding decrease in the amount of

enzyme present. The alliinase activity in the bulb of these plants was only slightly

reduced compared with control bulb tissue.

The 35s antisense bulb alliinase and bulb promoter antisense bulb alliinase plants were
analysed and all, bar one, had reduced levels of bulb alliinase activity compared to the
average level of alliinase in bulbs of non transgenic plants.
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Further characterization ofthese To plants is being undertaken. Plants exhibiting the >

greatest repression of alliinase activity will be investigated to determine the effect of such

a reduction on pungency and ability to stimulate the germination of S. cepivorum. "1

Herbicide Resistance

1
A modified pCambia 3301 vector containing the m-gfp-ER construct was created in order J

to transfer the 6ar gene, which confers resistance to phosphinothricin based herbicides.

Two experiments were undertaken, one relied solely on phosphinothricin selection, the j

other also used the presence ofGFP expression to confirm the nature ofthe putative

transgenic tissue. Three putative transformants were produced using just the

phosphinothricin based selection (approx 0.6% transformation frequency). One at least j

has been tested and was resistant to the herbicide Basta®. In addition the presence ofthe

bar gene was confirmed by Southern analysis. Only 1 plant was produced using the GFP ^

and phosphinothricin based selection (0.5% transformation frequency). This was later

shown to be sensitive to Basta®. Southern analysis showed that it lacked the bar gene but

contained the gfp gene. m

Three constructs containing a gene conferring resistance to the herbicide Roundup® have

been transferred to elite cultivars of onions in 18 experiments and selected using low ""1

levels of glyphosate. Under the best conditions putative transformants have been I
produced at a frequency of 0.5%. PCR analysis of these transformants indicated the

presence of the resistance gene. After these plants were sprayed with a 12mg /ml "I

solution of propriety glyphosate (-equivalent to maximum field application) they I
exhibited no detrimental affects, whilst control untransformed plants were dead within 2

weeks (Fig 1). ^
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Fig. 1. Two weeks after spraying with 12mg/l ofpropriety glyphosate. Left: non

transgenic onions not sprayed. Middle: transgenic and sprayed. Right: non transgenic and m

sprayed
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Introduction

The development ofan efficient system for genetic transformation is a valuable extension

of the tools for crop improvement. In order to establish a successful onion genetic

transformation system, two key factors should be taken into account. One is the

development of sophisticated methods to recover intact plants, either from fully

dedifferentiated tissue or from organized tissues that are easy to regenerate. The other is

the refinement of methods for the introduction ofexogenous DNA into Allium

germplasm.

Recently, Agrobacterium-mediated transformation ofmonocots has gained favor and

many transgenic plants have been obtained using specific Agrobacterium strains ( Hiei et

al., 1994; Rashid et al., 1996; Cheng et al., 1997; Tingay et al., 1997; Ishida et al., 1996;

Arencibia et al., 1998). It is already more than ten years since Klein et al. (1987) first

developed a high-velocity microprojectile method and demonstrated that epidermal tissue

of onion could take up foreign DNA sequences. Wang (1996) obtained transgenic leek

plants by particle bombardment with barnase gene and barstar gene, and it was shown

that the genes were present in the leek genome. Dommisse et al. (1990) demonstrated that

onion is also a host for Agrobacterium as evidenced by tumorigenic responses and opine

production inside these tumors. Recently, successes have been reported in the

transformation ofimmature embryos ofA. cepa using Agrobacterium tumefaciens (Eady
et al., 2000).

We have developed a reliable plant regeneration system from mature zygotic embryo-

derived callus from Allium cepa (Zheng et al., 1998). However we also showed that the

plant regeneration capacity of selected lines with a high regeneration potential

significantly decreased with time. Plant regeneration also proved to be highly dependent

upon the line used (Zheng et al., 1999). On the basis of these results we came to the

conclusion that only relatively young callus can be used for transformation. In this paper,

we summarize the research progress in our group concerning onion and shallot genetic

transformation.

The development of a transformation system

For the development of a reliable transformation protocol for onion and shallot, a large

number ofparameters were studied. The expression of the uidA gene coding for p-

glucuronidase was used as an indicator in the optimization of the protocol. Subspecies

(onion and shallot) and cultivar were important factors for successful transformations:

shallot was better than onion and with shallot cv. Kuning the best results were obtained.

Also, it was found that constantly reducing the size of the calli during subculturing and
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selection by chopping, thus enhancing exposure to the selective agent hygromycin,

improved the selection efficiency significantly. Furthermore, callus induction medium

and co-cultivation period showed a significant effect on successful stable transformation.

The usage of different Agrobacterium strains, callus ages, callus sources and osmotic

treatments during co-cultivation did not improve transformation efficiency. The highest

transformation frequency (1.95 %), was obtained using shallot cv. Kuning (Table 1).

A total of 11 independent transformed callus lines derived from zygotic embryos were

obtained: seven lines from shallot and four lines from onion. Large differences in plantlet

production were observed among these lines. The best line produced over 90 plantlets.

Via PCR the presence of the uidA and hpt (hygromycin phosphotransferase) genes could

be demonstrated in these putative transformed plants. Southern hybridization showed that

most lines originated from one transformation event. However, in one line plants were

obtained indicating the occurrence and rescue of at least three independent transformation

events.

Table 1. Summary of the onion and shallot transformation experiments

Agrobacterium tumefaciens EHA105 (pCAMBIA1301) and LBA4404 (pTOK233).

with

Strain/plasmid

LBA4404

(pTOK233)

LBA4404

(pTOK233)

EHA105

(pCAMBIA1301)

EHA105

(pCAMBIA1301)

EHA105

(pCAMBIA1301)

LBA4404

(pTOK233)

EHA105

(pCAMBIA1301)

Total

Cultivar

Kuning

(shallot)

Kuning

(shallot)

Kuning

(shallot)

Kuning

(shallot)

Kuning

(shallot)

Hyton

(onion)

Sturon

(onion)

Number of

callus

lines on

selective

medium

(A)

154

167

127

125

125

675

561

1934

Number of

surviving

callus

lines put

on

regenerati

on

medium

7

3

2

3

2

75

50

142

Number of

callus

lines

regenerati

ng

transgenic

plants (B)

3

1

1

1

1

1

3

11

Transformatio

n efficiency

(B/A, %)

1.95(3.25*)

0.60

0.79

0.80

0.80

0.15

0.53

0.57

Denote: * One line had at least 3 transgenic events. Therefore, there were a total of 5

events in this experiment. Iftransformation efficiency was calculated as number of

transgenic events/ number of callus lines used, then transformation efficiency was 3.25
%
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This suggested that T-DNA integration occurred in different cells within the callus. Most

transgenic plants only had one copy ofT-DNA integrated into their genomes. FISH

performed on 16 plants from two different lines representing two integration events,

showed that original T-DNA integration had taken place on the distal end of chromosome

1 or 5. A total of 83 transgenic plants were transferred to the greenhouse and these plants

appeared to be diploid and normal in morphology.

Using adaptor ligation PCR (AL-PCR; Choi et al. 1999; Spertini et al. 1999) we proved

that T-DNA was integrated into the A. cepa genome of three transgenic lines transformed

with Agrobacterium tumefaciens EHA105 (pCAMBIA 1301). The AL-PCR patterns

obtained were specific and reproducible for a given transgenic line. The results showed

that T-DNA integration took place and gave insight in the number ofT-DNA copies

present. Comparison ofAL-PCR and previously obtained genomic DNA blot

hybridization results pointed towards complex T-DNA integration patterns in some of the

transgenic plants. After cloning and sequencing the AL-PCR products, the junctions

between plant genomic DNA and the T-DNA insert could be analyzed in great detail. For

example it was shown that upon T-DNA integration a 66 bp genomic sequence was

deleted, and no filler DNA was inserted. Primers located within the left and right flanking

genomic DNA in transgenic shallot plants were used to recover the target site ofT-DNA

integration.

Discussion

The use of different subspecies proved to be a very important factor for regeneration in

our previous studies: shallots had a higher regeneration capacity than onions (Zheng et

al., 1998; 1999). Also in the transformation study, it was clear that shallot performed

better than onion (Table 1). Among shallot cultivars, cv. Kuning was much better than cv.

Atlas. Successful transformation of onion and shallot was also dependent on the lines

used. Some lines produced a lot of rapidly growing callus material and a lot of transgenic

plants: the best line from cv. Kuning even generated 90 individual plantlets. Interestingly,
in the aforementioned line, which was derived from a single embryo, at least three

independent transformation events occurred and were isolated. All in all, we have

developed a system for the production of stable transformants both for onion and shallot

using young callus derived from mature embryos inoculation using A. tumefaciens. A

large number of individual transgenic plants have been produced which grow currently in

the greenhouse. Our transformation method takes about six months to generate transgenic

onion and shallot plants from callus derived from mature zygotic embryos. Together with

Eady et al. (2000) we have shown that an Agrobacterium-mcdiaied gene transfer is now

available as a straightforward and routine method for the future genetic modification of
onion and shallot.

Characterization of transgenic plants can be carried out by histochemical, molecular or

genetic analysis. The histochemical assays, GUS or Green Fluorescent Protein (GFP)

demonstrate expression of introduced DNA sequences and activity of the foreign gene
products. Ofthe molecular methods, standard PCR only proves the evidence for the

presence of a foreign gene sequences; Southern hybridization demonstrates the presence,
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integration and copy number. Although Southern hybridization can be used to determine

the presence ofT-DNA and copy number, it becomes labor-intensive when many

samples have to be assayed, and it consumes relatively large amounts ofgenomic DNA.

This is especially true for large genome species, like lily, onion and tulip, where genome

sizes are much more than a hundred times larger than Arabidopsis (Arumuganathan &

Earle, 1991). Therefore, it is of importance to find an alternative technique for Southern

hybridization to prove stable integration of alien DNA into the host genome in large

genome species. Several approaches based on different PCR techniques to confirm stable

integration have been put forward (Campisi et al., 1999; Devic, et al., 1997; Does et al.,

1991; Liu et al., 1995; Mathur et al., 1998; McGarvey & Kaper, 1991; Padegimas &

Reichert, 1998; Spertini et al., 1999; Trueba & Johnson, 1996; Zhou et al., 1997).

However, most ofthe aforementioned techniques have only been applied in Arabidopsis

genome research. We have demonstrated for the first time that AL-PCR represents an

alternative to genomic DNA blot hybridization in the molecular characterization of

transgenic plants in large genome species such as Allium cepa. Together with the

sequencing data AL-PCR provided evidence for the true integration ofT-DNA derived

sequences into the Allium genome. Secondly, it allowed the determination of the T-DNA

copy number and their integrity. It was also possible to isolate and analyze nucleotide

sequence ofthe genomic area (target site) in which the T-DNA was inserted.

Table 2. Comparison of T-DNA copy number between genomic DNA blot hybridization

and AL-PCR in Allium cepa

Transgenic line

1

2

3

Genomic DNA blot

hybridization

1

1

1

AL-PCR

RB

2

3

1

LB

1

3

1

1

1

1

Comparison of the AL-PCR amplification results for the left and right border of the

different transgenic shallot lines showed no differences in fragment numbers for line 2

and line 3, i.e. three copies and one copy respectively. This could indicate that the

integrated copies were full-length. Genomic DNA blot analysis, using the hpt and uidA

genes as probes for line 3 supported this conclusion (Table 1; Zheng et al., 2000a). Here,

one full-length copy was integrated. However, for line 2 the genomic DNA blot analysis

suggested one copy. The difference between genomic DNA blot and AL-PCR could be

explained by assuming that this line contains one full-length copy next to very small T-

DNA fragments or next to a rather complex integration event with severe rearrangements.
For line 1 a discrepancy was observed in AL-PCR, i.e. RB AL-PCR resulted in two

fragments and LB AL-PCR resulted in a single fragment. The results obtained for line 1
could also be explained by assuming that next to a full-length T-DNA insert a truncated
T-DNA insert is present. Genomic DNA blot analysis results for this line obtained
previously (Zheng et al., 2000a) indicated merely the presence of one, full-length copy.

This line presumably contains one intact T-DNA copy together with one truncated copy

ffia
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'■ that is too small to allow detection by annealing based techniques such as genomic DNA

blot hybridization.

■ All in all, the transformation protocol developed in our group can also provide a starting

point for setting up protocols in other Attium crops. It will be clear that also in Allium

I modern plant breeding using advanced techniques like genetic transformation is possible.

1 It can be envisaged therefore that the application of this technique will undoubtedly lead
to the development ofnew high quality onion and shallot cultivars.
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Abstract

SSCP has been shown to be an efficient means to detect polymorphism in the 3' UTR of

many onion cDNAs and used to convert markers from the onion RFLP map to PCR

assays. Most markers converted in this manner have mapped on or adjacent to one of the

loci the cDNA detected as an RFLP in the 'AC43' x 'BYG15-23' cross. Mendelian

segregation of others that did not segregate in this cross has been confirmed in the

'Pukekohe Longkeeper' x 'Colossal Grano' cross we are using for QTL mapping ofbulb

composition. Expressed sequences putatively associated with the pungency differences

between parents ofthis cross are being sought by several methods so that QTL mapping

may be complemented by biochemical and genomic strategies. We have purified and

cloned an alliinase and y-glutamyl transpeptidase expressed in roots. cDNAs encoding

ATP-sulfurylase,, y-glutamyl cysteine synthetase, O-acetyl serine thiol lyase and two

classes of glutathione-S-transferases have also been cloned by RT-PCR strategies. A
cDNA library enriched for sequences upregulated by S starvation in roots has been

prepared as a source for EST sequencing and providing further candidate genes. Progress
in biochemical and genetic analysis of this pathway will be discussed.

Automated sequencing is generating a huge volume of gene sequence data from diverse

species, which will provide a rich resource for plant research and improvement this

century[l ]. Our challenge in minor crops with complex genomes such as the Allium

vegetables is how to economically use this data to aid genetic analysis, marker-aided

selection and other studies ofAllium biology. There is little public Allium DNA sequence

compared to other economic species. Application of PCR-based markers for Allium

genetics is as yet poorly developed and the challenges of using these in a very large

diploid genome are unclear. There are significant gaps in our knowledge ofthe pathways
and regulation ofAllium sulfur metabolism. This paper summarizes progress in onion

EST sequencing, development ofPCR-based genetic markers from ESTs and using ESTs
to aid studies of onion sulfur and carbohydrate metabolism.

Random Sequencing of Onion cDNA Libraries

Clones from cDNA libraries used to reveal RFLP in onion [2] have been sequenced and

deposited in Genbank EST division[3]. Both libraries were prepared from leaftissues and
contained a significant proportion of transcripts associated with photosynthesis.

Approximately 30% of the clones either matched uncharacterized Arabidopsis genes or
no database entries. This confirms that RFLP mapping with these libraries did not
provide a skewed transcript map of the onion genome.
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We have sequenced 500 clones from a cDNA library prepared at C&FR from innermost

foliage leaves of developing Tukekohe Longkeeper' (PLK) bulbs and -800 clones from ™|

one prepared from outer bulb scales at PRI. Homology searches identified several clones i

associated with metabolism ofalkyl cysteine sulfoxides and fructans (e.g.. sulfate

assimilation, y-glutamyl cycle, glutathione metabolism), which we are using as a source ""]
of genetic markers. Both libraries contain a number of clones showing homology with

domains of plant transposable elements (reverse transcriptase, transposase, gag) which

we are sequencing to determine if they are element transcripts, insertions in the 51 UTR H
ofgenes or genomic DNA contamination.

Homology Cloning and Library Enrichment

To better understand the basis for genotypic and GxE variation in onion bulb composition

we initially cloned a number ofgenes encoding key steps in the pathway leading from

sulfate assimilation to incorporation into sulfur-ammo acids. Full-length cDNAs were

obtained using a strategy based on RT-PCR using CODEHOP[4] design of 5' and 31

primers, followed by screening a root cDNA library constructed in Lambda ZapII. To ^

date full-length cDNAs for ATP-sulfurylase(ATPS), APS reductase, serine acetyl I

transferase and y-glutamyl cysteine synthetase have been obtained in this manner. To

complement this approach and to extend the choice of candidate cDNAs for mapping and ^

expression studies we have constructed a cDNA library enriched for sequences up- s

regulated by sulfate starvation. Northern analysis ofATPS expression in roots of

hydroponically grown PLK plants transferred to sulfate-free medium for 48 hours ^

confirmed strong up-regulation compared to controls. Starved and control RNA pools

were used in a PCR-based strategy (Clontech) to generate an enriched library, ofwhich

500 clones were sequenced. BLASTX analysis of clone homologies confirmed presence n

of S-assimilation genes (ATPS, sulfite reductase and sulfate transporters) as well as other i

transcripts commonly associated with stress responses such as ACC oxidase, aquaporins,

GST and SAM synthetase. A notable observation was the presence of a clone encoding ^

sucrose-sucrose-1 -fructosyltransferase (SSFT), a key enzyme that initiates fructan

biosynthesis. Preliminary Northern analysis confirmed up-regulation in S-starved roots.

Randle and Bussard[5] reported significant GxE effects on non-structural carbohydrate H

content of onions in response to S levels. Verifying these observations may provide '

insights into the basis for genetic correlation of pungency and dry matter content in

onions. "*)

Biochemical Genetics of Sulfur Metabolism Homology cloning and random

sequencing of bulb and enriched root libraries has provided cDNAs encoding all the "*]

known steps from S uptake to glutathione formation. We are using these to compare

expression of these genes in roots oftwo onion lines (PLK and 'Houston Grano') that

exhibit widely different bulb composition. We are also characterizing the biochemistry 1
and regulation of the cysteine synthetase/serine acetyl transferase complex, a key control

point for sulfur amino acid biosynthesis and coordination of sulfate and nitrate

assimilation. ^
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Studies ofthe genetics and regulation of S assimilation in AUium will be greatly

simplified by knowledge of the genes and regulation in other plant systems such as

Arabidopsis. Knowledge of the enzymes and pathways involved in the biosyntheses of

AUium ACSOs from cysteine and/or glutathione is still incomplete but will also be aided

by genomic approaches. Arabidopsis and Brassica contain methyl and ethyl cysteine

sulfoxides and we expect that these model systems will facilitate dissection ofthe

pathway to these compounds in AUium. Elucidation ofthe pathway leading to other

ACSOs will probably be achieved by a combination of'gene chip1 cDNA screening,

'reverse genetics' and traditional biochemical approaches. It is likely that many enzymes

involved are members ofgene families recruited and specialized for steps in ACSO

metabolism such as peptidases and transferases, which may complicate gene

identification.

Despite the small scale of onion EST sequencing to date we have identified genes of

interest for biochemical studies. A partial alliinase clone (AOB249) placed on the RFLP

map was observed to have low homology with other AUium alliinases. Earlier studies[6,

7] showed bulb alliinases did not hybridize to onion or garlic root Northern blots. Using

the AOB249 sequence we cloned a full-length cDNA by RT-PCR that was highly

expressed in onion roots and showed -50% amino acid homology to other alliinases. We

biochemically purified 2 isoforms of the enzyme from onion roots, confirmed identity

with the cDNA by peptide sequencing, and characterized their glycosylation[8]. They

show similar substrate specificity to bulb alliinases except for having cystine lyase

activity and presumably play a role in ACSO turnover in roots. Onion plants transformed

with an antisense version of the gene showed reduced root alliinase activity, indicating

potential ofantisense lines for future studies of onion sulfur metabolism (Eady he cit).

Another key enzyme involved in turnover ofACSOs is y-glutamyl transpeptidase

(GGT). Following earlier characterization ofGGT in sprouting onions bulbs[9]we

attempted to characterize the activity in roots. Although we used an RT-PCR strategy

based on plant GGT sequences to obtain a partial clone with high homology to plant,

animal and microbial GGTs our efforts to obtain a full-length clone by RACE or

hybridization have been unsuccessful. We also purified GGT activity (assayed with

Y-glutamyl p-nitroaniline/methionine) from PLK roots 240-fold and obtained N-terminal
sequence from the major product. This showed homology with Arabidopsis SCLPs

(serine-carboxypeptidase like proteins) a large family of proteins that include members
with acyltransferase activities involved in sinapate ester formation[10]. We are

determining expression patterns of the cloned gene and substrate specificity ofthe

enzyme to determine their in vivo significance in onion roots. Bulb library sequencing

identified other ESTs involved in y-glutamyl peptide metabolism that may also provide
tools for clarifying the role of peptides in AUium sulfur metabolism. We also identified

thiol-methyltransferase cDNAs in these libraries with homology to legume and
Arabidopsis genes which we are using to initiate studies of alkylation steps in ACSO
biosynthesis.
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Figure 1 Polymorphism in onion ESTs revealed by non-radioactive SSCP (i) Sucrose

synthase EST C630 in

parents and Fi ofA. cepa x

(i)

1.6 kb

lkb

5OObp

(ii)

ssDNA m\

hetero

dsDNA

*]homo

JdsDNA

roylei cross (ii) 3 putative

alleles revealed in samples

from 8 open-pollinated onion

lines in EST API43. Lines (L

to R) are AC43, BYG-15-23,

'Texas Grano', 'Pukekohe

Longkeeper', 'Colossal

Grano','Gladallan Brown',

W202A, 'Heian Keykei'

to

TZ.

Conversion of ESTs

PCR-based markers

Initial efforts to convert EST

sequences into useful PCR-

based genetic markers were based on restriction digestion ofPCR products (CAPs or

cleaved amplified polymorphic sequences). Several CAPs were mapped in the

interspecific cross A. cepa x A. roylei but efforts to find them in the onion RFLP mapping

population 'BYG15-23' x 'AC43' [2] were unproductive. We have shown that non-

radioactive SSCP methods provide a more practical and efficient means to detect

polymorphisms in both types of cross[3]. Best results have been obtained with PCR

products of 200-600 bp that either flank introns or include a substantial portion ofthe 31

UTR. PCR products are denatured, resolved on 6% acrylamide slab gels at 4 °C and

detected using Sybr Green II dye. We often resolve single-stranded, hetero- and

homoduplex DNA on a 16-20 cm slab gel, providing simple and sensitive resolution of

sequence variants in a PCR reaction (Fig 1-i). Banding patterns in samples from open-

pollinated onion populations suggest that heterozygosity and allele number may be

estimated by this procedure (fig 1-ii). Segregation analysis indicates that most assays

detect variation at a single locus and that reactions yielding products ofmore than one

locus can be readily identified. Out of 11 ESTs previously mapped as RFLP the SSCP

assays for 10 revealed a single locus within IOcM ofone ofthe RFLP loci revealed by

the cDNA. Approximately 50% of SSCPs are co-dominant and some dominant SSCP are

probably result from preferential allele amplification due to primer binding site mutation.

Further ESTs have exhibited Mendelian segregation during map development in the F2

population 'PLK x Colossal' which exhibits simple segregation for mono- vs

oligosaccharide content. We are exploiting polymorphism in the interspecific cross A.

cepa x A. roylei to place candidate ESTs on the Allium genetic map and have mapped 16

to date by SSCP. We conclude that ESTs will provide an abundant and informative

source of co-dominant markers to facilitate development ofPCR-based Allium gene
maps.
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Introduction r=,

i

Onion {Allium cepa L.) is one of the oldest among cultivated plant species. It has been in

use as a vegetable over 5000 years. The ancestral species ofA. cepa is unknown (Jones _

1983). It is likely that during domestication a number of desirable traits are lost. Wild |
close relative species may represent an alternative source of desirable traits. A. fistulosum

and A. roylei are two closely related species to onion. Both species harbor a number of „,

valuable agronomic traits for onion breeding. In A. fistulosum resistance genes are present |
against Botrytis squamosa (Currah and Maude 1984), Pyrenochaeta terrestris (Netzer et

al. 1984), Colletotrichum gloeospohoides (Galvan et al. 1997), Urocystis cepulea and «*,

OYDV (Rabinowitch 1997), whereas in A. roylei resistances are present against j

Peronospora destructor (Kofoet et al. 1990) and Botrytis squamosa (De Vries et al.

1992a). In addition, A. fistulosum has a higher dry matter content, is more pungent and «*>

winter hardy, flower earlier, has a shorter flowering period and has a higher attractiveness i
for pollinators than onion (van der Meer and van Bennekom 1978). Therefore, ample

attention has been given to the introgression of genes from A. fistulosum to A. cepa. The n

first attempts to introgress genes from A. fistulosum into A. cepa were reported by !

Emsweller and Jones (1935). However these were not successful and until present most

endeavours to introgress genes from A. fistulosum to A. cepa have failed, because of "*!

hybrid breakdown. It has been suggested by Ulloa et al. (1995) that such sterility is due to !

an imbalance between the nuclear and cytoplasmic genomes. Van der Meer and De Vries

(1990) and McCollum (1982) showed that A. roylei crosses readily with A. cepa and A H

fistulosum respectively. From these observations the idea was born to use A. roylei as a J
bridging species between A. fistulosum and A. cepa. Firstly crosses were made between

both wild species, secondly the interspecific hybrids (A. fistulosum x A. roylei) were

crossed with A. cepa and thirdly repeated crosses were made with A. cepa. To follow the

introgression process we used molecular cytogenetic markers, specifically, we used

Genomic In Situ Hybridization (GISH). 1

Multi-colour genomic in situ hybridization technique (GISH)

In brief, the GISH method involves labelling by nick translation oftotal genomic DNA H
from one species with molecules such as biotin or digoxigenin as a probe. Chromosome '

spreads are made from root tips or pollen mother cells (PMCs). The probe is denatured to

make the DNA single stranded, added to the chromosome preparation and heated to ■

denature the chromosome preparation. The probe and target chromosomal DNA are

allowed to reanneal to form double-stranded helixes. We then detect sites of stable

hybridization using fluorescent labels. To reduce cross hybridization of labelled DNA j
from one parental species with chromosomal DNA ofanother parental species, we used

unlabelled genomic DNA ofone of the parental species as a block. A prerequisite for . ^
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successful GISH is that parental genomes are well differentiated from each other, i.e.

parental genomes contain different repetitive DNA families. A. cepa, A. fistulosum and

A. roylei are positioned into a single section, namely Cepa, on basis of the diversity in

the nuclear DNA (van Raamsdonk et al. 2000). Therefore, we first analysed whether the

three parental Allium genomes could be distinguished from each other in interspecific

hybrids before we analysed the genome organization in the bridge cross A. cepa x (A.

fistulosum x A. roylei). GISH study in interspecific hybrids A. cepa x A. roylei, A. cepa x

A.fistulosum and A.fistulosum x A. roylei snowed that all three Allium genomes are well

distinguished. Moreover, pronounced fluorescence signals were present in the telomeric

region of all A.fistulosum chromosomes, except on the short arm of the NOR-bearing

chromosome 6, in the case of using A.fistulosum genomic DNA as a probe. (Khrustaleva

& Kik 1998). With A. fistulosum as a block and A. cepa genomic DNA as a probe, the

terminal region ofA. fistulosum chromosomes revealed no signal (Hizume 1994).

According to these GISH studies we presume that A.fistulosum possesses a species-

specific sequence in the terminal ends of its chromosomes. This species-specific

sequence probably has no homology with the 375 bp satellite sequence that is present in

the terminal chromosomal region of all these three species (Pich et al. 1996, Stevenson et

al. 1999). To study the introgression process in complex bridge-cross genotypes (three

genomes in one genotype) we developed a unique multi-color GISH technique

(Khrustaleva & Kik 1998). We labelled simultaneously two constituent species

A. fistulosum and A. roylei with FITC (green fluorochrome) and Biotin (detected with

CY3 - red fluorochrome) correspondingly. The chromosomal DNA ofA. cepa was

blocked with A. cepa genomic DNA. To visualise theA cepa chromosomes using a UV-

light microscope, counterstaining with DAPI (blue fluorochrome) was applied.

GISH study of the first generation bridge-cross

Mitosis

The aim ofthis research is to prove: 1) if the bridge-cross individual plants consist of

three genomes in one genotype; 2) if recombination between A.fistulosum and A. roylei

takes place randomly. A conspicuous difference exists in chiasma distribution between A.

roylei and A.fistulosum. Chiasmata of A. roylei (De Vries et al. 1992b) are randomly

distributed and chiasmata ofA. fistulosum are localised adjacent to the centromere

(Levan 1933).

The first generation bridge-cross plants were produced using A. cepa as a female parent

and the interspecific hybrid between A.fistulosum and A. roylei as a male parent. Two

types of crosses were carried out: in one cross (accession 89447, 3 plant analysed, Table

1) the interspecific hybrid between A. fistulosum and A. roylei that possesses A.

fistulosum cytoplasm was used and in the other two crosses the reciprocal interspecific

hybrid with A. roylei cytoplasm was used (accession 96282 and 96284, 1 and 2 plants

analysed, respectively) The three parental genomes could be clearly identified in each

individual bridge-cross plant by multi-colour GISH. Idiograms of the karyotypes ofthe

six accessions were constructed (Fig. 1).
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Table 1. A description of the accessions investigated.

Accession'

93058

97001

84236

79150

84038

86184

91021

89447

96284

97056

'Code

CC

CC

CC

FF

RR

FR

RF

CCx

CCx

CCx

b Parent(s)
A. cepa (A line)

A. cepa cv. Hyduro

A. cepa cv. Maxima

A. fistulosum

A. roylei

84236-10 dx 79150
84038-10x84236-2

RF Maxima x 86184

FR 93058-4x91021-8

CFR 97001x96284-4

ne

-

-

-

-

121

35

20

360

55

Origin

PRI, Wageningen, The Netherlands

BGS, Broek op Langedijk, TN

Advanta, Rilland, TN

Botanical Garden, Odessa, Ukraine

C502, Beltsville, USA

PRI
44

44

44

4i

1

I

a PRI accession number; PRI: Plant Research International

b C, F and R represent one genome ofA. cepa, A. fistulosum and A. roylei respectively
c n, number of seeds obtained

d A number behind a dash of an accession indicates that one plant was used for crossing

The median number of recombination points per chromosome ranged from 0.5-2.0. In !
general the recombination points were randomly distributed over the chromosomes.

Although we observed the tendency for a higher number of recombination points in the "*]
distal area and a lower number in the proximal area of a chromosome arm when the male

parent ofthe bridge-cross population possessed the cytoplasm ofA. roylei compared to

the case in which the male parent carried the A. fistulosum cytoplasm. Nothing is known j

about nucleo-cytoplasmic interactions in the interspecific hybrid between these two

species. Only De Vries et al. (1992c) reported that in reciprocal crosses between both _

species the number of univalents was 2.5 times higher in A. roylei cytoplasm than in A. j
fistulosum cytoplasm.

Meiosis j

In order to determine the likelihood of successful gene transfer from A. fistulosum and A.

roylei into onion, we established the frequency and distribution of recombination points «

between the parental genomes. The difference in DNA amount (33.5 A. cepa, 28.5 A. j

roylei, 22.5 A. fistulosum in pg /2C; Labani and Elkington 1987) and chiasma distribution

between the three parental species (A. cepa non-localised, but mostly in interstitial and ™«

distal regions, Albini & Jones 1990, for A. roylei and A. fistulosum see above) did not \
prevent chromosome pairing and subsequent crossing-over in the male meiosis of the first

generation bridge-cross. Percentage ofbound bivalent arms was considerable (82.6%; ^

Khrustaleva & Kik 1998). GISH analysis of the PMCs in anaphase 1 and prophase 2 1

showed a high frequency of recombination between the three genomes. Seventy-three

percent of the chromosomes proved to be recombinant (Khrustaleva & Kik 2000). n

i

A very important fundamental question arose during this study: does the 1: 1

correspondence between chiasmata and recombination truly takes place? This **}
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correspondence is generally accepted in classical genetics since 1909 when Janssens

advanced the partial chiasmatype theory. Recently, the paradigm that chiasmata and

meiotic recombination have an identical physical basis has been challenged (Gill et al.

1995, Sybenga 1996, Takahashi et al. 1997). Our GISH results undoubtedly demonstrated

that chiasma counts at metaphase 1 are lower than the frequency of recombination points

observed at anaphase 1 and prophase 2 (Table 2). How to explain this intriguing

discrepancy between chiasmata and recombination? For instance, this could happen when

two closely spaced crossovers are misidentified as a single chiasma or when some

crossovers are not manifested as chiasmata. According to Moens (1996) the amount of

sister chromatid cohesion in the case of a very short distance between two crossovers that

involve the same chromatids is not enough to withstand chromosome repulsion and

consequently no chiasma instead oftwo chiasmata are observed. Armstrong et al. (1998)

added to this discussion that two closely adjacent crossovers are supported by chiasmata,

however they can not be resolved by eye and appear as a single chiasma. Normally the

distance between two chiasmata is sufficient due to the interference effect and two

chiasmata are observed. However when irregularities occur in the synaptonemal complex

this could result in the occurrence ofcrossovers which are very close to each other.

Disturbance of synapsis has been reported to take place in interspecific hybrids between

A. fistulosum and A. cepa (Albini and Jones 1990). In the framework of this discussion, it

would be of great interest to know how physically close two chiasmata can be formed

and what the strength of sister chromatid cohesion must be to oppose the chromosome

repulsion force in order to stabilise chiasmata.

Table 2. Frequency of crossover points in PMCs at anaphase 1 and prophase 2 of the

first generation bridge-cross (accession 89447-1)

/i=0

26.7 %

44.1 %

n=l

50.7 °,

41.1°,

Number ofchromosomes with

«=2

Observed (GISH at anaphase 1

14.7%

Expected (chiasma analysis at

14.4 %

n recombination points

n=3

and prophase 2)

6.7 %

metaphase 1)

0.4 %

n=4

1.3%

0
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Figure 1: Idiogrammes of GISH kaiyotypes in

the first generation bridge cross, a. accession:

89447-8, b. 96284-4 (the male parent of

the second generation bridge-cross population),

c. 96282-3, d. 89447-1, e. 96284-12, f. 89447-9.

□ A. fistulosum and ■ A.roylei
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Figure 2: Idiogrammes of GISH karyotypes in

the second generation bridge-cross, a. accession

97056-7, b. 97056-8, c. 97056-5, d. 97056-11,

e. 97056-4, f. 97056-6, g. 97056-3, h. 96056-12..
□ A. fistulosum, W& A. cepa and ■ A.roylei

GISH study of the second generation bridge-cross

GISH study of meiotic chromosomes in the first generation bridge-cross showed that
introgression ofA. fistulosum and A. roylei DNA into A. cepa chromosomes took place.

However, we need to prove if the gametes containing the recombinant chromosomes are

viable and can reach the progeny. Our observation of mitotic chromosomes of the second

generation bridge-cross gives strong evidence that introgression ofA. fistulosum and A.

roylei chromosomal segments into A. cepa genome is possible. The second generation

bridge-cross population was produced by using A. cepa as the female parent and a first

generation bridge-cross plant as the male parent. A GISH study was carried out on 8

individual plants which were randomly chosen from one population of the second

generation bridge-cross. Idiogrammes of karyotypes of 8 second generation bridge-cross

individuals were constructed (Fig. 2). The mean recombination frequency per haploid

genome was 7.88. Almost every A. cepa chromosome originating from the male parent

possessed a segment from A. fistulosum and/orA roylei. The median number of

recombination points per individual chromosome ranged from 0.5 to 2.0. Recombination

occurred randomly in distal, interstitial and proximal chromosome regions (y22= 1.24,
0.5<P<0.7).

Pollen fertility of the second generation bridge-cross

It is obvious that fertility of the second generation bridge-cross is very important for

introgression breeding. One population of the second generation bridge-crosses was

brought into a one year breeding cycle and pollen fertility was analysed. The percentage
ofpollen fertility ranged from 0 up to 100. Some plants were fully fertile (93-95%), some

one produced sterile pollen and another one produced no pollen at all. An explanation of

this difference in pollen fertility is the use ofCMS onion plants as female parents: only
bridge-cross plants which possessed the restorer gene(s) for the CMS-T cytoplasm

present in A. roylei (De Vries and Wietsma 1992) are fertile. However there are also

indications that the incompatibility between parental genomes is present. In this case

other A. roylei genes involved in male sexual reproduction are probably lacking. It is

possible that the presence of these genes circumvents or restores the nucleo-cytoplasmic
imbalance that leads to sterility in the A. cepa x (A. cepa x A. fistulosum) backcross.

Analysis of a larger second generation bridge-cross population from which the pollen
fertility and the GISH karyotype is known per plant will allow the determination of the

location of the restorer gene(s) and the genes involved in the male sexual reproduction
system.

Conclusions

In this study we have shown for the first time that stable introgression ofA. fistulosum

into the genome ofA. cepa is possible. The approach that has been followed was to cross
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firstly A. fistulosum with A. roylei and then to cross this interspecific hybrid with A. cepa: >
the so-called bridge-cross approach. By means of this bridge-cross not only genes from
A. fistulosum can be introgressed into A. cepa but simultaneously also genes from A. j
roylei. The introgression process was followed in detail using multi-color GISH. GISH '

analyses of second generation bridge-cross individuals showed that a large number of
chromosomes were recombined, thus providing clear evidence that the gene-pool 1

approach is a promising method to introgress A. fistulosum and A. roylei genes into the

onion genome. The challenge for the future will be to map these genes and to stably
introgress them into the onion germplasm. The use of molecular markers as well as GISH j
and high-resolution fluorescence in situ hybridization will greatly facilitate this process.
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Abstract

Successful haploid induction via gynogenesis was published more or less simultaneously

in three laboratories one decade ago. Hybrid varieties produced from genetically uniform

lines of onion are supposed to be superior to open pollinated varieties and conventional

hybrids due to their higher uniformity and expressed heterosis, gynogenic lines can also

serve as optimal material for several basic genetic studies. Modifications ofthe

technique, published by Muren (1989) are still mainly accepted as optimal. Despite more

than a decade of research several problems remain to be solved to overcome low

gynogenic induction ability ofmajority of non-selected genotypes and to enable

formation of fertile doubled haploid lines. A series of experiments was performed to

identify procedure for improved gynogenic ability of low-responsive lines or to analyze

genetic effect in hybrids between responsive and low-responsive lines. To overcome

difficulties associated with genome doubling a novel approach consisting of exposure of

embryos immediately after induction by various treatments was tested on a large number

ofhaploid regenerants.

Studies of genotype dependant induction frequency

It was shown previously (Geoffriau et al. 1997; Javornik et al. 1998; Bohanec and Jakse,

1999, Michalik et al. 2000) that in onion gynogenic induction frequency largely depends

on the genotype of donor plants. We wanted to test whether the high induction ability can

be passed to the progeny after hybridization with a non-responsive line. Results are

presented in the Table 1.

Table 1: Hybrids among responsive and non-responsive parent lines (17,190 flowers

cultured producing 2,187 embryos).

female

parent

B2923B

B1717A

B2317C

MSU 5785B

embryos

formed

(%)

20.7

1.9

1.4

•

male

parent

B171

7A

B292

3B

B292

3B

B292

3B

embryos

formed

(%)
1.9

20.7

20.7

20.7

hybrid

B2923BxB1717A

B1717AxB2923B

B2317CxB2923B

MSU 5785Bx

B2923B

embryos

formed

(%)

8.7

17.5

13.5

14.1

iw,

^M

P7T!
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It can be concluded, that responsiveness of Fj progenies were relatively high suggesting

high heritability of this trait. However due to high variability within partially inbred lines

used in the studies, reciprocal effects noted can not yet be confirmed, therefore further

studies based on single plant responsiveness are needed.

Alternative induction approach

The serious drawback of onion gynogenesis induction is a low responsiveness of several

agriculturally important lines. Most published results have focused on the improvement

ofmedia composition during the culture of unpollinated flowers, ovaries or ovules. Here

we present the first data on the new approach consisting of treatment of onion

inflorescences prior to inoculation of flower buds. The scape (hollow inflorescence stalk)

was filled with a solution of2,4-D at the time when the first flowers developed to the

stage that can be inoculated for haploid induction. At 2 d intervals, 60 most mature

flowers were cut and inoculated following previously published procedure (Bohanec and

JakSe, 1999). Results are presented in Tables 2-4.

Table 2: Injection of 100 mg/12,4-D followed by inoculation on media containing 2 mg/1
2,4-D + 2 mg/1 BAP.

Individual

plants

line responsiveness

Odays

2 days

4 days

6 days

8 days

10 days

12 days

B1717Bx

B2923B

29/3

17,5

20,0

10,0

8,3

11,7

6,7

1,7

B1717Bx

B2923B

29/6

17,5

11,7

26,7

25,0

15,0

18,3

B2923B

17/1

20,7

50,0

40,0

91,7

45,0

43,3

23,3

B2923B

17/2

20,7

95,0

76,7

55,0

35,0

15,0

MSU5785

BxB2923

B

89

14,1

51,7

90,0

65,0

16,7

13,3

3,3

0,0
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Table 3: Injection of 50 mg/12,4-D followed by inoculation on media containing 2 mg/1

2,4-D + 2 mg/1 BAP.

Individual

plants

line

responsiveness

Odays

2 days

4 days

6 days

8 days

10 days

12 days

14 days

16 days

MSU399BD1

4,2

8,3

1,7

10,0

10,0

3,3

3,3

5,0

6,7

1,7

MSU2399B

D2

4,2

0,0

8,3

13,3

3,3

8,3

6,7

0,0

1,7

1,7

B1828A

Dl

1,4

0,0

0,0

0,0

6,6

0,0

5,0

0,0

10,0

6,7

B1828A

D2

1,4

5,0

3,3

5,0

1,7

0,0

5,0

21,7

11,7

3,3

Table 4: Injection of 100 mg/1 2,4-D followed by inoculation on media containing 2 mg/1

BAP without 2,4-D.

Individual

plants

line

responsiveness

Odays

2 days

4 days

6 days

8 days

10 days

B1828B

2

0,8

0,0

0,0

5,0

3,3

0,0

0,0

MSU2399B

3

4,2

5,0

0,0

1,7

1,7

5,0

0,0

MSU2399B

4

4,2

16,7

0,0

0,0

1,7

10,0

3,3

According to these results achieved we can conclude that for plants from higher

responsive lines (Tab. 2) either no treatment (0 days) or 2 or 4 day treatments resulted in

optimal response. Lines with lower responsiveness and treated with lower concentration

of 2,4-D responded differently (Tab 3.), namely induction percentage in the line with the

lowest response was highest on the 12th and the 14th day after treatment. Response
achieved was much higher than the line average. When 2,4-D was applied only to the

scapes and was not included in media (Tab. 4) surprisingly control plants without any

2,4-D treatment produced most embryos suggesting, that for some onion lines, showing

lower responsiveness on standard 2,4-D containing media, omitting this auxin is

beneficial.

We can conclude, that these first injection experiments showed that response ofsome

lines can be improved with such modification of the procedure and that the role of the

auxin 2,4-D need to be more carefully examined.

pro

"1

1

1

(™.i)
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Diploidization of haploid embryos

Based on the observation of large numbers of embryos formed in previous studies

showing that more than 90% remained haploid, direct treatments of embryos immediately

after sprouting out of ovaries was tested. During the three year trials a total of around

8000 embryos were tested. Treatments included the use oftwo antimitotic agents oryzalin

and APM at 2.5, 5, 7.5,10,25,50,75 uM concentration, vacuum treatments at 3 levels in

liquid medium for 0.5 or 1 hour and treatments on the solid medium for 1 or 3 days.

Briefly, results can be summarized that efficiency of vacuum infiltration of antimitotic

agents was similar at all reduced pressures, 3 day treatment on the solid medium was

more efficient but more toxic, especially when oryzalin was used.

50 uM treatments was more effective than 10 uM treatments with both substances but

especially oryzalin was toxic to plants at this concentration. Using this method it was

occasionally possible to produce seeds of selfed doubled haploids in only 15 months.
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Introduction

Mapping studies in onion have thus far been scarce. Only recently

King et al. (1998) presented a low-density genetic map of

restriction fragment length polymorphisms (RFLPs) based on an

intraspecific onion cross. Van Heusden et al. (2000) presented a

genetic map based on the segregation of 505 polymorphic

amplified fragment length polymorphisms (AFLP) in F2 offspring

of the interspecific cross A. roylei x A. cepa. The genetic linkage

map based on A. cepa markers consisted of eight linkage groups

with 262 markers about 700 of the expected 800 cM.

Fig. 1 Flower

ofA. royleiResults and Discussion

Linkage map.

Our specific aim is to establish a robust, genetic linkage map of A. cepa based on PCR-

markers. This map can be used to add other markers e.g. candidate genes and resistance

gene analogs. To validate the linkage groups identified in the study of van Heusden et al.

(2000) we used a complete set of monosomic addition lines of A. cepa (shallot)

chromosomes in an A. fistulosum background (Shigyo et al. 1996). Markers were looked

for which were present in both A. cepa cv. Jumbo and in shallot but not present in A.

roylei and A. fistulosum (figure 2). 51 of these markers were used to improve the genetic

linkage map and to assign the A. cepa linkage groups to the physical chromosomes (van

Heusden and Shigyo et al. 2000).

rro

1

I A.fistulosum- shallot monosomic addition lines

'J 2_J456__7_

220 bp -»

Fig. 2. Part of

an AFLP-

profile with a

clear

identification

ofA. cepa and

chromosome-

specific

markers.
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Specific markers.

Located on the linkage map are a number of isozymes: Lap-\, Got-\, 6-Pgdh-2, Mdh-J,

Pgm-\, Idh-\, Pgi-l. A second class of specific markers are based on sequences of the

probes used in the RFLP-mapping study ofKing et al. (1998). Polymorphisms between

A. cepa cv. Jumbo and A roylei were found in a number of ways: (a) amplification of a

product in A. cepa and not in A. roylei; (b) differences in restriction sites (CAPS, cleaved

amplified polymorphic sequence); (c) single stranded conformation polymorphisms

(SSCP; McCallum et al. in press). With these methods a number ofthese markers were

integrated in the linkage map (AOB262, AJK295, API21, OJ39, AJK265, AOB162,

API 10, API73 and OJ8). Three other markers (API76, API53 and API32) of this class

were not significantly linked to any ofthe linkage groups. These three unlinked markers

(but linked to each other) must be located in a region of the genetic linkage map not

covered by other markers indicating that the map is not complete yet. A third class of

specific markers are based on sequences generated by several ongoing cDNA-projects.

Inventarisation of these sequences results in a number ofgenes possibly involved in

certain metabolic pathways. Our special interest is in genes with a possible function in

the sulphur and in the carbohydrate metabolisms. A number ofthese genes have been

integrated in the map (genes with EST-homology to: sucrose sucrose 1 -

fructosyltransferase, mannose specific lectin, APS-reductase, y-glutamylcysteine
synthase, sucrose synthase, ATP-sulfurylase, alliinase).

Comparing different genetic linkage maps.

The linkage groups based on markers originating from A. cepa and those based on

A. roylei markers were not integrated because ofthe small size of the mapping population

and the dominant character ofthe AFLP marker. Co-dominant markers can link parental

and maternal maps and markers based on the cDNA probes used in the mapping study of

King et al. (1998) make it possible to look for correspondence between RFLP-linkage

groups and AFLP-linkage groups. This has been successfully done for several linkage

groups (for instance 5 different markers show that A. cepa chromosome 2 corresponds
to A. roylei linkage group 1 and to RFLP linkage group B).

New marker systems

One of the prerequisites for future marker research will be a high-throughput system to

analyse in a short and cost-effective way a large number of plants or a large number of

markers. Analyses based on single nucleotide polymorphisms (SNPs) have this potential.

We started an inventarisation of the level of SNPs in Allium, to do this we analyzed four
onion cultivars and two wild relatives of onion (A. cepa cv. Jumbo, A. cepa cv.

Bessonovski, A. cepa cv. Sweet onion, A. cepa cv. Texas Early Grano, A. fistulosum, A.

roylei). About a 1000 basepairs were analyzed (divided over four different genes). The

results didn't show a single SNP between the four A. cepa accessions and 1.2% resp.
0.8% SNPs among A. cepa and A. fistulosum resp. A. roylei.

Future research

The SSCP method will be used to map a larger number of possible interesting genes on
the A. cepa linkage groups. Co-dominant scoring of these markers will also allow a
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further alignment ofA. cepa and A. roylei linkage groups. More markers based on probes I

of the RFLP-study will allow further alignment ofthe RFLP and AFLP linkage maps.

This will especially focus on linkage groups known to harbor important Quantitative

Trait Loci. This will make a comparison possible between the results obtained in the two

mapping populations. Will QTLs for carbohydrate metabolism detected by Galmarini et

al. (in press) be located in the same chromosomal regions as the QTLs that will be

detected in other studies (Kik et al. 1997)? SNPs will be used to design specific primers

and the analysis of a number ofmethods for high throughput marker determination will

be possible (e.g. SNaPshot analysis, pyrosequencing, DNA-microarrays). The level ofA.

cepa intraspecific SNPs will also be investigated in non-coding regions. The results of

these studies will be of great importance for the use of SNPs in future genetic studies in

Allium. I
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Garlic Session

Seed producing ability of garlic {Allium sativum L.) clones from two public U. S.

collections

Maria M. Jenderek1 and Richard M. Hannan2. USDA, ARS, NPGS, ' NALPGRU, 9746
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Abstract

Despite several reports of successful seed production in garlic {Allium sativum L.),

identifying fertile germplasm of garlic still presents a significant challenge to breeders.

In a two-year study carried out at the Arid Land Plant Germplasm Resource Unit at

Parlier, CA 64 scape-forming accessions were screened. These originated from the

USDA, National Plant Germplasm System and the University of Wisconsin in Madison

garlic collections. Of these, 36 seed producing accessions were identified. Two different

inflorescence shapes, described as "ball" and "brush", were observed. The number of

flowers depended on the umbel shape and varied from 5 to 50 in the brush shaped

umbels, to over 200 flowers in the ball shaped umbels. Only one accession (PI 540340),

shown to have viable pollen using an in vitro assay, had yellow anthers. Anthers of all

other accessions tested were purple. Viability of pollen tested in vitro ranged from 48%

(PI 540362) to 98% (W6 1885 and U074). In addition to bulbil development in the

inflorescence, other morphological characteristics, such as lack of natural opening of

spathe on umbels and splitting of peduncles, were detrimental in the generative

reproduction of garlic. Among seed bearing plant clones, the number of seeds produced

in the first propagation cycle varied from 0 to 85 per umbel (PI 383819), and the total of

about 14,000 seeds were harvested. The number of seeds produced in this study is not as

much as productivity reported in recent literature. At least 7 accessions from the NPGS

collection and 3 clones from the UW collection presented useful starting material for

development of garlic fertile lines. Evaluation of other characteristics influencing fertility

of the species as well as the search for new seed bearing germplasm is underway.

Introduction

Successful seed production in garlic {Allium sativum L.) has been reported in the

literature by several authors. Konvicka (1984) produced 41 seeds from which 17 plants

were established. In 1988, Etoh et al. reported 19,369 seeds harvested. Pooler and

Simon (1994) obtained 655 seeds from which 63 germinated and 5 plants were

established. The best production of garlic seeds was reported by Inaba et al. (1995) with

50,000 seeds, and Jenderek (1998) with 1,242,000 seeds. It is clear that A sativum can

be successfully propagated generatively, but it requires genetically fertile germplasm and

some specialized cultural practices to promote anthesis. Fertile germplasm has not been

readily accessible and/or described. The objective of this study was to evaluate selected

garlic clones from the USDA, ARS, National Plant Germplasm System (NPGS) and the

University of Wisconsin in Madison (Dr. P. Simon) public collections for seed

production potential.
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Material and Method "1

The NPGS collection has 195 accessions ofA. sativum and 10 accessions ofA.

longicuspis, originating from 27 different countries in addition to the United States. In

1999-2000,49 accessions were evaluated (44 A. sativum and 5 A. longicuspis) from the ^

NPGS collection and 15 accessions from the UW collection were screened. '

Cloves ofthe material were planted in fall 1998 at the USDA-ARS research farm at the 1

National Arid Land Plant Germplasm Resource Unit, Parlier, CA. Plants were grown

under similar agricultural practices as garlic grown in the production fields to the time

spathe surrounding flower heads split naturally on several plants. At this time, bulbils H
present in the inflorescence were removed mechanically, using a forceps. '

Results and Discussion

Of the 64 accessions evaluated, 36 accessions produced varied amounts of seeds (from 0

to 85 seeds/umbel). The best 10 seed producers identified in this study were PI 383819

{A. sativum) - 85.0, PI 540315 {A. longicuspis) - 48.5, W6 12820 (A. longicuspis) - 26.4,

DDR 6038 (A. sativum) - 22.8, PI 540319 (A. sativum) - 17.6, PI 491116 (A. sativum

var. ophioscorodon) - 15.4, PI 493099 (A. longicuspis) - 12.5, RAL 27 {A. sativum) - _

11.8, PI 540337 (A. sativum) - 11.7 and R 81 (A. longicuspis) - 6.9 seeds per umbel. j

The number of fully developed flowers in seed bearing plants ranged from 5 to over 200 ™

per inflorescence. The lower flower numbers (5 to 50) were observed in brush shaped [
flower umbels, and much higher numbers of flowers (>200) were present in round, ball

shaped umbels. There were 32 seed bearing accessions with round umbels. Anthers of ^

male fertile plants were purple, except for few plants of accession PI 540340 (A.

sativum), which had yellow anthers. Pollen viability was tested on a medium with 15%

sucrose and 1% agar. On this media the pollen viability ranged between 98.3% (U 074) ^

and 48.7% (PI 540362). The fraction of grains with pollen tubes germinated was from 0

to 46.0% (DDR 6038), and the percent of viable pollen in the yellow anthers was 68.6%,

from which 30.1% developed pollen tubes. «i

j

It seemed that the major roadblock to seed development in accessions with seed bearing

potential was the presence ofbulbils in the inflorescences. If not removed, the bulbils 1

inhibited the development ofbuds to mature flowers. The splitting of peduncles that lead

to senescence of the whole flower stalks also eliminated plants from potential seed

development. Lastly, the lack of natural spathe splitting and opening ability added 1,

another factor to the already labor consuming process ofproducing true garlic seeds from

vegetatively propagated plants.

In this evaluation the total number of seeds produced by all plants of the 36 seed bearing

accessions was over 14,000 seeds. Although the seed amount reported here is lower than

that reported in other literature (Etoh et al., 1988, Inaba et a!., 1994 and Jenderek, 1998), "1

the contribution ofthis study is that it identifies freely accessible public germplasm that
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I may be used by researchers and breeders involved in garlic genetics and variety

improvement.
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Abstract

A priority subset was selected from the large garlic collection ofthe Gatersleben H
genebank and was characterised in the last years. The European GenRes Core collection

was established from this subset considering highest diversity of its representatives. In

vitro slow growth storage cycles have been improved using hormone media. Virus ^
elimination was successful: the virus-free status has been proven by ELISA tests for five

viruses. Cryopreservation of bulbil-derived apex explants was performed by vitrification.

The standard accession All 290 has been compared with other genotypes. The \

vitrification method has been compared with the droplet method derived from potato

cryopreservation.

Introduction

Large plant collections are very often faced by logistic problems to manage all the ^

accessions in the same manner. Therefore, it is a common practice to select a part of the

total number in form of representative core collection parameters for which have to be

previously defined. It is necessary to emphasize that the core collection concept does not r*,

mean that the material outside this frame can be neglected or discarded. The core !

collection is rather a tool to enable a broader users' and researchers' community to rely

on the same material and, therefore, to make research and utilisation more efficient. "j

!

The Genebank Department of IPK Gatersleben maintains one of the world's largest

Allium collections (3500 accessions), the garlic part consisting ofmore than 450 **j

accessions. The value of the collection is determined by a high percentage of material

collected directly in the sites of origin. Garlic, being a vegetatively propagated crop,

suffers from virus infections. Therefore, in the early 90ies, a programme has been «=]

initiated to establish in vitro methods to ensure the safe conservation of the garlic !
genepool. First priority subsets have been formed in 1992, the selection parameter was

the proportional geographical representation. This information has been combined with **|

isozyme and RAPD data published by MaaB & Klaas (1995). Thanks to funds made

available by the European GenRes Project CR95-20, a thorough analysis of

morphological parameters was conducted resulting in the core collection of 25 H

accessions. This has been termed the "Northern Part", because parallel activities have

been performed in C.I.F.A. Cordoba, Spain, focussed on material of southern provenance,

consequently termed the "Southern Part" of the GenRes Core collection. Descriptors, in 1

vitro culture and first results of cryopreservation are described as follows.

Descriptors for the morphological characterization of accessions "1
In course ofthe project, a very intensive discussion was held on the improvement of

minimum descriptors previously published by the International Plant Genetic Resources
1
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Institute IPGRI. It has been found that several changes were necessary. The result of this

discussion will be finally documented by IPGRI in a new garlic descriptor list which is

already in preparation. The following 16 minimum descriptors have been used for this

study: harvest maturity, foliage colour, foliage attitude, presence of bulbils, shape ofthe

compound bulb, outer skin colour ofthe bulb, skin colour ofthe cloves, number of cloves

per bulb, bulb structure type, shape ofthe compound bulb, size ofthe cloves, bulbil

weight, pseudostem height, presence of flowers, ability to form scapes, and pseudostem

diameter. The data have been recorded in form of2 to 6 class scores. The parameters

have been used for principal data analysis (Fig. 1). The grouping of the accessions is in

correspondence to the classification approach of Maafi & Klaas (1995).

Fig. 1: Principal

component

analysis ofthe

garlic

accessions used

for the GenRes

project.

Asterisks mark

the core

collection

accessions.

The main

morphological

groups are

circumscribed.

-3 -2 -1

mfl

The Core Collection comprises the following accessions: All 116; All 130; All 264; All

290; All 508; All 525; All 651; All 655; All 685; All 781; All 818; All 839; All 844; All

877; All 937; All 1165; All 1177; All 1250; All 1264; All 1271; All 1279; All 1288; All

1292; TAX 1125; TAX 1337. The will be freely accessible after signing Material

Transfer Agreements (MTA) as usual for genebank exchange. A detailed description of

the morphological characters ofthese accessions is in preparation. Passport data are

available on the internet address of the IPK genebank: http://fox-serv.ipk-gatersleben.de/

Field cultivation

The traditional field maintenance of the Gatersleben garlic collection consists of a five

years rotation ofplots of 1.25 x 1.50 m size. The arrangement is disjunctive, i.e. the

different crop groups are scattered throughout the field to avoid mixing of similar

accessions. The design has been changed for characterisation within the project. Annual

planting has been combined with arrangement in rows of 10 plants each with distances 15

cm within the rows and 62 cm between them. Four repetitions were planted et least. The
characters were well expressed.
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Infection with viruses and their elimination

The original field material was heavily infected by viruses as is usually found in a

vegetatively maintained collection. In the year 1998, the virus percentages were 70.4% 1

for onion yellow dwarf(OYDV), 29.6% for leek yellow stripe (LYSV), 92.6% for garlic !
common latent (GCLV), 68.5% for shallot latent (SLV) and 46.3% for allexi viruses.

Culture of shoot tip explants of 0.5 mm in diameter containing the meristem and one or H

two leaf primordia reduced the virus percentages remarkably. The meristem culture

medium was a modified MS basal medium (Murashige & Skoog, 1962) and 0.1 mg/1 IAA

+ 0.1 mg/1 kinetin followed by subcultures on 0.5 mg/12iP + 0.1 mg/1 NAA. In a ""
comparative experiment on 39 accessions, chemotherapy using ribavirin in the first step

of meristem culture increased the elimination rate from 20 to 60%. Even better was the

combination with heat treatment and chemical treatment with ribavirin, thus totally i

eradicating OYDV, LYSV and SLV, whereas low percentages ofGCLV (9.7%) and '
allexi viruses (12.9%) remained (Senula et al., 2000). Random samples were taken on

material transferred to soil to confirm these results by ELISA and other methods (tissue \

print immunoassay - TPIA; dot-blot immunoassay - DBIA). The latter methods are very l

well suitable for pre-screening of material before detailed ELISA tests will be performed. _

At present in 95 of the 103 accessions treated so far virus-free in vitro clones have been j
established.

Medium and long term storage

In vitro cultures of garlic can be maintained as small multiple clumps of shoots after

splitting the plantlets previously derived from meristem culture. The medium is **.

alternating between tree subcultures on hormone free medium and one with 0.5 mg/12ip !
+ 0.1 mg/1 NAA. Storage experiments have been running for 10 months at 10 °C and 25

°C, respectively. Despite qualitative differences (25 °C: compact bulblets without further ^

leaf development; 10 °C: no bulblets and slow leaf development) survival did not differ j

significantly (mean growth rate in 193 plantlets of 37 different accessions amounted to 86

~

Cryopreservation of shoot tip explants is the best method for long-term preservation of

germplasm. In garlic, genotype dependence has been found for cryopreservation of shoot n

apices from bulbils (Makowska et al., 1999). Therefore, a standard genotype has been I
chosen possessing regrowth rates of 75%. With this genotype, All 290, comparisons have

been made with droplet freezing (Schafer-Menuhr et al., 1994), freezing of meristem *i

explants from in vitro cultures and between larger and smaller explants. Droplet freezing !

was as good as vitrification, in vitro explants and larger bulbil explants were not as usable

as smaller ones. Genotypes possessing smaller bulbils did not respond as good as such **]

with larger ones (Tab.l). So far encapsulation was not successful with explants from !

bulbils.
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Table 1. Some comparative experiments on cryopreservation of garlic (-LN: control

without freezing; +LN: with freezing)

VvT\

Explant number

-LN +LN

Regrowth (%)

-LN +LN

Vitrification (V) vs. droplet (D) methods

V

D

50

24

80

98

96.0

95.8

73.8

80.6

Different explant diameters, methods V and D

2mm

1 mm

V

D

V

D

60

41

40

19

60

159

40

78

96.7

95.1

97.5

94.7

10.0

8.8

67.5

78.2

Bulbils (B) vs. in vitro cultures (V), method

V

V

D

54

15

99

60

98.2

20.0

72.7

13.3

Ace. with large L (All 290; All 840) vs. ace.

with small bulbils S (All 1165; Tax 1125)

L

S

20

20

80

80

85.0

35.0

92.5

15.0
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1 Nitrogen Uptake And Use Efficiency In Garlic Estimated By lsn-Labeling Method

P M.I. Gonzalez A. del Pozo, M. Gallet, and I. Vidal, INIA Quilamapu Facultad de

1 Agronomia, U. de Conception Casilla 426 Casilla 537 Chilian, Chile Chilian, Chile

r Abstract

1 The growth and nitrogen uptake of a garlic crop (clone Chol-chol) growing in
Mediterranean environment was studied using N, in order to assess the efficiency of the

P nitrogenous fertilizer. Plants received 160 kg N/ha as ammonium sulfate split in four
I equal amounts; applied at planting, at fifth leaf (83 days after planting, DAP), at tenth

leaf (159 DAP) and at 179 DAP. The labeled fertilizer (ammonium sulfate 3.149% a.e.)

|* was applied to microplots of 1 m2, either at planting (treatment 1), 83 DAP (treatment 2),
L 159 DAP (treatment 3), or 179 DAP (treatment 4), and a control plot without nitrogen

fertilizer. Nitrogen accumulation was low from planting to bulb initiation, but increased

r exponentially after bulbing, i.e. 160 DAP. However, nitrogen uptake of from the fertilizer

^ had an inverse relationship. At planting (60 %) and at 83 DAP (44%) N uptake was
higher. But N uptake was lower at bulbing time (16%) and later (6 %). The implication

of these results on the fertilizer management is discussed.

-, Introduction

j The growth and production of garlic rely on nitrogen (N) fertilization. Biomass
production and total bulb yield increased with increasing N supply up to 240 kg ha"1

_ (Ruiz, 1985; Buwalda, 1986a; Navarrete et a/., 1991). Estimation of the N fertilizer use

i efficiency, using the difference method, revealed that this was 30-46% at the dose when
maximum bulb yield was achieved (Ruiz, 1985; Navarrete et al.y 1991), which is lower

p, compared with other crops. To improve the use efficiency the N fertilizer is usually split

I in 2-4 doses, however there is no information about the efficiency at which the different
doses are utilized by the crop. Furthermore, studies ofN uptake and partitioning in garlic

m showed that the rate of nutrient removal from the soil was very slow during the early

( phase of growth, but increased sharply after 120-150 days from plantation (Zink, 1963;
Ruiz, 1985; Buwalda, 1986b; Faundez, 1996). The above suggest that the N fertilizer

« applied at planting would be absorbed late in the season. At the end of growing period the

j N accumulation in bulbs represented about 55% of the plant N (Faundez, 1996). In this
work we investigate the pattern ofN uptake and the efficiency of the nitrogen fertilizer

j** when this was applied at different developmental stages, using 15N-labeled fertilizer.

Materials and methods

r Site. The experiment was located at the Quilamapu Agricultural Research Station (36°03'

I S; 72°06 W) on a Dystrandepts soil (pH 6, organic matter 9.7%, P 9 ppm, K 298 ppm and
N 27 ppm). The basal fertility was amended by the application of2000 kg ha"1 of lime

P and 300 kg ha"1 of superphosphate, incorporated 10 days before planting.

Design and layout. Cloves of the clone Choi Choi were planted on May 30, 1996, in beds

P of 50 cm width, with 4 rows per bed, separated at 10 cm. There were two experimental
'- plots per block, with and without N supply, in a randomized block design with four

replications. Each plot contained two beds of 5 m length, each one with 200 plants. Plots

F with N supply received 160 kg ha"1 ofN (as ammonium sulfate) split in four equal doses
I (40 kg ha ofN each) applied at planting, at fifth leaf (83 days after planting, DAP), at

rurci
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tenth leaf (159 DAP) and 20 days later (179 DAP). The labeled fertilizer (Ammonium

sulfate 3.149% a.e.) was applied in 1 m microplots (there were four per plot), distributed

at random in one bed ofthe plots with N supply. Therefore, each microplot received one 'I

N dose with the labeled fertilizer either at planting, 83 DAP, 159 DAP or 179 DAP, and )

the other three N doses with the normal fertilizer. The other bed of the plot was used for

plant sampling. "1

Crop maintenance. For weed control, plots were sprayed with oxyfluorfen (0.12 cc ha"1)
and linuron (0.75 kg ha'1) before crop emergence, and methabenzthiazuron (1.75 kg ha"1) ™j
62 days after emergence. To prevent fungal diseases, iprodione (0.96 kg ha-1) was '

applied in two opportunities (August 9 and October 22). Crop was watered by drip

irrigation twice per month from October to December. "*j

Measurements. A plant sampling was conducted in plots with N supply every 15 days,

starting 50 days after planting until harvest. The number ofplants uprooted per plot was **]
16 in the first sampling date, eight plants in the following six sampling dates, and four '

plants in the latest five sampling dates. Dry weight (after drying to constant weight at

70°C) and total N in the roots, bulbs, leaves and necks was determined. At harvest, yield ;

and quality of bulbs in plots with and without N was recorded. N uptake from the

fertilizer was determined by measuring %ISN a.e. in plants from each microplot. The «.
percentage of the N in the plant derived from the (labeled) fertilizer (Ndff, %) was

calculated according to Zapata (1990):

Ndff = (%15N a.e. plant sample / %I5N a.e. labeled fertilizer) x 100 !

The N fertilizer use efficiency (Nfue, %) was calculated as: m

Nfue = [(Total plant N x Ndff /100) / Applied N fertilizer] x 100

Results and Discussion 1

Garlic plants emerged 36 days after planting (DAP) and were harvested 230 DAP. Bulb

initiation occurred at 160 DAP. N fertilization increased yield and bulb quality (bulb *■»]

diameter and weight) (table 1), as has been reported previously by several authors (Ruiz, 1
1985; Buwalda, 1986a; Navarrete et al., 1991).

The percentage ofN in necks, roots and bulbs increased from crop emergence till 100 ;

DAP, but then decreased towards plant maturity (figure 1). Zink also observed this

(1963). N percentage in leaves remained relatively constant till 160 DAP and then T

declined. Highest initial concentration ofN was found in roots, followed by necks and !

leaves. The percentage ofN in the whole plant at harvest was 1.7 and the N uptake by

that time was on average 115 kg N/ha. "1

The first two N doses were applied during the early phase of growth, and the two

remained ones during the linear phase of growth. N accumulation was very low during 1

the early phase of growth until fifth leaf stage (90 DAP), but then it increased :

significantly until 200 DAP (figure 2). However, the uptake ofN derived from the

fertilizer and the N fertilizer use efficiency was much lower on the two latest applications H

ofN, i.e. at tenth leaf (159 DAP) and 179 DAP (table 2). This can be explained by a '*
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lower availability ofthe ammonium fertilizer late in the season when precipitation

declined, and also because the absorption capacity of roots declined with age (Bertoni et

al., 1992). The N fertilizer use efficiency during the whole growing season was on

average 32% which was similar to what was reported by Fritsch et al. (1990) in garlic

growing in a sandy loam soil. Our results suggest that the N requirement ofthe crop late

in the season was supplied by the soil probably through mineralization of the organic

matter.

Conclusions

• N fertilizer use efficiency (Nfue) was very low when N fertilizer was supplied

during and after bulb initiation, therefore N should be applied before bulbing.

• An important amount ofN absorbed by the crop was derived from the soil during

bulb growth.
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Table 1. Effect of nitrogen fertilization on yield and quality of garlic clone Choi Choi.

Treatment

WithN

Without N

Sign. Diff.

Yield

(kg ha1)

7688.9

4257.3

*

Plant population

(thousands ha*1)

355.556

342.361

ns

Bulb weight

(g)

21.3

12.7

**

Equatorial

diameter (cm)

3.73

3.03

**

Polar

diameter

(cm)

3.00

2.51

*

1

ns non significant * significant at 5% level ** significant at 1% level (LSD)

Table 2. Labeled N atom excess (l5N a.e.), N in the plant derived from fertilizer (Ndff),
and N fertilizer use efficiency (Nfue).

H^I

Timeofi:>N

application

Planting

Fifth leaf

Tenth leaf

179 DAP

15Na.e.

(%)

0.67 a

0.47 a

0.19 b

0.08 b

Ndff

(%)
21.26 a

14.91 a

6.01b

2.36 b

Nfue

(%)

59.5 a

44.0 a

16.6 b

6.4 b

Means followed by a common letter are not significantly different at the 1% level by DMRT 7^9

1

(Wfl
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Figure 1. Variation in total N (%) in the different plant structures during the growth

period of garlic.
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Flavor Session Keynote Address

From The Beginning, It Was AH About Flavor

i

Bill Randle, Department of Horticulture, University of Georgia, Athens, Georgia USA. >

30602-7273 706-542-2471, FAX 706-542-0624, email: wrandle@arches.uea.edu

Abstract.

Flavor has been central to the consumption ofAllium since before written record.

Identification of the compounds responsible for Allium flavor and those factors affecting H
flavor quality and intensity have been under investigation by scientist for much of the '

twentieth century. Much progress has been made toward identifying the authentic flavor

compounds although some controversy and confusion still exists because of the unstable j

nature of sulfur containing flavor compounds, and the different analytical methods used

for quantification. Factors known to affect flavor quality and intensity include the

genetic predisposition of a plant to synthesize the flavor compounds, the developmental ]
age of the plant or bulb, the type ofplant tissue, sulfur availability, growing temperature,

irrigation rate and frequency, nitrogen availability, irradiance received by the plant and „_

soil salinity. While the precursors for, and the decomposition products ofAllium flavor j

have received much of the attention in describing flavor development, recent studies

suggest that alliinase activity may have a large influence on final flavor development. As ^

we move into the next century, research into modifying the flavor pathway will become 1

increasingly active. Traditional methods as well as molecular approaches will be

employed. Measuring flavor will also become commonplace as researchers try to «*

improve flavor consistency, and as a tool for marketing onion.

Allium Chemistry The importance ofAllium flavor in their consumption and use has «™h

been known through the ages. Investigations into those compounds responsible for I
Allium flavor chemistry began in the 1800's with the discovery ofwhat was thought to be

the principle components of garlic (disulfide) and onion (propenyl propyl disulfide) «|

(Block, 1992). Although these were latter disputed as principle flavor compounds, their !
identification started our journey into S-based flavor chemistry. In the 1940's, flavor

was determined to develop following the enzymatic degradation of flavor precursor **)

compounds. The precursor to garlic flavor [(+)-5-2-propenyl-I-cysteine 5-oxide] and its !

primary cut product, allicin, were the first to be discovered. The three onion flavor

precursor compounds were elucidated by Arturi Virtanen and others during the 1950's H

and 1960's. Virtanen and others continued their exploration into Allium flavor during the !

1960's and 1970's and identified eighteen peptides leading to the synthesis of the three

flavor precursor compounds. At the beginning of this pathway is the uptake of sulfate ™|

and its incorporation into cysteine. Glutathione is proposed as the beginning compound >

for the synthesis the flavor precursors, in which S takes a different biosynthetic course for

each precursor. In the 1990's, Block proposed slight modifications to this biosynthetic n

pathway. We have since learned that the movement of S through the flavor biosynthetic

pathway is highly dynamic in response to the growing environment, and variable within

Allium germplasm. Future investigations will explore the triggers that determine how S "1
is regulation through the pathway.
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Volatile compounds from cut onion and garlic were investigated between 1960 and 1980.

However, because of their complexity and instability, may of these early compounds

were artifacts of the method of qualification. It wasn't until the work of Eric Block that

the authentic properties of the primary cut products from onion were accurately

determined. During the 1980's and early 1990's, Larry Lawson and others identified the

cut products from garlic using HPLC and other analytical techniques.

While talking with Eric Block during the Symposium, he remarked that most of the major

work has been done identifying the S-compounds directly involved in onion and garlic

flavor. Future work, however, needs to focus on identifying and quantifying the bitter

and off-flavor attributes of onion. These flavors are enzymatically developed and are

variety specific. Bitterness has been shown to increase with higher sulfur fertility yet

none of the individual thiosulfinates are bitter, in addition, improvements in the rapid

assessment ofAllium flavor also need to be addressed. Enzymatically developed

pyruvate, currently the standard measure for flavor intensity, is not adequate for mild

onion analysis because the method does not differentiate for flavors like heat and mouth

burn. Possibilities may exist with quantifying the lachrymatory factor (thiopropanal S-

oxide), although sampling times for quantification still need to be determined.

Until recently, the enzymatic decomposition of the flavor precursors following tissue

maceration was thought to be complete because of the high alliinase content found in

most Allium. This assumption would lead investigators to believe that all the precursors

synthesized would contribute fully to cut-product flavor development. However, work

published by Lancaster et al. (1998) showed that while 1-propenyl cysteine sulfoxide was

almost instantaneously and completely decomposed, methyl- and propyl-cysteine

sulfoxide were largely left intact in onion macerates (Fig. 1). We have proposed a

mechanism to explain, although it still needs to be tested. The decomposition kinetics

differs among the individual flavor precursors. As a result, a pool of a-iminopropionic

acid accumulates from the rapid decomposition of 1-propenyl cysteine sulfoxide. This

pool would then compete for or occupy pyridoxal 5' phosphate binding sites on alliinase,
and result in the competitive inhibition of further precursor (mainly methyl and propyl

cysteine sulfoxides) decomposition. Adding pyridoxal 5' phosphate to the onion
macerates restores the activity of alliinase.

Factors that affect onion flavor quality and intensity.

Differences in onion flavor intensity (pungency) among cultivars of onions have been

reported by investigations since the 1940's. During the 1990's we evaluated well over
600 cultivars in side-by-side trials at the University of Georgia and found pungency to

range between <3 and 17 jamol of enzymatically developed pyruvate. Onions testing
below 3 are extremely mild, while it is difficult for most U.S. consumers to eat raw

onions that test above 9 on the pyruvate scale (Randle, 1997). So, those varieties at the
upper end ofthose tested are extremely pungent. Six separate studies have shown that

pungency in onion is a heritable character, although slow progress was suggested for

lowering flavor intensity. 'NuMex Dulce' released by New Mexico State University is a
good example of progress that can be expected when selecting for lower pungency.
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Since the 1941 report that 'Italian Red' differed in pungency depending on if it was !
grown in the U.S. or in Italy, studies have been demonstrating that the growing

environment plays a substantial role in determining flavor intensity and quality. The "1

influence of sulfur on flavor and flavor development has been the most thoroughly '

studied. Increasing S availability increases overall flavor intensity and changes flavor

quality by shifting the ratio and concentrations of the individual flavor precursors (Randle ""I

et al., 1995). Other nutrients that have had an effect on flavor intensity and quality )
include nitrogen (Randle, 2000), selenium (Kopsell and Randle, 1999), calcium and

sodium. Within the natural temperature range for bulbing in onion (10- 35°C), flavor '')

intensity and sulfur uptake increase in a linear manner. So, flavor will be more intense if •

onions are grown under higher temperature regimes. In the studies that have looked at

the effect of water supply on flavor, both have shown that drier conditions lead to

increases in flavor intensity (Platenius, 1941; Freeman and Mossadeghi, 1973).

Increasing our understanding ofhow flavor develops in onion, how to measure flavor, \

and how the environment affects flavor has led to practical uses for manipulating flavor

by onion industries around the world. Seed companies and public institutions are

selecting and advancing lines and inbreds based on enzymatically developed pyruvic

acid. Actively selecting for flavor intensity within onion will improve flavor consistency

in the future. Sampling procedures for accurately assessing pungency in commercial «™

onion fields developed by our lab will also begin to help improve onion flavor quality J
and consistency (Randle et al., 1998). Mapping fields for pungency distribution (Fig. 2)

will also become an excellent diagnostic tool for onion growers to improve product ^

consistency. Patterns are appearing that correlate well with soil cation exchange capacity J

and levels of organic matter. Hence, precision farming will become increasingly

important and this technology becomes more widely available. «*j

While we have learned much about flavor and its metabolism and development in Allium,

there is much we still need to determine. Great strides are being made in the area of «*|

molecular genetics, as we have seen here at this conference. However, to utilize the tools I
of molecular genetics, we need a better understanding of the regulation of sulfur through

the flavor biosynthetic pathway, especially those steps following cysteine synthesis. "*|

Much of the work on identifying S metabolism in Allium has so far as been on S uptake, |
its reduction, and synthesis into cysteine using Arabidopsis as a model. Although this is

important in our understanding, previous studies by our lab have shown that if S is "*!

limited, the strong affinity for S in the later stages ofthe biosynthetic pathway will '

directly affect plant growth and productivity.

1
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Figure 1. Patterns of incomplete decomposition of onion flavor precursors in macerates.
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Figure 2. Pungency distributions from a Vidalia onion field and the associated elevational changes in the

field. Elevational changes coincided with soil type differences with sandy soils at high elevations with low

pungency and lower elevations with clay soils and higher pungency.
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Nitrogen Fertilization and Irrigation Regimes Modify the Composition and Quality

of Garlic

Marita Cantwell, Gyunghoon Hong, Ron Voss, Blaine Hanson, and Don May

Mann Laboratory, Dept. Vegetable Crops, University of California, Davis, CA 95616

Tel: 530-752-7305; Fax: 530-752-4554; Email: micantwell@ucdavis.edu

Abstract.

Garlic ('California Early') was produced under 4 irrigation regimes in combination with

3 nitrogen fertilization levels (100,250,400 lb total N). In another experiment,

phosphorus was applied at 0,60 or 120 lb in combination with potassium at 0 or 100 lb

per acre. Bulbs were manually harvested, cured, and outer cloves peeled, sliced and

freeze-dried. Carbohydrate (fructan and free sugars) and alliin concentrations were

determined by HPLC. Fructan concentrations were highest (802 mg/g DW) at low N,

and the lowest (717 mg/g DW) in samples from the 400 lb N rate. Sucrose

concentrations increased with increased N, but glucose and fructose concentrations did

not vary with N fertilization. Clove % dry weight was not affected by irrigation

treatment but was reduced with increased N (41.3 to 39.0%). Alliin concentrations varied

from 8.3 to 13.8 mg/g DW at the 110% and 130% Eto irrigation treatments, but was

unaffected by N fertilization. The PK fertilization treatments had minimal effect on the

fructan and alliin composition of garlic.

Introduction. Garlic is approximately 40% dry weight with the major complex

carbohydrate being fructan with a small portion of free sugars. Garlic flavor is due to the

formation of organosulfur compounds when the main odorless precursor, alliin (s-allyl

cysteine sulfoxide), is converted by the enzyme alliinase. The main compound formed by

this reaction is a thiosulfinate, allicin, compound responsible for the characteristic odor

and flavor of fresh garlic. The carbohydrate composition and pungency of garlic are

quality parameters that have been little studied in relation to production and storage

conditions. California produces more than 80% of the U.S. garlic crop, and irrigation and

nitrogen fertilization practices by garlic growers may vary substantially. The data

reported here are part of a 3 year project evaluating the impact of irrigation and

fertilization practices on garlic yield, bulb size, composition and postharvest quality.

Here we report on differences in composition of garlic from the 1999 Trials.

General Methodology. The garlic plots were established at the UC Westside Research

and Extension Center in the fall of 1998 for summer 1999 harvest. Irrigation treatments

were equal to 110% (Tl, T2), and 130% (T3, T4) of potential evapotranspiration with

irrigation cutoff dates on May 10 (Tl, T3) and May 24 (T2, T4). N fertilization rates

were 100,250 and 400 lb. N applied in preplant, sidedress and water-run applications.

Garlic was dug in late June, and cured for 3 wks with ambient air ventilation. Outer

cloves were peeled for determination of color, texture, dry weight and soluble solids.

Samples were sliced and freeze-dried for colorimetric determination ofthiosulfmates, and

carbohydrates and alliin by HPLC. Fructan and sugars were extracted in water and run

on a Supelcogel™ Ca carbohydrate column eluted with water and a differential
refractometer detector was used. For alliin, garlic was extracted in 50% methanol with

0.1% formic acid, run on a a-chrom™, C i g column eluted with 45mM phosphate buffer



(pH 7.15): 1,4-dioxane: acetonitrile: tetrahydrofuran in v/v 70: 22.5: 6: 1.5, with UV

detector.

Results. The % dry weight of outer cloves decreased with increasing N rate (41.0,40.1

and 39.3% for 100,250 and 400 lb N, respectively), as did the fructan content. The

highest fructan content was associated with the lowest N level, and the lowest content

occurred with the highest N rate (Fig 1). Higher free sugar concentrations were found

with higher N treatment. Fructan as % of total water-soluble carbohydrate remained

constant across irrigation treatments (96.6 + 0.2%) and N treatments (96.6 + 0.3%).

Alliin content was affected by irrigation treatment (Fig. 2). The lowest concentrations

were found in garlic from 110% ET plots whereas the highest alliin content occurred in

bulbs from the highest irrigation rate (130% ET). Alliin concentration was not affected

by N fertilization. Correlation between thiosulfinate and alliin concentrations was low

because analyses were done on separate samples from the same treatment. When both

analyses were done on the same sample over a broader range of concentrations (data not

shown), thiosulfinate concentrations were well correlated with alliin concentrations (R2
>0.86). The PK treatments applied did not affect the alliin and fructan composition of

garlic (Table 1). Thiosulfinate concentrations were higher with higher levels ofP and K
(Table 1).
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Table 1. Alliin, fructan and sugar composition of garlic in relation to 1999 PK

fertilization treatments. Data are averages from 3 replications from a total of 30 outer

cloves from a minimum of 10 bulbs.

Phos

Total

lb.

0

0

60

120

120

LSD.O

5

Nitrogen

Potassium

Total lb.

0

100

100

0

100

Fructan

mg/g

DW

708

705

693

705

705

ns

applied at 300 lb. N

Sucrose

mg/g

DW

39

39

41

35

30

ns

Glucose

mg/g

DW

1.0

0.1

0.2

0.6

0.6

0.4

Fructose

mg/g

DW

3.6

2.9

2.9

2.4

2.8

0.7

Alliin

mg/g

DW

13.2

13.8

13.6

12.9

14.8

ns

Thiosulfinate

um/gDW

58

61

63

62

73

10

fvS

fWTl

T*ft%

|W5

1

I

1
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A Comparison of Lachrymatory Factor and Pyruvic Acid Concentration in Allium

Cepa

Norman E. Schmidt, William M. Randle* and Dave E. Kopsell,+Department of

Chemistry Georgia Southern University,Statesboro, GA 30460-8064

♦Department of Horticulture, The University of Georgia Athens, GA 30602-7273, "]
+Department of Plant Biology, University ofNew Hampshire, Durham, NH 03824-3544

INTRODUCTION 1
When an onion is crushed the three onion flavor precursors are hydrolyzed by the ;

enzyme alliinase (EC 4.4.1.4) producing volatile sulfenic acids, pyruvic acid and

ammonia.' The dominant onion flavor precursor, (+)-S-(E)-1 -propenyl-Z,-cysteine S- \
oxide is rapidly hydrolyzed to 1-propenylsulfenic acid, ammonia and pyruvic acid. The

1-propenylsulfenic acid rapidly rearranges to (Z,E)-propanethial S-oxide, the

lachrymatory factor (LF) of onion. The other flavor precursors are also hydrolyzed to j

produce a sulfenic acid, pyruvic acid, and ammonia. However, these sulfenic acids don't

form the LF. Instead they undergo a condensation reaction to form thiosulfinates. In the ™

in vivo flavor reaction, S-( 1 -propenyl)-L-cysteine 5-oxide is completely hydrolyzed and |
there should be a stoichiometric amounts ofLF and pyruvic acid. Therefore, the amount

of LF in onions should be closely related to the amount of pyruvic acid, with the -**,

difference being the proportion of the other flavor precursors hydrolyzed which are \
generally in lesser amount.

The pungency analysis was first adapted to onions by Schwimmer and Weston.2 The !
pungency is of interest because it is currently the only method shown to correlate to taste

panel perception.3 In this method onions are crushed, 10 minutes are allowed for flavor ^
development, the sample is diluted, dinitrophenyl hydrazine is added to the solution,
NaOH is added to the solution and finally, the absorbance ofthe resulting solution is

measured at 420 nm. The advantages of the method are that it is simple and it is the only n

method currently shown to relate to onion flavor. The disadvantages of the method are ''■
that it is generally slow and a background analysis must be performed due to metabolic
pyruvate present in the onion prior to the enzymatic reaction. "*[

We have shown in our previous work that the LF could be analyzed quickly without the
use of background analysis using gas chromatography.4 Thiosulfinates and related "1
compounds are also easily quantitated using gas chromatography. The procedure used

involves crushing the onions, extracting the juice with methylene chloride and injecting
the extract into a gas chromatograph (GC). In this procedure a Hewlett-Packard 5890 1
Series II Gas Chromatograph using a flame ionization detector was used for all analysis.
The column was a 10 m x 0.54 mm OV-1 column. The detector was a flame ionization
detector (FID) maintained at a temperature of250 °C, an injector temperature of 200°C "*!
and an isothermal oven temperature of 60°C. Chromatograms ofonion extracts showed
that the LF had a retention time of 0.83 minutes while the internal standard (m-xylene),
had a retention time of 1.53 minutes. ' "1
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LF vs Pyruvic Acid
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A typical graphs of [LF] vs

pungency are shown in figure 1.

These graphs were obtained using a

ten minute wait time. It is shown

that r2 = 0.67 and that a non-zero
intercept is obtained. Our results

have shown that LF is very easily

vaporized in the injection port

without breaking down and is only

slightly retained on the OV-1

column.

Probably the most surprising thing

about the LF concentration vs

pungency is the fact that the graph

changes with the age of the onion.

Figure 1 shows onion samples

analyzed three weeks apart. It is noted that as the samples aged the amount of LF

obtained at a given pungency increased. This can be explained based on the

observation that the biochemical pathway which produces the onion flavor

compounds is active during storage. During onion storage, the amount of

S-(l-propenyl)-L-cysteine S-oxide increases, whereas the other precursors decrease

or remain unchanged.5 Onion pungency also increases during storage for
Granex-type cultivars. If the proportion of S-(l-propenyl)-L-cysteine S-oxide in

relation to the other flavor precursors increases, and their combined hydrolysis

contributes to increasing pyruvic acid production, then the LF obtained should

umol Pyruvic Acid/mL

LF vs Analysis Time
avg data - Granex Variety

20 40 60 80

Sample Time (s)

100 120

LF vs sample time
Dehydrator

15

12

9

6

3

0

20 40 60

time (s)

60 100 120

increase in relation to pyruvic acid during storage.

It is apparent from the results that LF is being lost probably due to vaporization.

Therefore, a study was conducted to determine the effects of wait time on the analysis

of the LF. Results from this study are shown in figures 2 and 3.
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LF vs Pungency
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Once this study was concluded a

new study was conducted to

determine the relationship of LF

concentration to pungency. This

study was conducted with a sample

time of approximately 20 seconds

and the results are shown in Figure

4. These results clearly show that

an almost 1:1 relationship exists

between the LF concentration and

pungency. The onions in this study

were

Figure 4

granex-type onions. Further study needs to be conducted with more samples and with

other varieties of onions to ensure that the data are accurate.

CONCLUSIONS

The LF method of onion analysis is fast, simple, and fairly reliable. No background

analysis is necessary, but some volatilization ofthe sample is inevitable. The effects

of volatilization are minimized by a short sampling time. The method gives results

that can be correlated to pungency, but the slope and intercept ofthe line relating LF

concentration and pungency varies with the method and the onions analyzed. Future

research will be directed toward relating taste panel perception to LF concentration so

that correlation ofLF concentration to pungency will not be necessary.
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Determination of background pyruvic acid concentrations in onions, Allium
species, and other vegetables

Kil Sun Yoo and Leonard M. Pike, Vegetable and Fruit Improvement Center,

Department of Horticultural Sciences, Texas A&M University, College Station,
Texas 77843, USA

Abstract.

This study was initiated to measure accurate background pyruvic acid levels in onion

cultivars, other Allium species, and non-Allium vegetables using an HPLC method.

A microwaving time of2 min per 100 g was sufficient to deactivate alliinase. Five

percent trichloro acetic acid was suitable for both fresh and frozen tissues. The

background pyruvic acid concentrations in various onion cultivars were less than 0.34

umoles ml"1, while garlic and onion sprouts were 0.84 to 0.95 nmoles ml"1. Non-
Allium vegetables also showed between 0.09 and 0.34 (imoles ml"1 background

pyruvic acid. This study confirmed that background pyruvic acid levels in onion were

minimal and could be disregarded in a routine analysis.

Introduction

Measuring pyruvic acid levels as an index of onion pungency has become a routine

procedure to ensure the quality of onions for both growers/shippers and consumers.

Onion pungency can be estimated by measuring one of the reaction products using

various instruments. Pyruvic acid measurement using dinitro phenyl hydrazine

(DNPH) was most widely used since 1960's because its process is simple

(Schwimmer and Weston, 1961). Pyruvic acid exists universally in the plant tissues

as a part of a metabolism intermediate. In theory, therefore, the background levels of

pyruvic acid or control (Pc) need to be subtracted from the total pyruvic acid (PT)

concentrations to calculate the enzymatically produced pyruvate (Pe). Background

pyruvic acid can be measured after the alliinase is deactivated.

Since we have noticed considerable variation in the background pyruvic acid

concentrations, ranging from 0.5 to 4.1 in the several previous reports, and the Pc

level can substantially change the Pe concentration, its accurate measurement is

critical in measuring onion pungency. We initiated this research to clarify this

discrepancy among the previous reports.

Materials and Methods

Microwaving time. Composite onion samples were prepared from 'TG 1015Y'

onions. The cut pieces, 1 to 2 cm squares, were mixed thoroughly, rinsed with water

and drained. A 100-g tissue was placed in a plastic bag and microwaved for 0

(control), 0.5,2,4, or 6 min in a microwave oven. The weight loss from

microwaving was replenished with water before blending with water (1:1, w/v).

Extraction solvent, blending andfiltration. To test the extraction solvent, the fresh,

frozen (-20 °C for 24 hr), or microwaved (3 min) samples were blended with 100 ml
of water, 5% trichloro acetic acid (TCA), or 95% ethanol for 2 min. All solvents
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were chilled to 0 °C by ice. All samples were blended at a 1:1 ratio (w/v, sample:

solvent) with a specific solvent in a home mixer for 2 min at 'blend' speed, except

garlic (1:9 ratio for freshly blended and 1:3 for microwaved samples) and shallot (1:3

ratio). The homogenate was filtered through a filter paper and then through a 0.5 \xm

nylon filter before being injected into an HPLC system.

Determination ofbackgroundpyruvic acid. We used various types of onion, garlic,

leek, shallot, carrot, red potato, broccoli, and bell pepper obtained from our storage or

a local store. 'Texas Early White (TEW)' and three long-day onions (red, yellow,

and white colors) purchased from a local store in January, and two groups of Chilean

onions (cultivar unknown) harvested in December were also used. Sprouts of 'TG

1015Y' onion (about IS to 20 cm long) were cut from the bulb stored for 8 months.

Each onion bulb and leek stem was cut vertically to prepare two identical samples

(freshly blended vs. microwaved), while each garlic head was used as a replication

unit. Onion sprouts were combined to collect 100-g samples. Other species samples

were divided into two samples. All measurements were replicated three times.

HPLC analysis. An Alltech IOA 100 organic acid column (7.8 x 300 mm) with a

guard cartridge was used to separate the pyruvic acid. The solvent was water

containing 0.3 ml sulfuric acid per liter at a rate of 0.5 ml min'1. The column
temperature was 45 °C, and detection was made at 210 nm.

Results and Discussion

The HPLC method separated pyruvic acid with a great resolution in microwaved and

freshly blended samples (Fig. 1). There was no detectable degradation ofpyruvic

acid in onion extracts for 36 hr.
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Fig. 1. Representative chromatograms showing pyruvic acid peak in freshly blended

juice (enzyme reacted) and in a background sample (microwaved).
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Microwaving time. Microwaving for two min was enough to completely deactivate

the alliinase and there was no further reduction in pyruvic acid concentration up to 6
min.

Extraction solvents. Blending with TCA was the most effective way to deactivate

alliinase in both fresh and frozen tissues. The ethanol and water were not effective in

deactivating alliinase in the fresh and frozen tissues.

Backgroundpyruvic acid concentrations in Allium and other vegetables. The Pc

among onion cultivars was 0.15 to 0.34 umoles ml"1 (Table 1). This result agreed
with our previous report (Yoo et al. 1995) and partly with Randle and Bussard

(1993a). Leek and shallot showed medium levels, while garlic and onion sprout had

the highest concentration (0.84 and 0.95 umoles ml"1. In all Allium species tested, the

Pc did not exceed 1.0 umoles ml"1. Non-Allium vegetables showed 0.09 to 0.34
umoles ml"1 ofPc concentration. This indicates that the natural pyruvic acid levels
are similar among wide species and generally low in concentrations. Therefore, we

suggest that measuring the background pyruvic acid concentrations in onions can be
disregarded in a routine screening ofbreeding programs.
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Table 1. Background (microwaved) and total (freshly blended) pyruvic acid

concentrations in Allium and other vegetables extracted in water.

Species

Allium species

Onion (Chilean onion 1)

Onion (Chilean onion 2)

Onion (Texas Early White)

Onion (longday red)

Onion (longday yellow)

Onion (longday white)

Leek

Shallot

Garlic

Onion sprout (TG 1015 Y)

Other species

Red potato

Carrot

Bell pepper

Broccoli

Pyruvic acid (umolesml"1

Background

0.15 + 0.02

0.19 + 0.02

0.26 ± 0.04

0.27 ± 0.02

0.23 + 0.01

0.34 + 0.06

0.43 ± 0.05

0.44 + 0.04

0.84 + 0.12

0.95 ± 0.06

0.09 ± 0.01

0.18+0.11

0.22 + 0.03

0.34 + 0.01

)±S.D.

Total

4.48 + 0.46

3.71+0.31

8.47 + 0.28

9.26 ±1.52

7.33 ±1.00

9.27+1.01

9.98 + 0.54

11.82 + 0.59

66.24 + 3.31

13.28 ±0.75

0.09 + 0.01

0.10 ±0.03

0.24 + 0.05

1.31+0.27
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Alliums and Health Colloquium

Key note Addresses

The Role of Garlic and Onions in Health Management

Dr. K.T. Augusti, Professor of Biochemistry and Head. Med. Lab. Tech. School of

Med. Education (Mahatma Gandhi University) Kottayam 686008, India.

Garlic (Allium sativum Linn) and onion (A. cepa Linn) are the two Allium species

extensively studied for their therapeutic and prophylactic effects in humans and

experimental animals. Apart from their traditional uses as sources of antibiotic and

antidiabetic principles, recently they found favor as sources of anticarcinogenic,

hypocholesterolemic, antioxidant and fibrinolytic substances. The author and

coworkers studied the effects ofAllium principles on the above aspects except their

anticarcinogenic and antibiotic properties.

Garlic and onion oils can be extracted from the juices or their distillate bv diethyl-

ether. Yield is only 0.5 and 0.125 g/kg, respectively. Both these oils are related in the

sense that they are mixtures ofpolysulfides and their oxides of the general formulae

R-S-(S)n-R and R-S-(O)(S)n-R where „ may be 1 or more. These sulfides may cyclise

and make dithiins also. Most ofthem possess similar biological activities which

increase with unsaturation ofthe R groups. The precursors of these oils are alkyl

derivatives (allyl, propenyl, propyl and methyl) of cysteine sulfoxides (R-S-(O)CH2-

CH(NH2)COOH). On crushing the vegetables an enzyme alliinase converts these

amino acids to oils with release of ammonia and pyruvic acid. The oils on aging

converts the sulfoxides to ajoenes of general formula R-S-(O)CH2-CH=CH-S-S-R.

This compound is found to be responsible for the better biological action ofaged

alliums or their oils. Many Japanese and Chinese workers claim that regular use of

Allium could prevent cancer and coronary heart diseases.

Preparation of oil fractions of onions.

The ethyl ether extract of onion juice was separated. After ether removal, the oil was

exhaustively extracted with petroleum ether (40-60°C). Petroleum ether soluble oil is

called fraction A (Non-polar). The oil left behind was called fraction B (polar) and it

is soluble in ethyl ether. Each fraction was used after removal of the solvents. Yields

were 75mg and 25mg/kg respectively. Fraction B has 97% potency of tolbutamide. It

is possibly a sulfoxide which possesses a pleasant smell with the formula R-S-S(O)-

R2 where Ri=CH3 and R2=C3 H5 (propenyl group) RefPT. Mathew and K.T. Augusti.

Ind.Jour. Exp.Biol.l 1(1973) 573; 74(1976) 1 10. Similar procedures were used for

the preparation of garlic oil.

The precursor amino acids of these oils possess only moderate effects as compared to

the oils, yet they are free from the obnoxious taste of the latter. In this paper the

biological role of both the oils and two of their precursors S-allyl cysteine sulfoxide

(SACS) present only in garlic and S-rnethyl cysteine sulfoxide (SMCS) present in

both onions and garlic are described1*10.
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In table 1 maximum hypoglycemic action is shown by a fraction of the oil free from

petroleum ether soluble non-polar compounds ofthe oil. This fraction was found to be "1
methyl propenyl disulphide oxide on gas chromatography. This fraction has 97% '
activity of tolbutamide. In the continued study we found that onion oil and dipropyl

disulphide oxide are very effective as hypoglycemic agents but not the dipropyl "1
disulphide. It means that the oil is active possibly due to the oxide derivatives ofthe

disulfides (thiosulfinites) present in it. Later studies showed that garlic oil is more

active than onion oil and SACS is more active than SMCS possibly due to the

unsaturation in the alkyl groups of garlic principles.

In Table 2, the effects of garlic and onion oils and SACS and SMCS on diabetic rats

are shown along with that of a standard drug glibenclamide. The parameters altered in

the diabetic condition are significantly brought towards near normal by these agents. ^

In Table 3, the antidiabetic action ofthe oils and their precursors as well as the insulin

sparing action ofgarlic oil are shown. Disulphide derivatives are insulin secretagogues ^

and they also prevent insulin destruction by thiol enzymes. Further we studied the I
hypocholesterolemic action of garlic juice in patients and that ofthe oils and

precursors in cholesterol, alcohol, sucrose, nicotine, butter and coconut oil fed rats4"10. «*|
Ajoene was found to be superior in action to garlic oil. Besides these, garlic protein '

was found to be similar in composition and action to soya protein 'l. All these agents

prevented lipid peroxidation and other deleterious effects of alcohol, nicotine etc. viz; "*•

Rise in LDL cholesterol and fall in HDL cholesterol and antioxidant enzymes. The
order of their action:

Ajoene > Garlic oil > Onion oil > SACS > SMCS n
|

In yet another study we found that onion oil and cycloalliin isolated from onion are

stimulators of fibrinolysis in volunteers.6 Others showed similar effects of garlic oil. H
Therefore, regular use of garlic (10-15g) and onion (20-25g) daily is helpful to

maintain our health and control many diseases including hypertension according to

various studies. This paper is dedicated to the memory ofmy parents. 1
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Table T

.Biological assay of onion oil on rats and mice. Pose. 2S0mg/kg in rats and SOOmg/

kg in mice. 4hr-mean percentage fall ± SP of fasting blood sugar of six normal

1. Control rats . -,•-■■-■

fed with'water

2. Rats fed with

pet.ether extract

of onion (fractiooA)

3. Do with .,

;-JHethyl:etherrextract-_
ofonion (Fraction B)

4. Tolbutamide

' animals for each study.

3,«± 1.0

8.6±1.5

24.2±2.4

25±2.2

5,Control mice

(intraperitoneal

injection pf normal

'• •• »saline)::" l ->^y^'i

6. l.P. injection of

onion oil to mice

7. Do ofDipropyl

disulohide oxide

.8. Do ofDipropyl

disulphide

7±-r

20±2.0

13±1.5

Effect oftreatment is significant p<0.05 for numbers 2-4 and 6-7

Table 11
-Effects of Allium nrincioles in

Allium Principles 100mg/kg/dav and

A part

Groups

1. Diabetic control

2. Trcaied with

onion oil, garlic oil

SACS, SMCS

or glibcnclamide

affcr 45 davs treatment are indicated hv nrr«w^ t (increase and J,
dj djf

Parameters in blood/serum

FFA, FBS,PL,GHb
Atherogenic index

(Total chol/HDLchol)

AST, ALT,LDH,ALP.ACP

Liver and Heart

LDH, glucose 6-Pasc

Lipolysis & Lipid

peroxidation

Other parameters changed in the same groups

B oart

Groups

Body-weight

scrum insulin,

GTT,

Fecal bilcacids

Liver glycogen

GSH. enzymes

like HK, SOD

Catalasc & HMGCoA

. _. . . , reductasc
1. Diabetic control 4- 4,

2. Treated groups

as above f f

All the effects are significant by student's t- test p<0.05 and the order of their
effects are

GlibencIamide>Garlic oil> Onion oil>SACS>SMCS
See. Ref.1-5 and 7-9. GHb=Glycos> latcd Haemoglobin
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Table III

Effects of onion oil and garlic oil for two months on streptozotocin diabetic rats-

Values are Mean±SD of 5 rats (mg/100ml or g tissue) Dose lOOmg/kg/dav

Groups Bodv wt

percentage change

Nornul

Diabetic

Do +onion oiJ

Do+garlic oil

Do+ 5u. insulin

Do+Su. insulin

+garlic oil

30±5

-5±1

8±1

10*1.5

12±1

23*3

Blood/Serum

FBS

75±1()

300*16

130*15

125*12

1342:8

109*4

Choi.

80*8

175±10

90+8

85*7

110*9

105*8

TAG

22*2

55*12

27*2

20*1.5

45±7

32*5

Live/ tissue

Choi.

2.0±0.5

2.8±0.6

1.6±0.21

1.5 ±0.3

1.7*0.1

1.2*0.06

TAG

1.3*0.2

3.0±0.5

1.5 ±0.2

1.6*0.1

2.1*0.1

1.5±0.08

Total lipids

28.4±2

44.4±3

32.8*2.1

30±2

33*2.1

28*1.5

N.B. Insulin was used only with garlic oil. Students t-test. HftivLs of treatment atv significant l'<0.05
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[ Allium and Health Keynote Address

So Shall You Weep: Horticultural Perspectives on Medicinal Traits in Onion

' I.L. Goldman. Department of Horticulture, 1575 Linden Drive, Madison, WI 53706

ilgoldma@facstaff.wisc.edu

: 1. Food and Health
Since the beginnings ofhuman civilization, herbal remedies have been the primary

I means for treating human disease. During much of the 20th century, and particularly

in the United States, the move towards synthetic, mono-molecular drugs supplanted

p knowledge and practice of herbal remedies for disease. However, in the past 10 years,

interest in herb-based or food-based health functional products has grown

tremendously. In addition to a booming herbal supplement industry, a category of

m foods known as "functional foods" has been defined. These are foods that offer some

| physiological benefit beyond nutrition, such as the antioxidant activity offered by
carotenoids, which also serve as precursors to Vitamin A in the human body. Today,

P consumers clearly purchase food products based on the suspected health functionality

[ of those foods (Sloan, 2000).

p Although many highly processed foods in today's marketplace are promoted for

[ health functionality, some traditional agricultural commodities are value-added for
health but lack scientific validation of their health-functional properties. The fact that

f* they are functional is not surprising, given that many of our fruit and vegetable crops

[ were originally domesticated for their medicinal value. Research concerning health
functionality of foods is challenging at least in part because ofthe thousands of

P secondary compounds produced by crop plants that interact during normal

1 metabolism. Documentation of health-functional properties in staple commodities can
enhance the agricultural economy and public health, however such research requires

P interdiscipinary teams and long-term research funding.

2. Evolution of Onion and Relationship to Health Functionality

P Onion was domesticated in the mountains ofAsia from a wild progenitor that was

i likely perennial and formed many small bulbs. Selection pressure for a single, large,

apically-dominant bulb with a biennial life cycle enabled humans to develop a

P propagule that could serve as a storage vegetable. The biennial life cycle requires
' storage of certain compounds during the over-wintering period, and the formation of

the alk(en)yl-L-cysteine sulfoxides (ACSOs), also known as flavor precursors, may

f" have been one of the ways in which onion bulbs stored sulfur.

Tissue disruption initiates lysis of the ACSOs and causes formation of a variety of

P organosulfur compounds including the lachrymatory factor, which causes the familiar
tearing in those chopping fresh onion, and thiosulfinates. Thiosulfinates are very

unique molecules because they are responsible for a variety of activities, including

I both the flavor and medicinal properties that derive from alliaceous vegetables

(Block, 1992). For example, the thiosulfinates have been shown to be important in

«, onion-induced antiplatelet activity (Briggs et al., 2000a). In addition, organosulfur
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compounds produced by alliums, particularly those that develop from disruption of

the ACSOs, likely play a unique role in pest control and inhibit predation by would-be

predators (Fenwick and Hanley, 1986).

Thus, the formation of thiosulfinates and other organosulfiir compounds has a

multiplicity of roles for onion: (i) they serve to deter pests, (ii) they confer desirable

flavors to food and mask undesirable flavors; and (Hi) they confer unique medicinal

properties to onion consumers, many ofwhich have yet to be fully understood.

3. Cardiovascular Disease

At least twenty-three percent of the current US population has some form of

cardiovascular disease (AHA, 2000), and most of the US public suffers from some

narrowing of coronary arteries due to the presence of arterial plaque. Cardiovascular

disease, including heart attack and stroke, is the leading cause of death in the US for

men and women from all ethnic and racial groups studied.

The primary forms ofthe disease include high blood pressure, coronary heart disease,

and stroke. Persons with risk of heart disease are often prescribed antiplatelet agents

such as aspirin to maintain blood flow and prevent thromboembolic events caused by

aggregating platelets in the coronary arteries. Platelets play a key role in thrombosis

and acute coronary syndromes because they facilitate blood coagulation. Platelets also

play a major role in the development of atherosclerotic narrowing of coronary and

cerebral arteries. The inhibition of platelet aggregation is directly associated with the

maintenance of coronary arterial blood flow.

Over 3,500 years of folklore and 50 years of clinical data support the cardioprotective

nature of onion and garlic, now known to be caused in part by inhibition of

aggregating blood platelets. Dietary practices may deter heart attack and stroke, but

because most ofthe research on Allium-derived antithrombotics has made use of

highly purified compounds and in vitro studies, we lack precise information on

whether these whole foods are value-added for health. Although some of the

antiplatelet activity ascribed to onion and garlic is likely due to organosulfur

compounds, these vegetables are also potent sources of dietary flavonoids, which may

confer additional antiplatelet activity to these foods. Flavonoids in grapes are similar

to those found in onions and have been shown to increase nitric oxide production and

decrease superoxide release when platelets aggregate. (Freedman et al., 2000), as well

as inhibit platelet aggregation (Keevil et al., 2000, Folts, 2000; Stein et al., 1999).

4. Interdisciplinary Team

In 1998, we formed an interdisciplinary team to investigate cardiovascular health

claims for onion. During the past two years, our interdisciplinary team has (i)

determined Allium-derived thiosulfinates differentially inhibit human platelet

aggregation in vitro and are more potent than aspirin at similar doses (Briggs et al,

2000a), (ii) developed a model reaction mixture for large-scale preparation of Allium-

derived organosulfur compounds such as thiosulfinates (Shen et al., 2000), which

should facilitate clinical trials; (iii) determined that a chromosome region on linkage
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group £ in onion accounted for a significant amount of the phenotypic variation for

pungency, soluble solids, and in vitro antiplatelet activity (Galmarini et al, 2001), (iv)

demonstrated that even minimal cooking times eliminate the in vitro antiplatelet

potential of onion extracts, suggesting that fresh onion may be the only efficacious

preparation for inhibition of platelet activity.

5. In Vivo Model for Cardiovascular Investigation

John Folts, one of our team members, has developed a well-accepted and widely used

canine model for investigation of in vivo platelet activity and platelet-vessel wall

interactions (Folts, 1991). Through this model, our team has been able to begin

realistically testing whole foods for their suspected health functional characteristics.

Our work shows that surprisingly low doses of fresh onion administered both

intravenously and intragastrically abolish platelet-mediated thrombosis in stenosed

canine coronary arteries (Briggs et al., 2000b). This finding suggests the potential for

significant cardiovascular health benefit, however the magnitude, duration, and

bioactive principles remain unclear. Furthermore, preliminary tests with cooked onion

revealed no abolishment ofplatelet-mediated thrombosis, suggesting fresh onion may

be the only dietary strategy for platelet inhibition from onion.

6. Sulfur and Carbohydrate Biosyntbetic Genes Influencing Medicinal Traits

Cultivar differences for antiplatelet activity have been well documented (Goldman et

al., 1995 & 1996). One possible explanation for this finding is variation among

candidate genes in the sulfur biosynthetic pathway. Orvis (2000) used more than 25

cloned genes from this pathway from a variety of organisms including Arabidopsis,

barley, maize, and onion as RFLP probes in an onion population segregating for

antiplatelet activity, pungency, and soluble solids. Very few polymorphisms were

detected among segregating progeny, indicating widespread conservation of the sulfur

biosynthetic pathway genes across disparate species. This finding suggests differences

among cultivars may be due to factors other than differences in sulfur biosynthetic

genes.

Galmarini et al. (2001) identified a quantitative trait locus (QTL) that explained

phenotypic variation for antiplatelet activity in a segregating onion population. The

probe that revealed this QTL showed high homology to an invertase. Invertases are

responsible for hydrolyzing fructans, which are primary storage carbohydrates in

onion. Fructan polymerization and hydrolysis affect the osmotic potential of onion

bulb cells and, as such, are associated with the bulbing process (Darbyshire and

Henry, 1981). Thus, one possible explanation for genetic variation in onion for

antiplatelet activity may be variation in carbohydrate genes, which can influence

water uptake, bulb size, and the concentration of organosulfur compounds in the bulb.

More research must be conducted to determine if carbohydrate genes are indeed

candidate genes for medicinal traits such as antiplatelet activity.

Vfift
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Anticarcinogenic properties of diallyl disulfide, a flavor component of garlic

M-H. Siess, R. Berges, D. Guyonnet, A-M. Le Bon, H. Martin, C. Teyssier.

Unite Mixte de Recherche de Toxicologie Alimentaire, INRA, 17 rue Sully 21065
Dijon Cedex, France.

Introduction

The protective effects ofAllium species have been established in diverse

epidemiological studies. Furthermore, many experimental studies with animal models
have also shown that organosulfur constituents of Allium species could have an

inhibitory effect on carcinogenesis (Wargovich et al., 1996 ; Le Bon et al., 2000). Our
study was designed to evaluate the preventive effects of diallyl disulfide (DADS) on
the appearance of liver preneoplastic foci initiated by two well known

hepatocarcinogen: aflatoxin Bl (AFB1) and diethylnitrosamine (DEN). DADS was
administered during the initiation phase. In order to understand the underlying

mechanisms, we also looked at the effects ofDADS on the expression of carcinogen
metabolizing enzymes, and we investigated the metabolism of this compound by
these enzymes.

Experimental procedures

Hepatocarcinogenesis model

Five-week-old male SPF Wistar rats were housed in individual cages and maintained
at constant temperature and constant humidity. Throughout the experiment they were

fed ad libitum a semi-purified diet. The initiation of carcinogenesis was induced by ip
injection ofnon necrogenic doses ofDEN or AFB1 24 hours after a partial
hepatectomy. DADS was added to the diet of rats during the phase of initiation. The
rats were later submitted to a selection procedure by acetyl aminofluorene (AAF)

treatment and carbon tetrachloride (CCLt). Animals were killed 10 days after these
treatments and the livers are removed. Slices are cut in each liver and are used for the

detection ofplacental glutathione S-transferase (GSTP)-preneoplastic foci by an
immunohistochemical method. These foci were analyzed by morphometry with the
aid of software connected to a video camera. We calculated for each section, the
number of foci/cm2, the mean size of the foci and the percentage of the section
occupied by foci.

,39

^^J Control diet ad libitum

■■■ DADS (20 ppm, 200 ppm, 2000 ppm) or control diet

7«~«» Figure ..ShoMenn
I den (ip, 20 mg/kg) or afb i (ip, o.2 ing/kg) nepatocarcuiogenesis
4 cci4(ig.2mi/kg) model

5 Sacrifice
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Carcinogen-metabolizing enzyme assays

Twelve male weanling SPF Wistar rats (80-100g) were fed a purified diet as

described previously (Haber et al. 1994). DADS was first dissolved in com oil and

then incorporated at 2000 ppm in the diet of the animals for 13 days. Animals were

sacrificed by decapitation after overnight fasting and livers and the small intestines

were immediately removed. Enzyme activities markers of different isoenzymes of

cytochrome P-450 which are involved in carcinogen metabolism were determined :

ethoxyresorufin O-deethylase (EROD, P450 1A1), pentoxyresorufin 0-dealkylase

(PROD, P450 2B), and nitrosodimethylamine W-demethylase (NDMAD, P450 2E1).

Phase 2 enzyme activities involved in carcinogen detoxication were assayed: epoxide

hydrolase (EH) UDP-glucuronyl transferase (UGT), and glutathione transferase

(GST). The enzyme activities were assayed as previously described (Haber et

al.,1994).

Metabolism ofDADS: Rat liver microsomes were incubated with DADS and

NADPH. After 30 minutes the reaction was terminated by addition of acetonitrile.

The mixture was centrifuged and the supernatant was analyzed by HPLC (Teyssier et

al., 1999).

Inactivation ofP450 2E1 by allicin was performed in a two-stage incubation mixture.

The first incubation contained allicin and 1 mM NADPH; At time =0 and regularly

after aliquots were removed from the incubation medium and transferred to a second

stage incubation medium. The residual p-nitrophenol hydroxylase (P450 2E1) activity

was determined in as described previously (Teyssier et al., 1999).

Results

Effect ofDADS on hepatocarcinogenesis:

Carcinogen Dietary treatment

DEN Control

20 ppm DADS

200 ppm DADS

2000 ppm DADS

AFBi Control

20 ppm DADS

200 ppm DADS

2000 ppm DADS

Number

of rats

9

9

9

9

8

10

9

9

Number of

foci/cm2

24.29 ± 3.77

15.05 ± 2.60

25.12 ± 3.74

17.41 ± 3.50

18.87± 4.66

17.03 ± 2.61

5.77 ± 2.55*

1.01 ± 0.44*

% section area

occupied by foci

0.19 ± 0.05

0.10 ± 0.02

0.17 ± 0.03

0.11 ± 0.02

1.39 ± 0.62

0.80 ± 0.19

0.10 ± 0.05*

0.01 ± 0.004*

♦statistically different from the value of control group (Dunnett's test, p£ 0.0S)

DADS treatment reduced the number and the size of the foci initiated by AFB|. The

effect was dose-dependent and significant at 200 and 2000 ppm. We also observed a

decrease of the number ofGSTP foci for rats treated with DEN, while the effect was

not significant.
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Effects ofDADS on carcinogen

EROD (pmol/min/mg protein)

PROD (pmol/min/mg protein)

NDMAD( pmol/min/mg protein)

EH (nmol/min/mg protein)

GST (nmol/min/mg protein)

UGT (nmol/min/mg protein)

metabolizing enzyme:

Liver

Control

44±1

10±l

834 ±115

4.12 ±0.62

672 ± 20

24.5 ±1.4

DADS

208 ±13*

679 ± 50 *

521 ±28*

15.34 ±0.30*

1706 ±84*

41.7 ±0.3*

Intestine

Control

nd

1.5 ±0.1

113 ±3

4.73 ± 0.55

416±51

27.5 ± 4.3

DADS

nd

40.8 ±18.6*

48 ± 28 *

9.40 ± 0.76 *

1488 ±81 *

47.8 ±3.9*

Nd : under detection limits.

The values represent mean ± SEM of4 samples in each group (3 animals/sample). *

statistically different from control (Paired / test P £ 0.05).

DADS treatment (2000ppm) for 2 weeks enhanced EROD, PROD, EH, GST and

UGT activities, while NDMAD activity was decreased. These effects were shown

both in the liver and in the intestine.

Metabolism ofDADS and inactivation ofP450 2EJ by allicin:

DADS was oxidized into allicin in

presence of liver microsomes and

NADPH. In addition allicin caused a

metabolism-dependent inactivation of

P450 2E1. Thus probably DADS is first

transformed to allicin which in turn is able

to inactivate P450 2E1 by a further

metabolism of allicin

Figure 2. Time-dependent inactivation of

P450 2E1 by different concentration of

allicin.

Preincubation (rain)
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Discussion

Our study showed that DADS administered through the diet had inhibitory effect on

hepatocarcinogenesis initiated by AFBi or DEN. The protective effect was dose-

dependent. It was more pronounced with AFBi than with DEN. Most likely the 1
inhibition ofthe initiation phase by DADS is related to the modulating effect that this

component exerts on the enzymes involved in the activation or the detoxication of

these carcinogens. DADS treatment inhibits AFBi carcinogenesis by enhancing net

production of less toxic metabolites ofAFB1 as a result of induction of enzymes

(GST, UGT) which are involved in the detoxication of this carcinogen. DADS ™

inhibits DEN hepato-carcinogenesis by inhibiting the activation ofthis carcinogen as !
a result of the inhibition of P450 2E1. In addition inhibition ofP450 2E1 is probably

mediated by allicin which was demonstrated to be formed by the oxidation ofDADS. «.

Although the relevance ofthese data to the human situation remains to be

demonstrated, they confirm the effectiveness of specific components in the potential

chemoprotection offered by garlic. ^
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^ Abstract

The medicinal applications and health value of garlic and onions have been well

1 documented, with scientific studies confirming long held beliefs as to the efficacy of
a range of compounds found in the Allium family. However, the level of variability

j inherent in natural systems poses problems with respect to the economic extraction of

such compounds for health products. Aspects of crop location, varietal impact, plant

„, nutrition and post-harvest handling have been optimised for the production and

| retention ofkey health compounds in garlic and onions [thiosulfinates, cysteine
sulfoxides (CSOs) and flavonoids]. Our research in garlic suggests that the

p, Australian climate promotes the production of sulfur compounds. Work on crop

j management issues is aimed at further enhancing the level of health compounds in

these crops, and indicates that there is significant opportunity for the market

p diversification of both fresh and processed Allium products based on nutritional
j quality.

m Introduction

j In Australia, the production ofhigh health value garlic has been investigated in detail.

The Australian garlic industry is small by world standards, and has traditionally had

p difficulty in competing on the fresh market with imports from China, the USA, and

f neighbouring countries. Efforts to diversify the market for Australian garlic have
concentrated on the production ofa high quality, high alliin bulb for the pharmaceutical

r market. The success ofthis venture has led to interest from Australian onion producers

I in similar work, which is now under way. The Australian onion industry has gauged
high consumer interest in a high health value onion bulb and are interested in

P1 diversifying their product accordingly. This paper deals mainly with outcomes related

I to the recently completed garlic research, work on onions is currently being progressed.

f The research underpinning health compound accumulation in our crops is being driven
1 by:

■ Opportunities to re-position Australian agricultural products on both domestic and

P international markets based on the level ofcompounds with human-health activity,
I ■ Opportunities to supply international pharmaceutical and health markets and

Market data which indicates:

■ The growing awareness of the role of plant foods in reducing chronic diseases

such as cardiovascular disease and certain cancers, particularly in major Australian

r export markets

■ An increasing interest in health and wellbeing amongst Australian consumers

■ Australia's proximity to Asian markets
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■ Contra-seasonal production opportunities provided by the Southern Hemisphere

seasons.

"I

Our research aims to minimise product variability by investigating the varietal, field !
and storage conditions that affect the level ofbioactive compounds extracted from

garlic and onions. The main objectives were to identify varieties, environmental H
variables, production and post-harvest protocols that optimise the yield (and retention)

of these compounds in the bulb.

Methods

1. Comparison of alliin levels in a range of garlic varieties

200 garlic samples (consisting of five bulbs each) were collected from growers in the \

Australian states ofQueensland, New South Wales, Victoria, South Australia and

Tasmania. Each bulb was analysed for alliin content using the HPLC method reported

in Sterling and Eagling (1998), and the five results averaged to give a recording for |

each sample.

2. The influence of genotype and environment on alliin levels in garlic I
A selection of the most commonly grown commercial garlic varieties were planted at

sites in Queensland, Victoria and Tasmania to assess the interaction of genotype with ^

differing environments. The seed stock for each variety was obtained from a single |
source in each case, with the planting material being evenly divided between the sites.

A randomised block design was utilised, with five replicates at each site. Each plot ^

was 1.5 m long, with 10 cm plant spacings (15 plants per row). Planting dates \

differed, depending on latitude (based on optimising garlic initiation at each site), and

each variety was individually harvested as it reached maturity. ^

3. The effect of nutritional practices on alliin levels in garlic

Production practices, including plant nutritional requirements were investigated to ^

determine whether it was possible to further enhance the natural alliin levels. Three j

varieties were chosen that had marginal alliin recordings (close to 10 mg/g) and

subjected to a range ofnutrient treatments (see below). The varieties were sown in a "*!

randomised block design with five replicates of each variety by treatment .

combination. Each plot was lm long with three rows of garlic. Cloves were planted

at 10cm intervals (30 plants per plot). Management practices were best practice for "1

garlic in Northern Victoria.

The treatments were: r"[-

■ Normal management practice with no additional nutrient applications (Control)

■ Normal management practices plus a monthly foliar application of sulfur (applied

as foliar spray) = Treatment 1 "*

■ Normal management practice plus a fortnightly foliar application of sulfur

(applied as a foliar spray) = Treatment 2

■ Normal management practice plus a fortnightly foliar application of nitrogen ^
(applied as a foliar spray) = Treatment 3
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<- Results and Discussion

It was determined by that a minimum level of 1 Omg/g alliin in fresh garlic was required

P to ensure the economic viability of extraction processes.

1. Comparison of alliin levels in a range of garlic varieties

P 95% ofthe top 100 samples tested had alliin levels above 10 mg/g. 15% ofthese
L samples recorded levels between 15-20 mg/g (Sterling and Eagling, 1998). Table 1.

These results encompassed a broad range ofgarlic varieties, indicating that genotype

P was not a significant factor in determining the level of alliin produced.

2. The influence of genotype and environment on alliin levels in garlic

HPLC analysis showed that alliin levels above 10 mg/g were reproducible across a

range of Australian garlic growing environments. Each variety was able to produce

„ levels above 10 mg/g, depending on where it was grown (environment had a more

significant effect on alliin level than genotype). In general, the interaction between

genotype and environment was more significant in marginal growing regions.

[ 3. The effect of nutritional practices on alliin levels in garlic
Allicin analysis was conducted on fully cured bulbs (approximately six weeks after

m harvest). Two bulbs were randomly selected from each plot and analysed for allicin.

[ The results were averaged for each variety/treatment combination, and standard errors
were calculated.

[ There was a significant increase (p < 0.05) in allicin levels with the application of
sulphur (treatments 1 and 2 - see Figure 1). This finding applied to all three varieties,

j» as the variety by treatment interaction was not significant. The average allicin levels

[ for control, treatment 1, treatment 2 and treatment 3 (all varieties combined) were:
4.4,5.4,5.7 and 4.6 respectively, with an l.s.d. of 0.4. This indicates that treatments

P1 1 (sulfur monthly) and 2 (sulfur fortnightly) positively influence allicin levels, whilst

[ treatment 3 (nitrogen) has little effect. This is noteworthy in that the control (9.6
mg/g alliin) was close to the minimum requirement of 10 mg/g, whilst the sulfur

P1 treated bulbs were well above the prerequisite, (11.8 and 12.4 mg/g for treatments 1

[ and 2 respectively), elevating a borderline situation into a sought after range. It is
important to ensure the rate of sulfur applied does not exceed the plant's requirements

r though, as reductions in bulb yield will occur, thus reducing the overall alliin

L production ofthe crop. It was found that timing of the nutrient spray applications to

coincide with particular growth phases of the plant led to increased alliin without a

P decrease in bulb weight. That is- apply less sprays but at key times during the season,
i when alliin is actively being produced by the plant.

f Conclusions
L There is a naturally high level of alliin present in Australian grown garlic. Levels

above 10 mg/g by fresh weight, are produced consistently among a wide range of garlic

r varieties and in all of the growing regions examined. Furthermore, it is possible (using

^ nutritional practices) to enhance the naturally high levels of alliin in the Australian
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crop, thus reducing the seasonal variability often associated with natural compound

production and greatly increasing the economic viability ofthe process.

This represents two opportunities to the Australian garlic industry. Firstly, the ■

opportunity to market fresh produce to consumers based on its premium quality (health

benefits), and secondly, the opportunity to export for the international health product

and/or pharmaceutical markets. :
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Table 1: Alliin recordings for the top 15 garlic samples (1997 season)

Sam pie

1

2

3

4

5

6

7

8

9

1 0

1 1

1 2

1 3

14

1 5

Alliin (m gig FW )

1 5

1 5

1 5.1

1 5.1

1 5.3

1 5.9

1 6

1 6.2

1 6.6

16.8

1 7

1 7

1 8.1

1 8.3

1 9.7

Figure 1

The effect of nutrient supplements on alliin

levels in three garlic varieties

B Control

■ Treatment 1

D Treatment 2

D Treatment 3

ffiW

Aust. White Cal. Early

Garlic variety

Shumex
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try

Abstract

The flavonol quercetin has been reported as having many health benefits including a

reduction in the risk of developing cardiovascular disease, stroke and some types of ^

cancer. The overall content of quercetin in onion (Allium cepa L.) was examined in ;

five varieties before and after three cooking treatments that simulated common

domestic processing methods of preparing onion. The treatments included sauteing,

baking, and boiling. Total quercetin concentrations were determined using a

spectrophotometer. Spectral analysis was followed by HPLC analysis to elucidate

and quantify the two predominant quercetin glucosides, 3,4'-diglucoside and 4'- ^

monoglucoside, and quercetin aglycone using isoquercetrin as an external standard

and monitored at a wave length of362 nm. Preliminary results from

spectrophotometer readings of post-cooked samples showed that, cooking by sauteing -^

produced an overall gain in quercetin concentration, baked products showed i

insignificant differences, while boiling produced an overall decrease in quercetin

concentration when compared to the fresh sample. These results ^

were confirmed with more refined analysis with HPLC. Furthermore, HPLC data

indicate that the ratio between the different forms of quercetin is not affected by

thermal treatment. The results ofthis study show that although differences in n

quercetin concentration are observed among thermally processed onions, quercetin is

still present in concentrations very near to untreated, fresh onion tissues. Therefore,

onions may still carry the health benefits related to quercetin when consumed after 1

thermal processing.

Introduction "1

The flavonol quercetin in onions (Allium cepa L.) has shown phytomedicinal properties

(Hertog and Hollman, 1996). The objective of this research was to determine if thermal

processing by saut&ng, baking, and boiling affected quercetin concentrations. "*]

Additionally, we compare direct spectrophotometric values to flavonols identified

through HPLC to assess the spectrophotometer as an economical alternative analysis

method of total quercetin. "*!
j

Materials and Methods

Sample Preparation. One red and four yellow skinned onion varieties were used. One ^
bulb per variety per day was selected randomly over 10 days. Inedible portions were

removed. Onions were quartered with one quarter submitted to each of three cooking

treatments and one quarter as raw control. Raw controls also served as samples for J

direct spectrophotometer and HPLC comparison. One quarter each was sliced into 1

cm squares and sauteed in sunflower oil for 5 min, placed into sealed ceramic
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containers and baked for 15 min at 176 °C, and boiled for 5 min. Following

processing, post-treatment weights were recorded, tissues frozen in liquid nitrogen

and then ground to a fine powder. Quercetin was extracted from 20 g ground powder

in 80 ml of80% EtOH (Patil et al., 1995) by filtering twice through Fisher no 8 and

Whatman grade 42 filter paper.

Spectrophotometer and HPLC Analysis. Ethanolic extracts were diluted 10:1 with

80% EtOH to a total of 5 ml. Absorbance (AU) readings were made at 362 nm. HPLC

analyses were conducted using a Dionex system with UV detection fixed at 362 nm.

A 50 ul sample was injected onto a Waters uBondapak C18 guard and analytical

column (3.9 x 300mm diameter). HPLC solvents were H2O:THF:TFA

(98%:2%:0.1%) (solution A), and 100% acetonitrile (solution B) at a flow rate of 1

ml/min (Price and Rhodes, 1997) over a modified gradient as follows: 17%B (2 min);

to 90%B (20 min); to 95%B (1 min): 95%B (2 min); to 17%B (2 min); and 17%B (15

min). A standard curve of isoquercitrin was made for quercetin quantification. Peak

area versus concentration for HPLC analyses and AU versus concentration for

spectrophotometer analyses were used to express results in mg/kg wet matter basis

(wmb).

Data Analysis. ANOVA was performed in SAS (Proc GLM) on a factorial of 5

varieties X 4 treatments with 10 replicates. Means were separated by Fisher's

Protected LSD test (PO.05). Correlation and regression analyses of

spectrophotometer and HPLC methods were performed in SAS (Proc Corr Cov and

Proc Reg). Spectrophotometer and HPLC values were grouped separately and all

varieties were pooled (n=50).

Results and Discussion

Two large peaks were identified as quercetin-3,4'-0-diglucoside (3,4'-Qdg) and

quercetin-4'-0-glucoside (4'-Qmg), by chromatographic comparison (Price and

Rhodes, 1997) and relative position to authentic standards (Figure 1). Minor flavonols

identified were quercetin-3-O-glucoside (3-Qmg or isoquercitrin), quercetin aglycone

(Q), and kaempferol (K). Additionally, isorhamnetin-3-O-glucoside (3-Img), was

identified based on a retention time by Price and Rhodes (1997).

Effect ofProcessing on Quercetin Content. No treatment by variety interaction was

observed, therefore means of all varieties were pooled and effects ofprocessing on

quercetin in tissues compared. Raw control samples had an overall mean of 367.7

mg/kg wmb for 3,4'-Qdg + 4'-Qmg (Table 1). A significant 25 % gain over raw

samples of 3,4'-Qdg + 4'-Qmg was observed in sauteed samples with a mean of469.7

mg/kg wmb (Table 1). Similarly, a significant 7% gain over raw samples in 3,4'-Qdg

+ 4'-Qmg was observed in baked samples, having a mean of403.8 mg/kg wmb

(Table 1). Losses in post-cook tissue weight from pre-cook tissue weights were

observed among both sauteed and baked samples (Table 1), which reflected a

concentration of quercetin within onion tissues as water was evaporated. Boiling

produced a significant 18% decrease in 3,4'-Qdg + 4'-Qmg concentration, having a

mean of 309.4 mg/kg wmb (Table 1). Losses of quercetin in tissues were attributed to
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leaching of quercetin into cooking water (Hirota et al., 1998) and a dilution effect

resulting from weight gains in post-cook tissues (Table 1). Quercetin glucosides, 3,4'-

Qdg and 4'-Qmg combined, represented between 88 and 89% of total flavonol

content in all pooled treatment means indicating heat stability, i.e. no overall

degradation of total quercetin with thermal processing.

Spectrophotometer Compared To HPLC. Correlation analyses revealed a high linear 1
relationship (r=0.97; PO.0001) between spectrophotometer values and HPLC total

quercetin (3,4'-Qdg + 3-Qmg + 4'-Qmg + Q) (Figure 2-A), indicating a strong *"j
positive association between these values. The regression model (Figure 2-B) of !

HPLC total quercetin as the predictor showed that the spectrophotometer estimates

total quercetin reliably (1^=0.94).

Conclusion

Quercetin in onions exists as two predominant glucosides, although minor quercetin ]
glucosides and free quercetin are present. Quercetin concentrations in thermally

processed onions remain high compared to raw onion tissues despite thermal

processing. A high linear relationship was observed when comparing simple

spectrophotometric and HPLC methods of analysis. The spectrophotometer does not

replace the precision ofHPLC analysis, but represents in these conditions, an

inexpensive and efficient method for analysis of total quercetin in onions.
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Figure 1. Typical HPLC chromatogram of onion extract at 362 nm. From left to

right: quercetin-3,4'-O- diglucoside (3,4'-Qdg), quercetin-3- O-glucoside (3-Qmg or

isoquercitrin), quercetin-4'-O-glucoside (4'-Qmg), isorhamnetin-3-O-glucoside (3-

Img), quercetin aglycone (Q), and kaempferol (K).

Table 1. Quercetin conjugates (3,4'-Qdg and 4'-Qmg) and total flavonols (TF)

content (mg/kg wmb ± SEM) in raw and cooked onion (A. cepa L.).

Treatment

Saute"

Bake

Boil

Raw

%CL

orCG*

-12.6

-1.3

+8.7

n

50

50

50

50

3,4-Qdg

mg/kg wmb

186.2 ± 9.5

148.8 ± 7.6

134.2 ±7.2

157.4 ± 7.9

4'-Qmg

mg/kg wmb

283.5 ±17.1

255.0 ±17.5

175.2 ±10.6

219.3 ±12.7

TF

mg/kg wmb

534.5 ±29.5

456.3 ± 27.6

348.0 ±19.4

428.6 ±23.1

3,4'-Qdg + 4'-Qmg

mg/kg wmb

469.7 a ± 25.4

403.8 b ±24.0

309.4 d± 16.9

367.7 c ± 19.9

%TF

88% a

88% a

89% a

88% a

% Loss

or Gain**

+25%

+7%

-18%

*% cook loss or cook gain in tissue weight after thermal processing calculated by: [(Pre-Cook

wt - Post Cook wt) * Pre-Cook wt] x 100%. 'Total flavonols absorbing at 362 nm;'" treatment

means ■*■ raw means x 100%. Means with the same letter are not significantly different;

Fisher's protected LSD (P<0.05).

r=Q97

P<QGG01

B

y=1.01x +41.94

^=0.94
P<0.0001

200 300 400 500 600 700 800 9000 100 200300400500600 700 800900
HPLC

Total Quercetin Concentration mg/kg wmb

Figure 2. Correlation (A) and regression model (B) between spectrophotometer values

and HPLC total quercetin (3,4'-Qdg + 3-Qmg + 4'-Qmg + Q) ofA. cepa extracts

(n=50 bulbs); 95% confidence intervals shown as dotted lines for regression.
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Administration of Onion (Allium cepa) Abolishes In Vivo Platelet-mediated '■

Thrombosis

W.H. Briggs, J.D. Folts, H.E. Osman, H. Xiao, K.L. Parkin, and I.L. Goldman '
Dept. of Horticulture, Cardiology Sect., and Dept. ofFood Sci., University of

Wisconsin-Madison, 1575 Linden Dr., Madison, WI53706 "|
whbriftgs@students.wisc.edu ]

Abstract

A number of studies have supported the potential of onions as a functional food for

improving cardiovascular health. Onion juice (OJ) is an inhibitor of platelet

aggregation (PA) in human blood in vitro. A widely utilized canine in vivo model of

platelet mediated thrombosis was used to measure die effects of onions. Ten dogs

were prepared with mechanically stenosed coronary arteries. Subsequent periodic _

platelet mediated thrombus formation followed by embolization produces cyclic flow !
reductions (CFRs). In 4 dogs 0.09±0.01 ml/kg OJ given intravenously (IV) abolished '
CFRs within 20 minutes followed by a 59±15% (p=0.012) reduction in collagen .

induced PA in whole blood. Four dogs were given 2.0 g/kg raw onion homogenate |
intragastrically. CFRs were eliminated within 3 hours, accompanied by a 46±27%

(p=0.043) reduction in PA. Organosulfur compounds produced when onion tissue is m,

cut are partly responsible for the in vitro platelet inhibitory property. Differential j
inhibition ofPA by 4 synthetic Allium thiosulfmates was observed in vitro. Up to 8

mg/kg of synthetic propyl propane thiosulfinate administered IV to two dogs had no m

significant effect on CFRs. The consumption ofraw onion may be of benefit to those j
with platelet mediated cardiovascular ailments.

Introduction and Experimental Procedures I
The presence of a thrombus in a coronary artery can lead to acute syndromes such as

myocardial infarction and angina (1). Platelet aggregation plays a central role in "]

thrombosis. A diet rich in natural platelet inhibitors may reduce an individual's risk i
of suffering from cardiovascular disorders involving thrombosis. Juice from onions

(Allium cepa) and other Allium vegetables (e.g. garlic, leek, and welsh onion) are **]

known to inhibit in vitro platelet aggregation (2). '

The purpose ofthis study was to determine whether onion can inhibit platelet "1

mediated thrombosis in vivo. An experimental model which simulates thrombosis in

stenosed coronary arteries (3) was used to this end. This model has been widely

utilized for testing the in vivo antithrombotic potential of various antiplatelet agents, 1
including aspirin (4), red wine (5), grape juice, and garlic oil (6). The chest of an '

anesthetized dog is opened and an electromagnetic flow velocity probe is placed on

the circumflex coronary artery (Fig. 1). The vessel distal to the probe is clamped to 1
produce intimal and medial injury. A cylinder is placed around the damaged area to

create a stenosis. A platelet thrombus forms in the lumen of the stenosis reducing

flow. When flow reaches zero, the thrombus is embolized and flow returns to "*)
normal. This process occurs repeatedly and has been termed "cyclic flow reductions"

(CFRs). The antithrombotic potential of an agent can be evaluated by observing the _

i
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effect of its intravenous (IV) or intragastric administration on CFRs. The aortic blood

pressure and circumflex epicardial electrocardiogram (ECG) are monitored

simultaneously.

Twelve dogs were prepared in this manner. Five were given an IV dosage of 0.09

±0.01 ml/kg clear raw onion juice of a single hybrid yellow storage onion cultivar

(Fig. 2). Raw onion homogenate (2.0 mg/kg) from the same cultivar was placed into

the duodenum of five other dogs (Fig. 3). Blood was drawn before administration of

onion and after CFRs were abolished to measure the effect of onion on ex vivo

platelet aggregation using the whole blood impedance method (Tables 1 and 2).

Thiosulfinates (TSs) have been implicated as a principle source of the antiplatelet

property of Alliums. In one study, nearly all of the in vitro antiplatelet activity of

raw garlic was attributable to TSs (7). TSs are products of the reaction that occurs

between the flavorless S-alk(en)yl-L-cysteine sulfoxides (ACSOs) and the enzyme

alliinase when the tissue is cut. Variation in the quantities of the alk(en)yl

substituents ofthe ACSOs gives rise to the differences in the sensory effects ofraw

Allium species and cultivars. TSs display differential antiplatelet activity in vitro

which is dependent upon the alk(en)yl substituents (8). The in vitro antiplatelet

activities ofTSs (0.4mM) and aspirin (0.36mM), a drug used by millions to prevent a

second heart attack, were compared (Fig. 4).

Circumflex coronary

artery blood flow

Figure 1. Schematic of the canine periodic coronary thrombosis (CFR) model.

123



Results

1

j

Aortic blood

pressure

Circumflex

epicardial ECG

Circumflex

coronary artery

blood flow

0.09rol/kg IV onion juice X X

Figure 2. In vivo platelet-mediated thromboses (CFRs) are inhibited by IV raw

onion juice.

1

1

Table 1. Inhibition of ex vivo platelet a

Agonist

Collagen (lug/ml) 3

Collagen (2|ig/ml) 5

Collagen 5

(0.125ug/ml) + epi

ADP (20uM) 3

ADP (20uM) + epi.. 5

PMA (0.5uM)

negation by IV onion juice

% Aggregation p-

inhibited value

68.3 ± 12.9

60.6 ± 14.2

55.8 ± 32.2

69.0 ±27.1

22.4 ± 38.3

39.8 ± 25.2

0.049

0.002

0.013

0.038

0.221

0.048

1

X increased intimal damage

ISO min after 2g/kg intragastric onion

Figure 3. Raw onion homogenate administered intragastrically inhibits CFRs. X
spontaneous emobolization.

1
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Table 2. Inhibition of ex vivo platelet aggregation by onion juice administered

intragastrically.

Agonist

Collagen (lug/ml)

Collagen (2ug/ml)

Collagen (0.125ug/ml)

+ epi.

ADP (20uM)

ADP (20uM) + epi

(lug/ml)

PMA (0.5uM)

n

5

5

5

3

4

5

% Aggregation

inhibited

52.4 ± 23.5

44.3 ± 23.6

53.7 ±25.5

84.7 ±13.6

49.5 ± 44.5

33.1 ± 16.8

P-

value

0.061

0.012

0.008

0.074

0.108

0.029

Figure 4. Inhibition of human platelet aggregation in vitro by acetylsalicylic acid

(aspirin 0.36mM) and thiosulfimantes (TSs 0.4mM).

A »p ir in M rlhyl

m clbincTS

Ethyl

lllimiTS

Prop yl

propan cTS

A Ilicio

Conclusions

• Raw onion juice administered IV to five dogs inhibited platelet-mediated

CFRs in the canine coronary thrombosis model within 20 min (Fig. 2). CFRs

returned with increased intimal damage.

• IV onion juice inhibited ex vivo platelet aggregation in dog blood (Table 1).

• Raw onion homogenate given intragastrically to five dogs inhibited CFRs

within 3 hours of administration (Fig. 3). CFRs did not return following

increased intimal damage or IV epinephrine in three of these dogs.
Intravenous epinephrine and increased intimal damage are capable of

restoring CFRs following inhibition by aspirin.

• Dog platelets responded differently than human platelets when raw onion

juice was added to whole blood in vitro. Dog platelet aggregation was

significantly inhibited by the addition of lul raw onion juice to lml of dog

blood (p<0.01). In contrast, lOOul of onion juice in lml of human blood was

needed to significantly inhibit aggregation (p<0.1).
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1

• Onion and other Allium TSs (Fig. 4) inhibited in vitro human and canine

platelet aggregation. Some TSs are more potent in vitro inhibitors than

aspirin used at a concentration capable of inhibiting CFRs. However, a large ^

dosage of propyl propaneTS did not inhibit CFRs or ex vivo platelet

aggregation in two dogs.

References:

1. Fuster, V.F., L. Badimon, J.J. Badimon, and J.H. Chesebro. 1992. Mechanisms of disease:

the pathogenesis of coronary artery disease and the acute coronary syndromes. N. Engl. J. ^

Med 326:242-250. \

2. Goldman, I.L., B.S. Schwartz, and M. Kopelberg. 1995. Variability in blood platelet

inhibitory activity ofAllium (Alliaceae) species accessions. Am. J. Bot. 82:827-832.

3. Folts, J.D. 1991. An in vivo model of experimental arterial stenosis, intimal damage, and

periodic thrombosis. Circulation S3:lV-3-lV-\4.

4. Folts, J.D. and G.G. Rowe. 1974. Cyclical reductions in coronary blood flow in coronary

arteries with fixed partial obstruction and their inhibition with aspirin. Fed Proc. 22:413. ^

5. Demrow, H.S., P.R. Slane, and J.D. Folts. 1995. Administration of wine and grape juice

inhibits in vivo platelet activity and thrombosis in stenosed canine coronary arteries.

Circulation 91:1182-1188. ^

6. Deboer, L.W.V. and J. Folts. 1989. Garlic extract prevents acute platelet thrombus formation j
in stenosed canine coronary arteries. Am. Heart J. 117:973-975.

7. Lawson, L.D., D.K. Ransom, and B.G. Hughes. 1992. Inhibtion of whole blood platelet

aggregation by compounds in garlic clove extracts and commercial garlic products. Thromb. rm

Res. 65:141-156.

8. Briggs, W.H., H. Xiao, K.L. Parkin, C. Shen, and I.L. Goldman. 2000. Differential inhbition

ofhuman platelet aggregation by selected Allium thiosulfinates. J. Agric. Food Chem. In _

press. I

]

126



Genetic Analyses Of Correlated Carbohydrate, Flavor, And Health Enhancing

Traits In Onion (Allium Cepa L.)

Claudio R. Galmarini1, Michael J. Havey2, and Irwin L. Goldman3

'E.E.A. La Consulta, INTA, C.C.8, La Consulta, 5567, Mendoza, Argentina

2United States Department of Agriculture, Agricultural Research Service, Dep. of

Horticulture, 1575 Linden Drive, Univ. of Wisconsin, Madison, WI 53706 USA

3Dep. of Horticulture, 1575 Linden Drive, Univ. of Wisconsin, Madison, WI 53706

USA

Abstract

Consumption ofAllium vegetables is associated health-related benefits, like

decreasing risks of cardiovascular diseases, due in part to reduction ofplatelet

aggregation. The solids content is mainly composed of non-structural carbohydrates,

such as fructans, glucose, fructose, and sucrose, and is related to flavor, texture, and

storability. Fructans are associated with reductions of colon diseases, osteoporosis,

and cancer. Pungency is becoming more important as consumers prefer milder

onions. A genetic map and 54 F3M families derived from a cross between Brigham

Yellow Globe 15-23 (BYG15-23) and Ailsa Craig (AC43) were used to identify and

estimate the magnitude of quantitative trait loci (QTL) controlling soluble solids

content, total solids, pungency, and onion-induced antiplatelet activity (OIAA), 30

and 90 days after harvest. These traits showed significant positive phenotypic and

genetic correlations. A chromosome region on linkage group E accounted for a

significant amount of the phenotypic variation for these traits. The correlations

among these traits may be due to linkage or pleiotropy ofgenes controlling solids

content. The relative differences for OIAA among different populations were

consistent across six human blood donors. Most of the sources evaluated showed

high OIAA; however for some donors, AC43 and two F3M families had pro-

aggregatory effects. Our results indicate that although the development ofonion

populations with lower pungency and high OIAA may be difficult, it will be possible

to select onions that combine high OIAA and high fructan content for nutritional

strategies with potential for deferring cancer and cardiovascular disease risks.

Introduction

Consumers demand foods that taste good, are fat or calorie-reduced, and provide

added health benefits. Consumption ofonion and related Alliums, including garlic {A.

sativum L.) and leek {A. ampeloprasum L.), is associated with reductions in blood

lipids, cholesterol, and platelet activity, contributing to decreased cardiovascular

disease (Sainani et al., 1976; Kendler 1987; Augusti, 1990). Platelet aggregates can

obstruct flow in blood vessels, leading to infarction of the tissue supplied by the

obstructed vessel. One of the salutary effects ofAllium vegetables on the

cardiovascular system is the inhibition ofplatelet activity (Goldman et al., 1995). A

number oforganosulfur compounds, derived from the same compounds that give rise

to onion flavor, have been implicated in the antiplatelet response (Goldman et al.,

1996). Solid content is a characteristic related to onion flavor, texture and storability

and has great importance for the dehydration industry (Sinclair et al., 1995). Soluble

solids are mainly composed of non-structural carbohydrates (Darbyshire and Henry,
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1979). Onion is a source of naturally occurring inulin and oligofructose; these !
fructans affect the colonic microflora, and colonic carcinogenesis (Roberfroid, 1999).

Flavor in onions is due mainly to volatile and non-volatile sulfur compounds and, to a "1

lesser extent, to soluble sugars (Randle, 1992). Onion pungency develops when the 1
enzyme alliinase interacts with the sulfur-substituted amino acids after cutting or

crushing the onion tissue (Lancaster and Boland, 1990). SSC, total solids, pungency, ™[
and OIAA are quantitative traits showing significant positive phenotypic correlations

(Goldman et al., 1996; Debaene et al., 1999). Mapping chromosome regions that

carry quantitative trait loci (QTL) is an important approach in modern plant breeding ^
(Paterson, 1998). The goal ofthis study was to identify and estimate the magnitudes '

of QTL controlling SSC, total solids, pungency, and OIAA and, over the long term, ^

to develop value-added onion cultivars with enhanced flavor and defined medicinal i

benefits. A second goal was to evaluate OIAA using whole-blood aggregometry for a

range of onion germplasms across human blood donors. n

i

Materials and Methods

QTL Study A 138-point genetic map derived from a cross between Brigham Yellow _

Globe 15-23 (BYG15-23) and Ailsa Craig 43 (AC43) (King et al., 1998) was used. !
Fifty-four F3M families from BYG 15-23 x AC 43, the two parents and controls were

evaluated at two locations, during two years using a randomized complete block <=>

designs with three replications. Soil tests were performed every month during the j
growing season, measuring soil pH, percent organic matter and concentrations of

phosphorus, potassium, and sulfate. Onion bulbs were harvested at vegetative ^

maturity, i.e., when a minimum of50% of the foliage per plot was collapsed. After {

harvest, bulbs were dried at 38°C for about 6 days, and stored at 6°C. Ten unsprouted

bulbs per replication were sampled at 30 and 90 days after harvest. Each of the ten ^

sampled bulbs was cut in half; one halfwas reserved for dry weight measurement. !
The other half was juiced. The extract was collected and left on the bench for 20

minutes to allow enzymatic hydrolysis of the flavor precursors. Pungency was ""I

determined by the pyruvic acid method (Schwimmer and Weston, 1961). The !
remaining portion ofthe extracted juice was used to assess percent dissolved solids,

using a refractometer (Mann and Hoyle,1945). Total solid content was determined H

after drying at 57°C. OIAA was measured using whole blood aggregometry (Orvis et !
al., 1998). Blood was drawn from a single healthy human donor who had abstained

from eating onions, other related Alliums, or other known platelet-inhibitory foods 'I

(e.g. red wine, purple grape juice, dark beer, etc.) for at least 48 hours. The donor !
also had not taken drugs known to effect platelet aggregation (e.g. aspirin) for at least

one week prior to venipuncture. Means, standard errors, skewness, kurtosis were H
calculated; Normality was improved by logarithmic transformations. Data were >

subjected to a combined analysis of variance using the MIXED procedure of SAS

(Littell et al., 1996). Broad-sense heritabilities, phenotypic and genetic correlations "*■
were calculated. QTL analyses were performed using PlabQTL (Utz and Melchinger,

1996). First, using simple-interval mapping. Next, the most significant marker in each m

peak was used as cofactor for composite-interval mapping. All chromosome regions "]
with LOD > 2.5 from the composite analysis were considered significant and

included in the final model.

128



OIAA for Different Human Blood Donors

Brigham Yellow Globe (BYG) 15-23 and Ailsa Craig (AC) 43 and eight F3M

families from their cross were used to evaluate OIAA of onion for different human

donors. Four families (15998,16000,16028, and 16300) were selected as having

high OIAA (inhibiting more than 90% of platelet aggregation relative to a control)

and four (15182, 16014,16258, and 16288) had lower activity (allowing

approximately 100% platelet aggregation relative to a control). Onion bulbs were

grown from seed at Palmyra, WI, during 1999 in a randomized complete block design

with three replications. The trial management and measurements were similar to

those described for the QTL study. Blood was drawn from six healthy donors, five

males and one female, as previously described. Data were transformed using a log

transformation to improve normality, and analyzed by PROC GLM (SAS Institute,

NC).

Results

QTL Study The combined means for F3M progenies and parents across locations and

years for 30 and 90 days of postharvest storage showed trangressive segregations for

all traits and the distributions were skewed towards the BYG15-23 parent. High

broad-sense heritabilities for F3M families were calculated. Significant positive

genetic and phenotypic correlations were found between soluble solids, total solids,

pungency, and platelet aggregation. QTL were identified for all traits (Tables 1 and

2); common QTL on linkage groups D and E condition soluble and total solids. A

chromosome region at position 40 on linkage group E accounted for a significant

proportion of the phenotypic variation for most of the studied traits. Moreover, this

region showed positive additive genetic effects for total solids and pungency and

negative genetic additivity for platelet aggregation, in agreement with the directions
of the phenotypic correlations.

OIAA for Different Human Blood Donors

OIAA was significantly different between onion classes (high and low antiplatelet

activity) and among donors. Families 15182 and 16014 and AC43 showed pro-
aggregatory effects for two donors (Galmarini, 2000).

Discussion

The additive effects revealed for QTL conditioning SSC and TS are consistent with

the broad-sense heritabilities estimated from previous field studies based on classical

quantitative genetic analyses. The strong phenotypic and genetic correlations revealed

by this study may be the result of linkages among genes independently controlling

these traits or pleiotropic effects ofthe same gene(s). Darbyshire and Henry (1979)

suggested that onions with high solids content lack the ability to hydrolyze fructans to

free fructose, restricting the plant's capacity to osmoregulate and, as a consequence,

reduce water uptake. Consistent with this proposal, McCollum (1968) observed that

high-solids onions tend to be smaller. The increase in water content, associated with

low-solids onions, could be responsible for diluting the compounds of the sulfur

pathway related to onion pungency and OIAA and, as a consequence, produce milder

onions with less antiplatelet activity. Genes conditioning polymerization of fructans
warrant further examination. QTL controlling solids content in onion may be linked
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1
to loci conditioning variation for enzymes involved in sugar polymerization. Despite >

the important role played by alliinase in the flavor pathway (Lancaster and Boland,

1990), we did not identify QTL affecting pungency or 01AA near RFLPs revealed by "]
alliinase (King et al., 1998). Reservoirs of this enzyme are held in the vacuoles and

may not be the limiting step in the flavor pathway.

Most oftheF3M families exhibited high 01AA. However, proaggregatory effects

were observed for AC43 and F3M families 15182,16014 and 16262, indicating that

onion extracts can promote in vitro platelet aggregation in some individuals. Chen et I
al. (2000) reported platelet stimulating factor(s) in boiled juice ofAlliumfistulosum.

These authors suggested that the boiled extracts stimulate the release ofa constricting ^

factor, probably a thromboxane that increased platelet activity. Further studies need j

to evaluate the action ofthese pro-aggregatory onions, both in vitro and in vivo,

across several human donors to confirm these findings. ^

This is the first genetic analysis of correlated health-enhancing, flavor, and solids

content in a major vegetable crop. Further genetic analyses of these traits using other ^

segregating populations, grown across a wider range of environmental conditions,

will be necessary to fully understand the genetic effects. The overall results indicate

that although the development of onion populations with lower pungency and high <*;

OIAA may be difficult, it will be possible to select onions that combine high 01AA I
and high fructan content for nutritional strategies with potential for deferring cancer

and cardiovascular disease risks. H
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Table 1. Quantitative trait loci detected by composite interval mapping for soluble

solids, total solids, pungency, and platelet agreggation among F3M families of

BYG15-23 x AC43 evaluated 30 days after harvest.

Trait

Soluble Solids

Total Solids

Pungency

Platelet

Aggregation

Linkage

group

F

A

E

B

None

Position

(cM)

14

154

42

42

Interval

AJB72- API54

AOB302 -

AOB77

AP166-AOB271

Total

AJB37-AOB241

LOD"

score

2.81

2.52

4.06

5.23

2.63

R2

(%)

21.3

19.3

29.3

36.0

20.1

Genetic

Additive b

0.025

0.016

0.033

-0.007

effect

Dominance

-0.039

-0.032

0.011

-0.045

'Totals of the LOD score and the percentage of phenotypic variance accounted (R') were

determined using a multiple-QTL model.

b Additive effects are associated with the allele from BYG 15-23. A positive value means that the
BYG 15-23 allele increases the trait.

i^n

f^i

rss

Table 2. Quantitative trait loci detected by composite interval mapping for soluble solids,

total solids, pungency, and platelet agreggation among F3M families ofBYG15-

23 x AC43 evaluated 90 days after harvest.

Trait

Soluble

solids

Total

solids

Pungency

Platelet

aggregation

Linkage

group

D

F

D

E

E

E

G

Position

(cM)

50

16

50

38

40

40

16

Interval

AJK84-API89

AJB72 - API54

Total

AJK84 - API89

API92- AOB236

Total

API92 - AOB236

API92-AOB236

AB14-AOB115

Total

LODa

score

3.86

4.22

7.11

2.50

2J6

4.10

4.17

2.80

154

5.39

RJ

(%)

28.2

30.2

46.8

16.7

21.0

31.8

29.9

21.2

19.4

36.9

Genetic effect

Additiveb
0.024

0.036

0.020

0.026

0.015

-0.127

0.050

Dominance

-0.035

-0.038

-0.012

0.009

0.006

0.011

-0.118

* Totals of the LOD score and the percentage of phenotypic variance accounted (R2) were determined using
a multiple-QTL model.

b Additive effects are associated with the allele from BYG 15-23. A positive value means that the BYG 15-23
allele increases the numeric value of the trait.
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Plant Pathology Keynote Address

Nature and control of onion diseases - current status and future prospects.

J. W. Lorbeer. Department of Plant Pathology, Cornell University, Ithaca, NY

14853.

Abstract

Pathogens of onions can be soilbome, seedbome, airborne, vectored by insects, and

disseminated by cultural, harvest, and storage procedures. Although many aspects of

the etiology and epidemiology of the major onion pathogens have been characterized,

it is apparent that an improved and expanded knowledge base of presently unstudied

aspects of the biology ofa number of these pathogens is needed to provide the basis

for application of satisfactory economic management procedures for the diseases they

cause. The role of latency in the infection process by Botrytis allii, Stemphylium

vesicarium, Alternaria porri, and Aspergillus niger leading to the development ofthe

diseases of onion they cause needs critical study since all ofthese pathogens can be

seedbome and in some instances soilborne. In the USA bacterial diseases recently

have caused major losses to onion growers particularly in New York, Georgia, and

Colorado. The development of effective management procedures for these diseases

will be possible only after a critical knowledge base concerning the ecology ofthe

bacterial species causing these diseases is developed and the infection process for

each of the bacterial pathogens is much better understood. It is now apparent that

control of such diseases as Botrytis leaf blight, pink root, and Fusarium basal rot can

be achieved and/or improved by traditional plant breeding procedures and that the use

oftransgenic techniques offers great promise for the development ofdisease resistant

onions. New chemistry fungicides, protein elicitors leading to systemic acquired

resistance, and biocontrol procedures also offer future promise for onion disease

management.

Introduction

Research which provides discoveries that lead to a continuing improvement

concerning the understanding ofthe nature of onion pathogens and the diseases they

cause conducted in concert with studies leading to the development of effective

control procedures for the diseases is always needed, especially in today's highly

technical world. Such research generally leads to new and novel approaches for the

management of the onion diseases induced by the pathogens. Numerous discoveries

were made during the 20th century concerning the nature of onion pathogens and
procedures for their control. Those findings not only provide a generally good

understanding at the present time concerning the ecology, etiology, and pathogenesis

of a number ofknown onion pathogens but also provide for generally effective

approaches for the management ofonion diseases as the 21s' century begins.

Current Status

Organic fungicides such as maneb, mancozeb, chlorothalonil, iprodione, and

metalaxyl are now utilized routinely by onion growers either alone or in combination,

often in an IPM mode utilizing disease predictive systems, for control of onion leaf
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diseases such as Botrytis leaf blight, Altemaria purple blotch, and downy mildew. )
Maneb, mancozeb, thiram, and carboxin are used to control onion smut. Pythium

damping off is controlled by the use of metalaxyl. Pink root and Fusarium basal rot ""I

can be controlled by utilization of resistant varieties. Botrytis neck rot is controlled *

by utilizing several cultural and chemical techniques in concert. They include the use

of onion seed free of contamination by Botrytis allii, fungicide seed treatments, "1
undercutting and drying onions (preferably in windrows) under field conditions prior

to topping and harvest, continued drying and curing of onions in field storage, and

forced heated air procedures inside onion storages. The onion yellow dwarf virus "1
disease can be controlled by cultural procedures involving the management of '

volunteer onion plants which harbor the virus causing the disease. The incidence of

bacterial decays of onion bulbs in storage can be reduced by procedures utilized prior

to planting, harvest, and grading. These include crop rotation, avoidance ofoverhead

irrigation, application of copper biocides, complete drying of the inside neck tissues

of onion plants prior to topping and harvest, and sanitization ofharvest equipment, J
grading belts, and storage boxes.

In spite ofthe procedures presently available, effective control of bacterial diseases, :

particularly under growing conditions in the field, remains a huge problem for onion

growers. For several, if not all of the bacterial pathogens of onion, there remain «

many aspects oftheir ecology, etiology, and pathogenesis that have not yet been j
studied in depth. This needed research is necessary for the development of

information mat could provide for the effective control procedures presently needed. ^

New knowledge should provide approaches for the economic management of j

bacterial diseases of onion in future years. The same type ofnew information also is

needed for a number of the fungal pathogens of onion. ^

Future Prospects

Latency, Symptomless Expression, And Systemic Infection

An area for which intensive research is needed revolves around the consideration of

latency and symptomless expression of the systemic presence of onion pathogens in

the internal tissues of onion plants. This raises the question if some ofthe bacteria

and fungi, which infect young onion plants and then become latent actually are

endophytes, which become active pathogens at later periods in the development of the

plants when physiological changes in the plants occur that are induced by growth

stage effects and/or environmental factors. Several fungal pathogens which infect

onion seedlings and then perhaps become latent for extended periods in young onion

plants before resuming activity and ultimately causing disease in mature onion plants

and/or onion bulbs need to be studied in this respect. The most notable would be

Aspergillus niger, Botrytis allii, Stemphylium vesicarium, and Altemaria porri. All

ofthese pathogens have been shown to be seedbome.

Studies in recent years have indicated that seedbome and soilbome propagules ofA.

niger can infect onion seedlings and that the fungus can be detected in the roots, basal

134



plates, and leaves of the seedlings and young onion plants. The latent presence ofA.

niger in the basal plate tissue ofyoung onion plants is intriguing and suggests the

possibility ofmovement of the fungus from the basal plate into the outer bulb scales

and neck tissues as they develop from the meristimatic tissues of the basal plate.

However, at present it is unclear whetherA niger can eventually infect the outer

scale tissues and the neck regions of onion bulbs by subsequent internal spread of the

pathogen, and this aspect of pathogenesis by the fungus needs critical study.

The seedborne nature ofthe biology of B. allii is well known. However, little is

known of the life history of this pathogen from its seedborne occurrence to outbreaks

of Botrytis neck rot in onion bulbs harvested from plants grown from onion seed

contaminated with the fungus. Studies in recent years have illustrated the seedborne

nature of both S. vesicarium and A. porri. The main questions concern what infection

processes and aspects of latency as well as systemic infection are involved in the

relationship of the seedborne presence of these fungi that could lead to their infection

of onion seedlings and young onion plants prior to outbreaks ofthe Stemphylium leaf

blight and Alternaria purple blotch diseases on more mature plants.

Systemic infection of onion seedlings can be an important aspect in the development

of disease in developing and mature onion plants. Systemic infection of onion

seedlings by the onion smut pathogen Urocystis cochici is well established. Such

infection leads to disease symptoms and signs of the fungus in young plants as well

as in the bulb tissues of older and mature plants growing under field conditions. It

appears that oospores ofPeronospora destructer in the soil of onion production fields

can germinate and infect young onion seedlings resulting in systemic infection ofthe

plants, and ultimately in dense sponilation of the fungus on those plants. Such plants

can serve as the inoculum sources in the development of focal areas (hot spots) for

outbreaks ofdowny mildew in direct seeded onion production fields. Similarly, a

few onion transplants systemically infected by P. destructer from oospores present in

the soil of transplant beds also can also serve as the inoculum sources in the

development of focal areas (hot spots) for severe outbreaks ofdowny mildew in

transplant onion production fields. Likewise, onion transplants grown from seed

contaminated with S. vesicarium and then shipped to New York from other locations

have served as the origin of inoculum causing outbreaks of Stemphylium leaf blight

not only in the transplant fields but also in nearby direct seeded onion fields in recent

years in New York. It presently appears that S. vesicarium does not survive in nature

from one year to the next in New York. Therefore, the seedborne and systemic

infection aspects of this pathogen are important considerations in managing

Stemphylium leaf blight in New York.

Although Alternaria porri appears to be well established as a background fungus in

New York and elsewhere, and that airborne conidia of the fungus initiate outbreaks of

Alternaria purple blotch, the fact that the fungus can be seedborne raises the question

of the role of this inoculum in the purple blotch disease cycle. Can outbreaks of the

disease be initiated from this seedborne inoculum, which might systemically infect

plants and then result in sponilation on such plants? Also, other species of Alternaria
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can cause leaf diseases of onion. Information is critically needed concerning the role
ofA. alternata and A. tenuissima in a possible complex of Altemaria leaf diseases of
onion. Alternaria porri has been shown to infect onion bulbs and cause deterioration

of bulb tissue. Does this form of bulb infection result only after leaf infection or

onion bulb neck infection by airborne or soilborne inoculum, or is there the m
possibility that latent infection in the stem plate of onion plants ultimately results in

such disease symptoms?

Disease Management I

Chemical Control ^

In recent years there have been a number ofnew chemistry fungicides developed for j

plant disease control. Several ofthese most likely will be used for the control of
onion diseases. Cyprodinil (Vangard) and the fungicide combination ofcyprodinil+ ^

fludioxonil (Switch) have shown good promise in New York for the simultaneous

control ofBotrytis leaf blight and Alternaria purple blotch in experimental trials.

Azoxystrobin (Quadris) also has shown good control of these two diseases in the ^

same trials, especially when used in combination with either mancozeb or j

chlorothalonil. Fungicides developed a number of years ago that might have a strong

future for controlling onion leaf diseases are tebuconazole (Folicur), dicloran ^

(Botran), and propoconazole (Tilt). Compounds which possibly could induce the

systemic acquired resistance (SAR) response in onions such acidbenzolar-S-methyl

(Actigard) and harpin (Messenger) which is a protein elicitor of SAR in a number of ^

crop plants might hold promise in the future for onion disease control. The

application ofDADS as a soil fumigant used alone or in combination with

tebuconazole foliar sprays appears to be the most effective present and future "^

commercial chemical procedure for control ofthe white rot disease of onion caused

by Sclerotium cepivorum.

Biological Control

Research on a number of crop plants has indicated the usefulness ofcommercial

preparations of Trichoderma harzianum applied to the soil or foliage for the control "1
of several genera of fungal pathogens including Botrytis. Future research on the

control of onion diseases with commercial preparations of T. harzianum or other

microbial agents hopefully might lead to their effective and practical biological ^
control. Although biocontrol is expected to hold considerable promise for the

management ofa number of plant diseases, practical control of onion diseases in the

foreseeable future most likely will rely greatly on the chemical approach. ■

Cultural Control „,

Crop rotation will remain an effective procedure for controlling onion diseases in the

future. This procedure most likely will be particularly useful for the control of

bacterial diseases of onion, which are initiated under field conditions and later can ^

cause severe losses in storage. The avoidance ofweed species, organic windbreak

plant species, winter cover crops, and rotational crops which build up soil population

levels of onion bacterial pathogens such as Burkholderia cepacia and Pseudomonas ,-,
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viridiflava will be an important cultural control procedure in future years. It is

desirable that plant species be identified which can decrease soil populations of such

bacterial pathogens. The placement of onion seed fields and cull piles, which serve

as inoculum sources of a number ofpathogens, next to or near onion production

fields is a practice that needs to be discontinued. The complete drying of inside

tissues of the necks of onion plants before harvest is a procedure that should always

be utilized to prevent the inoculation of the neck tissues of healthy onion bulbs with

bacterial and/or fungal pathogens when the plants are topped by hand or machine. It

would be anticipated that testing of commercial and homegrown onion seed for

pathogens will be implemented as a standard procedure to insure that seedborne

diseases of onion are prevented.

Resistant Varieties

Traditional plant breeding techniques and the application of genetic engineering

procedures along with discoveries in the area of genomics will provide the basis for

the development ofresistant varieties of onion to a number of diseases. Sources of

resistance to pink root and Fusarium basal rot are well established and need to be

incorporated into both long day as well as short day onion varieties. Allium roylei

and other Allium cepa cultivars and plant introductions are providing sources of

resistance to Botrytis leaf blight which should lead in future years to the development

ofcommercial varieties of onions resistant to the disease.

Careful Adoption OfNew Control Techniques

Frequently, new fungicides or disease control procedures are introduced and growers

adopt their use without examining the possibility of downside effects. The failure of

chlorothalonil to control onion downy mildew when used as a replacement for

mancozeb led to serious outbreaks of that disease in western New York several

decades ago. Good control of onion smut can be achieved by the application of either

maneb or mancozeb as a seed furrow drench or spray. Granular application of thiram

to the seed furrow also is an effective procedure for onion smut control. Control of

the disease by either the drench or granular procedure can be enhanced when Pro-Gro

(thiram + carboxin) is added to the seed. However, control of the disease has been

either marginal or ineffective when control is attempted only by Pro-Gro seed

treatment. Onion smut once well controlled by the seed furrow drench or spray

techniques recently has become a serious disease problem in onion fields in New

York where growers attempted to control of the disease solely by Pro-Gro seed

treatment. Propagule levels of the onion smut pathogen have increased to extremely

high levels in those fields. It will take years of effective smut control to reduce the

levels of those propagules to the levels of previous years. Since growers would like

to control onion smut and maggot solely by seed treatment, extensive research

presently is underway in New York and Ontario to identify new chemistry fungicides

that might be effective for smut control when applied solely on onion seed. Such

fungicides would need to be compatible in seed treatments with the insecticides that

are utilized for onion maggot control and any seed coating materials that might be

used.
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Integrated Pest Management

It is to be expected that the utilization of Integrated Pest Management (IPM)

techniques for the control of onion diseases would expand in future years. Disease H
forecast systems developed in the past such as BLIGHT-ALERT in New York,

BOTCAST in Ontario, and the SPORE INDEX PREDICTIVE SYSTEM in Michigan

for the occurrence of Botrytis leaf blight most likely will be superseded by improved ]

or new models in future years. The predictive system DOWNCAST for the

occurrence of downy mildew and the LEAF WETNESS HOURS system for ^

forecasting the occurrence of Alternaria purple blotch most likely also will be

superseded by improved or new versions. The practice of monitoring onion fields on

a routine basis by IPM scouts to detect the initial occurrences and then the subsequent _

levels of onion diseases was expanded during the past several decades and this

development would be anticipated to continue in future years. Integration ofnewly

developed management systems for onion disease such as those involving: (1) field ~

monitoring for initial detection of onion pathogens and diseases; (2) forecast systems j
for disease occurrence; (3) continued field monitoring to determine subsequent levels

of the pathogens and the diseases they cause to determine the appropriate time to ^

apply management procedures involving chemical, biological, and cultural controls; j

and (4) harvest and postharvest techniques to reduce the occurrence and spread of

decay producing pathogens of onions in storage should provide for improved control ™i

ofonion disease in future years. I
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'■ Dehydrated Garlic Powder Used To Reduce Sclerotium Cepivorum In Field Soil

P F. Crowe, Oregon State Univ., 850 NW Dogwood Ln., Madras OR 97741, ph 541 -
'■ 475-7107. fred.crowe@orst.edu

M. Davis, Univ. California, Davis CA 95616; J. Nunez, Univ. Calif. Coop. Ext.,

P Bakersfield CA 93307
1 R. Smith, Univ. Calif. Coop. Ext., Salinas CA 93901

T. Darnell, Or. St. Univ. Coop. Ext., Milton-Freewater OR 97862

Abstract: For single applications distributed within the infested depth of soil in large

field plots, 0,18.5,37, 74,111,148, and 185 g/m3 of food-grade dehydrated garlic

powder (DGP) lowered populations ofSclerotium cepivorum by 0-27,33-77,65-72,

92-95,93-98,94-98 and 100%, respectively, when applied within the optimal range

„ of soil temperature and moisture for sclerotial germination. Data were composited

[ from field trials near Walla Walla WA (fall/spring 1991 -92), Bakersfield CA and

Hollister CA (spring 1998), and Madras OR (spring 1999). As per previous reports,

p >5 L/H diallyl disulfide (Madras, Bakersfield) or 200 kg/H tarped methyl bromide

[ (Bakersfield) reduced populations by 98%. Commercial DGP was utilized within a
month of processing, packaging and storage, but amount and composition of

P stimulants were not assessed. For white rot control, all such treatments should be

[ adjusted to the depth to which sclerotia have been tilled.

r> Introduction:

j In non-sterile soil, Allium flavor and odor compounds specifically induce high levels
of germination in otherwise dormant sclerotia ofSclerotium cepivorum. Sclerotia

p only germinate once. The pathogen dies and fails to reproduce if Allium roots or

I bulbs are not infected. Following upon previous success (not cited here) in greatly
lowering sclerotial populations in the field using petroleum-derived diallyl disulfide

p (DADS), we considered the possibility that equivalent reductions might be

1. economically achieved with natural products. Dehydrated garlic powder (DGP) is
commonly used worldwide as a food additive. DGP is produced in high volume;

r seemed to offer advantages in product stability, safety, handling and packaging; and

1 is less costly than many other natural products. DADS is a main component among a
range of stimulants present in DGP.

' Preliminary results from a field trial conducted in 1991 -1992 were encouraging. But
our enthusiasm waned because at that time natural products were federally regulated

P (at least in the United States) as pesticides, and likely would require the full range of
' pesticidal testing to earn product registration. Already somewhat expensive to

produce, the additional costs of such pesticidal regulation would offer no competitive

P advantage to DGP. Further, there was reluctance to have a food-grade product
*■ formally identified as a pesticide, even though DGP's action is stimulatory and

natural (perhaps even "organic") rather than classically pesticidal. However, in 1996

I the US Environmental Pesticide Agency deregulated garlic and many other natural

products, which opened the door for further consideration.
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This report summarizes preliminary field testing in 1991 -1992 and subsequent field

testing in 1998 and 1999. Not included here are results of ongoing chemical testing
ofDGP for product consistency related to manufacturing, storage, shipping, etc., (J. ™|
Dennis and F. Crowe, work in progress). In the absence of a formal pesticide label '
that guarantees content level of active ingredient, a rapid chemical test is needed to

assure stimulants are present and to adjust rates of application as per the level of

stimulants present.

Materials and Methods: !
DGP was procured from commercial producers in the western U.S. that have

comparable field production and manufacturing processes, and which produce similar ^

grades ofDPG. Following slicing and dehydration, garlic is milled into various size ;

grades, with powder being the smallest (roughly similar in size to wheat flour) and

least expensive. All DGP was derived from clones of the informally described garlic ^

variety California Early. Stimulatory content was not determined. DGP remained in ;

original containers and in manufacturer's storage for up to 1 month until shortly

before application in the field. ^

Trials were located in naturally infested fields in which white rot had not occurred for

at least one year and in which volunteer Allium were absent. Walla Walla. WA. «,

treated 15 Oct, 1991; 3 replications on sandy loam soil; DGP incorporated to 30 cm j
with a rotary tiller, DGP obtained from DeFrancesco & Sons (Firebaugh, CA).

Bakersfield and Hollister CA. treated 26 Feb and 3 Apr, 1998, respectively; 4 ^

replications each on loam and sandy loam soil, respectively; DGP incorporated to 15

cm by rotary tiller or by hand, respectively; DGP obtained from Basic Vegetable

Prod. (King City CA). Madras OR. treated 25 May 1999; 4 replications on clay loam n

soil; DGP incorporated to 30 cm by rotary tiller; DGP obtained from Rogers Foods

(Turlock CA). DGP was mixed with water and sprayed under agitation on the soil

surface. Soil was then tilled immediately. Treatment dates were chosen such that H

soil temperatures would remain conducive to germination for 3 months following !

application (Crowe and Hall, 1980b), excluding temperatures below 4 C, at which

time post-treatment soil samples were collected. Soil moisture was adequate prior to H

product application, plots were irrigated immediately to assist retention of I
germination stimulants, and plots were periodically irrigated to maintain optimum

moisture conditions for germination (Crowe and Hall, 1980b). At Bakersfield, methyl "*]
bromide (MeBr, Tri-Cal) was commercially injected at a rate of22 g/m2 as a gas to
30 cm and tarped. At Bakersfield and Madras, DADS (United Agri Products) was

injected as a liquid to 30 cm, using 15 cm shank spacing, with injector points located "1
at 10,20 and 30 cm depth along the shanks. Rates of 5 ml/m2 and 0.5 ml/m2 were
used in Bakersfield and Madras, respectively.

Pre- and post-treatment soil samples were composited from 20 sub-samples per plot

collected to DGP tillage depth. Data not shown indicated that all germination activity _

had ceased by the date of post-treatment soil assay, after 3 or more months of

conditions suitable for germination activity. Wet sieving soil assays and sclerotia
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viability tests, determined by growth on water agar, were performed (Crowe, et al,

1980).

Results:

Pre- and post-treatment S. cepivorum inoculum density means and percent reduction

in sclerotia populations calculated from pre- and post-application means are shown in

Figure 1. For each trial, DGP applications up to 74 g/m provided less than 95%

reduction in sclerotial populations. Applications of 110 g/m3 or more reduced
populations by more than 95%. For 74 g/m3, the percent reduction ranged from 92-
95%. As expected, percent reduction in sclerotial population was greater than 95%

following both MeBr and DADS applications.

Discussion:

Our data suggest DGP distributed in soil at a rate of90-100 g/m3 (250-270 lb/ac

applied 12 inches deep) may be the minimum necessary to achieve >95% population

reduction ofS. cepivorum. In the absence ofmeasurable stimulatory content of

product derived from several companies and used in diverse soil types, the

consistency and generality of our results suggests that product testing may be

unnecessary. However, preliminary evidence suggests that DGP may change or vary

with continued storage, diverse packaging and shipping (J. Dennis and F. Crowe,

unpublished). Neither have we tested DGP sourced from other varieties in other

countries, or produced by different manufacturing processes. Until a rapid and

inexpensive chemical analysis is available, we encourage all who may use DGP

produced in the western U.S. and derived from the variety California Early to use

freshly produced and commercially packaged product.

As with DADS applications, DGP must be well distributed through soil and as deeply

as infestations have been previously distributed with field tillage operations. It is

strongly encouraged that field sclerotial levels be monitored to verify population

reduction sufficient to avoid high incidence of white rot disease.
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Table 1. Intact, viable sclerotia of 5. cepivorum recovered from soil before and after
application of germination stimulants and fiimigants in diverse locations in the western

United States

Location and Treatment

Walla Walla, WA, 1991-92

Untreated

DGPb18.5g/m3
DGP184g/m3

Bakersfield, CA, 1998

Untreated

DGP37g/m3
DGP 74 g/m3
DGP 148 g/m3
DADSd (5 ml/m2)
Methyl Bromide (22 g/m3)

Hollister, CA, 1998

Untreated

DGP 37 g/m3
DGP 74 g/m3
DGP 148 g/m3

Madras, CA, 1999

Untreated

DGP 18.5 g/m3
DGP 37 g/m3
DGP 74 g/m3
DGP 111 g/m3
DADS (0.5 ml/m2)

Viable sclerotia/L soil

Pre-Treatment

9.7

5.7

6.0

76.0

79.3

94.0

69.7

70.9

71.7

55.4

59.8

60.3

47.8

186

176

149

179

200

131

Post-Treatment

8.0 Aa

1.3 B

0B

80.2 A

23.0 C

5.56 CD

2.70 CD

1.35 D

1.88 D

40.7 A

21.2 AB

2.79 B

1.69 B

178 A

118 AB

50.6 BC

15.6 C

6.72 C

3.12 C

% Reduction in

Inoculum Density

6.67 B

75.9 A

100 A

0 B

70.1 A

93.9 A

96.6 A

98.6 A

96.6 A

29.0 C

63.1 B

94.8 AB

96.7 A

5.2 D

98.3 A

33.1 C

72.7 B

92.1 A

96.2 A

1

n

!

f™n

FTJ1

Each trial analyzed separately. Within each trial, means followed by the same

letter are not significantly different at P<0.05 according to Fisher's protected

least significant difference (LSD) test; P values not shown.

bDehydrated garlic powder.
cDiallyl disulfide. I

H
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The use of vesicular arbuscular mycorrhizae (VAM) for biological control of

onion white rot (caused by Sclerotium cepivorum Berk).

Maria de los Angeles Jaime \ Tom Hsiang \ Mary Ruth McDonald '.
(l)Dept. Plant Agriculture, (2) Dept Env. Biol., Univ. Guelph. Guelph, ON. Canada

N1G4W1. Tel.: (519) 824-4120. Email:mjaime@uoguelph.ca.

Abstract

Field experiments were conducted to evaluate the efficacy ofVAM {Glomus

intraradices) as a biological control of onion white rot. Onion plants were

transplanted into organic soil naturally infested with the pathogen, in commercial

fields in the Bradford Marsh, Ontario, Canada. Onions were evaluated for disease

incidence, extent ofroot colonization, yield and quality. In this report we present only

the disease incidence data. Compared to the untreated control, disease incidence at

two field sites was significantly reduced with two commercially available vesicular

arbuscular mycorrhizae (VAM) products, PROMIX PGX® with MYCORISE® 1000

and MIKRO-VAM®. Reduction of disease incidence on bulbs was almost 50%. No

statistically significant differences were found among these two VAM treatments and

the fungicide treatment Folicur 3.6F. No statistically significant differences were

found among Trichoderma harzianum products (T-22 Plant Shield Drench WP® and

T-22 Root Shield Granules® from Bioworks), PROMIX PGX® with MYCORISE®

255 and the untreated control.

Introduction

White rot of onions, caused by Sclerotium cepivorum Berk, is a serious disease of

onions and Allium spp. world-wide. It is a major limiting factor in the production of

onions in the Bradford Marsh, Ontario. S. cepivorum survives almost indefinitely in

soil as small, black sclerotia (Coley-Smith 1990). Under favourable environmental

conditions, sclerotial germination and host infection are stimulated by specific

chemicals released by roots of a susceptible host (Stewart et al. 1989). There has been

no attempt to estimate the financial losses caused by this disease in the Bradford area,

but white rot is a widespread field disease of onions and has high potential for

reducing marketable yield.

Various strategies for the management of white rot such as crop rotation, winter

flooding and the use of fungicides have been tested and have shown limited results

(McDonald et al. 1992). Genetic resistance to white rot occurs among cultivars of

onion but the level is low and has not yet proven to be effective in commercial

production (Coley-Smith and Esler, 1983). Alternative methods of disease

management with the potential to control white rot include the use of VAM. The goal

of this project is to improve the management of white rot of onions grown on organic

soils, through the use of biological controls such as VAM.

Material And Methods

Onions, cultivars Fortress (relatively resistant mid-maturing) and Hoopla (relatively

susceptible mid-maturing) were seeded in 288 plastic plug trays on 18-19 April 2000.
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■ 1
VAM inoculum Glomus intraradices (MIKRO-VAM®, PRO MIX PGX® with I
MYCORISE ® 1000 and PROMIX PGX® with MYCORISE® 255 and Trichoderma

harzianum inoculum (T-22 Plant Shield Drench WP® and T-22 Root Shield H

Granules® from Bioworks) were used as seed treatments. PRO MIX PGX ® was !
used as the growing medium for all treatments.

i

The fertilizer regime for all treatments was potassium nitrate 13.5-0-46 (greenhouse ;

grade 50 ppm first time and 100 ppm the rest of application), once a week, starting

2.5 wk after seeding, No phosphorus was used because it has been shown to influence ^
mycorrhizal root colonization and affect the development of external mycelium

during the early stages of root colonization by VAM fungi in the soil (Linderman,

1994). The plants remained in the greenhouse for 5 weeks. The tops were clipped at j

4,5,6 wk to get larger onions. The plants were placed outside for one week to harden

before transplanting. Lorsban for onion maggot control was applied (1.6 ml in 500 ml

of water per tray) before hand-transplanting.

The trials were located in three naturally infested commercial fields (muck soil, pH _

6.4, organic matter 60%) in the Bradford Marsh, Ontario, Canada (44° 5' N - 79° 35' j

W). The onion plants were

hand transplanted on 29-30 May (site 1), 5-6 June (site 2) and 7 June (site 3). The seven ™

treatments tested (Table 1) were replicated six times for each cultivar in a randomized ]
complete block design. Each plot in the trial consisted ofone bed of4 rows of onions (2

m) with a row spacing of 0.42 m (1.7 m wide). Onions were planted at 25 plants /m, m

giving 200 onions per plot. Recommended control procedures for fungal and bacterial '
pathogens, weeds and insects were followed. Onions were managed for the full season

by the growers. Tebuconazole (lL/ha) Folicur 3.6F was applied in band twice, 5 and 10 -^

weeks after hand-transplanting (Davies et al., 1998).

Assessment before transplanting and mid-season (8 weeks) was done to measure percent "*]

of colonization of roots by VAM, and weight (fresh and dry) and size of the plants.

Periodic subsamples at 6,9,12 and 15 weeks were collected to monitor the development

ofthe crop. Onion bulbs were assessed for white rot incidence and severity at maturity H

(15 wk) as well as weight (fresh and dry). White rot incidence was classified as low (1 - !
10%), medium (11-50) and high (51-100%).

The air temperatures during the trial were above the long-term (10 year) average for

May, below average for June, July and August and average for September. Total rainfall

was above the long-term (10 year) average for May (160.3 mm), June (173.4 mm), and "1
August (75.7 mm), average for July (86.4), and below average for September (79.8

mm). Statistical tested were performed using the PROC GLM, PROC PLOT AND

PROC UNIVARIATE procedures of SAS ver. 6.12 (SAS Institute, Cary NC.) ^

Results And Discussion

Weather conditions during the growing season were wet and cold which is favorable for ""'
the development ofwhite rot and other fungal and bacterial diseases. The first onion

infected with white rot was found on July 6,2000. In two of the three fields the disease
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incidence was greater than 20%( site 1 & site 3). At site 2, the incidence of the disease

was less than 2%; no significant differences were found among treatments in site 2.

Data are shown from site 1 and 3. Disease incidence at the two sites was 22.3 % (site 1)

and 36.4% (site 3). In this area, the average disease incidence in commercial production

was approximately 35%. In some commercial fields white rot incidence was 75% for

the 2000 season.

Disease incidence was higher in cv. Hoopla (30.01% site 1 ,37.42 % site 3) than in cv.

Fortress(5.76% site 1,12.64% site 3). These data confirm the higher susceptibility of

Hoopla and the partial resistance of Fortress to white rot. There was no treatment by

cultivar interaction.

The two applications of Folicur reduced white rot incidence at harvest compared to the

control by more than 45%. Similar results were found with tebuconazole in field trials in

1999 (McDonald, et al., 1999). Beneficial effects were observed in onion plants

inoculated with VAM Glomus intraradices (MIKRO-VAM® and PROMIX PGX® with

MYCORISE® 1000) in terms of reduced incidence of the disease. White rot incidence

at harvest was significantly reduced by more than 45%. These two treatments did not
differ significantly from the fungicide in terms of disease incidence. These data suggest

that VAM fungi (Glomus intraradices) can colonize and protect onions from white rot

when the plants are inoculated before coming into contact with the pathogen.

The incidence of white rot was not significantly different among onions treated with T-

22 Plant Shield Drench WP® and T-22 Root Shield Granules® (Trichoderma

harzianum) and the untreated control. At site 3, PROMIX PGX® with MYCORISE®

255 had the highest incidence of the disease, higher than the control, however, the

average for the two sites was not significantly different from the untreated control.

Significant difference where found in percentage of marketable onions among

treatments at harvest (marketable = healthy onions + onions with low infection). The

fungicide treatment and MIKRO-VAM® had consistent behavior at both sites. The

treatments with T-22 Plant Shield Drench WP® and T-22 Root Shield

Granules® (Trichoderma harzianum) increase the percentage of marketable onions

compared to the control at site 1, but these treatments did not show significant

differences in the incidence ofthe disease. At site 3, there were no differences in the

percent of marketable onions with PROMIX PGX® with MYCORISE® 1000 but

significant differences were found in the incidence of the disease.
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Table 1. Mean percentage ofwhite rot incidence and marketable onions of cultivars Fortress and

Hoopla at harvest, infected by VAM or Trichoderma harzianum before transplanting or treated
with tebuconazole for the control of White rot (Sclerotium cepivorum Berk), Bradford Marsh,

Ontario, Canada, 2000. By site.
i

Treatment'

Control (untreated)

Folicur 3.6F2

MIKRO-VAM®

MYCORISE®1000

MYCORISE®255

T-22 Plant Shield

Drench WP®

T-22 Root Shield

Granules®

Rate

IL/ha

1 gr/plug

lOOOspore/L

255 spore/L

10 kg/ha

30 kg/ha

Active

ingredient

Tebuconazole

Glomus intraradices

Glomus intraradices

Glomus intraradices

Trichoderma

harzianum

Trichoderma

harzianum

Sitel

%

Disease

22.30 c2

11.58 a

13.26 ab

14.94 ab

16.43 abc

16.72 abc

17.39 be

%

Marketable

85.70 c

93.74 a

92.62 ab

92.04 ab

90.61 ab

90.48 ab

89.44 be

Site 3

%

Disease

26.76 c

15.61 ab

13.61 a

18.54 ab

36.40 d

25.35 be

21.59 be

%

Marketa

ble

83.20 c

91.14 ab

92.12 a

87.71

ahcnuv

75.05 d

82.17 c

85.68 be

1
1

Except for the fungicide Folicur which was band sprayed 5 and 10 wk after transplant, other treatments

were on seed

2 Numbers in a column followed by a different letter are significantly different at P=0.05, Fisher's Protected
LDS test.

Conclusions:

VAM infection (Glomus intraradices MIKRO-VAM® and PROMIX PGX® with

MYCORISE® 1000) can substantially reduce onion white rot caused by Sclerotium

cepivorum, comparable to the fungicide Folicur 3.6F applied as a banded spray 5 and 10

wk after transplanting. Differences in cultivar resistance was identified. Hoopla was

consistently more susceptible to white rot than Fortress. This work demonstrates that

biological control ofAllium white rot with VAM has potential as an affective disease

management strategy for onions grown from transplants.
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1 Control Of Garlic White Rot (Sclerotium Cepivorum) Through Different Strategies

[ A. France, M. I. Gonzalez and L. Merino. INIA Quilamapu, Casilla 426, Chilian Chile.

I Abstract

The effectiveness of several methods to control Sclerotium cepivorum were measured

I through the population and viability of the fungal sclerotia. Seven treatments were

evaluated: solarization, garlic extract, broccoli residue, solarization plus broccoli residue,

Trichoderma harzianum, terbuconazole, and a control plot. Soil samples were collected

145 days before planting, at planting, and at garlic harvest, for each sample the number of

sclerotia and their viability were determined. The results indicate that before planting, the

p sclerotia population was homogeneous in all the experimental plots. At planting, the

I population was similar to the previous counting, but the inoculum viability was affected
in the treatments with solarization, garlic extract, broccoli cropping, and solarization plus

<m broccoli. At harvest, all the treatments had less sclerotia than the untreated control, which

[ was the only one that increased its sclerotia number, compared with the two previous
counting. The viability of the sclerotia was more reduced by terbuconazole and

jp» Trichoderma harzianum treatments, compared with the other ones. All treatments

[ produced more healthy plants at harvest that the untreated control.

p Introduction

[ In Chile, as well as in the world, the most important and destructive disease of garlic
(Allium sativum L.) is white rot, caused by Sclerotium cepivorum Berk. (Crowe, 1995).

w* The pathogen causes major crop losses by rotting the root system of garlic and other

[ alliaceous plants. After plant rooting, the fungus produces numerous sclerotia, which

remain in the soil for long periods, restricting future garlic crops (Coley-Smith, 1990).

p The sclerotia germinate only in response to root exudates produced by Allium plants

t (Crowe, 1995; Perez et al., 1996).

P The disease control is difficult due to the prolonged survival of the sclerotia in the soil,

i whose germination is regulated by the presence of the host, and garlic resistance to white

rot is unknown. Besides, a low inoculum density is enough to cause severe loss in garlic

P (Coley-Smith, 1990; Ghini, 1991). Several alternatives have been proposed to reduce the
t disease damage, such as solarization, fungicides, biological control, sclerotia germination

stimulants, and organic amendments (Ramirez-Villapudua and Munnecke, 1996,

P Entwistle, 1995; Macleod and Ryan, 1997, Benhamou and Chet, 1996; Coley-Smith,
1990; Maylthon et al., 1996; Subbarao and Hubbard, 1996). Thus, the objective of this

research was to evaluate different methods to control white rot, by reducing the sclerotia

P population and their viability during the garlic cropping.
1 Material and methods

The experiment was performed with garlic clone 21, originated from the INIA breeding

j program. The following seven treatments were established in a soil naturally infected
with 5. cepivorum:

p • Control check. Naturally infected soil with S. cepivorum.
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• Solarization. During summer (January 18th to March 18th) a 0.05 mm
polyethylene film was covering the selected plots, which were irrigated at field

capacity before treated. **]
• Garlic extract. The commercial product Garlic (40% of allicin) at 2.0 1/ha was

incorporated to the soil 84 days before planting.

• Broccoli amendments. On May 6th, 94-days old broccoli plants were chopped and j
incorporated to the soil 45 days before garlic planting.

• Trichoderma harzianum. Two isolates of T. harzianum, Trll5 and Trll6, ™

isolated from parasited sclerotia of S. cepivorum were produced in parboiled rice j
and incorporated into the soil at 5 * 10l4 spores/ha at planting.

• Terbuconazole. The fungicide terbuconazole (Folicur 250) was applied at 1.0 1/ha ^

to the planting furrow together with the garlic cloves and immediately covered j

with soil.

• Broccoli and solarization. 60-days old broccoli plants were chopped and H

incorporated in the soil. Later, the plots were flooded and cover with

polyethylene film for a three months solarization.

The experimental design was a randomized complete block with three replications. Each '

experimental plot had 12.5 m2. The experiment was planted on June 23,1998, with
disinfected garlic cloves by a 1.5% ofsodium hypochloride solution for 5 minutes. "]

Cloves were spaced 7 cm apart in rows and 50 cm between rows. Plots were fertilized '<

with 67.5 kg/ha ofN and 90 kg/ha of P2O5. Treatments with broccoli received an

additional 45 kg/ha of P2O5. For weed control, plots were sprayed with oxyfluorfen (0.18 ^
L/ha) before plant emergency and later were hand-weeded. Crop was watered by drip

irrigation from October to December.

Sclerotia population in the soil

Sclerotia population was counted three times during the experiment: before treatment set ^

(January 27*, 1998), at planting (June 23th, 1998), and after harvest (January 7th, 1999). A j
250 g of soil sample, from 25 compound sub-samples, was collected for each plot at 20

cm deep. Sclerotia isolation was accomplished by wet sieving method (Punja y Rahe,

1991). 1

Sclerotia viability _

The recovered sclerotia were hydrated by 24 hours in distilled water and incubated during

3 days at -18 and 24°C for 20 and 4 hours, respectively. Later, 50 sclerotia from each plot

were surface disinfected with 3% NaOCl for 1 min, before plating in potato-dextrose- ^

agar media (PDA). The plates were incubated at 18-24°C and the sclerotia germination

was evaluated for 45 days. The results of viable sclerotia and the relationship with the

ones collected from the samples were analyzed by analysis ofvariance (ANOVA) and ^

Duncan multiple range test for separation of means.
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Results and discussion

Sclerotia population in the soil

At the beginning of the trials, sclerotia population did not show differences among the

experimental plots. This population was homogeneous, fluctuating between 3.10 and 3.59

sclerotia/g of soil (figure 1), amount considered very high according to Bruehl (1991).

The sclerotia population remained similar in the second soil sampling, either among the

treatments or between sampling (figures 1 and 2). However, statistic differences were

observed at harvest. Thus, only in the control treatment the number of sclerotia in the soil

increased from 3.19 to 5.34 (figure 1). Instead, the other treatments decreased their

sclerotia populations, compared with the previous samplings (figure 2). Garlic extract

was the most effective treatment in reducing the sclerotia population, (62.3%) (figure 1).

Similarly, Perez et al. (1996) detected a sclerotia reduction between 51 and 86% with

addition of sclerotia germination stimulants.

Sclerotia viability

Before the establishment ofthe treatments, the sclerotia viability was similar among the

different plots. This similarity changed at planting time, being much lower the number of

sclerotia in those treatments that were already applied (figure 3). Indeed, the most

effective treatment was solarization with 56.3% of sclerotia viability reduction.

According with Katan (1996), such reduction could be lost if the sclerotia are located

deeper than the temperature influence zone. Thus, the number of sclerotia in the

solarization plots tended to increase at harvest (figure 3). Also, solarization alone was

more effective than solarization plus broccoli, because the later treatment was

implemented after the broccoli cropping and did not get, as the former, the higher

temperatures of middle summer.

At harvest, only the control had similar level of sclerotia viability to its respective

treatment at the beginning of the experiment. As the amount of sclerotia was increasing

in the control plots during garlic cropping, more viable sclerotia were available for a

further crop (figure 3). The best treatment was terbuconazole, which decreased in 69.7%

the sclerotia viability (figure 3). This fungicide has a long persistence in the soil

(Macleod and Ryan, 1997). Following in efficacy were Trichoderma harzianum and

solarization, both statistically similar, allowing different alternatives for disease control.

Benhamou and Chet (1996) indicated that T. harzianum has the capacity to parasite and

grow on sclerotium. Also, Trosmo (1996) had observed that T. harzianum has the ability

to parasite directly the germinated micelium from the sclerotium. These parasitic abilities

are complemented with the saprophytic growth of the fungus, allowing its establishment

in the soil even in absence of sclerotia (Van der Booser, 1999).

In summary, all the treatments were able to decrease the sclerotia population in the soil.

The best reduction was reached with the garlic extract, but terbuconazole reduced more

the sclerotia viability and produced more healthy plants. Trichoderma harzianum isolates

Trl 15 and Trl 16 were effective and indeed a biological alternative to control Sclerotium

cepivorum. Solarization and broccoli residue are feasible to combine, allowing a

reduction of sclerotia population in absence of fungicides or the biological agent T.
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harzianum. More experiments are necessary to evaluate the effectiveness and persistence

of these treatments in the field either alone or in combination.
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DPre-planting D Planting ■ Harvest ;

Figure 1. Sclerotia populations in the soil for three sampling dates in response to

different Sclerotium cepivorum control treatments.

* Bars with different letters indicate significant differences (p<0.05) among sampling

dates for each treatment by Duncan's multiple range test.

Pre-planting Planting Harvest

Q Control a Bcoc+SoL a Broccoli BTerbuconazole HSolarization ■Trichoderma ■ Garlic extract

Figure 2. Sclerotia populations in the soil for different Sclerotium cepivorum control

treatments in response to three sampling dates.

* Bars with different letters indicate significant differences (p<0.05) among treatments on

each sampling date by Duncan's multiple range test.
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Figure 3. Sclerotia viability after different Sclerotium cepivorum control treatments for

three sampling dates.

* Bars with different letters indicate significant differences (p<0.05) among treatments on

each sampling date by Duncan's multiple range test.

j

1
i

1

1

152



Physiology/Post-Harvest Keynote Address

Towards New Models For Studying Allium Physiology

Remi Kahane 'COOPD'OR R&D, INRA GAP, BP 86510,21065 Dijon cedex, France

Abstract

Recent developments in Allium physiology were not as numerous as in Allium genetics,

this is mainly due to their biological constraints, daylength and temperature sensitivity.

Models in flowering or in bulbing are difficult to develop, requiring expensive facilities

or a multilocal experimental network. These reasons may explain that there are only a

few Allium physiologists active at the moment. On flowering, some aspects ofgrowth

conditions during onion bolting, which influenced gynogenic plant production, would be

worth to be further studied. Bulb formation and storage was the main area of research

where significant developments have taken place. Environmental factors (daylength, light

spectrum, temperature) could be coupled to trophic factors (carbohydrate source,

phytohormones) in garlic and onion. In particular dry matter storage was studied on

distinct cloned genotypes in vitro where photosynthesis is not effective, and compared to

data from field trials. Storage of bulbs has been investigated in vitro to link physiological

traits with biochemical markers and to improve germplasm collection. In this context

dormancy has been studied in detail from a molecular point of view and this led to the

complete dissection of this physiological trait in terms of the genes involved. The next

years will hopefully show more progress in the area ofAllium physiology. Recent

advances in genetic engineering and biotechnology strengthen this hope. Without taking

any position about GMOs, it is clear that the genetic transformation of garlic and onion

will give good opportunities for physiological studies, confirming the role of various

compounds in bulb induction, dry matter accumulation or dormancy breaking. Daylength

insensitive Allium varieties could even be envisaged.

Introduction

It is a great honor and a real pleasure for me to stand here as a keynote speaker for the

Allium Physiology session. Although I am scientist belonging to a small private company,

COOPD'OR-S.T.L., that crops, processes and sells onions, I have always put

communication as a main task in my research activities. I work in a public research

institute, INRA Dijon, at the Laboratory of Plant Physiology and in vitro Culture, where I

have been lucky enough to develop several collaborations and to participate to two

European funded programs, one on onion, the other one on garlic. Therefore, I have been

much concerned by the recent advances in both species, with a particular interest in bulb

formation and carbohydrate storage.

In comparison to genetic studies, the number of reports on Allium physiology has not

much increased in the recent past, probably due to the low economic gain. Flowering,

bulbing, and storing (often associated with dormancy) are the main fields of investigation

for Allium physiologists, and they require high investments for controlling environmental
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factors. Research opportunities are sought to reduce these costs, using new physiological '

models.

Flowering :

Although garlic flowering is rare, it has not been deeply studied and we still do not

control this process: some accessions are still not bolting at all, others are sterile bolters, a H
few are fertile bolters, whose fertility is always fluctuating, highly sensitive to

environmental factors. I remember the perspectives presented by Pr. Etoh (Etoh and

Nakamura, 1988) with fertile garlic clones. I could get a copy of these clones and

observed the first flowers in Dijon ... During three years I tested their crossing with

onion as successfully reported (Ohsumi et al., 1993) - to explore the carbohydrate

potential of garlic in an onion shape - and discovered the lack ofknowledge for

controlling garlic flowering and pollen production (Etoh, 1997). French colleagues in

Britany and in Provence, at INRA breeding stations, informed me about the unreliability _

of the same garlic clones for flowering, getting numerous seeds one year, and nothing the i

next one. In the States too, at the University of Wisconsin, it was confirmed that garlic

seed production was highly clone-specific and environment-dependent (Pooler and «

Simon, 1993). I would like to draw a parallel with the flowering control of onion bulbs ;

for haploid plant production in vitro. Many distinct factors have been experimented - the

culture medium of course, the stage of flower buds, the climatic conditions for <*i

gynogenesis in vitro - but no one has proved to be as effective as the growing conditions i

ofthe bolters, as recently reported by Puddephat et al. (1999). In both species, onion and

garlic, physiological models would be needed to understand the linkage between external ™i

factors and biological responses. The mathematical models built up by Takagi (1990) or

Brewster (1997) do not explain enough the fine metabolism of the plant Biochemical

analyses have supplied numerous descriptive data for physiological stages, but gave no *"|

reason for a peak of auxin here, or a drop of spermidine there. The efforts ofsome j

research teams aimed at developing simplified models for physiological studies: at the

plant, tissue, cell, or even at the molecular level. The molecular approach is a new way, ""[

as DNA is independent from the environment. However, it will not help for the study of ;

genotype-environment interactions, for which mRNA has to be analyzed. A couple of

cDNA libraries for carbohydrate storing crops (bulbs or tubers) have been recently **]

established. In most of the cases, they concern bulbing aspects. !

Bulbing "1

It is surprising how few were the reports of the recent years on the storage process in

Allium bulbs, and how disproportionate was the concern between sulfur compounds and

carbohydrates. It is evident that bulbing in garlic, shallot or onion is first of all an energy ""]
storing process. The composition of this energy has been well analyzed (Ernst et al.,

1998), the genetic diversity has been described (Darbyshire and Steer, 1990), and the

metabolic pathways have been studied (Shiomi et al., 1997). However, the role of the ""!
carbohydrates is not completely understood.

The onion bulb dry matter is made of carbohydrates, and the genetic differences are due '

to the non-structural part ofthese carbohydrates (NSC). These NSC are water-soluble

sugars, stored in the cell vacuoles of leaf tissues. The structural part belongs to cell walls „,
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and fibers, which are of great importance in the management of onion wastes (Ng et al.,

1998). One European program looks at the composition of onion wastes and the possible

ways to convert such environmental polluting material. However, we are more interested

in the NSC, since they represent 60 to 80 % of the dry matter content of an onion bulb.

Recent advances in HPLC techniques revealed the fine partitioning ofthese

carbohydrates and how they were synthesized (Shiomi, 1989; Stahl et al., 1998). In field

conditions, low and high DM accessions were clearly characterized by their NSC

distribution pattern. NSC analysis of bulbs produced in vitro confirmed the similarity in

carbohydrate composition with bulbs produced in the field, suggesting the in vitro

protocol to be a good model for bulbing studies. It underlined the high genetic influence

on carbohydrate partitioning, almost independent from environmental conditions (Kahane

etal.,2000).

From such models, and other ones like hydroponic cultures or in vitro cell cultures, it will

be possible to gather plant material genetically homogeneous and physiologically

uniform. Molecular markers for bulbing, dormancy breaking, or fructan synthesizing

could then be isolated and screened, genes could be identified, and the fine tuning for

swelling, bolting,... better understood. For instance, two genes for fructan synthesis have

been cloned in onion, the 1F-SST and the 6G-FFT. These genes are both involved in the

synthesis of fructans, the first to initiate the polymerization, the second to create

specifically branched fructans. These genes can now be studied in model plants like

tobacco, chicory, Jerusalem artichoke or potato that do not produce such compounds. The

6G-FFT onion gene has been cloned and transferred to chicory plants in order to let them

produce onion specific fructans (Vijn et al., 1997). Once Allium transgenic systems will

be shared with physiologists, it would be possible to design genetic constructs for

studying the effects of other genes on plant behavior and metabolism.

As long as it is the best way for studying Allium physiology, we have to encourage the

transgenic procedures. Ofcourse the short cuts to respond market demands are already

investigated: transgenic crops harboring genes for low caloric food sweeteners, high

productive health compounds. Do we want to develop the gene technology for adapting

the Allium plant to the market, or to understand how it behaves for adapting our cropping

and breeding practices? Do we want a research for marketing, or for the benefits of

mankind? In the next millennium, research teams will have to choose, but this will

depend on whether there would be enough results in Allium physiology as to still have a

choice.
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L Onion bulb quality : towards indications of a distinct genetic control of cell

enlargement and fructose polymerization
row

l R. Kahane1, B. Rognon3, C. Bellamy1 S. Morel2, G. Alcaraz2 and S. Ochatt3
1 COOPD'OR,2 ENESAD,3INRA-GAP, Laboratory ofPhysiology and in vitro Culture,

P BP86510,21065 Dijon Cedex, France. Fax: +33 380693263; E-mail:
*■ kahane@epoisses.inra.fr

I Abstract

1 Bulb formation in an onion plant consists in a tissue swelling at the leaf basis, for storing

water and non-structural carbohydrates (NSC) in the cell vacuole. Depending on varieties

j and cultural practices, bulbs accumulate more water (up to 96%) or more solids (up to
28%). The composition in NSC is distinct from a low dry-matter content (DM) bulb to a

~ high DM one. It is assumed that the polymerization of fructose units into fructans is a

I response to an increasing vacuolar osmotic pressure in high DM varieties. However,
when measuring the osmolality of onion juice from freshly squashed bulbs, we observed

rm a positive relationship between soluble solids and osmotic pressure. It is also assumed

I that high DM varieties produce smaller bulbs than low DM varieties, but we did not
verify such a relationship in our experimental material. These observations result in two

p statements. 1. The degree of tissue swelling during bulb formation is genetically

[ controlled and not passively connected to vacuolar osmotic pressure. 2. High DM
varieties are genetically programmed to withstand a higher osmotic pressure (at the cell

p level) than low DM varieties. Experiments of onion bulbing in vitro, using high and low

[ DM clones, and tuning cell size using trophic factors (gibberellic or anti-gibberellic
active compounds) will give some indications to discuss on these statements.

' Introduction
It is admitted that varieties with a high dry matter content (DM) are lower yielding than

p low DM ones, although they are generally later in precocity. In such cases, the DM yield

1 is expected to be at least equivalent (i.e. 7-8 T/ha). As a consequence, high DM bulbs are
of smaller mean grade than low DM ones. Both traits, DM and bulb size, are thus

P considered to be highly linked, although DM is not a simple character, and bulb size also

t depends on external factors. This may explain why no evidence of genetic linkage has
been reported so far. Sinclair et al. (1995) reported a significant negative correlation

F between ring thickness and DM when considering a full range ofDM diversity among

I onion varieties, but a lesser significance within a limited group ofDM (dehydrating
varieties).

' We know from Darbyshire and Steer (1990) that what fluctuates between high and low
DM varieties belongs to the non-structural carbohydrates (NSC). A strong correlation has

P been established between DM and the fructose content, a negative one, or between DM
' and fructans, a positive one.

r A function for the fructans

' According to Hendry (1987), there is an evolutionary function of the fructans, due to their
cold or drought stress resistance. This would mean lower DM in Allium bulbs near the
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Equator, and higher DM towards the longer latitudes. However, only wild flora were \

mentioned in this study. Another function for fructans is based on the osmotic regulation

of storage cells, as reviewed by Pontis (1985) and Pollock (1990) and. As fructans are *1

oligofructose polymers, these molecules allow a high fructose concentration at a low I
osmotic pressure. We exemplified such an assessment in onion bulbs with 4 cloned

accessions grown in field conditions. A dozen bulbs of each clone were squeezed and the 1,
juice was filtered and immediately frozen for vacuum dehydration. The lyophilized

powder of each clone was then diluted in water at identical concentrations and these

solutions were analyzed by chromatography, refractometry and osmometry (Tab. 1). The !

refractometric index (RI) was similar for all solutions at a standard concentration, and the

osmolarity decreased from the low to the high DM clones, as a result of the increasing

degree ofpolymerization (DP) of the accumulated fructans.

However, we also observed a non-linear correlation between DM and osmolarity of the ^

fresh onion juices: the more the dry matter, the higher the osmotic pressure. This is

paradoxical with the previous observation, since high DM bulbs are composed ofhigh

DP fructans. The correlation was particularly strong for low DM, with juices poor in „,

fructans, and loose for high DM. We hypothesize an additional osmo-regulation by cell '
volume adjustment.

Methods !
An experiment has been designed using the bulbing model of onion plants in vitro, in

order to stabilize the main bulbing factors: light spectrum (F or F+i) at 16 hrs daylength «j

(Kahane et al., 1992), and a range of cloned genotypes. Gibberellins (GA3, GA4+7) and

anti-gibberellin compounds (Ancymidol, Paclobutrazol) were used (S.IO^M) fortuning
the cell size (Mita and Shibaoka, 1984a, b). Gibberellin-treated plants could not form a ^

bulb under bulb inducing conditions; conversely, anti-gibberellin-treated plants formed a

larger bulb than the control. In non-inducing conditions, anti-gibberellin molecules did

not promote bulbing, but tissue swelling in the whole plant (roots included). This ^

swelling effect is due to a new arrangement of cortical microtubules in onion plants (Mita

and Shibaoka, 1984a, b). Changes in microtubules in leaf sheath cells were also reported

during bulb development (Mita and Shibaoka, 1983), so that gibberellins were suspected H

to be anti-bulbing hormones. Morphological, physical and biochemical traits were

recorded after 2.5 months ofplant growth under the distinct treatments.

Results

Bulb enlargement due to light induction (F+i) is also a swelling of leaf base cells (Tab.

2). Anti-gibberellin treatments reproduced a similar swelling, however with enhanced "*!

differences between genotypes. Such differences can be paralleled with NSC partitioning,

as SV bulbs were rich in reducing sugars (RS) whereas SWG bulbs were rich in high DP

fructans. "1

When treated with Ancymidol, SV tissues swelled much more than SWG tissues, and

stored mainly RS. SWG cells did not swell much and constantly stored high DP fructans. ^
Gibberellin treatments did not affect SWG cells, although leaf bases did not produce a

bulb. Bulbing in SV was greatly affected by GA3. A new balance of endogenous
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gibberellins seems to be established for bulbing. The balance level seems different from

low to high DM onion bulbs, with high to low sensitivity to GA3 respectively.

Conclusion

Fructan concentrations in bulbs might not only be increased by sink ability (via

elaboration or activation of fructan-synthesizing enzymes), but also by sink capacity (via

the vacuolar volume). The DM differences between varieties might issue from a genetic

control ofthe cell volume:

• Large cells for simple NSC and high water entry (sugar dilution)

• Small cells for polymerized NSC and low water entry (sugar concentration)

In the case of a main control ofNSC storage by the vacuolar volume, it should have been

possible to prevent the synthesis of high DP fructans in a high DM onion, when just

stimulating cell enlargement. This was not the case. Conversely, it has been possible to

stimulate the synthesis of high DP fructans in a low DM onion, by combining high

sucrose source and strong volume constraint. We have hypothesized two distinct genetic

regulations of the NSC distribution of onion bulbs (Fig. 1), one at the NSC metabolism

level, the other at an hormonal level. When confirmed, this hypothesis will open new

perspectives for breeding large bulbs with high DM.
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Table 1 - Physical measurements (refractometeric index (R.I.) and osmotic potential) on

bulb onion juice, either fresh or lyophilized and diluted to the same concentration (100

g/1) for the four mentioned varieties (SV: Sweet Vidalia, RCSI; D10 and B121: Auxone

type, COOPD'OR; SWG: Southport White Globe, GFI).

fan

Accessions

SV

D10

B121

SWG

Fresh

R.I.

(° Brix)

5.4 ± 0.2

8.7 ± 0.3

17.2 ±1.3

26.0 ±0.3

bulb juice

Osmolality

(mmol/kg)

360 ±34

494 ± 5

555 ± 66

618 ± 18

Solution from lyophilized

juice

R.I.

(° Brix)

7.9 ± 0.2

8.3 ± 0.3

8.0 ± 0.4

8.4 ±0.1

Osmolality

(mmol/kg)

521 ±3

426 ±4

237 ±4

169 ±1

Table 2 - Mean cell diameter (in ^m) of the 2nd and 3rd outermost leaf about 1 cm above
the basal plate. Recording by micrometric measurement (x250, xl25 or xlOO) on 4 plants

per treatment and accession (see Tab. 1).

Accessions

Control

F

F+i

Ancvmidol

F

F+i

GA2

F

F+i

SV

43

171

187

203

41

65

D10

52

.100

114

179

68

88

B121

48

156

87

175

49

135

SWG

35

107

57

126

40

118

^Vi

160



Figure 1 - Schematic hypothesis for two distinct regulations of the osmotic pressure in

onion bulbs.
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Design and Performance Evaluation of a Prototype Sea Container for Onion Curing !

S. Pandoo Agricultural Research and Extension Unit (AREU), Newry Complex, 3rd ^

Floor, Mauritius !

Abstract ""]
Two prototype modified sea containers, forced heated-air container (FHAC) and forced

ambient-air container (FAAC), were tested for onion curing on varieties Rio Santiago and

Red Creole. The FHAC performed better in terms of curing time, temperature and *1
humidity control whereas the FAAC depended more on local weather conditions. Both

containers were loaded with net bags filled with 25-28kg of onions. Range of ^

temperature and relative humidity recorded was 21 -27oC/65-91% and 24-30oC/67-72%

inside the FAAC and FHAC respectively. The curing period varied between 3-6 days

using the FHAC and 8-15 days using the FAAC. The average percentage weight loss n

after curing ranged from 2.5-6%. Weight loss for variety Rio Santiago ranged between 8- ;

15% after 2 months storage at ambient conditions. Expected curing capacity ofthe

container is 10-15t of onion. «,

Introduction

In Mauritius onion is grown mainly for the local market. Local demand is of the order of ~>

12,000t annually. This demand is met partly by the local production which is around |
6.000T annually, and the rest by imports. Around 70% of onion, in Mauritius, is

produced from transplant of high-yielding cultivars in the period of July to November. «*,

The remaining 30% of the local production is derived from sets cultivated in the period of

March to June.

1

Onion production is highly seasonal with peak harvest around October to November thus '

producing a seasonal surplus. The Agricultural Marketing Board (AMB) purchases about

1,600 to l,800t of the surplus from the local producers for storage under refrigerated "1

conditions. Some local producers store small amount ofonion at ambient conditions for

short periods. Onion stored by the AMB is then released for sale in the period of

shortages. Each year the AMB import a total of 7,000t of onion in the months of H

February to July in order to meet the local requirements.

Local producers are now more interested to store their own onions at ambient conditions H

using locally made structures. Prior to storage, onions are dried in fields and cured using

current methods adopted by planter. Onion is naturally field dried by either lifting and

laying on beds with tops, or gather in heaps covered with dried onion leaves. ""!

Very often bad weather conditions prevailing at time of harvest acts as a major

constraints for field drying and curing. Two methods were studied using modified sea "^
containers to achieve effective curing and improved curing time.

Materials and Methods *"]
Two sea containers 6 x 2.3 x 2.3m (L x W x H) were modified into a forced ambient-air

curing unit (FAAC). FAAC comprises of 1.5kW centrifugal blower fan and two 0.2KW _
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wall-mounted exhaust fans. The forced heated air-curing unit (FHAC) comprises ofan
oil burner rating 55-114kW, heat exchanger, recirculating hot air system and temperature

and humidity sensors. Both type of containers were equipped with a plenum chamber

with a height of300mm made ofwooden pallets.

Harvested, topped and partially field-dried onions, variety Rio Santiago, were packed in

25kg net bags and loaded inside the FHAC to a depth of4 to 5 layers. Variety Red

Creole previously exposed to rainy conditions was also tested for curing. Temperature

inside the FHAC was set within the range of 30 to 35oC in order to obtain a relative

humidity ranging between 60 to 70 %. Burner operation was also controlled by a

temperature limiter which switches offthe burner when temperature exceeds 60oC in the

ducting below the exchanger. Temperature inside the FAAC was not controlled.

However, forced ambient air was circulated through the system as and when required

depending on local weather conditions using a timer controlled switch.

Temperature and relative humidity inside and outside the container were recorded using a

drum type thermohygrograph. A digital thermoanemometer and thermometer were used

to monitor temperature, relative humidity and air velocity at regular intervals through

nine holes bored on one side of the containers.

After curing of onion the percentage weight loss of the bulbs were measured. Bulbs of the

Rio Santiago variety were stored at ambient conditions for a period of2 months.

Results and discussion

The average weight loss of Rio Santiago in the FHAC after 3 to 4 days of curing was

2.5%. Variety Red Creole showed an average weight loss of6% after 6 days inside the

FHAC and after 15 days inside the FAAC. Temperature and relative humidity recorded

inside the FHAC varied between 24-26°C/70-72% at night and 26-30°C/67-72% during

the day compared to 21-24°C/85-91% at night and 24-27°C/65-82% during the day inside

the FAAC. The temperatures recorded inside the FHAC were 3-4°C higher than outside

conditions while for the FAAC it was 0.6-2.0°C. The relative humidity inside the FHAC

was lower by 10-15% than outside conditions while for the FAAC it was 5-7%.

The average air velocity at inlet of blower fan was found to around 0.65m3/s and 0.2m3/s

at exhaust fan outlet of FAAC. It was observed that the effectiveness of the FAAC

depended more on local weather conditions than the FHAC. In the experimental site

rainy conditions were more prevalent during harvest period and therefore it was found

that the FHAC performed better in terms of humidity and temperature control. The air

recirculation system in the FHAC saved fuel due to continuous drying of the recycled air

until equilibrium was reached.

After 2 months storage an average of 10% loss in weight was recorded. The marketable

bulbs ofRio Santiago were 75-85%. More attractive cured bulbs are produced using the

system as onion bulbs are protected against damage due to prolonged exposure to sun,
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wetting by rain and the risk of infection due soil-borne pathogens. The approximate cost

of the modified containers is around USD 6000 for the FHAC and USD 3200 for the

FAAC.
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L Production Session

P Chemigation With Metam Sodium And Its Effect On Phoma Terrestris And Weed
1 Control In The Vidalia Onion Production Area

P Reid Torrance*, David Langston, and Don Sumner. University of Georgia, College of
Agriculture and Environmental Sciences, Tattnall Co. Extension Service, P.O. Box 580,
Reidsville, GA 30453

Introduction

Evaluation of the use of fumigants on transplant production beds for control ofdamping

I off diseases in 1992 was the catalyst for the commercial use ofmetam sodium in the
Vidalia onion production area. However, it was not the fungicidal properties of this

„ fumigant that gained it favor. Rather it was the exceptional weed control that was

I evident in the metam sodium treatments in 1992. The standard herbicide used at the time
on transplant seedlings in Georgia was Dacthal at the rate of 8 pounds per acre pre-

ipi emergence. Stunting ofthe plants from Dacthal was documented a few years earlier and

| weed control was typically inadequate. Growers would often spend over $300 per acre
for hand labor to clean up weed infestations left by Dacthal. Enhanced seedling vigor

m> was evident where metam sodium was used even in comparison to untreated weed-free

I control plots. Thus the difference in plant growth was significant between metam sodium
and Dacthal treatments, as was weed control.

[ The enhanced seedling vigor of metam sodium treated plots also eventually led to the
elimination of fungicides traditionally used to address Pythium, Rhizoctonia, or

m Sclerotinia pathogens. Damping offdue to these pathogens became less of a problem,

[ because plants grew through the susceptible one to two leaf stage very quickly. This
vigor also made plants less susceptible to dehydration. Weed control has been about 90%

r over all, with rates of50 gallons per acre of42% metam sodium. For all of these reasons,

t over 95% ofthe onion plant beds in Georgia today are treated with metam sodium.

r Typically, soil is deep-turned during the summer and rotovated periodically to reduce

1 weed debris, break up clods, and encourage weed seed germination. Plant beds in
Georgia are sown in September, and transplants are set out in November and December.

P Conventional metam sodium treatments on plant beds, about 3-4 weeks prior to seeding,

I utilize a spray boom mounted on the front ofthe rotovator. The fumigant is incorporated
to a depth of about eight inches and sealed in with a roller. Immediately following

P treatment, one-third to one half inch of irrigation is applied. It is irrigated every few days
1 for a week in the absence of precipitation. This helps to seal the material in the soil,

reducing volatilization in our sandy soils, and encourages weed seed germination. It is

P imperative that low levels of plant residue and good soil moisture, similar to that
' considered ideal for planting, is present at the time of treatment to allow for adequate

mixing of the material in the soil and optimum sealing of the surface.

We are just beginning to use chemigation ofmetam sodium commercially. Last year a

test was conducted at Dowdy Farms where the material was injected into a center pivot.
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Soil samples were taken August 3rd for determining Phoma terrestris levels in the soil I
from ten plots (6x 10 feet). Five plots were covered with plastic prior to treatment to serve

as a non-treated control. August 4th the field was treated with 60 gallons of42% metam "I
sodium applied in seven-tenths inch of water per acre. An additional two-tenths inch was '
applied immediately after treatment. August 5th the plastic was removed. Irrigation was
applied on August 6th (one tenth inch) and August 1 (two tenths inch). On August 14 "^
rainfall amounts of one inch and two tenths were recorded. On August 19th a second set
of soil samples was collected for P. terrestris evaluation and plots were rated for weed

control. Approximately 90% weed control was obtained. 1

On September 1sl preplant fertilizer (1000 pounds of 5-10-15 per acre) was applied and

beds were sown on September 13th. Subsequent fertilization resulted in total N-P-K
levels of 139-164-180 respectively. On November 5th, the transplants were harvested,
weighed and counted. They were also evaluated for the presence ofP. terrestris based on ^

the percentage ofthe root system exhibiting pink discoloration which is an indicative

symptom ofthe pathogen. The treated plots averaged about 77 plants per foot ofrow

versus 72 plants per foot in the untreated plots. Plant mass per five feet ofrow averaged n

688 grams in the treated plots and 473 grams in the untreated plots. This translates into ;

an increase in plant population of7% and plant mass of45% where metam sodium was

applied. Additionally, only 2.5 % of the metam sodium treated plants had root «-,

discoloration ofmore than two percent while over 86% of the untreated plants had over

two percent of their root systems discolored. None ofthe metam sodium treated plants

exhibited over ten percent root discoloration, but those levels were found in about 40% of n

the untreated plants.

This test was continued into the field production phase, as this area was transplanted back n

into onions on January 10th. The field had a crop history of onions in 1997,1998, and
1999 followed by onion beds in 1999, and back to onions in 2000. These monoculture

crop histories are not rare, and the lack of crop rotation is a big reason for increased ^

concern about Pink Root Rot in Georgia and the effectiveness ofmetam sodium here. [

The fertility levels at this site for field production for the season in terms ofN-P-K were

137-177-144, respectively. Onions were harvested on April 28th. The five treated plots "*\
produced a yield equivalent to 520 field bags per acre (60 lbs. per field bag) while the }

five untreated plots produced 480 field bags per acre. This data supports seven years of

field production data gathered by Dr. Don Sumner from 1993-1999. His research shows "*'

a significant yield increase with the use ofmetam sodium in five of seven years, with an

average yield increase over the control of 81 cwt. per acre.

In summary, chemigation with metam sodium significantly reduced the populations of P.

terrestris and the severity of Pink Root Rot. Metam sodium was effective in improving

seedling health and reducing weed populations on the plant bed, and resulted in ""'

improving final yield in field production. This study indicates that chemigation with

metam sodium is a viable alternative to soil incorporation applications.
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Effects of Nitrogen Fertilizers on Nitrate Mobility, Soil Salinity and Onion Growth

and Quality

Michael E. Bartolo, Ardell D. Halvorson', Ronald F. Follet1, and Frank C. Schweissing
Colorado State University, Arkansas Valley Research Center, Rocky Ford, CO 81067

and, USDA-ARS, Fort Collins, CO1

Abstract

Several experiments were conducted in 1998-2000 to examine how different fertility and

irrigation practices influence nitrate movement in the soil, soil salinity, and onion growth

and quality. In 1998,15N studies revealed that onion N-use efficiency was extremely low
under typical production conditions. Only 15% of the N applied to the onions was used

by the onion crop. Much ofthe applied N (as nitrate-N) migrated to the center of the

production bed and a fraction was found 180 cm below the soil surface. In 1999, different

rates of a slow-release fertilizer made ofpolymer-coated urea (Meister 150 day formula)

and urea were compared. Onion yields were not significantly increased by N

applications in excess of56 kg/ha of either product. However, there was a tendency for

the high rate (225 kg/ha) ofN as urea to suppress yields. This trend was not evident with

the slow-release fertilizer. Leaching of nitrate-N out ofthe root zone was higher when

urea was the N source compared to the slow-release fertilizer. Nitrate-N remaining in the

center ofthe production bed after harvest was on average 33% greater at the 30 cm depth

and 36% greater at the 60 cm depth when urea was the N source. There was not a

significant difference between the treatments in terms ofonion quality as measured by

percent culls and ability to hold up in storage. Ultimately, improving N-use efficiency

lies in improving irrigation practices. Accordingly, trials are currently underway to

examine the interaction of fertilizers, irrigation method, and soil salinity.

Introduction

In Colorado, onions receive relatively high inputs of nitrogen (N) fertilizer and irrigation

water. Maintaining adequate N nutrition can be difficult for the onion producer, due in

part to the crop's limited root system and the highly mobile nature ofN (in the form of

nitrate) within the soil profile. The shallow root system also makes frequent irrigations

necessary. Frequent irrigations (via gravity flow furrows) compound nutrient losses

since N mobility is closely linked with water movement through the soil. As a result,

growers have a tendency to apply "insurance" amounts of fertilizer rather than risk yield

losses.

Frequent irrigation not only promotes leaching ofN below the root zone but can also lead

to salt accumulation in the soil. The Arkansas River, the source of irrigation water in

Southern Colorado, is considered to be one of the most saline rivers of its size in the

country. Irrigating with such water deposits salts in the soil. Elevated soil salinity

further complicates N fertility management since soil salts can lessen the ability of roots

to uptake water and water-soluble nutrients.
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Both water quantity and quality have impacts on nutrient movement and uptake. Thus, a

comprehensive understanding of fertility practices and irrigation is needed to improve N-

use efficiency for onions.

Material and Methods:

These studies were carried out in field trials at the Arkansas Valley Research Center,

Rocky Ford, Colorado, on a Rocky Ford silty clay loam. In all trials, seeds ofX-202

(Waldow Seeds), a long-day, Sweet Spanish type, were sown in early March on a double

row bed (46 cm between rows) with a 112 cm space between irrigation furrows. During

each season, pests were controlled and irrigations were applied according to standard

practices for the area. The plots were harvested in mid-September in all years and later

graded into different market classes.

The application of conventional and the 15N fertilizers were made in two equal split
applications in late May and late June. The slow-release fertilizer was applied at the

time ofplanting. All materials were banded on the furrow side ofthe seed row. Soil

and plant samples were made at regular intervals during the course ofthe seasons.

Results and Discussion

Nitrogen (N) leaching has long been noted by onion growers and researchers. Because

ofthe variability in soils and production conditions, it has been difficult to quantify the

exact fate ofthe N applied to onions. Using 15N, it was determined that only about 15%
ofN fertilizer was taken up by the crop. Much of the N (as Nitrate-N) was left in the
soil after harvest in the center ofthe production bed. Some leached 180cm below the
soil surface in a single season (Figure 1).

The uptake ofN was minimal until later stages of onion development; namely, during
the late vegetative and bulbing phases (Figure 2). Onion growers typically apply most N
fertilizers before planting or early in the season before the onion plant has the capacity
to take it up. Late season applications ofN have, at times, been implicated in

decreasing onion quality. Nonetheless, delaying N applications could improve N-use
efficiency.

The source of fertilizer may also have bearing on N-use efficiency. In our studies, N
derived from the slow-release fertilizer, Meister 150-Day, was less prone to leaching out
of the root zone than N derived from urea. There was not a significant difference
between the two products in terms of onion yield and quality. However, there was a
tendency for the high rate ofurea (224 kg ha*1) to lower yield. This may be due to some
kind of salt effect.

Ultimately, improving N-use efficiency will be dependent on improving irrigation
efficiency. Under most field conditions, furrow irrigation lacks uniformity both within
the field and production bed and thus, contributes to low N-use efficiency. As more
growers adopt drip irrigation, both the timing and placement ofN can be improved.
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Figure 4. Effect of fertilizer treatment on onion yield and quality
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Effect of nitrogen source on nutrient status and yield of onions grown on muck
soils.

M.R. McDonald, K. Vander Kooi, S. Westerveld and A. McKeown, Dept. of Plant

Agriculture, Univ. of Guelph, Guelph, ON NIG 2W1, Canada. (519) 824-4120 X

2791, fax (519) 767-0755, mrmcdona@uoguelph.ca

Abstract

Four onion cultivars, Hamlet, Tribute, Gazette and Turbo in 1999, and Hamlet,

Tribute, Prince and Norstar in 2000, were seeded (36 seeds/m) in muck soil (60%,

organic matter, pH 6.4) at the Muck Crops Research Station, Kettleby, Ontario.

Nitrogen fertilizers, ammonium nitrate (34%), calcium ammonium nitrate (27.5%),

urea (46%), potassium nitrate (14%) and Perlka (calcium cyanamide, 19% N, 50%

CaO) were applied to achieve the recommended rate of 90 kg/ha N as preplant

incorporated treatments. A check with no added N was also included. In the 2000

trial, different rates ofN were also tested: 0,90,180, kg/ha N as a preplant

application of calcium ammonium nitrate plus treatments of45 Kg/ha N preplant and

a sidedress of45 kg/ha N ofpotassium nitrate and 90 kg/ha preplant plus 3

sidedresses of30 kg/ha as KNO3 were also tested. The youngest fully developed leaf

was harvested from 20 plants per replication of Gazette three times during the

growing season and submitted for tissue analysis. Onions grown with calcium

cyanamide had the highest yield (1235 bu/acre) in 1999 and also the highest percent

of onions in the desired size range of44-76 mm (90.8%). In 2000 there were no

differences in yield as a result of treatment. In both years, yield varied with cultivar.

Nitrogen content of the leaves declined over the growing season, as expected. There

were no differences in N content among any of the treatments, although most results

were below the textbook levels recommended for optimum growth.

Introduction

The use of nitrogen on vegetable crops has recently become an issue in Ontario for

two reasons. One is the reduced availability ofammonium nitrate that has resulted

in increased use of calcium ammonium nitrate and other sources ofN. This started a

debate among fertilizer companies about the relative advantages of different

materials. The second issue is pending nutrient management legislation, which will

affect vegetable production in the coming years. Many of the fertilizer

recommendations that are currently used are from data that is over 50 years old and

may not reflect current production practices or differences in cultivars. Ifthe

provincial government was going to regulate fertilizer application, more data was

required to provide a scientific basis for the guidelines.

Materials and Methods
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Field trials were established at the Muck Crops Research Station in the
Holland/Bradford Marsh region of Ontario (44° 51 N, 79° 351 W) on muck soil
(60% organic matter, pH 6.4). Four onion cultivars, Hamlet, Tribute, Gazette and
Turbo in 1999, and Hamlet, Tribute, Prince and Norstar in 2000, were seeded (36
seeds/m) on 26 April 1999 and 5 May 2000. A randomized complete block
arrangement with four blocks per treatment was used. Each replicate consisted
oftwo rows (40 cm apart) ofeach cultivar, 5 m in length. Nitrogen fertilizers,

ammonium nitrate (34%), calcium ammonium nitrate (27.5%), urea (46%),

potassium nitrate (14%) and Perlka (calcium cyanamide, 19% N, 50% CaO)
were applied to achieve the recommended rate of90 kg/ha N as preplant

incorporated treatments. A check with no added N was also included. In the
2000 trial, different rates ofN were also tested: 0,90,180, kg/haN as a preplant
application ofcalcium ammonium nitrate plus treatments of45 Kg/ha N preplant

and a sidedress of45 kg/ha N ofpotassium nitrate and 90 kg/ha preplant plus 3

sidedresses of30 kg/ha as KNO3. All other fertilizers were applied according to

soil test results and provincial recommendations. Irrigation was applied as

needed in 1999. Rainfall in 2000 was more than adequate for onion production.

Yield samples were harvested from 2.33 m ofrow in September.

Growing conditions were very different in 1999 and 2000. In the 1999 season,

air temperatures were above the long-term (10 year) average for June, July and

September and below the average for August. Total rainfall was below average

for June (68.5 mm), July (71 mm), and August (78.8 mm) and above average for

September (137.5 mm). In 2000, air temperatures were below the long-term

average for June, July and September and below average for August. Total

rainfall was below the long term (10 year) average for June (68.5 mm), July (71

mm) and August (78.8mm) and above average for September (137.5 mm).

Data were analyzed using the General Analysis of Variance function ofthe

Linear Models section of Statistix V.4.1 or the proc GLM function of SAS

version 6.12.

Results

Table 1. Effect of source, rate and timing ofnitrogen on yield of onion in 1999

and 2000.

Yield (tons/ha)

Treatment

Check

Ammonium nitrate

Calcium ammonium nitrate

Calcium ammonium nitrate

Rate (kg

N/ha)

0

90

45

90

1999

65.0

b*

64.7 b

67.6

ab

2000

40.9 a

39.6 a

38.7 a

40.9 a

1

1

1
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Calcium ammonium nitrate

Calcium ammonium nitrate

+ potassium nitrate

(sidedress)

Calcium ammonium nitrate

+ potassium nitrate

(sidedress)

Urea

Potassium nitrate

Perlka (calcium

cyanamide)

180

45 + 45

90+ 3 x 30

90

90

90

64.8 b

6.69

ab

6.97 a

44.2 a

44.4 a

43.7 a

41.5 a

42.6 a

38.6 a

• Values in a column followed by the same number are not significantly

different at P=0.05, Protected LSD test

No differences in yield were found among rates of nitrogen applied (Table 1).

Nitrogen source did not influence yield, with the exception of Perlka in

1999(Table 1), which increased yield on all cultivars. Significant differences in

yield were found among cultivars in both years (Table 2). There was no cultivar

by treatment interaction.

Table 2. Yield differences among onion cultivars on muck soil, 1999 and 2000.

Yield (tons/ha)

Cultivar

Hamlet

Tribute

Gazette

Turbo

Prince

Norstar

1999

61.5 c

66.4 b

73.9 a

61.8 c

2000

42.5 ab

40.0 be

38.3 c

45.1a

Values in a column followed by the same number are not significantly

different at P=0.05, Protect LSD test
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Discussion I
Nitrogen source and rate did not affect the yield of onions grown on muck soil,

with the exception of Perlka (calcium cyanamide) during the 1999 season. H

Perlka provides slow release of nitrogen throughout the season, which may

contribute to higher yields. Perlka also has the effect of suppressing certain soil

borne pathogens, such as clubroot of crucifers. Thus, there may be some other ™1

beneficial effects of Perlka, although there were no signs of soil borne diseases !
in this trial. Sidedressing onions with potassium nitrate did not improve yields,

although the two treatments with split applications ofN did have the numerically H

highest yields.

The check plots which received no nitrogen did not have lower yields than ™]
treatments that received up to 180 kg/ha ofN. Muck soils have been shown to

release up to 200 lb/acre ofN during a normal growing season. This could be

adequate or more than adequate for onion growth. However, provincial "1
recommendations only allow for 20 kg/ha ofN release from the muck soil.

Yields differed among onion cultivars in both seasons. This is not unusual, and I
does demonstrate that the plot size and design were adequate to identify yield

differences. The lower yields in the 2000 season were probably a result of high

rainfall that may have leached N and other nutrients, and a downy mildew i

epidemic that began in late July. Tissue testing, root sap nitrate readings and

chlorophyll readings will be examined to determine which best reflects plant ~

growth and yield.
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Evaluation of Garlic Varieties for Southeast Georgia

George Boyhan, Reid Torrance, Ray Hicks, David Curry, Pam Lewis, Mindy

Linton, and Randy Hill, University of Georgia and Georgia Cooperative
Extension Service, Statesboro, GA

Abstract. Seven varieties of garlic were evaluated in a replicated trial at the

Bamboo Farm and Coastal Garden in Savannah, GA in 1998-1999. Yields

ranged from 82 to 286 50-lb bags per acre. The varieties evaluated were soft-

neck types commonly grown in California. The varieties included; California

Early, California Late, and Chinese from Rogers Foods, Inc. Additional varieties

included 2550, Ex 106,4050, and 5150 from Basic Vegetable Products. Fourteen

additional varieties were evaluated in single observational plots both on-farm in

Tattnall County, GA and at the Bamboo Farm.

Introduction

In the 1999-2000 growing season, seven garlic and two elephant garlic varieties

were evaluated at the Vidalia Onion and Vegetable Research Center in Lyons,

GA as well as at an on-farm location in Screven County, GA. Yields ranged

from 176 to 332 50-lb. bags per acre at the Vidalia Farm and 220 to 528 50-lb.

bags per acre at the Screven County location. Elephant garlic and California

Early (and similar types) are the best adapted for southeast Georgia. Garlic has

potential for fresh market production in Southeast Georgia.

Materials and Methods

Trials were held at the Bamboo Farm and Coastal Garden in Savannah, as well

as at the Vidalia Onion and Vegetable Research Center in Lyons, GA. These

trials were arranged in a randomized complete block design with 4 replications.

The on-farm trial in Screven County had 3 replications. Plot sizes at the Bamboo

Farm were 5x2 feet (1.5xO.6m), at the Vidalia Farm 8x6 feet (2.4x1.8m), and at

the on-farm location 10x6 feet (3x1.8m). Additional single replication

observational plots were planted of several garlic varieties both on-farm and at
the Bamboo Farm.

Conclusions

Elephant garlic and California Early (and similar types) are best adapted for

Southeast Georgia Production. California Late and similar types do not perform

well in the Southeast. They require such a long growing season that summer heat
becomes a limiting factor to production.
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Table 1. Garlic Variety Trial, Bamboo Farm and Coastal Garden, Savannah,

Georgia, and On-farm Trial, Tattnall County, Georgia 1999

Cultivar Source

Calif. Early Rogers Foods Inc

Chinese

2550

Ex 106

4050

Calif. Late

5150

Entry

4050

2550

Rogers Foods Inc

Basic Veg. Prod.

Basic Veg. Prod.

Basic Veg. Prod.

Rogers Foods Inc

Basic Veg. Prod.

Basic Vegetable

Products

Basic Vegetable

Products

Calif. Early Rogers Foods Inc

Elephant

Garlic

PI 515971

PI 540350

PI 540354

PI 540368

PI 540380

PI 543048

W6 12840

W6 12844

W6 8404

W6 8409

Dasher Farm

USDA

USDA

USDA

USDA

USDA

USDA

USDA

USDA

USDA

USDA

Location

Bamboo

Farm

Bamboo Farm

Bamboo Farm

Bamboo Farm

Bamboo Farm

Bamboo Farm

Bamboo Farm

R2
CV

LSD

On-farm

On-farm

On-farm

On-farm

Bamboo Farm

Bamboo Farm

Bamboo Farm

Bamboo Farm

Bamboo Farm

Bamboo Farm

Bamboo Farm

Bamboo Farm

Bamboo Farm

Bamboo Farm

Yield

(lbs./acre)

14,302

6,171

9,511

9,656

10,019

4,124

6,935

0.61

49

5,189

12,923

10,091

5,445

14,883

8,422

6,970

3,485

11,616

8,422

3,311

11,616

8,131

6,098

3,775

Bulbs/A

78,408

36,300

65,340

65,340

50,820

65,340

73,326

0.66

32

26,178

-

•

-

92,928

66,792

75,504

87,120

78,408

52,272

55,176

52,272

66,792

49,368

Wt. 10 bulbs

(oz.)

25.6

25.2

21.5

20.7

29

1(\ Q

24.8

16.3

41.5

(■■I'll

i

(wi

i

^Wl
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Table 2. Garlic Variety Trial, Vidalia Onion and Vegetable Research Center,

Lyons, GA and On-Farm Trial, Screven County, GA, 2000.

Entry

VE-2550

L-5150

VE-1750

LE-4050

Elephant

Garlic D

Elephant

Garlic S

Ca. Early

Ca. Late

Source

Basic Vegetable Products

Basic Vegetable Products

Basic Vegetable Products

Basic Vegetable Products

Shad Dasher

Norman Schmidt

Empire Garlic

Empire Garlic

R2
CV

LSD

Vidalia Farm

Yield

50 lb bags/Acre

273

176

332

285

240

292

324

260

0.572

33%

108

Bulb Dia.

Inches

1.8

2.3

2.3

2.7

2.7

2.9

2.4

1.8

0.879

14%

0.3

Harvest

Date

5/9/00

6/7/00

5/9/00

5/9/00

6/7/00

6/7/00

5/9/00

6/7/00
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Irrigation Water Management of Garlic Along the Westside of the San Joaquin

Valley of California

B. Hanson, Dept. of Land, Air and Water Resources, University of California, Davis

D. May, UC Cooperative Extension, Fresno County

R.Voss, Dept. of Vegetable Crops, University of California, Davis I

M. Cantwell, Dept. of Vegetable Crops, University of California, Davis

R. Rice, Rogers Foods, Modesto, CA

Introduction

California supplies about 80 percent ofthe U.S. commercial garlic used for

fresh-market, seed, and dehydrated products. Within California, Fresno County in the j

San Joaquin Valley produces about 82 percent ofthe state's garlic crop, while the rest

is grown in Kern County (11 percent) and Monterey County (5 percent). It has been _

observed that irrigation practices used by garlic producers in California vary

considerably. Thus, a project was conducted to investigate the response of garlic to

irrigation in the San Joaquin Valley of California. n

Procedures

In 1997, the effect of irrigation timing on garlic yield was investigated using a r-,

completely randomized block split plot experiment design consisting of four main

irrigation treatments replicated six times. The irrigation treatments were: one week

between irrigations with the last irrigation on May 9 (Tl), one week between ^

irrigations with the last irrigation on May 16 (T2), irrigations every 1.5 weeks with

the last irrigation on May 9 (T3), and irrigations every two weeks with the last

irrigation on May 16 (T4). q

In 1998, a completely randomized block split plot experiment initially was designed

with the main treatments consisting of varying water applications. However, because 1

of rainfall during the winter and spring, the irrigation treatments could not be applied.

Instead, the effect ofthe timing of the irrigation cutoffwas investigated with a cutoff

dates ofMay 12 (Tl), May 19 (T2), May 25 (T3), and June 1 (T4). Each plot "]

contained four beds spaced 1.02 meter apart. The middle two beds were harvested for

crop yield and quality. Soil type was silt clay.

In 1999, a line-source experiment consisting ofa single sprinkler line was used to

apply varying amounts of irrigation water (Hanks, R. J., J. Keller, V.P. Rasmussen,

and G.D. Wilson. 1976. Line source sprinkler for continuous variable irrigation-crop H
production studies. Soil. Sci. Soc. Am. J., Vol. 40:426-429). Soil type was silty clay.

The line source experiment was repeated in 2000, however, soil type was silt loam.

Results

Results of the 1997 irrigation treatments showed the highest yield to occur for the one

week irrigation interval with the last irrigation on May 16 (T2). The T2 yield was ^
statistically different from the yields ofthe other treatments at a level of significance

of 0.05. The yield ofTl was slightly smaller compared with Tl, and is statistically

different from the other yields. Yields ofT3 and T4 were the smallest of the "^
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treatments, and were not statistically different from each other. Differences in bulb

count per plot were not statistically significant.

Results of the 1998 irrigation treatments showed decreasing total weight, bulb count

and bulb weight with time of the last irrigation, while the piece weight yields

increased with time. Irrigation treatments had no effect on the percent soluble solids.

Shattering of the bulbs caused the decrease in bulb weight with time.

Figure 1, the results ofthe 1999 line source experiment, shows little response of

garlic yield to irrigation water. Average amounts of applied water ranged between 88

to 91 mm at the furthermost distance from the sprinkler line and between 361 and 373

mm immediately adjacent to the sprinkler line. The slope and y-intercept of the linear

regression equation relating yield to applied water were 0.00229 and 19.31,

respectively, and the coefficient of determination was 0.014. The slope was statically

equal to zero at a level of significance of 0.05, while the intercept was not.

25

20

15

10

Gallic 1999

Yl.ld ■ 0.00239 X AppIM WU«r ♦ 19.31

r1-0.014

50 100 150 200 250

Applied Water (mm)

300 350 400

f^t

Figure 1. Garlic yield versus applied water for 1999 line source experiment.

Soil moisture content was at field capacity at the start of the rapid growth stage. Near

the sprinkler line, changes in soil moisture content with time were small, however

substantial changes occurred near the edge of the wetted pattern. The average

seasonal change in soil moisture content at the furthermost distance was 190 mm/m.

The 2000 line source experiment, in Figure 2, showed yield to decrease linearly with

decreasing applied water in a silt loam soil. The coefficient of determination was

0.91. Both slope (0.0304) and y-intercept (9.99) of the linear regression equation

were statistically different from zero. The coefficient of determination was 0.91.
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Figure 2. Garlic yield versus applied water for 2000 line source experiment.

Soil moisture content was at field capacity at the start of the rapid growth stage. The

average seasonal change in soil moisture content at the furthermost distance was 64

mm/m.

Discussion and Conclusions

The 1999 line source experiment showed little response of garlic to applied water

over a wide range of water applications. Thus, for a fine-textured soil with the soil

moisture content at field capacity at the start of the rapid growth stage, garlic

substituted soil moisture for applied water throughout most ofthe growing season at

the furthermost distances from the sprinkler line. Soil moisture content data (not

shown) revealed that the garlic was able to extract moisture from depths greater than

1.2 m, and possibly as deep as 1.8 m. The average seasonal change in soil moisture

content was 190 mm/m at the furthermost distance from the sprinkler line. Excess

water stress appeared to occur only at the furthermost distance from the sprinkler line

and near the end of the growing season. This level of water stress reduced the canopy

growth, but it had little effect on garlic yield. However, the 1998 results indicate that

irrigations should not occur beyond about mid-May.

In contrast, the 2000 line source experiment revealed a significant response of garlic

yield and canopy growth to applied water. Although the soil moisture content of the

silt loam was at field capacity at the start of the rapid growth stage, the seasonal

change in soil moisture content was 64 mm/m. Thus, the limited soil moisture storage

capacity of this soil prevented substituting soil moisture for applied water. As a

result, canopy growth was reduced, resulting in decreased yield with applied water.

To prevent yield reductions, irrigations should occur about once per week.

]
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Potential of shallot and onion production in the hot humid lowlands of Malaysia
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Abstract

In Malaysia, Allium (refers to shallot and onion) bulbs for culinary purposes are

totally imported. In 1998 Malaysia's net import of Allium bulbs was US$ 65.3

million. This accounted for about 44% of the net fresh and chilled vegetable import

worth US$ 146.6 million. There is a dire need to produce Allium bulbs locally as an

import substitute. Traditionally shallot is commonly grown from bulbs. Difficulty in

procuring mature bulbs for planting often resulted in farmers using bulbs meant for

culinary purposes. This frequently resulted in the occurrence of white tip die-back

syndrome in shallot and accounted for erratic yields (0-6 t/ha). As a result fanners

were not interested in shallot production. Recent trials indicated that shallot could be

successfully grown from true seeds. Yields obtained were high and there was

minimal occurrence of white tip die-back syndrome. The experimental results

indicated that Rox Fl hybrid planted at 15cm x 5cm recorded the highest yield of

14.4 t/ha. The best interim fertilizer level was at 200 kg N, 70 P and 200 K kg/ha.

Research on onion, using heat resistant varieties, was initiated recently. The average

yield obtained for the identified varieties ranged from 7-9 t/ha. There are still many

technology gaps that necessitate further research.

Introduction

Malaysia, located about 1°16' to 6°43'N has a hot humid climate with an average

diurnal temperature range of 23°C to 33°C and an annual rainfall exceeding 1600

mm. In Malaysia, the genus Allium commonly refers to shallot and onion. In 1998

Malaysia imported US$65.3 million worth ofAllium bulbs which are equivalent to

44% of the net total fresh and chilled vegetables imported. It is projected that by

2010, the Allium bulbs import will increase by a hefty 68% from the quantity

imported in 1997. There is a dire need to produce Allium bulbs locally as an import

substitute and to reduce loss in foreign exchange.

Traditionally shallot is grown from bulbs, but there is difficulty in procuring mature

bulbs. As a result farmers often resorted to using bulbs readily available in the retail

market which are meant for culinary purposes. This often caused the common

occurrence of white tip die-back syndrome and resulted in erratic yields of 0 t/ha to 6

t/ha. Due to these uncertainties, farmers were not keen to produce shallot bulbs.

Lately shallot seeds can be readily obtained and can be used instead. Onion is rarely

planted in the lowlands. Only heat tolerant short day varieties are suitable. Therefore

studies were carried out on Allium to identify suitable varieties and to determine the

optimum planting density and fertilizer rate

Results

A series of experiments on shallot and onion were conducted on drained oligotrophic

peat in Klang, Selangor, Malaysia. Shallot and onion seeds were sown directly into

nursery trays. The seedlings were transplanted at 5 weeks after sowing.
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Shallot '
Two heat resistant varieties of shallot Tropix and Rox Fl were evaluated at three

planting densities and two rates of fertilizers. The 2 x 3 x 2 factorial experiment were "1

laid out in a RCBD replicated three times. The three planting densities were 20 cm x !
15 cm, 15 cm x 10 cm and 15 cm x 5 cm. The two fertilizer rates were 160 N, 70 P,

160 K kg/ha and 200 N, 70 P, 200 K kg/ha. The fertilizers were split applied at basal, "1
three and six weeks after transplanting.

Omon ]

Two identified red skin short day varieties Fl Orient and Soloist were evaluated at

three different N and K rates. The 2x3x3 factorial experiment was laid out in a

RCBD replicated three times. The three rates of N and K were 120, 180, 240 kg/ha H
and 150,200 and 250 kg/ha respectively. Similarly the fertilizers were split applied, '
as in shallot. The pH of the cultivated peat was raised to 5.5 using ground .

magnesium limestone. Trace elements were applied as basal dressing.

Conclusion ™

Shallot bulbs can be successfully produced from seeds instead of bulbs in the ;

lowlands of Malaysia. Rox Fl is the best variety and should be planted at the closest

planting of 15 cm x 5 cm (Table 1). Pending further investigation the interim ^

fertilizer recommendation for shallot on peat is 200 N and 200 K kg/ha. Onion {

variety Fl Orient is suitable for the lowlands. The optimum fertilizer rate is 120 N

and 150 K kg/ha (Table 2). The foliar analysis confirmed that this fertilizer rate is ^

sufficient (Table 3). In view of the low yields obtained, there is a need to evaluate :

more heat tolerant, short day and high yielding onion varieties.

*"!
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Table 1. Effects of variety, planting density and rate of fertilizers on

the yield and plant characteristic of shallot on peat.

Treatment

Variety

Tropix

RoxFl

Planting density

20 x 15 cm

15x10 cm

15x5 cm

Fertilizer rate

160 N, 160 K kg/ha

200 N, 200 K kg/ha

Mean

SE

C.V.%

Yield

(t/ha)

8.31a

11.45 b

7.18a

9.98 b

12.50 c

9.29 a

10.40 a

9.88

2.26

22.9

Mean bulb

no. per plant

2.67 a

3.26 b

4.01a

2.77 b

2.10 c

2.83 a

3.10 a

2.96

0.71

15.4

Mean height

(cm)

51.23 a

58.66 b

53.97 a

54.93 a

55.93 a

54.48 a

55.41 a

54.94

3.56

6.5

Mean leaf

no. per plant

13.98 a

16.68 b

16.95 a

15.66 a

13.39 b

14.63 a

16.04 a

15.33

2.35

15.4

Mean values with the same letter in each row are not significantly different at

5% level according to DMRT

Table 2. Effects of onion variety at different rates ofN and K. on

the yield and fruit size over 2 crops

Treatment

Variety

Fl Orient

Soloist

Nrate

120 kg/ha

180 kg/ha

240 kg/ha

Krate

150 kg/ha

200 kg/ha

250 kg/ha

Mean

S.E

C.V.%

Yield (t/ha)

1st crop

9.60 a

7.78 a

8.72 a

8.50 a

8.84 a

8.36 a

9.12 a

8.61a

8.69

2.346

26.98

2nd crop

9.34 a

6.83 b

7.89 a

7.89 a

8.51a

8.50 a

7.96 a

7.82 a

8.09

1.271

15.70

Bulb size

Mean girth (cm)

1st crop

.47 a

4.48 a

4.53 a

4.48 a

4.41a

4.45 a

4.53 a

4.45 a

4.47

0.187

4.19

2nd crop

4.55 a

4.50 a

4.53 a

4.53 a

4.52 a

4.51a

4.56 a

4.51a

4.52

0.161

3.55

Mean length (cm)

1st crop

4.07 a

3.90 b

4.04 a

4.01a

3.91a

3.99 a

4.01a

3.95 a

3.98

0.191

4.79

2nd crop

3.97 a

3.88 a

3.96 a

3.91a

3.91a

3.95 a

3.93 a

3.90 a

3.92

0.150

3.83

Mean values with the same letter in each row are not significantly different at

5% level according to DMRT
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Table 3. Duncan multiple range test on the N and K

content in onion leaf in the first crop

Content %

!^|

i

Treatment

N

Variety

Fl Orient 1

Soloist 1

Nrate

120 kg/ha 1

180 kg/ha 1

240 kg/ha 1

Krate

150 kg/ha 1

200 kg/ha 1

250 kg/ha 1

1.764 a

1.897 a

1.817 a

1.781 a

1.893 a

1.880 a

1.788 a

[.822 a

K

2.083 a

2.110a

2.167 a

1.985 a

2.139 a

2.130 a

2.047 a

2.113 a

Mean

SE

C.V.%

1.830

0.226

12.39

2.097

0.298

14.23

Mean values with the same letter in each row are

not significantly different at 5% level according to DMRT

m\
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Defects OfThe Onion's Dry And Fleshy Scales During Harvest Time And

Storage

Zsuzsanna Ftistfls' Svein 0ivind Solberg 2
1 Szent Istvan University, Postharvest Department, Budapest, Hungary
2AgricuItural University ofNorway, Horticultural Department, As, Norway

Introduction

The outer and hidden defects of onion scales cause quality problems during harvest

time and storage. Among the defects of onion, the most important are the translucent

scales (TS) and the leathery scales (LS) in the countries ofNorway and Hungary.

Translucent scales are observed as water soaked and firm fleshy scales. Leathery

scales are thick, dark scales between the outer dry and inner fleshy scales. Injury of

saprophyte bacteria on defected onion bulbs is also a high risk of during storage.

Materials and methods

A hypothesis testing the relationship between harvesting and drying methods with the

occurrence ofTS and LS was set up. Field experiments were conducted where onions

were harvested at various dates by 1) our traditional method with field curing, and 2)

by direct harvesting with artificial drying)(l .Table). Other treatments included

simulated drop and pressure treatments (2.Table). After the treatments, the onions

were evaluated for TS and LS following 8 months storage. Storage temperatures

were 0°C, 4°C, 10°C, 15 °C. A non destructive accoustic stiffness coefficient was
used to measure onion firmness.

l.Table Harvest date, harvesting methods, and drying temperature

r ;;'. '■'■ ~ ~ ■'*C" "»■■"; '•':" :J?'"- ' ■ ■•■> ^"" '■'-•■■&.".','■>•■ •..»•' •-•■ »-.•-■>>.*■■ ...•■■•( -. .-_v~y!t.>,. .-< ■ ,,-*-'^', •■■>&;'<;■ >«r*.i:vi!?¥vKi£
r,T-"-.''.Vm.''.- r'A<; ■-■;<• :..■-,.v-r.y'a;, .,?.■.. ■•.... ;VjS« •.- r\, - .'Aj-. •>«••■;.•.;■':. ...v;:^ ■",-■■--•*■•;-•■.■;..■.■-• ;-.-•.-•:«V-.;*»",*5-»■;;■■'-■;-•;^

5.4

10.3

16.8

(P<0.05)

10.9

10.8

10.4

11.3

r Discussion

The experiments showed that harvesting and drying method clearly affected the

occurrence both TS (1 .Figure) and LS (2.Figure). Late harvesting (> than 80% leaf

j fall over) gave higher number ofonions with TS and LS than earlier harvesting. The
L
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Harvest date

At 5-10% leaf fall-over

At 50-80% leaf fall-over

After 100% leaf fall-over

Harvesting method

Direct, cutting

Field curing, no cutting

Drying temperature

20°C

30°C

8.5

12.4

21.3

(PO.05)

15.7

12.4

(n.s.)

10.4

17.8

(P<0.05)



f^n

higher drying temperature (30°C) resulted in 17% TS, while drying at 20°C resulted

in 8% ofthe bulbs with TS.
1^3

No treatment

Pressure!)
Dropping 2)
Pressure + dropping

14.0

16.7

17.8

22.3

10.4

12.0

13.2

16.4

Significance levels

Trial 1 PO.001 P<0.01

Trial 2 PO.01 PO.05

Trial 3 P<0.001 P<0.001

1) Pressure with a nylon string tied around the onions neck.

2) Dropping the bulbs four times from one meter height onto a wooden floor.

A long period of field curing gave higher occurrence of LS. Handling ofthe onions

following harvest, simulated by dropping and pressing, increased TS symptoms. LS

was not affected by mechanical treatments. The treatments resulting in the highest

number TS after long-term storage also produced the highest internal CO2 and lowest

O2 concentrations. The symptoms ofTS appeared with an atmosphere of almost

100% relative humidity (RH) and 0°C, 4 °C, 10 °C, 15 °C temperatures within closed

containers. The early stages ofTS were reversible with dry air ventilation. After two

weeks the symptoms of saprophyte bacteria (3.Figure) appeared. Injury of

saprophyte bacteria on defected onion bulbs were at high risk during storage. Onions

with TS are an optimum medium for Erwinia carotovora spp. Acoustic stiffness, as a

non-destructive measurement of bulb firmness, was found to be suitable for

classifying and selecting the hidden defected onion bulbs.

Conclusions

The risk ofthe defects of onion scales increases when:

-leaves were remove before curing

-onions were late harvested

-wet harvesting and storing condition occurred
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1. Figure Translucent scale

2.Figure Leathery scales
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3.Figure Injury of sapropyte bacteria on onion bulb
fl!^
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Maturity Date Induced by Transplant Size or Sowing Date Affects Pungency ofNuMex

Sweet Onions
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Introduction

Sweet onions are fresh market onions characterized by their low pungency. Onion pungency is

determined by genetic and environmental factors. Growers must try to provide optimal cultural

conditions to maximize the genetic potential of sweet onion cultivars. Factors such as soil sulfur

content, air temperature, nitrogen applications, irrigation management, bulb maturity, and storage

conditions can affect bulb pungency (Gamiely et al., 1991; Randle, 1992). We are developing

research-based guidelines for growing sweet onion cultivars in southern New Mexico. These

include studying the effects of planting method, nitrogen management, and water stress on bulb

pungency of sweet onion cultivars.

Short-day, bolting resistant, yellow grano onions can be fall-planted or spring transplanted in

southern New Mexico. The maturity range for a given cultivar can be extended by using different

establishment strategies, such as varying fall sowing date or using different transplant sizes. For

New Mexico onions, the maturity index is when 80% of the foliage has collapsed. Maturity date

can affect bulb quality and postharvest life, but little is known about the effect of maturity on

onion pungency. The objective of this study was to evaluate the effect of maturity date, induced

by transplant size or sowing date, on fresh market onion pungency.

Materials and Methods

Three experiments were established at the Fabian Garcia Agricultural Science Center in Las

Cruces, N.M. during 1994-95,1995-96, and 1997-98 in a sandy loam soil. Cultivars were low

pungency, short-day, yellow grano-type onions. The cultivars, 'NuMex BR1' and 'NuMex

Starlite', were harvested in 1995,1996, and 1998. The cultivar, 'NuMex Dulce', was included in
the 1996 and 1998 harvests.

Different maturity dates were established by varying planting date or transplant size. Plots were

fall-seeded on either September 26 (direct seeded early) or October 10 (direct seeded late). Also,

two transplant sizes (large, 20 cm length and small, 15 cm in length) were placed in the field in

early February. The experimental design was a randomized complete block with five replications.

Onions were planted in 2 m by 0.4 m plots, using four equally-spaced lines per bed with plants
spaced 10 cm apart within each line. The crop was grown using drip irrigation.

Plots were considered mature when 80% of the foliage had collapsed. Harvest dates varied from

late May to late June, depending on cultivar and planting treatment. Twenty bulbs were harvested

from each plot. The roots and leaves were clipped, and the bulbs were cured for 3 days at 32-

38°C. Bulbs were analyzed for pungency in the laboratory using the pyruvic acid (PA) method
(Randle and Bussard, 1993; Wall and Corgan, 1992).
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Results

Late maturity was achieved by direct seeding in October or using small (15 cm) transplants for all "I
cultivars in each year (Table 1). Bulbs established from direct seeding in September matured '
earlier than those from other planting treatments for all cultivars. In 1998, due to cool spring m

temperatures, all cultivars matured later for each planting treatment, relative to previous years. ;

Among the three cultivars tested, bulbs of 'NuMex Dulce' had the lowest mean pungency in ^

1996 (3.96 urn PA/ gfw) and 1998 (2.84 um PA/ gfw), when averaged over planting treatments \

(Table 1). 'NuMex Starlite' bulbs were low in mean pungency in 1995 (3.09 um PA/ gfw) and

1996 (4.52 um PA/ gfw), when averaged over planting treatments, but increased in pungency in ^

1998 (5.78 um PA/ gfw). 'NuMex BR1' bulbs had a mean pungency ofabout 5.0 um PA/ gfw !
for each ofthe three years tested, when averaged over planting treatments.

IBS)

1

The interaction between planting treatment and cultivar was significant during the three years for

onion pungency. 'NuMex Dulce' had the least amount of variability for bulb pungency in

response to planting treatment. However, in 1996, bulbs established from small transplants were ^

more pungent than bulbs from fall-seeded or large transplant treatments.

For 'NuMex BR1', bulb pungency in response to planting treatment varied among years, with no

clear trend in 1995 and 1996. However, in 1998, bulb pungency was significantly higher when

plots were established from small transplants, although the maturity date (June 25) was the same

as the late seeded plots in which bulb pungency was lowest. !

Late maturing bulbs grown from small transplants of 'NuMex Starlite' were most pungent in ^

1996 and 1998. In 1995, transplanted onions (large or small) were more pungent than fall seeded i

onions, regardless of maturity date.

Conclusions [
Late maturity was established by either fall seeding in October or by using small (15 cm)

transplants. The bulb pungency ofthe three cultivars tested differed in their response to planting ^

method and maturity date. NuMex Dulce had the least variability for bulb pungency in response

to planting treatment. The use of small transplants to establish onions tended to produce more

pungent bulbs, but this was not consistent for all cultivars in the three years. Onions seeded in ^

September matured earliest for all cultivars in each year, and produced low pungency bulbs.
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Table 1. Pungency of sweet onion cultivars at different maturity dates when established from fall

seeding or transplants.

Cultivar

BR1

Mean

Starlite

Mean

Dulce

Mean

Planting

treatment2

Early seeding

Large transplants

Late seeding

Small transplants

Early seeding

Large transplants

Late seeding

Small transplants

Early seeding

Large transplants

Late seeding

Small transplants

1995

Maturity

May 27

June 1

June 9

June 8

June 5

June 6

June 2

June 19

—

—

—

Pungencyy

5.04 ab

5.63 b

5.42 ab

4.66 a

5.19

2.74 a

3.74 b

2.48 a

3.40 b

3.09

—

—

—

1996

Maturity

May 20

May 27

June 1

June 6

May 28

June 6

June 9

June 13

May 29

June 4

June 11

June 14

1998

Pungency Maturity Pungency

4.77 a

5.18 a

4.81a

5.25 a

5.00

4.54 a

3.81a

3.90 a

5.83 b

4.52

3.59 a

3.90 a

3.88 a

4.45 b

3.96

June 9

June 19

June 25

June 25

June 8

June 16

June 29

June 23

June 14

June 19

July 3

June 25

4.86 b

5.05 b

3.63 a

6.39 c

4.98

5.43 a

5.52 a

5.73 ab

6.42 b

5.78

3.21a

2.92 a

2.64 a

2.59 a

2.84

Early seeded treatments were planted on Sept. 26, and late seeded treatments were planted on

Oct. 10. Large transplants and small transplants were 20 cm and 15 cm in length, respectively.

Five replications of each treatment were planted in all years.

yTwenty bulbs per plot were analyzed for pungency in the laboratory using the pyruvic acid (PA)

technique. Units are urn PA/ gfw. Mean separations within columns for cultivar by planting

treatment means according to Fisher's Protected LSD, a = 0.05.
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Introduction ™

Previous studies have supported the potential of onion (Allium cepa L.) and other Allium

vegetables as foods that may improve cardiovascular health (1). Onion extracts inhibit platelet

aggregation in vitro (2,3) and in vivo (4). Platelet aggregation plays a critical role in many acute «i

cardiovascular syndromes such as myocardial infarction (5). If increasing the quantity of

Alliums in the diet can curb aggregation as extracts do in vitro, these vegetables may reduce the

risk of platelet-related disorders, subsequently increasing their medicinal and economic value. **?

The distribution of organosulfur compounds throughout the onion plant body during reproduction

is of horticultural and ecological interest. These compounds have been proposed to function as ™J

defense against pests (6) or storage of sulfur and nitrogen (7). They are associated with both

culinary usefulness (pungency) and many ofthe vegetable's medicinal properties such as

inhibition ofplatelet aggregation. Organosulfur compound levels may also be related to soluble

solids (primarily fructans in onion) concentrations. Significant phenotypic and genetic

correlations exist between antiplatelet activity, soluble solids and pungency in bulbs (8). ^

Studies on the platelet inhibitory ability, pungency, and soluble solids of onion preparations have

focused on the bulb. In this study, these parameters were evaluated in extracts sampled ^

separately from bulb scales, leaf blades, scapes, and umbels collected biweekly throughout the |

reproductive phase ofthe onion life cycle as well as in onion sprouts.

Experimental Procedures

Seed of the male-fertile yellow storage onion inbred line, W441B, was sown in April 1998 in

Randolph, WI. Bulbs were harvested in August and vernalized at 4DC in mesh bags. Thirty-two ^

weeks later, 56 bulbs were brought to the Asgrow Seed Co. onion breeding nursery in Deforest, )

WI and planted in a split-plot design with replicates within weeks as the whole plot and organs as

the subplots. Two replicates of four whole plants were collected randomly at 0, 8,10,12,14,16, **]

and 18 weeks following planting. Plants were cut together into four portions: bulb scales, leaf

blades, scapes, and umbels. Halfof each portion was juiced using a commercial juicer and the

remainder was dried again to determine total solids (percentage dry weight). The juice extracts *"]
were centrifuged to remove pulp and frozen in aliquots. Juice was also extracted from onion

sprouts grown from seed collected from the umbels.

The effect of each extract on in vitro platelet aggregation was determined using whole blood

electrical impedance aggregometry (Chrono-log Corp.). Each sample was tested twice in the

blood of four human donors. Extracts were incubated in blood to which collagen was added 1

induce platelet aggregation. Aggregation was measured as the change in electrical impedance 6
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min following addition of collagen. Data are reported as the percent change in aggregation from

a control to which an equal volume of saline was added in place of extract. Pungency was

evaluated by measuring the quantity of pyruvate present in each extract as described (9). Soluble

solids were measured twice for each extract using refractometry as described (10).

Data were analyzed using the SAS system for mixed models with replicates within week as

whole plots and organs as subplots. Organ and week were fixed effects and replicate within

week was a random effect. The 'slice' option was used to evaluate changes in parameters in a

single organ over weeks using least squares estimates (LS means).

Results and Discussion

There was no significant donor covariance in the platelet aggregation analysis (p=0.12).

Variability in the effect of extracts on platelet aggregation within all organs over the sampling

periods was significant (all p<0.0001). Bulb extracts had significant antiplatelet activity at the

end of vernalization (week 0), inhibiting aggregation by 63% (Fig. 1). All subsequent bulb

samples were not inhibitory. Extract from week 14 induced aggregation beyond collagen and

was therefore considered significantly proaggregatory (p=0.004). All leaf and scape samples

were also proaggregatory. Extracts from leaves stimulated aggregation significantly from 10-12

weeks (both (p<0.004) with a significant drop in induction over the period (p<0.001). Leaves at

10 weeks produced the most stimulation ofany sample, increasing aggregation beyond that

induced by collagen by 238%. Scape samples became significantly proaggregatory by week 10

and increased to maximum stimulation at week 16. Umbel extracts became increasingly

inhibitory of aggregation from 8 (<1%) to 12 weeks (>99%). Onion sprouts inhibited

aggregation by 84%.

Significant variation in pungency, and soluble solids existed among extracts of different organs

during reproductive development (Figs. 2 and 3). There were also significant changes in these

two traits within organs over time. Platelet aggregation was correlated with pungency and

soluble solids (Table 1), suggesting that variation in organosulfur compound concentrations may

be partly responsible for differences in platelet inhibition. Parallel changes in inhibition of

platelet aggregation (Fig. 1), pungency (Fig. 2), and soluble solids (Fig. 3) in bulbs and umbels

make this particularly apparent.

10 12 14

Wwkilftcr

IS tprouu

Fig. 1. Mean effects ofextracts on in vitro plate^f^ggtegation. Error bars are the standard error of
the mean across four blood donors. Extracts with positive values stimulated platelet aggregation

above a parallel collagen-induced control. Extracts with negative values were platelet inhibitory.
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Fig. 2. LS means of extract pungency quantified as pyruvate. P-values in the legend indicate the

significance of changes over the sampling period for a given organ.
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Fig. 3. LS means ofextract soluble solids quantified as the refractometry index. P-values in legends

indicate the significance of change within an organ over time.
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Table 1. Coefficients (upper) and p-values (lower) of simple correlations between antiplatelet

activity, pungency, soluble solids, and total solids for all samples.

Pungency Soluble solids Total solids

Platelet aggregation
-0.436

0.038

-0.558

0.006

Pungency

Soluble solids

0.711

<0.001

-0.754

O.001

0.157

0.533

0.505

0.033

ff*\

1
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Physiology and Quality of Fresh-peeled Garlic Cloves Stored in Air and CA.

Ramirez-Moreno E.', M.I. Cantwell2 and E. Mercado-Silva1
'Univ. Aut6noma Queretaro, D.I.P.A., Fac. Quimica, CP. 76010 Queretaro, Mexico. Tel/Fax

52-42-156867, email: esramire@cenam.mx. 2Mann Lab, Dept. Vegetable Crops, Univ. California, J
Davis, CA 95616. Tel: 530-752-7305; fax: 530-752-4554, email: micaiUwell@Licdavis.edu

Abstract. Peeled garlic cloves stored at different temperatures in air and controlled atmospheres 1
(air or 1% O2 plus 0,10 or 20% CO2) at 5 and 10°C for 21 days were evaluated for color (L*a*b*

values), firmmess (penetration, 2 mm probe), visual quality and decay (subjective scales), and i**

enzyme activities (PPO and peroxidase). Respiration rates of manually peeled garlic cloves j
averaged 18 and 30 uL CCVg-h at 5 and 10°C and were 50% higher than those of unpeeled

cloves. Areas damaged during peeling discolored (lower L* and increased a* and chroma "^

values). At 0 and 5°C excellent quality was maintained during 21 and 16 days storage; acceptable i

quality was maintained for 12 and 8 days at 10 and 15°C, respectively. No important differences

in texture were observed. Decay was not observed at 0, was slight at 5°C, and slight to moderate "*)

at 10°C. At 5 and 10°C, atmospheres with 10%CO2 resulted in the best visual quality with the J
least discoloration and decay. PPO and POD activities were affected by storage temperature but

not much affected by CA. H

Introduction. Peeled garlic is an increasingly popular minimally processed product. Intact garlic

has a very low respiration rate and can be stored for long periods. The physical damage incurred "";
during the peeling process contributes to increased respiration rates in the minimally processed

product. The main defects of commercially peeled and packaged garlic are sprouting, rooting «,

and discoloration. Most discoloration is associated with damaged areas. The objective of this

research was to determine adequate temperature and atmosphere conditions for storing peeled

garlic and to understand the rate of development of defects. We also wanted to determine if «i

enzymes involved in phenolic metabolism contributed to the development of discoloration.

Methodology. Garlic (cv. California Late) was obtained from various sources during summer ^

and fall of 1999. Peeled cloves and peeled/sliced cloves were stored in containers through which I

humidified air flowed at 0,5,10 and 15°C or in controlled atmospheres at 5 and 10°C. Cloves

were evaluated periodically for visual quality (9=excellent, 7=good, 5=fair, 3=poor and *1

l=unuseable), macroscopic decay and discoloration (l=none, 2=slight, 3=moderate, '

4=moderately severe, 5=severe), aroma (5=typical, l=none), color (LAB color values by Minolta

color meter) and texture (rupture force with 2 mm blade on a TA-XT texture analyzer). 1

Peroxidase and polyphenoloxidase were determined from crude extracts by colorimetric '

procedures (Cano et al, 1995; Hsu et al., 1988). Total phenolics were extracted in methanol and

determined by a colorimetric method (Singleton and Rossi, 1965). Pungency was estimated by "*?
determination ofpyruvate (Schwimmer and Weston, 1961).

Results. *"|
The effect of temperature on respiration rates of intact and peeled cloves is shown in Table 1. '

196 I



Respiration rates of garlic peeled with compressed air were 5-10% and 20-30% higher at 5°C and

10°C, respectively, than rates ofcloves peeled manually. Storage of peeled cloves at low

temperatures retarded discoloration whereas cloves at 10 and 15°C had substantial discoloration

by 8 days (Fig. 1). Preoxidase and PPO activities were related to storage temperature with

highest activities at 15°C. Total phenolics did not vary during storage (data not shown) or

decreased slightly independent of storage temperature (Fig. 1). Aroma and pungency

measurements were correlated and both declined with time independent of storage temperature.

Controlled atmospheres with 10% CO2 were generally effective in maintaining visual quality and

retarding development of defects in peeled garlic (Fig. 2) and in peeled/sliced garlic (data not

shown). CA conditions did not affect PPO and peroxidase activities in any consistent way.

These same atmospheres are generally useful for maintaining the quality ofmany minimally

processed vegetables.

Table 1. Respiration rate of intact, manually peeled, and compressed air peeled garlic cloves at 5

and 10°C. Data average of 3 replicates over a 6 day period.

Intact Cloves Manually Peeled Compressed Air Peeled

Temperature, °C Respiration rate (uL CO2/g-h)

5

10

10.6

18.1

17.4

29.3

21.2

40.6

-1.0

o
0.

a

-3.0

A. Color

16

Fig. 1. Color (A), enzyme activities (B, C) and phenolic compounds (D)
in peeled garlic stored in air at 4 temperatures.
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F ig . 2. Q uality changes of peeled garlic stored at 5 and 10*C
in air and controlled atmospheres.
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The Effect Of Serialization, Metam Sodium, Biological Soil Treatments And Cover Crop

Amendments On Pink Root Incidence And Yields Of Sweet Onion In Maui, Hawaii.

J.J. Cho, R.S. Shimabuku, H.R. Valenzuela, J. Uchida, and R.F.L. Mau. University of Hawaii,

College ofTropical Agriculture and Human Resources, Honolulu, HI 96822

Abstract. Pink root, Phoma terrestris E.M.Hans, is among the major limiting factors for the

production of sweet onions on Maui, Hawaii, where continuous monocultures are typical.

Alternative multi-tactic disease management strategies are needed to promote the sustainability

ofthe sweet onion industry in the production region of Kula, Maui. An experiment was thus

conducted to evaluate the effect and interaction of several management strategies on pink root

incidence and onion yields. The experiment had a split-split plot design with 4 replications per

treatment. The 3 main treatments were a rotation with cabbage, solarization, and a fallow period.

The sub-treatments included fumigated and non-fumigated Metam sodium plots. The 4 sub-sub

plots were 'Sordan 79' sudangrass, and 'Dwarf essex' rape biomass amendments, an EMI

(Ecoyo Inc.) biological inoculant, and a control. Each plot consisted ofa 50 ft bed with 4 rows

per bed. The study thus had a total of96 plots (3x2x4 treatments x 4 replications). At harvest,

100 bulbs per plot were individually graded and weighed. Disease severity was determined at

harvest, by a visual root damage index. Results showed significant 2- and 3-way interactions

involving the solarization, fumigation, and cover crop treatments. In general solarization,

cabbage rotation, and sudangrass or rape incorporation had positive synergistic effects with

fumigation, resulting in greater yields and less disease. The only variables that reduced pink root

incidence and which increased the number of disease-free bulbs were fumigation and

solarization. Overall, the treatment combination with the lowest disease rating was solarization-

fumigation-rape biomass incorporation. The highest yields were, in turn, obtained with the

solarization-fumigation-biological treatment combination.

Introduction

Pink root, Phoma terrestris, is among the major limiting factors for the production of sweet

onions on Maui, Hawaii. Few control options are currently available for pink root management in

onions. General recommendations for control in Hawaii (Hamasaki et al., 1999) include rotation

with non-hosts (Tims, 1944; Schwartz, 1995), the use of resistant or tolerant cultivars (Thornton

and Mohan, 1996), to minimize plant exposure to stress (Schwartz and Mohan, 1995; Hoffman,

1996) soil solarization (Katen 1980, Hartz 1989, Thornton et al., 1995; Pages and Notteghem,

1996), and soil fumigation with products such as Metham sodium(Vapam®, Busan®) and

Chloropicrin (Telone C-17®). The use of several control strategies is more likely to be more
effective in pink root suppression than any one single strategy. For example, in Australia and

Texas, studies showed that the use of soil fumigants in conjunction with soil solarization was

more effective than using either individually (Hartz et al., 1989; Porter et al., 1989). However, in

Hawaii, none ofthe practices listed below have been formally evaluated for their effectiveness to

manage pink root incidence, under the soils and high elevation conditions were onions are grown

in Maui. Thus an on-farm factorial experiment was conducted to evaluate the effectiveness of

several combined management strategies, including solarization, metam sodium fumigation,

rotation with cabbage, a biological inoculant, and cover crop amendments, to minimize incidence
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of pink root in onions in Kula, Maui.

Materials and Methods: |
The experiment was conducted in a farm on the Kula district of Maui, at 1200 ft above sea level,

in a field under onion monoculture for several years and with a history of severe pink root disease ^

incidence. The experiment had a split-split plot design with four replications per treatments. The |

3 main treatments (2-3 month duration each) were a rotation with cabbage, solarization, and a

fallow period. The sub-treatments included fumigated (211 kg/Ha) and non-fumigated Metam ™

sodium (Vapam) plots. The 4 sub-sub-plots were 'Sordan 79' sudangrass, and 'Dwarf essex' rape !
biomass amendments, an EMI (Ecoyo Inc.) biological inoculant, and a control. Each plot

consisted of a 50 ft bed with 4 rows per bed. On each row, 105 two-month old seedlings were ^

transplanted for a total of 1,890 seedlings per treatment plot. The study thus had a total of 96 !

plots (3x2x4 treatments x 4 replications) that included all treatment combinations. Main plots

were separated from each other by 4 buffer rows (approx. 4.25 ft). At harvest, 100 bulbs per plot 1

were lifted and windrowed to allow for field curing. After field curing ofthe onion, bulbs were

evaluated for yield and grade. Disease severity was determined at harvest, by a visual root

damage index. To do this, 100 mature bulbs were pulled randomly and rated individually for n

disease severity on a scale were 0=no symptoms, 1=1 -25% of roots infected, 2=26-50%, 3=51 -

75%, and 4=76-100% infection. Data was analyzed by SAS GLM procedure and means separated ^

by Duncan's new multiple range test. Data was transformed as necessary using square root

transformations for small numbers and arcsin transformations for percentage numbers.

Results and Discussion:

Rotation with cabbage and solarization resulted in numerically greater mean bulb weights than

fallow (Table 1). The mean bulb weight for rotation and solarization was 12.2 and 9.1% greater <^

than fallow, respectively. A statistical significance was not found between these treatments,

perhaps due to significant 2- and 3-way interactions found between treatments. Solarization and

fallow treatments had a significantly lower disease incidence per bulb and more disease-free n

bulbs than cabbage rotation. Previous work with cabbage residues has also found conflicting

results to suppress soilborne diseases. Overall, Vapam fumigation resulted in heavier bulbs (by

30.5%), more disease-free bulbs (by 19%), and in lower disease levels per bulb (by 16%), than n

non-fumigated plots (Table 2). Vapam effectively reduced soilborne diseases similar to the

results shown previously in onion and in other crops.

Biological inoculant treatment resulted in significantly heavier bulbs, than green manure

amendments and the control (Table 3). However, all of sub-sub plot treatments had similar

disease levels and the controls had a trend toward more disease-free bulbs. Thus the biological "1
inoculant apparently helped to improve onion growth independent of its effect on disease

suppression. Similarly the rape biomass amendment resulted in heavier bulbs but did not help to

reduce pink root incidence. n

Because significant 2- and 3-way interactions were found involving the solarization, fumigation, „,

and cover crop treatments, the 24 treatment combinations had to be analyzed separately (Tables 5

and 6). A tabulation of the 3-way treatment combinations that resulted in the greatest number of
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disease-free bulbs indicates that the top combinations involved vapam fumigation (8 of the top

10 treatment combinations), as well as solarization (5 out of 10) (Table 5). These data are in

accordance with results observed in other work, indicating that fumigation was a primary factor

responsible for disease suppression when compared to solarization, and other management

tactics. However, solarization, cabbage rotation, and incorporation of sudan grass or rape

biomass did show a positive synergistic effect with Vapam fumigation resulting in greater onion

marketable yields and in a lower disease incidence (Table 6), than the use ofvapam alone (Table

2). Overall, the treatment combination with the lowest disease levels was solarization, Vapam

fumigation, and rape biomass incorporation which had 14.4% ofthe bulbs infected with pink root

(Table 6). The greatest yields were obtained with a combination of solarization, fumigation and

biological treatment inoculation with a mean weight of273.4 grams per bulb (Table 6). The

results obtained in this experiment are supported by the results obtained elsewhere with onion

and other crops. These studies indicate that the use of several disease management strategy

combinations such as solarization, fumigation, incorporating biomass ofgreen manure crops,

rotations, and biological inoculants are more effective when used in combination, as part of an

Integrated Pest Management program, than when each control measure is used by itself. The data

from this experiment and from work elsewhere also indicate that location-specific environmental

factors, and management practices, may determine whether a control practice is successful in one

location, but not in another.

201



I

Onion Breeding Research at New Mexico State University »

Christopher S. Cramer, Joe N. Corgan, Jose L. Mendoza, and Marisa M. Wall
Department ofAgronomy and Horticulture, Box 30003, MSC 3Q, New Mexico State University, «,

Las Cruces, NM 88003-0003

Introduction , ""i

New Mexico supplies over 50% ofthe summer non-storage onions (Allium cepa L.) grown in the

United States (U. S. Department of Agriculture, 2000). Most onion cultivars grown in southern

New Mexico are short- or intermediate-day in their bulbing response. Fall-planted cultivars are ""|

grown over the winter months and are susceptible to winter injury particularly in Luna and Sierra !
counties of southern New Mexico. In addition, low winter temperatures will induce scape

formation in onions planted before 25 September. Both fall- and spring-planted onions are "*]
harvested during the hottest months ofthe year, June and July, when day temperatures typically

exceed 35C. In addition, rainfall from summer thunderstorms can cause harvest delays, increases

in curing time, and increases in disease and postharvest problems. Onion cultivars grown in

south Texas, south Georgia, and southern California typically do not perform as well in New

Mexico as they do in those areas. For these reasons, a formal breeding program was initiated

over 20 years ago at New Mexico State University (NMSU) to conduct onion research on ;

important traits and to develop onion cultivars that were specifically adapted to southern New

Mexico growing conditions. The breeding objectives of the program have been to develop «

cultivars that are high yielding, high quality, pink root resistant, and bolting resistant, that vary in

their maturity dates, and that possess a high percentage of single centered bulbs. The breeding

program has released 20 cultivars since 1981. Research has focused on bolting, pink root, ^

pungency, interspecific hybridization, cultural practices, percentage of single centers, and trait

heritability. Some of the current research includes plant growth, bolting, and bulb yield of fall-

planted cultivars differing in their bolting susceptibility, screening onion germplasm for ""j

Fusarium basal rot (FBR) resistance, screening NMSU cultivars for cold hardiness, and

heritability of bolting, pink root, and FBR resistance, and percentage of single centered bulbs.

Bolting and planting date '
Four fall-planted cultivars ('Daybreak', 'NuMex Mesa', 'NuMex Sweetpak', 'Texas Early

White'), that differed in their bolting susceptibility, were planted on 9,16,23, and 30 Sept. 1999 ""]

in Las Cruces, NM. Plant height and leaf number were measured monthly throughout the

growing season from ten plants in each plot. Prior to harvest, the number of plants that bolted

were counted. When 80% of the plants in a plot were mature, the bulbs were harvested and the j

maturity date, disease resistance, bulb yield, and percentage of single centers were recorded. At

the earliest planting date (9 Sept. 2000), plant height and leaf number were similar among _

cultivars at each observation time while a difference in bolting was observed among cultivars. <

This observation would suggest that bolting resistance is not being conferred by a reduction in

plant size for the bolting-resistant cultivars. For each cultivar, plant height and leafnumber were .=,

greater for plants that were planted at the first or second planting date as compared to plants

planted at the later dates. This difference in height and number occurred at the first three to four
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observations. However, at later observations, plant height and leafnumber were similar among

plants established at different dates. In general, cultivars exhibited less bolting, later maturity

dates, and an increase in bulb yield with a delay in planting.

Screening lines for Fusarium basal rot resistance

Among the fungal diseases that affect onion, Fusarium basal rot (FBR) ranks as the second most

devastating disease in New Mexico, with the incidence ofFBR likely to increase in the future.

Numerous commercial long-day onion hybrids express high levels of resistance to FBR,

however, levels ofresistance in short and intermediate-day commercial cultivars are low. For

these reasons, we are screening the current breeding lines in the NMSU onion breeding program,

commercial short and intermediate-day varieties, and short-day onion accessions in National

Plant Germplasm System for resistance to FBR. This screening is accomplished using the FBR

seedling screening method described by Krueger and co-workers (1989). Onion seeds are

planted in silica sand infested with microconidia ofFusarium oxysporum Schlecht. f. sp. cepae

(Hanz.) Snyder & Hansen, the causal organism of FBR. After four weeks, the number of

surviving seedlings are counted and the level ofresistance is determined. To date, 50 breeding

lines and accessions have been screened using this method and only PI 578126 ('Serrana')

appears to be moderately resistant to FBR.

Cold hardiness screening

For the past two years, current fall-planted 'NuMex' varieties have been evaluated for winter

hardiness at the Farmington Agricultural Science Center in Farmington, NM. This location is

being evaluated as a possible location to screen for winter hardiness of fall-planted breeding

lines. Improved winter hardiness would reduce seedling losses to low winter temperatures and

expand the growing area for onions in New Mexico. Seeds have been planted in late August or

early September. The number of plants per plot are counted in November and in May of the

following year. The percent survival is calculated for each variety from the stand counts. For the

past two years, the winter climate in Farmington has been relatively mild and no reduction in

plant stands has been observed.

Heritability of bolting resistance, pink root resistance, Fusarium basal rot resistance, and the

percentage of single centered bulbs

The heritability of a trait of interest must be known to develop efficient breeding strategies for

trait improvement. Three fall-planted, intermediate-day, late maturing, open-pollinated

populations (NMSU 99-31,99-99,99-1000) were selected to measure the heritability of bolting,

pink root, and FBR resistance, and the percentage of single centers. These populations possessed

white-scaled, globe-shaped bulbs that were high in soluble solids and the percentage of single

centers. Half-sib families were generated for each population (30,96,24 for NMSU 99-31,99-

99, and 99-1000, respectively) and planted on 21 September 1999 at the Fabian Garcia

Agricultural Science Center in Las Cruces, NM. Four replications were planted for each family

and a plot was 2.5 m in length and 0.6 m in width. A plot consisted oftwo plant rows and a final

plant spacing of 10 cm between plants. When 80% of the plants within the plot were mature, the

presence of seedstalks was recorded for the first 40 plants in the plot. In addition, 30 randomly-

selected bulbs were rated for pink root and FBR severity using a rating scale of 1-9 (from least to
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most severe symptoms). Thirty randomly-selected bulbs were cut transversely and the presence

of a single growing point was measured. —

Heritability estimates were obtained for the measured traits using half-sib family analysis (Wall

et al., 1996) that was based upon single plant and plot mean values. «,

For each of the populations, heritability of bolting resistance was high (0.88,0.66, and 0.90 for

NMSU 99-31,99-99, and 99-1000, respectively). The high heritability for bolting resistance in ^

each of these populations suggests that significant gains in bolting resistance could be made |
using mass or individual plant selection. However, the bolting resistance is fairly high already in

each of these populations, and the selection pressure for bolting this previous year was weak. In •**)

general, the heritability ofpink root and FBR resistance in these populations was relatively low |
whether the heritability estimate was based upon disease incidence or severity and/or individual

plant or plot mean values. The heritability of pink root severity ranged from 0.14 (NMSU 99-31) "*]

to 0.20 (NMSU 99-1000) for individual plants and 0.45 (NMSU 99-31) to 0.60 (NMSU 99-1000) !
for plot means. The heritability of pink root incidence ranged from 0.28 (NMSU 99-31) to 0.56

(NMSU 99-99). The heritability ofFBR severity ranged from 0.02 (NMSU 99-31) to 0.12 H
(NMSU 99-1000) for individual plants and 0.25 (NMSU 99-31) to 0.69 (NMSU 99-1000) for ]
plot means. The heritability ofFBR incidence ranged from 0.43 (NMSU 99-31) to 0.55 (NMSU

99-1000). Each of these populations possesses a relatively high resistance to pink root. This ;

resistance is manifested in low disease severity rather than disease incidence. The resistance to

FBR is variable within each population. The resistance to FBR is more correlated with disease ^

incidence rather than disease severity, since the disease will continue to progress after harvest.

For each ofthese populations, selection based upon families rather than individual plants would

result in more gains in pink root and FBR resistance due to the low heritability of each trait. The «*

percentage of single centered bulbs was high (0.69) for the NMSU 99-99 population. This

population produces a high percentage of single-centered bulbs and continued selection will

increase the percentage. ^
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Abstract

Examples of data from onion storage trials carried out by researchers in the tropics are used to

demonstrate methods of analyzing and comparing storage trials results. Loss ofweight over time

of short-day onion varieties under different tropical storage environments is shown in graphs. A

link between storage losses by sprouting and declining night temperatures in some tropical

environments may exist, but is probably only expressed under dry conditions.

The trials

The trials results presented here as graphs are from Benin in West Africa and from Zimbabwe in

southern Africa. Other diagrams were made by combining data from several trials for the same

varieties of onions.

In Benin, Mme. F. Assogba Komlan ofINRAB organized storage trials at Ina (lat. 9°58'N, alt.

358 m) in 1999 in an ventilated storage shed with wire shelving, under ambient conditions, and

provided the data shown here (Figure 1). The trial included samples ofTexas Grano and other

US varieties, two Creoles, one cv. from Brazil (Belem IPA-9), some selections ofWest African

origin (Violet de Galmi, Rouge de Tana,) and the local cv. Aloubassa. The local and regional

cultivars performed best in storage and the Texas Grano worst. The combined graph from this

experiment shows the falling off in saleable weight of the samples, from 100% representing the

initial sample weight at the origins ofthe graphs. Differences between replicates were serious,

possibly due to the samples coming from different farm sites.

In Zimbabwe, R. L. Msika and his colleagues at the Horticultural Research Centre, Marondera

(lat. 18°1 l'S, alt. 1650 m) ran replicated trials in 1991 in a naturally ventilated storage shed in

which the onions (in net bags) were spread in thin layers on wire shelves. Replication was

adequate (6 replicates) but the trial was started in January, some time after harvest ofthe earliest

maturing onions in October, so some cultivars with low dormancy were already starting to sprout

at the beginning ofthe trial (notably varieties from India, e.g. cv. Ringo).
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Data were recorded on physiological weight loss over time as well as the losses from sprouting

and rotting. The data are presented as graphs based on the percentage weight losses over time,

starting from nil and continuing until all the onions had become unsaleable (Figures 2 to 7). The

graphs are useful for presentation at field days to inform growers and extension staff about onion

performance, making variety comparisons easy to see and understand. When prepared as

acetates, using the same scale, they can be laid over each other to show clear differences in time

to the period of rapid weight loss, or to contrast faster and slower rates ofphysiological weight

loss. Figure 8 shows the decline in weight of saleable bulbs together with the mean night

temperatures for successive assessment periods. Interestingly, even Texas Grano onions kept

quite well from January until the night temperatures began to fall below 15°C during March and

April (Figure 2). By the time night temperatures were regularly less than 10°C, even the better

storing cultivars such as Arad, Galil and Sivan were starting to decline rapidly in weight (Figure

8).

Physiological weight loss. Note the differences in rate of physiological weight loss (the lower

line on the graph) between different cultivars in the Zimbabwe data (Figures 2 to 7). These data

can be obtained when the samples are weighed both before and after the rejection of bulbs due to

rots or sprouts. The physiological weight loss (from respiration + evaporation) tends to be higher

from cultivars having relatively thin skins (e.g. Texas Grano, Rio Blanco Grande) compared to

those with thicker and more numerous skins (e.g. White Creole). In Zimbabwe it was between 2

and 5% per month in ambient storage.

Replication in storage trials. Most of our trials partners who ran storage trials did so with 1,2

or 3 replicates only. However, in Zimbabwe 6 replicates were used, so the results were more

reliable. Better replication makes experiments more costly and it is difficult to persuade

researchers or funding bodies to invest the time and effort needed.

International comparisons. The remaining graphs (Figures 9 to 11) show results for single

cultivars across a number of experiments. We tried this to see if there were any obvious visible

similarities of response to storage across environments by cultivars which had been included in

several experiments. So far we have not obtained much useful information through this

approach. The graphs do illustrate the rapid losses which occur in onion stores across the tropics

under ambient conditions (most become unsaleable within 3 to 4 months). Better recording of

diurnal temperature and relative humidity data by continuous traces within stores is needed in the

tropics, as well as onion weight loss data and notes on the causes of loss over time.

Analyzing storage data. Statistical analysis of storage data is not straightforward. Regression

analysis is not appropriate as the data are not independent; the data represent repeated

measurements on the same material, as the same sack or crate of onions is repeatedly inspected

and assessed. The amount left after the assessment, at time t, depends on the amount left at the

previous assessment, in that it cannot be more! This dependence structure in the data will have

to be modeled. Storage data can be useful tools for teaching statistics because ofthe numbers of
problems which need to be solved.

206



What more can we find from these data? In future, we hope to relate the changing seasonal

temperatures, particularly the minimum night temperatures during storage, to the time when rapid

weight loss takes place due to the breaking ofdormancy, and the start of rapid sprouting.

However, if a simple relationship exists under dry conditions, such as those in Zimbabwe in

1991, it may be masked by earlier infections by rots picked up in the field if growing conditions

have been wet. We also suspect that there are differences between variety groups in the

temperature needed to maintain dormancy - do onions from India need higher temperatures to

remain dormant than those from the USA, for example?

Acknowledgements. We thank Miss S. M. Green of the Natural Resources Institute, UK for

preparing the graphs of individual Zimbabwe cultivars, and the Department for International

Development UK for funding part of the storage work.

Legends to Figures.

Figure 1. Storage trial results from Benin, 1999.

Evolution of saleable weight percentages over time

for all cultivars in trial, means of 3 replicates.

Figure 2. Storage trial results from Zimbabwe, 1991.

Cumulative weight loss over time as percentage of initial weight.

Cv. Texas Early Grano 502, South African strain.

Figure 3. Storage trial results from Zimbabwe, 1991.

Cumulative weight loss over time. Cv. Ringo (ex Red Bombay).

Figure 4. Storage trial results from Zimbabwe, 1991.

Cumulative weight loss over time. Cv. Rio Blanco Grande.

Figure 5. Storage trial results from Zimbabwe, 1991.

Cumulative weight loss over time. Cv. White Creole.

Figure 6. Storage trial results from Zimbabwe, 1991.

Cumulative weight loss over time. Cv. Rio Ringo.

Figure 7. Storage trial results from Zimbabwe, 1991.

Cumulative weight loss over time. Cv. Red Synthetic.

Figure 8. Combined results from Zimbabwe, 1991 for

four longer-storing cvs and the mean night minimum

temperatures for successive assessment periods.

Figure 9. Combined storage trial results for cv. Arad.

Evolution of saleable percentages by weight over time.
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Figure 10. Combined storage trial results for cv. Sivan.

Evolution of saleable percentages by weight over time.

Figure 11. Combined storage trial results for cv. Galil.

Evolution of saleable percentages by weight over time.

Cultivars in Benin graphs

Cultivar

Aboubassa

Belem IPA-9

Creole Red PRR

Early Lockyer Browr

Early Supreme

Marquesa

Rouge de Tana

Seed company

Local, Benin

IPA, Brazil

PetoSeed

i Yates, Australia

Sunseeds

Asgrow

Technisem

Texas Grano 502 PRR Asgrow

Violet de Galmi

White Creole

Technisem

Sunseeds

Cultivars in Zimbabwe graphs

Cultivar

Arad

Red Synthetic (Ofir)

Seed company

Hazera

Hazera

Ringo (ex Red Bombay) Royal Sluis

Rio Blanco Grande

Texas Grano

White Creole

Rio Colorado

Local (S. Africa)

Sunseeds

Key to location and year of experiments (combined results, Figures 9 to 11)

Expt. identity no.

D03610

D03611

F02403

J08802

XI0902

XI0906

XI0907

X15108

Y07402

Z03902

Country Year of trial

Zimbabwe

Zimbabwe

Botswana

Mauritius

New Caledonia

New Caledonia

New Caledonia

Guinea

Taiwan

Ghana

1991

1991

1993

1998

1994

1995

1995

1996

1992

1997

(1)
(2)

(1)
(2)

Researcher

R L Msika

R L Msika

M E Madisa

P Hanoomanjee

PDaly

PDaly

PDaly

MMCamara

N C Chen

L Abbey

ffl£l
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Benin Data

Average over Replicates
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Figure 10
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1 Two-Stage Clustering of Onions in the Tropics

p Jonathan R. Godfrey8, G.R.Wooda, M.A. Nichols6, and Lesley Currahc.
institute of Information Sciences and Technology, Massey University, Private Bag 11 222,

p Palmerston North, New Zealand. Phone: +64 6 350 5799, ext. 7705. Fax: +64 6 350 2261. E-mail:

[ A.J.Godfrey@massey.ac.nz and G.R.Wood@massey.ac.nz
institute of Natural Resources, Massey University, Private Bag 11 222, Palmerston North, New

m Zealand. E-mail: M.Nichols@massey.ac.nz

[ cCurrah Consultancy, 14 Eton Road, Stratford-upon-Avon, CV37 7EJ, United Kingdom. Phone and
Fax: +44 1789 268838. E-mail: L.Currah@ibm.net

[ The Challenge
A 10 year trials program for development of onions in the tropics and subtropics (Currah et al.,

p 2000) has a sparse genotype * environment (G*E) matrix that requires analysis. This sparsity is a

1 result ofmany factors including limited physical space and time resources for the collaborators,
limited seed for distribution, changes in the range of available genotypes, and local preferences.

P Therefore, only 5% of testable combinations in the 363 * 110 G*E matrix are available for
' analysis.

\ Sparsity makes it difficult to compare genotypes directly as little overlap exists between the sets

L of environments in which genotypes were grown. Cluster Analysis has been used to determine

relationships among genotypes in many G*E analyses, but cannot currently handle sparsity.

The Response

p A two-stage clustering method, that

J 1. Uses the G*E interaction to find subgroups of genotypes with similar shaped performances.
2. Then clusters according to level within these subgroups.

[ We must ensure that this method can deal with missing data, and possibly even handle sparsity.
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3. The Procedure

Start with G*E matrix

Estimate missing

distances

Cluster genotypes by

interaction

Determine subgroups of

shape similar genotypes

For each subgroup, cluster genotypes

according to main effect

Determine final subgroups of level-

and-shape similar genotypes
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Formula used in Clustering

The Interaction Distance used in the first stage is

I common k

p,j-\

and the Main Effects Distance used in the second stage is

I o»-

Po

where

, is the number ofenvironments genotypes i andy have in common

• is the yield ofthe genotype / in environment k

~ is the mean performance ofgenotype/ over only * common environments.

An Example

Figure 1 shows the first stage of clustering using the 51 most tested genotypes, and is based

entirely on the pattern of responses across environments. Determination of clusters led to

selection of the set of seven genotypes displayed in Figure 2. This second stage of clustering uses

the difference in level of performance across environments. This comparison is only useful when

the patterns of performance are similar.
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Fig. 1: First stage of clustering
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Fig. 2: Second stage of clustering
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Conclusions

Two-stage clustering separates genotypes logically, with shape ofperformance across

environments determining initial subgroups. Similarity of level within similar shape groupings

determines final groupings.

Two-stage clustering can handle missing data, and it is our hope that it will be useful when only

sparse data are available.
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Can white rot (Sclerotium cepivorum) resistant and susceptible storage onion (Allium cepa)

inbred lines & hybrids be distinguished by organosulfur compounds in the root and root

exudates?

Hoviusl, M.H.Y., IX. Goldmanl and J.S. Hendricks2, lDept. of Horticulture, University of

Wisconsin, 1575 Linden Drive, Madison, WI, 53706. mhhovius@students.wisc.edu, 2Seminis

Vegetable Seeds, 7202 Portage Road, DeForest, WI, 53532

Introduction

Sclerotium cepivorum (Berk) causes the disease white rot on Allium species. S. cepivorum

survives in soil as small dark sclerotia. Under optimum field conditions, mature sclerotia, past

constitutive dormancy, are stimulated to germinate by Allium root exudates (Coley-Smith 1960).

Figure 1. White rot disease Incidence* on onion breeding

lines & hybrids from naturally infested Odd plots In 1999

and 2000.
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2000

Resistance to white rot

infection has been found in

the wild and cultivated

Allium species (Bansal and

Broadhurst 1992, Brix and

Zinkemagel 1992 and Coley-

Smith and Esler 1983) and

cultivated Alliums (Coley-

Smith 1986). From 1991 to

1993, 8 white rot resistant

inbred lines were released

from W.H. Gabelman's onion

breeding program (University

of Wisconsin). The

development and use of the

breeding lines into hybrids

has been complicated by the

lack of a good disease

resistant screen. To verify the existence of resistance the Asgrow Seed Company incorporated

them into their onion breeding program and tested in naturally infested field sites over multiple

years (Fig 1). Plants were rated for presence or absence for bulb disease symptoms. Plots were

replicated 4 times in a randomized complete block design. In both years significant differences

among resistant and susceptible breeding lines were found, disease incidence was significantly

higher in 1999.

Field screening for white rot resistance has not been consistently reliable, yielding less than

satisfactory results therefore, other screening techniques need to be developed to aid breeders.

Current hypotheses suggest the white rot reaction within Allium is due to the sclerotia stimulatory

capacity and/or the differing flavor levels and odor precursor profiles found in roots (Bansal and

Broadhurst 1992, Coley-Smith 1986 and Coley-Smith and King 1969). The precursors and

products of the sulfur biochemical pathway in Alliums can be measured. A. cepa cultivars and

breeding lines may be distinguishable from each other based on a comparison ofthe organosulfur

1999

'Data courtesy ofAsgrow Seed Company

* 'Columns with tho samo letter were not significantly different asmsLSD @ F=OjOS using the

aarmaUied log transformed data

*"BL = breeding line #, H = hybrid, lino suspected as resistant (R), susceptible (S), unknown (7)
I

n

1
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precursors and products of their root juice and exudates. Differential exudate profiles should

result in differential sclerotia germination stimulation. The objective of this research was to

determine if differences exist in root-produced pyruvic acid among Sclerotium cepivorum

resistant and susceptible Allium cepa breeding lines and hybrids.

Materials & Methods

1. Field trial. Field resistance to white rot using a number of different storage onion accessions

and cultivars, and leek (Table 1) was investigated in two naturally infested commercial field sites

in the Holland Marsh, (ON, CAN.) with 4 replications (RBCD design). Each replicate consisted

of one 3m row, 23 to 25 plants with 30cm between rows. Onion bulbs were assessed for white rot
at harvest.

2. Root iuice pvruvate analysis. Root juice from onion accessions, garlic and leek (Table 1)

grown in the greenhouse was collected and analyzed for pyruvate content using the technique

from Schwimmer and Weston (1961).

Table 1. Allium cepa inbred lines, hybrids and A. sativum and A. ampeloprasum cultivar

selections for screening.

BREEDING LINE #

(BL), HYRBRID #

(H) OR CULTIVAR

BL1

H6

H4

BL6

H7

H2

BL2

BL7

Leek

Garlic

ALLIUM

SPECIES

A. cepa

A. cepa

A. cepa

A. cepa

A. cepa

A. cepa

A. cepa

A. cepa

A.ampeloprasum

A. sativum

PEDIGREE

1416C

XPH7702

XPH15056

W461B

XPH15073

XPH15055

1247B

1415C

Ramona

RG9902

SOURCE

Asgrow

Asgrow

Asgrow

Asgrow

Asgrow

Asgrow

Asgrow

Asgrow

Bejo Seeds

Rogers Food

Inc.

SUSPECTED

DISEASE

TOLERANCE

susceptible

susceptible

resistant

resistant

resistant

resistant

susceptible

resistant

resistant

susceptible

Results/Discussion

1. Field trials, the field trials showed that significant white rot disease resistance exists in some
breeding lines & hybrids

•Fig 1. (Asgrow Seed Co. trial): 6 breeding lines had significantly lower disease incidence than a
known susceptible breeding line
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-Fig 2. (Holland Marsh field trial): disease was significantly higher at site 1 (3.9 - 31.2%) than
site 2 (range 0.8 - 9.5)

Figure 2. White rot disease incidence on onion breeding lines &

hybrids @ harvest from 2 naturally infested commercial field sites in

the Holland Mann, ON, CAN, summer 2000.
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■ susceptible
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demonstrated

resistance (<4%

disease) but only one

had significantly

lower disease than a

known susceptible

breeding line

-differences between

resistant and

susceptible onion

breeding lines may be

difficult to detect

when disease

incidence is moderate

(Site 1) to low (Site 2)

-leek had the lowest

% disease, expected

since ofthe cultivated Alliums, leek is suspected to be the most resistant, followed by onion and

then garlic

We know that Allium root organosulfur compounds stimulate white rot sclerotia to germinate!

Can we use root pyruvate concentration as a measurement of organosulfur, to differentiate

between the field resistant and susceptible onion breeding lines and hybrids?

2. Root iuice pvruvate analysis, root juice pyruvate concentration did not differentiate white rot

resistant onion breeding lines & hybrids from susceptible lines (Figs 3 & 4)

-root juice was kept refrigerated or frozen until analysis, after trichloroacetic acid was added, no

significant

differences between

juice storage

treatments were

found

-significant

differences among

onion breeding lines

& hybrids were

found: susceptible

onions had

significantly less

Figure 3. AUUatt root juice pyruvate concentration @ 18 weeks or greenhouse

growth from refrigerated St frozen Juice treatments.
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tfWI

Suspected to be

D redstart

susceptible

Analysis ofVariance (nonnattBd data) Proc

CLM(SAS)

F-value P*mbe

Weeks ofgrowth (WG) 29j <Oj0001

Breeding line 6.0 OJWQl

WPBreadinglaie 2.0 0J153S

contrast) than resistant @ 18 weeks after emergence (Fig 3) but this was not true in the
comparison of 14 and 18 weeks (Fig 4)

-a resistant line had the lowest pyruvate concentration @ 18 weeks but a susceptible line had the
lowest pyruvate concentration when 18 and 14 week old plants were compared

3. Disease incidence and root iuice pvruvate concentration comparison.

The rank order of disease

incidence and root juice FlgIire 4> AiUum root J™106 Py™1™46 concentration @ 14 & 18 weeks of
pyruvate concentration greenhouse growth from frozen Juice treatment

among the onion

accessions and hybrids

that were the same among

the field trials and

pyruvate analysis were

compared (Table 2).

Pyruvate concentration

and disease incidence from

the Asgrow Seed Co. field

trials, ranked the highest

for the two susceptible

onion accessions and

lowest for the resistant

accessions and hybrids

that were compared. The

two susceptible onion

accessions ranked among

the top four for highest

pyruvate concentration and

disease incidence from the Holland Marsh field trials. Spearman rank correlations were not
significant among pyruvate concentration and disease incidence for the field trials.

Single degree offreedom cootntt

ReffctantwaaantMe OJ 0.HS2

bd

cd cd

garlic BL6" BL1 leek BL2 H7 H4 BL7 H2 H6

Breeding lines
'Columns with the tame latter were not significantly different using LSD @ V=OJ05 using the
nomafixed log transformed data

"BL o breeding line #, H=hybrid
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Table 2. Rank order of the onion accessions and hybrids that were the same among (missing data
noted in table) the field trials (1 = highest disease incidence) and the rootjuice pyruvate analysis (1 -

highest pyruvate concentration).

Onion

accession &

hybrid

designation

Leek

BL6

BL1

BL2

H4

H7

H2

BL7

Presumed

disease

resistance level

Not applicable

Resistant

Susceptible

Susceptible

Resistant

Resistant

Resistant

Resistant

Rank order of results

Pyruvate

analysis

1

2

3

4

5

6

7

8

Field Trials

Asrtow Seed Co.

1999

missing

missing

1

2

5

4

missing

3

Holland Marsh

2000

missing

missing

3

1

4

5

2

missmg

Sitel

7

6

4

3

2

missmg

1

5

Site 2

7

5

2

4

3

missing

1

6

Conclusion

From the pyruvate data alone, it appears that root juice pyruvate concentration cannot be used to

separate white rot resistant onion breeding lines from susceptible lines. Spearman rank

correlations among the onion accessions and hybrids comparing the pyruvate data to the field

disease incidence data were not significant. This needs further study since upon examination of

the ranks, the susceptible lines usually had the highest root juice pyruvate concentration and

disease incidence in the Asgrow Seed Co. field trials and ranked among the top four in the

Holland Marsh field trials. The rank order indicates that root juice pyruvate concentration may be

a useful indicator in screening onions for white rot resistance and susceptibility. Root exudates

stimulate sclerotia germination and therefore future research will include high performance liquid

chromatography analysis ofthe flavour precursors in both root juice and root exudates from

resistant and susceptible onion breeding lines.
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Evaluation ofSpray Programs for Managing Foliar Pathogens of Vidalia Onions.

D. B. Langston, Jr.(l), R. L. Torrance(2), and G. E. Boyhan(3). (1) Dept. Plant Pathology,

Tifton, GA 31793 (2) Tattnall Co. Extension, Reidsville, GA 30453, and (3) Dept. Horticulture,

Statesboro, GA 30460. University of Georgia Cooperative Extension

Abstract

Fungicide spray programs were evaluated at the Vidalia Onion and Vegetable Research Center,

located in Toombs Co., GA, for suppression of center rot (Pantoea ananatis), bacterial streak

(Pseudomonas viridiflava), Botrytis leaf blight (Botrytis squamosa), and purple blotch

(Alternaria porri). The experiments utilized a randomized complete block design with four

replications. Fungicides were applied on a 10 -14 day schedule with a CO2 pressurized sprayer

calibrated to deliver 374 L/ha at 483 kPa using TX-18 nozzles. In 1998-99, programs containing

62% EBDC + 16% Mn + 2% Zn/Cu(OH)2 (ManKocide) alone were significantly less effective in

suppressing Botrytis leaf blight early in the season. Significant differences in purple blotch were

only detected just prior to harvest with chlorothalonil (Bravo Ultrex)/ManKocide alternated with

azoxystrobin (Quadris)/ManKocide and Bravo Ultrex/acibenzolar (Actiguard) alternated with

cyprodinil-fludioxinil (Switch)/Actiguard demonstrating the greatest disease suppression

compared to the non-treated check. The incidence of center rot was not significantly reduced by

any spray program. Actiguard significantly reduced yield below non-treated plots in 1998-99. In

1999-2000, full season applications of Bravo Weather Stik and late season applications of

Switch, Quadris and iprodione (Rovral) demonstrated the most significant levels of purple blotch

and Botrytis leaf blight suppression while late season applications of Switch, Rovral, Quadris,

vinclozolin (Ronilan) and full season Bravo Weather Stik provided the greatest yield increase.

Introduction

Foliar diseases of Vidalia onions can cause severe losses by reducing yield and quality of

marketable onions. Some ofthese diseases do not become evident until after onions have been

placed in storage. The most common foliar diseases in the Vidalia onion growing area are

Botrytis leaf blight (Botrytis squamosa), purple blotch (Alternaria porri), bacterial streak

(Pseudomonas viridajlava), and center rot (Pantoea ananatis). Disease management practices

such as avoidance of excessive fertilization, rotation, proper harvesting and handling and

preventive fungicideftactericide applications have been recommended to reduce disease losses

but their implementation has been met with limited success. There are several fungicides and

bactericides labeled to manage foliar onion diseases which are recommended as sequential or

alternating applications of synthetic fungicides and copper compounds to suppress losses from

both fungal and bacterial pathogens. However, many times sprays are not timed optimally or

needless sprays are applied that cost growers effective disease control and money spent on

disease control chemicals. Data is needed to determine the most effective spray timing for

currently available compounds for managing onion diseases. This data may lead to the

development or implementation ofmore effective spray schedules that integrate specific

fungicides and bactericide applications to optimize disease suppression. The objectives ofthese

experiments were to: 1) determine the most effective use pattern of currently labeled compounds
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for control of fungal and bacterial diseases of onion; and 2) to evaluate the efficacy ofnew
compounds in reducing losses to fungal and bacterial pathogens of onion.

Materials and Methods

Four rows of the onion variety "Sweet Vidalia" were transplanted to 2.7-m beds (panels) on 1 ™

and 7 Dec. for 1998.and 1999, respectively. The fertility program for these onions was consistent j
with University of Georgia Extension Service recommendations. Experimental design consisted

of a randomized complete block with four replications. Fungicide/bactericide treatment plots ^

were 7.6 m. long (1998-99) and 4.6 m long (1999-2000) and were separated by non-treated

border panels. Fungicides were applied using a CO2 pressurized backpack sprayer calibrated to

deliver 374 L/ha at 483 kPa using TX-18 hollow cone nozzles. Materials tested in 1998-99 were ™]

acibenzolar (Actiguard), azoxystrobin (Quadris), chlorothalonil (Bravo Ultrex), cyprodinil-

fludioxinil (Switch), and 62% EBDC + 16% Mn + 2% Zn/Cu(OH)2 (ManKocide). Fungicides

tested in 1999-2000 were 75% EBDC + 15% Mn + 2% Zn (Dithane), chlorothlonil (Bravo ™|

Weather Stik), iprodione (Rovral), vinclozolin (Ronilan), harpin protein systemic acquired

resistance activator (Messenger), Bacillus subtilis biological control agent (Serenade). Onions

were harvested on 22 Apr (1999) and 2 May (2000) by digging the two center rows ofeach panel "1
and allowing them to field dry until bagged. Onions were cured at approximately 37° C for 72

hours before weighing. Mean separation was achieved by analyzing data according to the ^

Waller-Duncan A-ratio t-test at k=\ 00. j

Results „_

1998/1999 '
Overall, the 1998/99 onion season was warm and dry with rainfall accumulations 23.5 cm below

the fifty year average. These conditions were not favorable for the development ofhigh levels of ^

foliar disease. Botrytis leaf blight was first observed on 1 Feb while Purple blotch was not 1

identified until 1 Mar. Plants infected with Pantoea ananatis (center rot) were not observed until

22 Apr. All fungicides and spray programs significantly reduced the percentage of Botrytis leaf *i

blight compared to the non-treated check on the 2 Feb rating date (data not shown), although \
ManKocide applied alone was less effective than other spray programs. ManKocide applied

alone did not significantly suppress Botrytis leaf blight below the non-treated check by the 1 Mar ^

rating (data not shown). No significant differences in Botrytis leaf blight were detected between 1

treatments on 22 Apr. Significant differences in purple blotch were only detected on 22 Apr with

Bravo Ultrex + ManKocide alternated with Quadris + ManKocide and Bravo Utrex + Actiguard ^

alternated with Switch + Actiguard demonstrating the greatest disease suppression compared to

the non-treated check. The incidence ofcenter rot was not significantly reduced by any

fungicide/bactericide spray program. Yield was significantly reduced below the non-treated "1
check in spray programs containing Actiguard.

1999/2000 "I
The 1999/2000 season was cooler and incurred 15.2 cm more rainfall than the previous season.

Bacterial streak and purple blotch were observed at low levels on 20 Mar with plots receiving ^

Quadris, Switch, and Rovral demonstrating significant purple blotch suppression (data not

shown). No significant differences were observed between treatments for bacterial streak on 20

1
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Mar (data not shown). Bacterial streak was not observed on the 12 Apr rating date. Center rot

was observed on the 12 Apr rating date with no significant differences noted between treatments.

A test that focused on copper compounds and plant defense activators was conducted

concurrently with the tests presented here and showed no trend towards control of either bacterial

streak or center rot (data not shown). All fungicide treatments reduced purple blotch and Botrytis

leaf blight below the non-treated check on 12 Apr. Full season applications ofBravo Weather

Stik and late season applications of Switch, Quadris and Rovral demonstrated the most

significant levels ofpurple blotch and Botrytis leaf blight suppression. All spray programs

significantly improved yield over the non-treated check except Bacillus subtilis (Serenade).

Spray programs with late season applications of Switch, Rovral, Quadris, vinclozolin (Ronilan)

and the full season Bravo Weather Stik program provided the greatest yield increase.

Conclusion

These studies indicated that influence of weather on disease pressure can play a major role in

determining the need for fungicide/bactericide sprays on onions in the Vidalia area of Georgia.

Spray programs in 1998-99 did not improve yields due to low disease pressure indicating that

several sprays could have been omitted without losses to disease. In 1999-2000, yield was

improved significantly with most spray programs and indicated that non-labeled materials such

as Switch and Quadris have potential in reducing losses to purple blotch and Botrytis leaf blight.

Incidence of diseases caused by bacterial streak and center rot were too low to demonstrate the

effectiveness of bactericide sprays. This information underscores the need for research that

addresses the utility of weather-based spray advisories for the Vidalia onion growing region and

the integration of compounds such as Switch and Quadris into spray programs. More data is also

needed to determining the effectiveness ofcompounds for reducing losses to bacterial diseases

under situations when disease pressure is high.
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Chemical control of four leaf diseases of onion in an IPM mode in New York.

J. W. Lorbeer, Department of Plant Pathology, Cornell University, Ithaca, NY 14853. "|

Introduction

Four leafdiseases of onion are annual threats to cause significant economic losses to commercial

onion growers in New York. The diseases are Botrytis leaf blight, Alternaria purple blotch, ]

downy mildew, and Stemphylium leaf blight. During the 1950s and 1960s, maneb and then

mancozeb applied weekly as foliar sprays were the fungicides ofcommercial choice that

effectively controlled the first three diseases. Since 1972 fungicide mixtures ofmancozeb and j
chlorothalonil have been used commercially to simultaneously control the three diseases.

Iprodione can be added as a third component of the mixture to enhance disease control of ^

Botrytis leafblight. Maneb or mancozeb sprays at full dosage rates applied at the appropriate

times effectively control outbreaks ofdowny mildew in New York. Chlorothalonil does not

control downy mildew. Stemphylium leaf blight has not been effectively controlled by maneb, ^

chlorothalonil, or iprodione sprays applied individually or in any combination.

Since 1987, BLIGHT-ALERT, a weather based forecast system developed in New York for *"

timing the application of fungicides as foliar sprays for control of Botrytis leafblight has been

effectively utilized both experimentally and commercially in New York to predict the potential

for occurrence of the disease. In 22 side-by-side comparisons in grower fields throughout several "1

New York onion growing areas from 1987-93, growers made an average of 5.5 fungicide

applications following BLIGHT-ALERT forecasts for the need of fungicide sprays compared to

an average of 7.8 fungicide sprays using their conventional spray programs resulting in an \

average savings of 2.3 applications per year. There were no differences in onion yield and bulb

quality observed between BLIGHT-ALERT and comparison fields. During 1994 and 1995

demonstration trials were conducted in Orange County, New York with 11 and 12 growers to :

promote the use ofBLIGHT-ALERT. The savings in the number of fungicide sprays was 1.8

applications in 1994 and 3.7 applications in 1995. During 1996-97 BLIGHT-ALERT was ^

followed each year by 11 growers in Orange County with the savings ofan average of 3 j

fungicide sprays per year. A hailstorm in 1998 severely damaged the onion crop in Orange

County preventing a meaningful comparison of the two methods. A severe drought during 1999 ^

in Orange County resulted in BLIGHT-ALERT forecasts indicating fungicide sprays were not i

needed for the control of Botrytis leaf blight.

1
Forecast systems developed in Ontario and Michigan are utilized in New York for predicting the

occurrence of Alternaria purple blotch and downy mildew outbreaks. DOWNCAST is a system

developed in Canada, which monitors sporulation-infection periods for the downy mildew fungus "1

Peronospora destructor as well as the infection cycle of the pathogen. DOWNCAST allows for

the detection of the first appearance ofdowny mildew and then the necessity of effective

fungicide spray schedules after that occurrence depending upon the length ofthe sporulation- ~!

infection cycles ofP. destructor which generally involve 1 -2 days of sporulation followed by 9-

16 days of fungal growth in the leaves before another cycle of sporulation commences. Research

conducted in Michigan provides the basis for a forecast system for Alternaria purple blotch ^
utilized in the Neogen ENVIROCASTER. Growers in New York utilize this instrument in
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raw

which software for DOWNCAST has been incorporated for predicting the occurrence of downy
mildew. Also incorporated in the ENVIROCASTER is software for the CONDIAL RELEASE

PREDICTOR, a system developed in Michigan for predicting the occurrence of Botrytis leaf

blight. Onion growers in New York who utilize these predictive systems including BLIGHT-

ALERT can now obtain simultaneous disease prediction forecasts for Botrytis leaf blight,
Altemaria purple blotch, and downy mildew.

In recent years it has been demonstrated in field trials in New York that the commercial

fungicides propoconazole (Tilt) and cyprodinin + fludioxonil (Switch) are effective in controlling

Botrytis squamosa, the cause of Botrytis leaf blight when used alone or in combination with

mancozeb or chlorothalonil. The control of Stemphylium leaf blight under field conditions at

present with the commonly used fungicides is problematic. However, the use of Switch in

laboratory tests has indicated outstanding control in preventing the growth of Stemphylium

vesicarium which causes the disease. During the past two years field trials utilizing azoxystrobin

(Quadris) particularly in combination with either mancozeb or chlorothalonil has given excellent

control of Botrytis leaf bight and Alternaria purple blotch. It presently appears that the future

incorporation of Switch and Quadris into onion fungicide spray schedules will allow for the

simultaneous control of all ofthe four foliar diseases with specific combinations of the

fungicides utilizing the several predictive systems presently available. Research, which develops

a comprehensive understanding of the biology ofStemphylium vesicarium should lead to a

predictive system for occurrence of Stemphylium leaf blight for which it now appears likely can

be controlled by Switch if and when the fungicide is registered for use on onions.
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1
Population dynamics ofBurkholderia cepacia in organic soils cropped to onions and
rotation crops throughout two successive growing seasons.

G. L. Mark and J. W. Lorbeer. Department of Plant Pathology, Cornell University, Ithaca, NY

14853.

Introduction ... ™l
Recently B. cepacia was implicated as the causal agent ofthe canker disease originating in the
leaf axils of field-grown onion plants in New York (4). Under environmental conditions
providing extended periods of water congestion of the infected leaf axil tissue, B. cepacia then ^
invades the bulb tissues of onion plants resulting in the decay disease known as sour skin (4). It

has been suggested that infection occurs by soil containing B. cepacia becoming impacted into

the inner leaf axil which has been previously wounded. ™i

Previous research has indicated that in soil environments B. cepacia is genetically diverse (5,6)

and has a high survival capacity (2). However, little is known about the behavior and population *"j

dynamics ofB. cepacia in the soil and if there is a correlation between population levels and the \

incidence of the canker disease caused by the bacterium. This paper discusses the population

dynamics ofB. cepacia during the 1999 and 2000 growing seasons in commercial organic soil "™j
sites with different incidences of disease caused by B. cepacia and different cropping histories.

Materials and Methods |
Organic soil sites were sampled in 1999 and in 2000. Organic soil sites A and B were located in

Orange Co., NY and had exhibited a history of high canker and sour skin incidence. Sites C and ^

D were located in Oswego Co., NY and adopted a lettuce rotation. Sites E and F were located in ]
Orange Co., and adopted a Sudan sudex rotation. Sixteen soil samples were collected at a depth

of 7 cm at regular intervals in 2 line transects forming an X, and a homogenous composite ^

sample was produced. This was accomplished from the time ofplanting to harvest. Eight sub-

samples were taken from the main composite sample and total viable CFU counts per g of soil

were calculated in triplicate using Pseudomonas cepacia semi-selective medium (PCAT) (3) ^

quantification. Plating efficiency ofPCAT also was assessed (1). :

Results *"]

Plating efficiency ofPCAT (3) was 52%. Site B was discontinued early in the study. The total

viable counts ofB. cepacia /g of soil (dry weight) were similar in all the remaining sites at the

time of planting in the 1999 and 2000 growing seasons (Figs.l, 2). From the end ofJune to the ""■

end of July 1999 there was a significant increase in CFU x 1,000 /g soil of B. cepacia at site A,

declining sharply in August 1999 (Fig.l). At site A in 2000 the levels ofB. cepacia were lower

than in 1999 but the increase was present. Rotation sites C, D, E and F maintained a relatively H
low level of B. cepacia throughout the 1999 growing season (Fig. 3). Surprisingly the levels ofB.

cepacia increased in site E from May, peaking in July 2000 (Fig. 4.). Sites C, D, and F ^

maintained levels of B. cepacia in 2000 similar to those obtained in 1999.
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Discussion.

Preliminary investigations have suggested that the population levels of B. cepacia are dependent
on management practices such as rotation. In Site A the increase from the end ofJune to end of

July in total viable counts ofB. cepacia was correlated to history of high canker and sour skin
incidence This increase in the bacterium could be due to continuous onion cropping together with
management practices such as herbicide usage and environmental conditions such as heavy wind

and rain storms. Macroscopic and microscopic wounds in onion plants caused by herbicide
application and / or hail storms could serve as loci for bacterial colonization and increase,
resulting eventually in maintaining and increasing bacterial populations in soils continuously
cropped to onion. The levels of B. cepacia in sites C, D, and F which adopted rotation remained
relatively low both in 1999 and 2000. Rotation management may have the potential to lower
levels ofB. cepacia in the soil. The lower levels obtained in sites which practiced rotation also
may be due to different management practices by the growers. However at rotation site E,

although levels of the pathogen were relatively low in 1999, there was a significant increase in B.
cepacia in May 2000, peaking in July 2000. Therefore, future research is required in order to

quantify the stability ofthese resulting trends and then relate the trends to the management
practices employed, and rotation crop type used.
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Effect of field temperature on white garlic (Aliiunt sativum L.) vegetative growth.

Portela, Jose A. INTA Experiment Station La Consulta, CC 8 (M5567) La Consulta, Mendoza,

Argentina. Fax: +54-2622-470304 / 470753. E-mail: elaconsulta@inta.gov.ar

Additional keywords: basal temperature; heat sum; phyllochron.

Introduction

During the stage of vegetative growth metabolic and physiological processes of the garlic plant

are intended to form roots and leaves, which will be responsible for bulb formation later

(Stahlschmidt & Cavagnaro, 1997). Although those processes are strongly affected by field

temperature there is not a lot of information of its effects over the vegetative growth of garlic,

and that information is contradictory some times.

The aim ofthis work was to characterize the effect of field temperature ofvariable growing

seasons on vegetative growth ofmonoclonal cultivars ofthe white garlic type (physiological

group III in the Argentinean classification; Burba, 1991). Plant height, leaves number and aerial

dry weight were periodically measured in two-year trials at INTA Experiment Station La

Consulta, Mendoza, Argentina (33° 44' S and 940 meters above sea level). Three cultivars (Lican

INTA, Nieve INTA and Union) and four one-month sparse planting dates were evaluated. Daily

maximum and minimum temperature were also recorded.

There is a strong influence of temperature on vegetative growth, with quite similar responses

among cultivars and a trend to lower thermal requirements in one ofthem (Lican INTA). Leaves

appearance rate seamed to have lower thermal threshold than height or dry matter increasing rate

(Figure 1). That may imply that, at early stages of the vegetative growth the establishment ofnew

leaves is prioritized rather than the increase in size of former expanded leaves, and that could be

explained by differences in thermal requirements of both processes.

Following the methodology employed by Espagnaqc et a!. (1987), the most accurate regression

model of the number ofgreen leaves over a heat sum was, in the case ofLican INTA, that one

including a basal temperature of 0 °C. Meanwhile, in Nieve INTA and Union the most accurate

models resulted with a basal temperature of 0.25 °C. These values were partially concordant with

those observed by Espagnaqc et a/., and were opposite to what was noticed by Del Pozo et al.
(1997).

Phyllochrons, the thermal time between the appearance oftwo subsequent leaves (Bonnett,

1998), were between 107.5-175.4 °C-days according to the cultivar, planting date and year of trial

(Table 1). It is remarkable that these values were higher and much more variables than those

established by Buwalda (1986) and Espagnacq etal. (1987), about 131 and 100 °C-days

respectively, especially in the first year trial.
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Figure 1. Mean plant height (left column) and leaf appearance (right column) for each planting

date by cultivar. Data from the first year trial. Minimum temperature progress is shown in gray.

Planting dates advance from left to right.

Table 1. Phyllochron values obtained from the parameter estimate Pi and its confidence interval (a = 0.05)

Treatments Phyllochron ("C.dfa')

First year Second year

1. Lican INTA - 1st planting

2. Lican INTA - 2nd planting

3. Lican INTA - 3rd planting

4. Lican INTA - 4th planting

5. Union

6. Union

7. Union

8. Union

- 1st planting

- 2nd planting

-3rd planting

- 4th planting

169.5 (161.3; 178.6)

151.5(142.8; 161.3)

variable phyllochron

variable phyllochron

9. Nieve INTA - 1st planting

10. Nieve INTA - 2nd planting

11. Nieve INTA - 3rd planting

12. Nieve INTA - 4th planting

175.4(163.9; 188.7)

149.2(142.8; 158.7)

variable phyllochron

variable phyllochron

135.1 (126.6; 144.9)

126.6(120.5; 131.6)

119.0 (107.5; 133.3)

variable phyllochron

1
1

"1

175.4 (163.9; 188.7)

153.8(147.0; 161.3)

variable phyllochron

variable phyllochron

158.7(149.2; 169.5)

129.9(123.4; 137.0)

107.5 (102.0; 114.9)

variable phyllochron

tm,

156.2(147.0; 166.6)

137.0(131.6; 142.8)

126.6(113.6; 140.8)

variable phyllochron
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1 The better fit was achieved with a quadratic model, resulting in a variable phyllochron

Figure 2 shows that in later plantings, and especially in the first year trial, the most accurate

H regression models of the number ofgreen leaves over the accumulation ofdegree-days were
quadratics. Because phyllochron is the inverse of the slope, in those quadratic models the

p phyllochrons were variables with thermal time; issue that was also observed in many other

j annual crops as growth conditions were markedly changed (Baker et al., 1986; Cao & Moss,

1 1991; Frank & Bauer, 1995).

j It is widely accepted that the delay in planting date shortens the growing-season length ofthe

garlic crop (Stahlschmidt & Cavagnaro, 1997). Therefore, those variable phyllochrons in later

m plantings, along with the lower thermal requirements for a new leaf appearance as the planting

j date is delayed (Table 1), could be explained as an adaptive adjustment ofthe garlic plant to a
shorter period for growing.

I This adaptive adjustment would be greatly advantageous for an individual plant and for a whole
crop as well, because it allows a more quickly establishment of the leaf area which will maximize

P light interception in a shorter growing season.
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Effect of planting date on quality of garlic (Allium sativum L.) bulbs.

Portela, J.A.; Burba, J.L.; Lanzavechia, S. & Blanco, E. INTA Experiment Station La Consulta,

CC 8 (M5567) La Consulta, Mendoza, Argentina. Phone: +54-2622-470753. Fax: +54-2622-

470304. E-mail: elaconsulta@inta.gov.ar

Additional keywords: yield; morphological defect; hammer-shaped bulb; true-seed production.

Introduction

Quality in garlic intended to the fresh market is determined by the bulb appearance, which in turn

is defined by size, presence of defects (morphological, physical, physiological, pathogenic or

entomological), and color ofthe covering leaves of bulb and cloves (Portela, 1999).

It is widely known that the delay in planting dates affects bulb size, reducing yields (Burba, 1983;

Das et a/., 1985; Del Pozo et ai, 1997a; Caruso & D'Anna, 1995; Ledesma et al., 1983; Mufioz

de Con, 1973; Qaryouti & Kasrawi, 1995; Ubilla & Itoh, 1984), but the consequence on other

qualitative traits is not well known. The goal was to evaluate the effect ofthe delay in planting

dates on bulb quality ofthe main white and red garlic types (physiological groups III and IV for

the Argentinean classification; Burba, 1991), cultivated in Argentina.

Materials and Methods

Four planting dates, 30 days sparse, and three monoclonal cultivars recently released by INTA

were proven for each garlic type at INTA Experiment Station La Consulta, Mendoza, Argentina

(33° 44' S and 940 meters above sea level). Garlic cultivars Lican INTA, Nieve INTA and Union,

among those of the white garlic type, and Castafio INTA, Fuego INTA and Gostoso INTA,

within the red garlic type were employed. The variables measured were average bulb weight and

diameter, percentage ofout-of-shape bulbs, and percentage of irregular bulbs. The number of

flower stalks per bulb was previously registered at harvest.

Results

The delay in planting date reduces the mean bulb weight and diameter in both garlic types (Table

1 and Table 2), confirming those previous studies quoted before. But, the delay in planting date

also increases the presence of morphological defects, and this later effect is much more drastic in

the white garlic type.

Table 1. Bulb weight and diameter with delayed plantings in cultivars of the white garlic type

Levels

March planting

April planting

May planting

July planting

Lican INTA

Nieve INTA

Uni6n

CV

Mean bulb weiqht (g)

64.28 a

55.66 b

45.63 c

43.40 c

46.18 c

49.80 b

62.99 a

1.70

Mean bulb diameter (cm)

6.35 a

6.10 b

5.73 c

5.58 d

5.59 c

5.92 b

6.35 a

1.51

Different letters means significant differences among levels of a same factor (LSD test; a=0.05)
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Table 2. Bulb weight and diameter with delayed plantings in cultivars of the red garlic type

Levels Mean bulb weight (g) Mean bulb diameter (cm)

April planting

May planting

June planting

July planting

30.46 a

28.69 a

24.02 b

22.70 b

4.48 a

4.37 a

4.08 b

4.03 b

Castano INTA

Fuego INTA

Gostoso INTA

28.13 a

27.57 a

23.70 b

4.47 a

4.23 b

4.02 c

CV 12.71 5.00
1

Different letters means significant differences among levels of a same factor (LSD test a=0.05)

In white garlic there is a great increase in one of the typical out-of-shape defects, the hammer-

shaped bulb, as the planting date is delayed (Figure 1). Those bulbs, characterized by a

disproportionate growth oftwo opposite cloves from the two outermost fertile leaves (Figure 2)

(Portela, 1997), have not commercial quality for the most profitable fresh markets, which

demand big, well-rounded bulbs. Furthermore, the occurrence ofhammer-shaped bulbs

significantly varies with the cultivar and planting date, being a result of a genotype-by-

environment interaction.

Hammer-shaped bulbs (%)

March 25

Ucan INTA

Nieve INTA

Uni6n

April 26
May 28

July 1

Planting date

fjn

i^tt

Figure 1. Variation ofhammer-shaped bulb percentage

with planting dates. Different letters means significant

differences among cultivars by planting date (LSD test;

a=0.05).

Figure 2. Typical conformation of

a defective hammer-shaped bulb of

garlic once scales have been

removed. Drawn by Catedra de

Dibujo y T6cnica Fotografica,

FCA-U.N.Cuyo, Argentina.
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In red garlic no typical morphological defects were found associated with different planting dates.

However, in one cultivar an increase in the number of flower stalks per bulb was observed as the

planting date was delayed (Table 3).

Table 3. Mean number of flower stalks per plant at harvest
Cultivar

Castano INTA

Fuego INTA

Gostoso INTA

Planting

April

May

June

July

April

May

June

July

April

May

June

July

Number of flower

stalks per plant

1.00 a

1.00 a

1.03 a

2.34 b

0.95 a

0.95 a

0.97 a

0.98 a

0.97 a

0.98 a

0.99 a

0.99 a

Different letters means significant differences among levels of a same factor (LSD test; a=0.05)

Those additional flower stalks were formed instead of the primary cloves, and had few small

secondary cloves surrounding them. That made those bulbs totally defective for the fresh market,

because of its bad appearance and the smaller size of their cloves, and suggests that, as well as

for white garlic, bulb quality of red garlic is highly dependent on the genotype.

Nevertheless, it is remarkable that the increase in the number of flower stalks per plant as the

planting date is delayed could be useful in true-seed garlic production systems, where additional

scapes could improve total true-seed yield per plant. This fact, although was not evaluated in this

work, is observed in onion seed crops (Guifiazu, 1996).
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Effect of Variety and Harvest Date on Controlled Atmosphere

Storage of Vidalia Onions

Albert C. Purvis, William C. Hurst, George E. Boyhan, and Reid L. Torrance

_, University of Georgia, Tifton, GA & Georgia Cooperative Extension Service

Abstract. Fifteen varieties were harvested on three different dates; 4/27/99, 5/4/99, and 5/11/99

m and evaluated for yield both before and after controlled-atmosphere (CA) storage. Post-curing

[ yield ranked from 760 to 411 bags per acre for the varieties tested. Based on harvest date, post-
cure yields were 445,608, and 718 bags per acre for 4/27/99, 5/4/99, and 5/11/99, respectively.

p After 5 months of storage variety yield rankings did not differ substantially, however, marketable

[ yield ranged from 51 -75% ofpre-storage yield. The highest yields among post CA onions were
those harvested on 4/27/99 and the lowest yields among those harvested 5/4/99. The primary

P reason for lower yield on the later harvested onions was an increase in botrytis neck rot.

Introduction

P The Vidalia onion, Georgia's most highly visible horticultural industry, is worth $60 million. Its
1 continued success depends on growers selecting varieties having good disease resistance, high

yield and storability, especially under CA conditions. Documented quality and storage

r differences between varieties cultivated, handled and held under similar conditions is needed.

^ Materials and Methods

^ An on-farm trial of fifteen short-day onion varieties was established on a farm in Tattnall County,
Georgia. The experimental design was a split-block design with three replications. The main plot

p effects were varieties and the sub-plot effects were harvest dates. Each plot consisted of a 50-foot
[ panel of onions.

m The onions were grown following accepted practices for fertility and pest control. The onion

1 transplants were set on 11/13/98. A 10-foot section of each plot was harvested on 4/27/99,
5/4/99, and 5/11/99 regardless of maturity.

I Onions were weighted, cured, graded, and stored in CA storage for 5 months at which time they
were removed and evaluated for disease and salable yield.

I Conclusions
There were significant difference in yields based on variety as one might expect. Surprisingly

P those harvested during the final harvest had the lowest yield after 5 months in CA storage. It
^ should be noted that it rained during this final harvest which may have been the major

contributing factor to the poor performance of these onions in storage.

We have always counseled growers to put their best onions in storage. This means onions that are

™, fully mature without disease. The results of this experiment may require a rethinking of onion

[ CA storage particularly concerning onion maturity. Clearly, further work is needed and is
ongoing in this area.
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Variety

RCS 1027

RCS 1919

1032

RCS 1063

1514-Sweet Success

1058-Sweet

Advantage

Sweet Vidalia

Sweet Melody

2012

Sunseed Fl

Mr. Max

Granex33

Asgrow6712

Pegasus

Evita

Harvest

4/27/1999

5/4/1999

5/11/1999

Probabilities

Variety

Harvest

Variety x Harvest

Post Cure Yield

50 lb bags/acrez

760

752

711

695

690

681

653

606

576

497

494

444

444

443

411

445

608

718

0.000

0.000

0.895

a

a

ab

ab

ab

ab

ab

be

bed

cde

cde

de

e

e

e

b

ab

a

Percent

88

81

76

75

78

76

76

66

65

59

54

48

50

52

36

43

72

81

0.000

0.000

0.002

After 5 months

Large & Jumbo2 50 lb bags/acre2

a

a

ab

ab

ab

ab

ab

be

be

cde

cde

ef

e

de

f

b

a

a

255

319

203

270

214

217

200

175

199

205

173

148

147

129

141

219

214

166

0.000

0.019

0.546

ab

a

ab

ab

ab

ab

ab

ab

ab

ab

ab

b

b

b

b

a

a

b

Storage

: Percent

Botrytis2

18.1

13.1

27.7

19.3

27.9

21.9

18.1

19.8

19.1

16.4

17.1

23.5

19.7

23.3

20.4

11.8 b

17.4 b

31.8 a

0.853

0.016

0.344

J

\

ffTTl

tffti

zValues followed by the same letter within a column for either variety or harvest are not different

by

Duncan's Multiple Range Test (p<0.05).
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Effects OfPotassium On Short Day Onion

Hugo Ramirez William Peat

UCLA-Torres. Imperial College at Wye, University of

Universidad Centroccidental "Lisandro London. Wye, Ashford, Kent.

Alvarado". Av. Francisco de Miranda, TN25 5AH. UK

Carora Estado Lara. Venezuela.

Abstract

An experiment was conducted on the effect ofpotassium on the growth as well as on nitrogen

and potassium content of onion. A short day onion Granex 33 was grown in pots in a glasshouse

cubicle at Wye College. Five levels ofK were applied: 0.5,2,3,4 and 6 mM. Potassium level of

4 mM promoted onion growth in terms of the bulb and neck diameter, number ofgreen leaves,

leaf area and fresh and dry weight of leaves and bulbs. There was no effect on root growth and

total dry matter. Tissue analysis demonstrated that there was nitrogen accumulation when low K

was applied (0.5mM). Potassium concentration in all plant parts increased with increasing K

supplies.

Introduction

Potassium is an essential element for all living organisms and is the most important cation

required in the largest amounts by plants (Pujos and Morard, 1997). Potassium is not only

important in regard to its content in plant tissues, but also with respect to its physiological and

biochemical functions (Mengel and Kirkby, 1987), which have been widely emphasised and are

well known.

An understanding of the development ofthe onion from seedling through bulbing is fundamental

to good crop production and a thorough knowledge the pattern of growth and nutrient uptake of

onions is essential for sound management practices, particularly for irrigation and fertiliser

application (Zinck, 1966). Nevertheless, although it has been widely studied, there is currently

some disagreement among researchers and insufficient literature on the onion crop concerning

the nutritional status necessary for high yields (Caldwell et al., 1994). Much of the world's

population lives in countries where the costs of fertilizer is considerable and necessitates

expenditure of much-needed currency. Therefore, any information that increases the efficiency of

potassium use would be valuable. For the reasons cited above, the objectives of this study were

to analyse the effects of different K levels on leaf and root growth, bulb formation, development,

maturity, size and uptake and potassium and nitrogen concentration in one short-day onion

cultivar.

Materials and methods

The experiment was set up in a glasshouse cubicle at Wye College. Seedlings (7 weeks old) of

"Granex 33" (Asgrow USA), a short day onion were transplanted into 500 ml pots containing

compost without nutrients. Pots were transferred to day-lit growth cabinets on May 7th 1998. The

required temperature was maintained by constant circulation of air within the cabinets and

daylength (10 hours initially) controlled by movable shutters on the sides and the top operated
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mechanically by a time switch or in some cases manually. The daylength was changed to 14

hours after the second harvest (July 23th). _

Five potassium concentrations of 6,4,3,2 and 0.5 mM in an otherwise standard nutrient solution
(Varley and Burrage, 1981) were applied by weekly subirrigation. The lost water was replaced

twice per week. j

Growth and potassium analyses were assessed using non-destructive and destructive ™

measurements. These were done taking one plant from each replicate every month. Bulbing ratio ■
and number of green leaves. Bulbing ratio is the ratio of the maximum bulb diameter to the
minimum pseudostem diameter. The bulb diameter and neck diameters were measured using «,

callipers. Leaf area, plant fresh and dry weights were measured following the methodologies !
described by Onyango (1995). At each harvest, the plants were removed from the growth media

and leaves, bulb and roots were separated after washing the roots with tap water. These were ^

dried in a forced air oven at 85 °C for 24 hours. After drying and grinding, the N and K 1

concentrations were determined after digestion and were expressed in percent of dry matter (%

dm.). "]

A randomized complete design was used with 5 concentrations ofK (6,4,3,2 and 0.5 mM) and

six replicates. Five harvests (42,77,104,137 and 159 days after transplant) were done using 3 |

cabinets. Each cabinet had 50 pots or plants.

""I

Results and Discussion

The effects of potassium supply on leaf growth, bulb growth, nitrogen and potassium content

were significant at some of the sampling dates. However, there was no effect on bulbing ratio, ^

root growth and total dry matter. !

Growth. •"*]

The effect ofpotassium concentration on the bulb and neck diameter was only significant at the \

second sampling date (77 days after transplant: DAT). Although there was no significant

potassium effect on bulbing ratio, the plants attained average values of2,104 DAT. The number "*]

of green leaves increased significantly (p ^ 0.01) with 2 and 4 mM ofK but this was only

observed 159 DAT. The leaf area also increased significantly with 4 mM ofK in the fifth

harvest. The same response was observed for leaf fresh and dry weights. The plants attained the "1

highest number of green leaves (9j and leaf area (421 cm2) on the third sampling date (104
DAT).

The supply of potassium promoted onion growth mainly related to the number ofgreen leaves,

leaf area and fresh and dry weight of leaves and bulbs (Table 1). However, the K treatments had „,

little effect throughout the growing period. These responses were mainly detected at the second

and last harvests. Similar observations were made for tomatoes (Maynard et al., 1980), where

growth generally increased with each K increment and for alfalfa (Peoples and Koch, 1979), ™

where plants supplied with sufficient levels ofK (4.8 mM) maintained vigorous growth rates

whereas deficient levels ofK (0.6 and 0.0 mM) suppressrd growth ofboth the roots and tops.
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The effect of potassium on the number and weight of leaves and neck diameter is related to the

maturing of the bulb. Neck diameter has been reported to influence maturity date (Brewster et al.,

1987). Deficient levels ofpotassium showed visible symptoms ofmaturity earlier. Peoples and Koch

(1979) found that potassium deficiency tended to hasten the maturity of the plants.

Nand K concentrations.

Only samples from 6,3 and 0.5 mM potassium treatments were chemically analysed. Increased

potassium concentrations significantly diminished % N in leaf blades (p < 0.05) at 159 DAT and

bulbs (p < 0.05) at 42,137 and 159 DAT (Table 2). However, potassium supply significantly

increased % N in roots (p £ 0.05) at 42 DAT. Total N tended to decrease, increase and remain

constant in the leaves, bulbs and roots respectively during growth. Potassium supply had a

significant effect decreasing nitrogen accumulation in the bulb and leaves. According to Freeman

and Mossadeghi (1970), it is known that the nature ofthe leaf nitrogenous components changes

with changes in the potassium nutrition of the plant.

Potassium content was affected by the treatments in all plant parts (Table 2). Increased potassium

supply significantly increased (p < 0.01) % K in leaves, bulbs and roots. Total K tended to

decrease with the time in the leaves and roots, while it was increasing in the bulbs. The leaves

and roots attained their highest and lowest K contents on the second and fourth sampling dates

respectively. The decreasing concentrations ofK in the leaves may be explained as growth

dilution and translocation effects. This phenomenon is well known consequence ofpotassium
mobility in the plant
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Table 1. Effects ofpotassium on leaf growth (159 DAT).

K*(mM)

0.5

1.8b

47b

3.38b

0.28b

2

4a

95ab

6.53ab

0.6 lab

3

3.2ab

81ab
C xQqK

0.66a

4

3.7a

106a

7.63a

0.77a

6

2.8ab

78ab

5.44ab

0.61ab

Number of leaves

Leaf area (cm2)
Leaf fresh weight (g/plant) j.j»d o.3jao o.oyao /.oja d.hhuu n%

Leaf dry weight (g/plant)

Means followed by the same letter are not significantly different by Duncan test at the O.OS level. DAT: days after

transplant.

Table 2. Effects of potassium on nitrogen (159 DAT) and potassium (137 DAT) content.

Root N content (%)

Bulb N content (%)

LeafN content (%)

Root K content (%)

Bulb K content (%)

LeafK content (%)

K+(mM)

0.5

1.36

1.3a

1.9a

0.27b

0.67b

0.22c

3

1.15

1.02b

1.35b

0.53b

0.98a

0.96b

6

1.15

0.99b

1.21b

1.62a

1.16a

1.96a
P.*:!)

Means followed by the same letter are not significantly different by Duncan test at the O.OS (for N) and the 0.01 level (for

K). DAT: days after transplant.
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Pungency and sprout growth of onion bulbs during storage

Resemann J.1, Bufler G.2, Carle R.1, Liebig H.-P.2

1 Institut ftir Lebensmitteltechnologie (150) and2 Institut fur Obst-, Gemttse und Weinbau (370),
UniversitSt Hohenheim, 70593 Stuttgart, Germany e-mail: bufleraw@uni-hohenheim.de

Abstract

Increase and decrease ofpungency during storage of various onion cultivars has been reported; it

was discussed that an increase ofpungency during storage may be correlated with development

of sprout growth. To test this hypothesis, a long-day cultivar (cv. Copra) was treated with maleic

hydrazide (MH30), an effective inhibitor of sprouting. After harvest and drying, non-treated and

MH30-treated onion bulbs were stored at 18 °C. Pungency, as estimated by enzymaticalry formed

pyruvate (EPY), percent soluble solids, and development of sprout growth were periodically

recorded during storage. Dormancy and initial sprout growth was monitored on sprout leaves

with a defined sheath length. No sprout growth was detectable in MH30-treated bulbs during the

entire storage period. In untreated bulbs sprout growth was initiated four weeks after harvest.

Twenty weeks after harvest sprout growth of untreated bulbs was fully initiated and no

significant difference in pungency between treated and untreated bulbs could be observed. Forty

weeks after harvest pungency in both MH30-treated and untreated bulbs was significantly

increased compared to twenty weeks after harvest. Similar results were obtained using an onion

cultivar grown from sets (cv. Centurion) and a seed shallot (cv. Matador). We conclude, that the

increase ofpungency (EPY) during storage is not related to sprout growthper se, but may be

related to a change in the physiological state ofthe bulb from dormant to non-dormant.

Introduction

Pungency, as estimated by enzymaticalry formed pyruvate (EPY) after tissue maceration is an

important quality trait of onion bulbs. During long-term storage of onion bulbs an increase of

EPY has been observed for several LD-cultivars at different storage conditions. This increase in

pungency was suggested to correlate with the occurence of sprout growth during storage [1].

The object of this study was to examine whether an increase in pungency during storage is

correlated with sprouting. Initial sprouting was determined on the basis of leaf blade elongation

of sprout leaves with a defined leaf sheath length [2].

To test this hypothesis three onion cultivars were treated with the sprout inhibitor MH30 [3].

Pungency development, soluble solids content and the percentage of sprouting bulbs were

monitored during long-term storage and compared to non-treated bulbs.

Experimental

Cultivation

Three LD-cultivars, Copra, Centurion and Matador (seed shallot), were field grown under

common agricultural practice. At 20% tops down one half of the population was sprayed with the

sprout inhibiting agent MH30 (maleic hydrazide). Bulbs were harvested at 80% tops down. After

drying for 3 weeks, bulbs were stored at 18° C / 60% relative humidity to provide optimal

conditions for sprouting.
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Materials & methods

Enzymatically formed pyruvate (EPY) was determined colorimetrically

as 2,4-dinitrophenylhydrazone according to the method ofYoo et al.

[4]. Four replicates of 10 bulbs each were performed in 10 weeks

intervals.

Soluble solids content of the juice was estimated with a digital

laboratory refractometer.

Dormancy and initial sprout growth was monitored weekly on 40

bulbs. Leaf blade lengths of sprout leaves having a leaf sheath length

between 1.6 and 3.5 mm were measured by using a caliper rule [Fig. 1 ].

Bulbs were considered sprouting when their leaf blades elongated

significantly over leaf blades of dormant bulbs [2], [Fig. 3].

Results

No sprout growth

could be detected in

MH30-treated bulbs

of all three cultivars

during the entire

storage period [Fig.

2]-
However, in the

untreated bulbs

100% sprouting was

reached 10 weeks

after harvest.

Fig. 1: Determining

leaf blade length and

leaf sheath length using

a caliper rule.

m.:ii

Infill

10 » 10

weeks attar harvest

40

Fig. 2: Development of sprouting of onion

bulbs (cv. Copra) during 40 weeks storage at

18°C

Fig. 3: Sprout leaves of

untreated and MH30-

treated bulbs of cv. Copra

20 weeks after harvest.

f*W

w
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cv. Copra

EPY increased during storage in both MH30-

treated and in untreated bulbs. In all three

cultivars a slightly higher amount ofEPY could

be observed in the MH30-treated bulbs after 40

weeks of storage [Fig. 4]. However, this

difference was significant (P = 0.003) only for

cv. Copra.

As expected, the soluble solids content showed

a slight but continuous decrease over the entire

storage period [data not shown].

Discussion

EPY (pungency) increased during storage in

sprouting and in non-sprouting (MH30-

treated) bulbs. Therefore, the increase ofEPY

during storage is not related to sprout growth

per se, but may be related to a change in the

physiological state of the bulb from dormant

to non-dormant.

This would imply, that the physiological state

of MH30-treated bulbs also shifts from

dormant to non-dormant, although this shift is

not manifested in sprout growth.

Fig. 4 a,b,c: Development of EPY during 40

weeks storage at 18° C in MH30-treated and

untreated bulbs of cvs. Copra (a), Matador (b)

and Centurion (c).
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A new defensive method, as a possibility against the garlic's mite species

Attila Szeredi1 - Maria A. Reg6s2
Szeredi Ltd., Kiszombor, Ladany major, 6775 HUNGARY

Phone: 36-62-297-677; Fax: 36-62-297-061; Email: szeredi@deltav.hu1
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The plants what are infected by Eriophyes tulipae, Rhizoglyphus echinopus and Thyrophagus sp.

have weak emergence vigor, ( may occur died plants by strong infection ) which cause lower

density, smaller bulb size, less yield/ha and shorter storage period. The infected bulbs contain

more Fusarium sp. colonies than the health bulbs. In 1999. the average dry bulb mite infection (

frequency) reached 13-19 % depending on the varieties in Hungary ( See 1. diagram ). In 1999.

in one of the spring crop we found 70 % of the population were infected by mites

Above mentioned data shows we have to attach great importance to the damage of mites on garlic,

first ofall Eriophyes tulipae and Rhizoglyphus echinopus. As far as we could reduce the number of

mites in our garlic crop with seed treating or spraying, but it was not sufficient to stop the injury. The

mites have very quick pullulating and female leaf-mites has 3-25 eggs/day requiring total

extermination ofthe mites.

The dry bulb mites live on surface ofthe leaves and by the end ofthe vegetation period they move to

the bulb continuing the damage during the storage. The other mite species are staying in the bulbs.

MITE INFECTION ON GARLIC CROP AFTER 2 MONTHS

STORAGE
(5 Eriophyes tulipae ■ Rhizoglyphus echinopus, Tyrophagus sp.

40

(■J-M1

r?ri

Spring garlic (23 growers) Winter garlic (27 growers)

There are mites on surface of the bulbs and under the skins of the cloves (Eriophyes tulipae) and
inside the cloves (Rhizoglyphus echinopus, Thyrophagus sp.

i

l

I

n
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The aim to find out a new defensive method what is able to reach the mites and kill them under the
skin and inside the clove keeping the germination of the seed.

Our first gassing method test serials showed encouraging results. We apply to burning sulphur

getting SO2 gas and aluminum-phosphid gas in different concentrations and with different

treating time using garlic bulbs and also cloves.

In the trial we could reach 92 % mortality in Eriophyes t. and 38 % mortality in the other mite

populations, except the eggs what were still alive. After planting one and half months later the

untreated garlic population showed 15% less density than the treated garlic population " with

SO2gas" (See2-3.diagram).

EFFECT OF SO 2 GAS DISINFECTION OF CLOVES

ON DENSITY OF GARLIC CROP

Vntreated SO] dose 1.

24 hours

SO, dose 1.

4 8 hours

SO, dose 2.

24 hours

SO j dose 2.

48 h ou rs

*-. 50

THE OCCURENCE OF THE DRY BULB MITE

(Eriophyes tulipae ) AFTER THE SO2 GAS

DISINFECTION OF GARLIC CLOVES

U ntreated SOj dose 1.

24 hours

SO2 dose 1,

4 8 hours

SO] dose 2.

24 hou rs

SO2 dose 2.

48 hours
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As above mentioned the symptoms of Fusarium sp. appears parallel with mite damage. In wet-

chamber (26 °C) we shall examine the affect of,, SO2 gas" on Fusarium sp.. Continuing we

will control the affect of rising up the dose of the gas which not reduce the germination % of the |

seed and the number of replication of gassing which may increase the mortality of the mites.
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Development ofLow Pungency Onion Cultivars for New Mexico

M.Wall, J. Corgan, C. Cramer, S. Walker, and J. Mendoza

Department ofAgronomy and Horticulture, Box 30003, MSC 3Q,

New Mexico State University, Las Cruces, NM 88003-0003

Introduction

The climate in southern New Mexico is suitable for the production of fall seeded short-day

cultivars and spring seeded intermediate-day cultivars. This allows a harvest and marketing

period from late May through mid-August. In the U.S., there is an increasing demand for fresh

market, low pungency onions. These onions are promoted as "sweet" and are ideal for fresh

onion consumption. New Mexico markets sweet onions under the trademarks "Nu-Mex Sweet"

and "Carzalia Sweet". Cultivars that mature in late May or early June are available for this

market. However, a market window exists from late June through August, when other states have

completed their sweet onion harvests.

New Mexico State University plant breeders are developing low pungency onion cultivars in

successive maturity groups for continuous marketing of sweet onions from late May through

early August (Table 1). Breeding objectives include uniformity of maturity, high yield, bolting

resistance in fall-planted populations, pink root and Fusarium basal rot resistance, large bulb size

and round shape, firm bulbs, good scale quality, a high percentage of single centers, and low

pungency. Pungency is evaluated in the laboratory using the pyruvic acid (PA) technique.

Short-day, low pungency cultivars

NMSU has released three short-day, fall planted, open-pollinated, yellow Grano type, low

pungency onion cultivars: 'NuMex Sweetpak', 'NuMex Starlite', and 'NuMex Dulce'. 'NuMex

Sweetpak' matures from May 20-28 when fall seeded in southern New Mexico. Suggested

planting dates are October 1-10. 'NuMex Sweetpak' has early maturity, high yield, firm bulbs,

and pink root resistance. 'NuMex Sweetpak' originates from a population derived from

intercrossing 'Texas Grano 1015Y\ 'Excel 986B\ and a 'Texas Grano 502PRR' bolting resistant
selection.

'NuMex Starlite' matures from June 1-10 when fall seeded in southern New Mexico. 'NuMex

Starlite' was derived by five recurrent mass selections from 'Texas Grano 502 PRR' and is a

high yielding, bolting resistant, pink root resistant, Grano type onion for early fall seeding (Sept.

25 to Oct. 10). 'NuMex Dulce' matures from June 5-15 when fall seeded in southern New

Mexico. Suggested planting dates are October 1-10. 'NuMex Dulce' also performs well when

transplanted during February. Later maturity (June 15-25) can be obtained by transplanting about

March 1. 'NuMex Dulce' was a low pungency selection from 'NuMex Starlite'. 'NuMex Dulce'

has lower mean pungency and a greater percentage of single centers than 'NuMex Starlite' (Table

2). Also, the uniformity ofpungency was improved for 'NuMex Dulce'. 'NuMex Dulce' was the

first variety to be released in which pyruvic acid analysis was used to select for low pungency.
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Intermediate-day, low pungency cultivars

The focus at this time is to produce later maturing cultivars that will allow our growers to capture

market windows from late June through August. In 2000, we released 'NuMex Freedom' and
'NuMex Arthur'. 'NuMex Freedom' and 'NuMex Arthur' are the only low pungency cultivars in
their respective maturity ranges (Tables 1 and 2). 'NuMex Freedom' is a bolting resistant, fall
planted, open-pollinated, short to intermediate-day, low pungency, yellow onion that matures

June 25 to July 1. Suggested planting date is October 1. 'NuMex Freedom' also can be spring
seeded for July 8-10 maturity, but the bulb size is smaller than from fall seeding. 'NuMex

Freedom' has high yield, pink root resistance, and bolting resistance. From fall seeding, 'NuMex
Freedom' matures two to three weeks later than 'NuMex Starlite' and 'NuMex Dulce'. 'NuMex

Freedom' originates from an intercross between yellow Grano and intermediate-day, sweet

Spanish type onions. 'NuMex Sunlite' and other bolting resistant selections from 'Texas Grano
502 PRR' were parents, as well as some later maturing bulbs from sweet Spanish origin. 'NuMex

Freedom' is the only low pungency onion in its maturity class that can be fall seeded to produce

high yields of sweet onions for marketing from late June to early July.

'NuMex Arthur' matures July 25 to 28 and is a spring planted, open-pollinated, intermediate-day,

low pungency, yellow sweet Spanish type onion. 'NuMex Arthur' originates from an intercross

between 'NuMex BR1' and sweet Spanish type entries in the breeding program. Suggested

planting dates are February 1-10 to achieve maturity in late July. 'NuMex Arthur' can mature in

early August ifplanted in late February. From transplants, 'NuMex Arthur' matures earlier, about

July 15-20. 'NuMex Arthur' has high yield, pink root resistance, and late maturity. Bulbs are

very mild, firm, large, and nearly round in shape. 'NuMex Arthur' is the only low pungency

onion cultivar in its maturity class and is recommended for spring seeding or transplanting to

provide a harvest of low pungency onions during late July.

Table 1. Planting dates and maturity ranges for sweet onion cultivars and advanced

breeding lines grown in southern New Mexico.

Entry Planting dates Maturity range

NuMex Sweetpak Oct. 1 - Oct. 10 May 20 - May 28

NuMex Starlite Sept.25 - Oct. 10 June 1 - June 10

NuMex Dulce Oct.l - Oct. 10 June 5 - June 15

NMSU 99-24 Oct. 1 - Oct. 10 June 15 - June 25

NuMex Freedom Oct.l - Oct. 10 June 25 - July 1

NMSU 98-31 Feb. 1 - March 1 July 15 - July 20

NuMex Arthur Feb.l - March 1 July 25 - July 28

NMSU 98-32 Feb.l - March 1 July 28-Aug7
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Table 2. Performance of sweet onion cultivars and advanced breeding lines in 1999 and 2000

when grown at Las Cruces, NM.

Entry

NuMex Sweetpak

NuMex Dulce

NuMex Starlite

NuMex Freedom

NMSU 99-24

NuMex Luna

NuMex Freedom

NMSU 99-24

NuMex Luna

NuMex Freedom

NMSU 99-24

NuMex Luna

Candy

NuMex Arthur

NMSU 98-31

Candy

NuMex Luna

NuMex Fernandez

Maturity

date

May 23 a

June 10 c

June 3 b

June 25 b

June 15 a

June 25 b

June 22 c

June 14 b

June 8 a

June 22 b

June 20 a

June 23 b

June 20 a

Aug. 2 c

Aug. 1 c

Aug. 2 c

July 27 b

July 21 a

Transplanted January 28, 1999

NuMex Arthur

NMSU 98-31

NuMex Luna

NuMex Fernandez

July 15 b

July 3 a

July 3 a

July 2 a

Pungency

(pyruvic acid)

(um/ml)

Single

centers

(%)

TransplantedJanuary 28,

2.80 a

2.47 a

3.53 b

66 a

72 a

53 b

Average

bulb wt.

(g)

1999

462 b

568 a

579 a

Seeded September 15, 1998

2.19*

3.56 a

5.27 b

64a

64a

47 a

568 a

562 a

579 a

Seeded September 20, 1999

2.10 a

2.13 a

5.27 b

59 ab

76 a

40 b

Transplanted February 8,

2.13 a

2.46 a

3.72 b

4.34 b

74 a

79 a

66 a

46 b

SeededJanuary 28, 1999

2.31a

4.27 b

6.39 c

7.48 d

7.23 cd

2.58 a

4.00 b

5.55 c

6.80 d

71a

47 b

41b

12 c

70 a

73 a

47 b

17c

73 a

448 a

465 a

501a

2000

182 b

168 b

232 a

196 b

332 b

390 a

338 b

279 c

379 ab

581a

529 ab

428 b

611a

Marketable

bulbs

(%)

72 b

77 b

92 a

86 a

77 a

77 a

78 b

94 a

92 a

92 a

100 a

94 a

85 a

92 ab

89abc

82 be

81c

94 a

93 a

96 a

90 a

93 a

Yield

(t/ha)

53.3 c

73.5 b

90.5 a

71.4 a

56.4 ab

50.9 b

74.4 a

76.5 a

81.6 a

34.5 b

31.7 b

44.2 a

36.2 ab

65.6 a

68.2 a

43.9 b

37.9 b

69.9 a

67.8 b

86.6 a

49.4 c

70.4 b

Four replications of all entries were grown on raised beds that were 1 m wide (center to center)

and 2.5 m long, with 2 rows per bed. Maturity was the date by which 80% of the tops in the plot

had fallen. Pungency and single center means are averages of40 and 80 observations,

respectively. Mean separation was by Fisher's LSD, PS0.05.
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Multiple fluorescence in situ hybridization in karyotype analysis of onion,

leek and their hybrids 1

0. Schrader, R. Anne, H. Budahn, H. Peterka _
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Neuer Weg 22/23, D-06484 Quedlinburg, Gemany

Phone: (+03946) 47295, Fax: (+03946) 47579, E-mail: o.schrader@bafz.de _

Introduction:

Fluorescence in situ hybridization (FISH) and genomic in situ hybridization (GISH) are efficient ^

tools for characterization ofchromosomes and karyotypes as an more reproducible alternative or

supplement in relation to the banding-procedures. The aim ofthis study was the description of

suitable molecular-cytological and RAPD markers in the karyotype analysis ofAllium cepa (2n = ^

2x = 16; CC), A. ampeloprasum (2n = 4x = 32; AAAA), their hybrids (99/1 & 84/1) and i

backcross descendants.

Material and methods:

Root tips were pre-treated with 0.15 % colchicine (44 h at 4°C), fixed in ethanol/glacial acetic

acid (3:1) for 24 h, stored in 70% ethanol and digested for chromosome preparation with an H
enzyme mixture of4 % cellulase and 1 % pectolyase. The following DNA probes were prepared

together or as single probes in the same hybridization mixture for procedures of fluorescence in

situ hybridization (FISH) and genomic in situ hybridization (GISH): 1.25S rDNA-repeat (220 ^
bp), biotin-16-dUTP labelled; 2. 5S rDNA fragment (117 bp), digoxigenin-11-dUTP (DIG)

labelled (for details of 1. and 2. see SCHRADER et al. 2000); 3. satellite DNA sequence AC- „,

SAT (375 bp; BARNES et al. 1985), specific for the telomers ofA. cepa, DIG labelled and; 4. I

genomic DNA ofA. cepa, DIG labelled. The hybridization mixture contained, per slide, 80 ng of

each DNA probe (1. - 3.), 160 ng labelled genomic DNA ofA. cepa, 3200 ng unlabelled •*>

genomic DNA ofA. ampeloprasum and 6 |ig salmon-sperm DNA in 20 ul of hybridization I
buffer (50 % deionized formamide, 10 % dextran sulphate, 2xSSC). The FISH procedure was

performed according to SCHRADER et al. (2000). C-PRINS with primers ofAC-SAT (PICH et n

al. 1996) was done in a in situ PCR equipment (Biozym) for 14 cycles with denaturation at 94°C !
(1 min), primer-annealing at 50°C (1 min) and extension at 70 °C (3 min). Chromosomes were

counterstained with DAPI (1 ng/ul). Images were captured with a cooled CCD camera on a Zeiss H

Axioskop. Pseudocoloration and mergence ofimages were done with Adobe Photoshop 5.0. For

computer-aided chromosome measurements a own software program was used developed with

Visual C** compatible to Windows 95. All scale bars are 10 um. RAPD analyses with DNA of ™!
leaf material were carried out according to WILLIAMS et al. (1990) using 120 OPERON '

decamer primers (Sets A-F).

l

Results and discussion:

The FISH of 5S and 25S rDNA genes allowed the karyotypical determination of chromosomes 6, _

7 and 8 of onion according to the standard ofKALKMAN (1984) and of leek according the \

idiogram ofMURIN (1964) in the parental species (Fig. 1 & 2) as well as their interspecific

">
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hybrids of 99/1 (Fig. 3) and 84/la (Fig. 4) and 84/ld (Fig. 6 & 10). Clear molecular differences
between the somaclonal descendants of 84/la and 84/ld were partly confirmed on the
chromosomal level as evidences for somatic instabilities. In plants of 84/la the loss of the short
arm ofchromosome 2C (Fig. 4) was correlated with the deficiency of 55 onion-specific bands
(e.g. Fig. 5). This allowed the selection ofRAPD markers specificly for chromosome arm 2Cp.

While in five investigated plants of 84/la the short arm of chromosome 8A was translocated to
the long arm of2C (Fig. 4 & 5), one complete 8A chromosome had been lost in all 30

investigated descendants of clone 84/ld (not all shown, Fig. 6 & 10), and in addition 20 ofthem
had deletions and/or translocations of leek chromosomes carrying 5S- and/or 25S rDNA genes.
The chromosomal variability of 84/ld plants was not correlated with the results ofRAPD

analyses (Fig. 5 & 6). This can be due to the fact that the chromosomal aberrations had happened
in only one of the two leek homologous and that the variability of the RAPD markers could
represent cytological indetectable minor alterations ofDNA. Signals of 5S rDNA genes were

polymorphic in the leek genome on the long arm ofchromosome 7A (Fig. 1 & 4). FISH of the
AC-SAT sequence produced signals besides that of the telomers, which were polymorphic in
subtelomeric regions of onion chromosomes 2C and 6C (Fig. 7 & 8) and after C-PRINS in 2C
(Fig. 9). This partly correlates to localizations of heterochromatin patterns after C-banding
(KALKMAN 1985). All procedures ofFISH and GISH described above were used in
backcrosses for the analysis of onion chromosome additions to leek (Fig. 11).

References

Barnes SR et al. (1985) Chromosoma 92: 185-192; Kalkman ER (1984) Genetica 65: 141-148; Murin A (1964)
Caryologia 17: 575-578; Pich U et al. (1996) PI. Syst. Evol. 202:255-264; Schrader O et al. (2000) TAG 100- 665-
669; Williams JGK et al. (1990) Nucleic Acid Res 18: 6531-6535;

Fig. 2: A. cepa (2n = 2x = 16); FISH of2SS

rDNA genes (red) detecting chromosomes

6C & 8C and of5S rONA genes resulting in

two sites on chromosome 7C (yellow)

Fig. I: A. ampeloprtaum (2n = 4x = 32); FISH

of 25S rDNA genes (red) detecting

chromosomes 6A & 8A and of SS rDNA genes
(yellow) showing polymorphism on

chromosome 7A (3-5 sites)
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Fig. 4: Fl -hybrid 84/1 a ofA. cepaxA. ampeloprasum

(2n - I = 23); FISH of 5S and 25S rONA genes and

CISH ofonion chromosomes with an onion-leek

translocaiion of2Cq + 8Ap and deletions of2Cp, 8Aq

and NOR of6C

Fig. 6: Fl-hybrid 84/1 d plant I4_2 (2n - 2 = 22);

FISH of SS and 2SS rDNA genes, lelomers and

GISH of onion chromosomes; translocations in

two leek chromosomes and a leek fragment 6A

f¥3

A.otpe 84/11 avid B4/1M W1<3 B4/1» tVW A. imp.

Fig. S: RAPO marker OPE-05 with critical bands of

onion (arrow, 489 bp)and leek (arrowhead, 479 bp) in 9

plant of84/la and 84/Id respectively

(WB

Fig. 7: A. cepa with FISH of the satellite DNA

sequence AC-SAT (yellow) in all telomers and

SS rDNA genes in chromosome 7C (yellow); a

small site ofAC-SAT was located intercalary on

the short arm of6C

Fig. 8: Chromosome 2C and 6C

ofA. cepa after FISH (doubled

time of hybridization) ofAC-

SAT-DNA (yellow) with minor-

signals in subtelomeric (2C) resp.

intercalary (6C) positions and

2SS rDNA genes (red)

Fig. 9: PRINS with primers or the

AC-SAT sequence in chromosome!

o(A. cepa (yellow); additional signals

in subtelomeric positions of2C

ffin



Fig. 3: FI-hybrid 99/1 ofA. cepaxA. ampeloprasum

(2n°3x=24), FISH ofgenes of25S rDNA (red) and

5S rDNA (yellow)
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Evaluation of Plantbed Fertility in Vidalia Onions

George Boyhan, Reid Torrance, David Curry, Pam Lewis, Randy Hill, and Mindy Linton
University of Georgia & Georgia Cooperative Extension Service, Statesboro, GA.

r

j

Abstract.

Vidalia onions are usually grown from transplants. Onion transplants are produced in high- _

density plantings beginning in September and are harvested 8-10 weeks later for transplanting to 1
final spacing. An evaluation of fertility practices was conducted over two years. In one

experiment 5-10-15 fertilizer with 5% sulfur was applied preplant at 0,200,600,1000, and 1400 n

pounds per acre with or without two sidedressings of CaNO3 at 4 and 6 weeks. Foliar nitrogen '

was significantly higher at harvest with CaNO3 in both years of this experiment, but was

unaffected by 5-10-15. Stand count was significantly greater with CaNO3 in the first year, but n

was unaffected in the second year. Plant height was significantly greater with increasing amounts

of preplant 5-10-15 and with CaNO3 sidedressing. In a visual rating increasing amounts of5-10-

15 and sidedress CaNO3 resulted in increasing levels of acceptability. Post-seeding applications "j

of high phosphorus fertilizers, 18-46-0 and 10-34-0 were evaluated as to their effect on stand I
count and plant height with neither having a significant effect either on new land with low

residual phosphorus or cultivated land with high residual phosphorus. In a study ofthese

fertilizers with varieties as the main plot effect, variety played a significant role in plant height

and stand count, but these fertilizers did not.

Materials and Methods

Factorial experiments were conducted in 1998 and 1999 with five preplant treatments of 5-10-15. ^

The second factor was with and without CaNO3 sidedressing. These experiments were arranged

in a randomized complete block design (RCBD) with 4 replications.

Evaluation of high phosphorus fertilizers (10-34-0 or 18-46-0) was also conducted. Two different ■

sites, one with low residual phosphorus and one with high residual phosphorus in 1998 were

used. Four experiments with 4 treatments was arranged in a RCBD with 4 replications. ^

In 1999, high phosphorus fertilizers were evaluated in a split-plot design with onion cultivars as

the main effect and high phosphorus fertilizers as the sub-plot effects. The experiments were -i

arranged in a RCBD with 4 replications.

Conclusion H

Preplant applications of 5-10-15 should be increased from 800-1000 pounds per acre to 1000-

1400 pounds per acre with the elimination of post seeding application of high phosphorus

fertilizer such as 10-34-0 or 18-46-0. Applications of CaNO3 at 4 and 6 weeks should be ™!

continued. Based on these experiments there is no evidence that high phosphorus fertilizers have

an effect on plantbed onions.
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Table 1. Evaluating Preplant Fertilizer and CaNO3 Sidedress Applications, 1998.
mm

1

L

phi

\
L

i

r
i

1

Fertilizer

5-10-15

(lbs/Acre)

0

200

600

1000

1400

Sidedress

CaNO3

200 lb/Acre

No

Yes

Probabilities

5-10-15

CaNO3

5-10-15

CaNO3

Nitrogen

(%)

2.88

2.43

2.71

2.69

2.51

1.65

3.65

0.161

0.000

X 0.358

Stand Count

(No.)

10

12

13

15

11

10

15

0268

0.001

0.633

Plant Height

(in.)

3.8

5.4

6.2

6.2

7.4

3.8

7.8

0.005

0.000

0.053

b

b

ab

a

a
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Table 2. Evaluating Preplant Fertilizer and CaNO3 Sidedress Applications, 1999.

Fertilizer Nitrogen Stand Plant Height

Count

5-10-15 (lbs/Acre) (%) (No.) (in.) Evaluation2

0

200

600

1000

1400

Sidedress CaNO3

2001b/Acre

No

Yes

Probabilities

5-10-15

CaNO3

5-10-15 XCaNO3

2.75

2.40

2.57

2.85

2.50

1.92

3.32

0.363

0.000

0.293

22

24

22

21

24

23

22

0.294

0.345

0.137

6.3

7.1

7.6

8.6

8.6

7.2

8.0

0.000

0.006

0.018

2.6

2.1

2

1.8

1.6

2.4

1.7

0.038

0.003

0.425

Evaluation Scale: 1-acceptable, 2-intermediate, 3-unacceptable.
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Table 3. Evaluation ofhigh phosphorus 'pop-up' Fertilizers, 1998.

nw

Fertilizer: 11-34-0

Treatment

(lbs/acre)

0

100

200

400

Probabilities

Cultivated Land

Plant Stand

(No./Ft.)

23

21

24

19

0.632

Fertilizer: 10-46-0 (DAP)

Treatment

(lbs/acre)

0

100

150

200

Probabilities

Cultivated Land

Plant Stand

(NoVFt.)

16

14

15

20

0.593

Height

(in.)

4.3

3.9

3.7

3.8

0.345

Height

(in.)

3.8

4.3

4.7

3.5

0.262

New Land

Plant Stand

(No./Ft.)

19

18

16

11

0.404

New Land

Plant Stand

(No./Ft.)

21

15

17

11

0.262

Height

(in.)

3.4

3.5

4.1

4.2

0.148

Height

(in.)

3.4

3.8

3.9

3.8

0.586
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Table 4. Evaluating High Phosphorus 'Pop-up' Fertilizers 1999.

Fertilizer: 10-34-0

Treatment

(lbs/acre)

0

100

200

400

Cultivar

Pegasus

WI-609

Savannah

Sweet

Granex 33

Probabilities

Treatment

Cultivar

Treatment

Cultivar

Plant

Stand

(No./Ft.)

21

20

17

18

23

19

20

15

0.727

0.070

x 0.969

Height

(in.)

10.0

10.4

11.2

11.2

9.4 b

11.9a

11.7a

9.8b

0.015

0.000

0.470

Nitrogen

(%)

3.6

3.8

3.8

3.9

3.8

3.8

3.7

3.7

0.140

0.537

0.926

Fertilizer: 10-46-0 (DAP)

Treatment

(lbs/acre)

0

100

150

200

Cultivar

Pegasus

WI-609

Savannah

Sweet

Granex 33

Probabilities

Treatment

Cultivar

Treatment

Cultivar

Plant

Stand

(No./Ft

)

28

24

22

22

28

22

24

22

0.094

0.015

x 0.902

Heigh Nitroge

t n

• (in.) (%)

10.0 4.0

10.7 4.0

11.2 4.3

10.4 4.4

9.1b 4.1

11.2a 4.1

11.4a 4.3

10.4a 4.1

0.207 0.057

0.000 0.211

0.711 0.991

c=.
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Preliminary Results of Direct Seeded Vidalia Onions

George Boyhan, Reid Torrance, David Curry, and Randy Hill

University of Georgia and Georgia Cooperative Extension Service, Statesboro, GA

Abstract.

Vidalia onions are usually grown from seed in high-density plantings that are then transplanted to

their final spacing. Direct seeding onions would be a cost saving measure for growers. Three

varieties; DPS 1058, Sweet Vidalia, and Sweet Success were direct seeded with a Stanhay

Precision Planter model S870. The drive speed pulley was set to D with the belt punched to a

single row of holes with 24 holes to a belt (approximately 1" between holes). The spring base

used was for raw seed. According to manufacturer's literature this should have resulted in a 6

inch in-row spacing. There were four hoppers set 12 inches apart planting on a raised bed.

Typically growers want to have a minimum in-row spacing of approximately 4.5 to 6 inches after

transplanting. Stand counts and in-row spacing data was collected two weeks after seeding. The

stand counts for DPS 1058, Sweet Vidalia, and Sweet Success averaged 8,7, and 6, respectively

for 18 inches of row. The percent ofplants spaced less than 4 inches apart in-row was 87%, 85%,

and 73% for DPS 1058, Sweet Vidalia, and Sweet Success, respectively. In addition, the plant

depth was much shallower with direct seeded onions compared to transplanted onions, which in

the past has been associated with more cold injury. Clearly more work is needed before direct-

seeded onions can be recommended. Additional work that may improve the results of direct

seeding include using coated seed, using a more precise vacuum planter, and modifying the bed

and/or planter for deeper planting.

Materials and Methods

Three varieties, Sweet Vidalia, DPS 1058, and Sweet Success were planted in an experiment

with two replications. Each replication was a 6 foot bed planted with 4 rows approximately 400

feet long. Plants were grown under accepted cultural practices for Vidalia onions. Data collected
included stand count, in-row plant spacing, and incidence ofseedstem formation.

Progress

The Stanhay planter does not have the necessary precision for good singulation of seed. A more

precise Monosem vacuum planter is being used this year to improve singulation of seed. Bolting

resistant varieties, planting date, and growth inhibitors are all being explored to reduce
seedstems.

Table 1. Preliminary results of direct seeding onions.

Seedstems

Entry Stand Below 4" (100 ft row)

Count (%)

(18" row)

DPS 1058 8 87 233

Sweet Vidalia 7 85 431

Sweet Success 6 73 198
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