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Soybean,thelegumequeen
rofessorHo, a historianat theUniversityof Chicago,has
aptly written (1955): It is foolishto believethata certain
plantcanbeintroducedinto a newareaonlyonce,andthen

onlybya certainroute. A newplantmayscorean immediatesuccessin
oneregionand remainneglectedin anotherfor a considerabletime.
Sometimesonlythroughrepeatedtrial anderrorscana newplantstrike
root. Sometimesa newplant may actuallybe introducedmorethan
once.

Soybeanwasquitecommonin EasterAsiafor eons,while it
reachEuropequitelate,in 18century. Timidly wasgrownin botanical
gardensin Nederland,Paris and UK for curiosity,botanicaland
taxonomicpurpose. First recordedagricultural productionwas in
Dubrovnik,Romania,Czechoslovakiaand Austria. And then,almost
despair. In the sametime, on the otherpart of the world, several
interestingmoreor lesssuccessfulstorieswererecordedaboutsoybean
introductionin US. By the late 1850s, soybeanswereevaluatedfor
foragepotentialbymanyfarmersthroughouttheUnitedStates. Andthe
story goeson with several(un) successfulintroductionof soybean.
Today,Argentinaand Brazil produceenormousamountof soybeans,
mostlyfor fastgrowingpopulationin theworld. Ironically,oneof the
rain forestsdeforestationis consequenceof highdemandforsoybeanin
the motherland. At the sametime, the old countriesfearto consume
biotechfoodandawareof deforestationwhileriverDanubecrossestheir
mind with potentialfor self-sufficientsoybeanproduction. The plant
Earthbecomestoosmallfor thismarvelousplantandin theyear2002,
soybeangoesto thespace. It is first-evercompletea majorcropgrowth
cycleat theInternationalSpaceStation,fromplantingseedstogrowing
newseeds.

What is the first associationwhen somebodymentions
soybeans?For a middle ageAsian, it is wide variety of food and
beverages,for modernfarmerit is profit and environmentaleffectof
production,nutritionist thinksaboutdesirableaminoacidsand other
healthpromotingcompounds,industrialistthinksaboutprocessingand
productdevelopment,traderaboutbuyingandsellingall that, I think
that all thoseassociationsreflectingimportanceof soybeansfor usand
demonstratepermeationof this plant throughour everydaylife. This
issuetries to presentresearchon soybeanaroundworld, from well
establishedUS scientists,to thelessfamousbut veryinterestingstories
fromall cornersof ourglobe.

________________________________________________________________________________________________________

Institute of Field and Vegetable Crops, Novi Sad, 
Serbia (vuk.djordjevic@nsseme.com)

Carte blanche 
�W�R�«

...Vuk
Djordjevic

��
�´�3
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Origin of the word soy
�E�\���$�O�H�N�V�D�Q�G�D�U���0�,�.�,�ý1�
�����9�X�N�����2�5��EVI�ý1 and Vesna PERI�ý2

Abstract: Soyabean(Glycinemax(L.) Merr.)
originatedin the Chinese-Japanesecentreof
origin. ModernChineselanguagebelongsto
the Sino-Tibetan�� �O�D�Q�J�X�D�J�H�� �I�D�P�L�O�\�� �W�K�D�W�� �L�V��
�F�R�Q�V�L�G�H�U�H�G�� �D�� �S�D�U�W�� �R�I�� �D�� �O�D�U�J�H�U�� �O�D�Q�J�X�D�J�H��
�V�X�S�H�U�I�D�P�L�O�\�� �F�D�O�O�H�G�� �'�p�Q�H-�&�D�X�F�D�V�L�D�Q���� �7�K�H��
�0�R�G�H�U�Q���&�K�L�Q�H�V�H���Z�R�U�G�����V�X�’, exportedtogether
with the crop first to Japanand then to
Europe and further, has its origin in the
Proto-Chinese*shok, denotinggrainor seed.
On the most ancientlevel, the the Proto-
Sino-Tibetanroot *�V�I�Nwasderivedfrom the
Proto-�'�p�Q�H-Caucasian*�V�W���+�Z�H�N���( �k��( ~ -k-),
denotingchaff, around15,000�²10,000years
ago.
Key words:Glycine max, palaeolinguistics, 
Proto-�'�p�Q�H-Caucasian language, soya bean

Soya bean (Glycine max (L.) Merr.)
originatedin the Chinese-Japanesecentreof
origin (6). It is assumedthat soyabeanwas
one of the most importantcropsin eastern
Asia long before written recordsand has
remaineda major grain legumein China,
JapanandKorea. Soyabeanhadastatusof a
sacredcrop due to its beneficialeffectsin
crop rotation,whereit wasmostlyploughed
underto clearthe field of food crops. It was
first introducedto Europein the early18th
century and to British colonies in North
Americain 1765, whereit wasfirst grown
for hay. For instance,it is mentionedthat it
soya bean was cultivated by the Serbian
border guardsin the presentregionof the
Serbianprovinceof Vojvodinain early19th
century (2). However, soya bean did not
becomean importantcrop outsideof Asia
until about 1910. In USA, soyabeanwas
consideredan industrialproduct only, and
wasnot usedasa food beforeto the 1920s.
It wasintroducedto Africa from China in
thelate19th century.

_________________________________________________________________________________________________________

1Institute of Field and Vegetable Crops, Novi Sad 
Serbia (aleksandar.mikic@nsseme.com)
3Maize Research Institute Zemun Polje, Belgrade, 
Serbia

Modern Chineselanguagebelongsto the
Sino-Tibetan language family that is
considereda part of a larger language
superfamilycalled�'�p�Q�H-Caucasian(Ruhlen).
Many see �'�H�Q�p-Caucasianas a group of
remainsof the older Paleolithicinhabitants
of Eurasiathat in manycases,suchas the
speakers of Basque, Caucasian and
Burushaski,retreated to isolated pockets
difficult to accessand therefore easy to
defend,remainingsurroundedby Nostratic
newcomers who bore the Neolithic
agriculturalrevolutionwhenthe lastIce Age
ended some 11,000 year ago (3). In
comparisonto Nostratic/Eurasiatic,�'�H�Q�p�²
Caucasianis supportedby weakerand less
clearevidence,indicatingthat the spreadof
�'�H�Q�p-�'�D�L�F���'�H�Q�p�²Caucasian occurred
before that of Nostratic/Eurasiatic (4).
Recent genetic researchshows that the
Basque people have the most ancestral
phylogeny in Europe for the rare
mitochondrialsubhaplogroupU8a, situating
their origin in the Upper Paleolithicand in
WestAsia,with two expansionperiods,with
thesecondonefrom CentralEuropearound
15,000�²10,000 years ago (1). This could
suggestthat thestartingpoint of the internal
differentiationof the �'�H�Q�p-Daic or at least
the �'�H�Q�p-Caucasianmacrofamily was in
West-CentralAsia.

The Modern Chinese word (– , su�’,
exported together with the crop first to
Japanandthento Europeandfurther,hasits
origin in the Proto-Chinese*shok, denoting
grain or seed(6). It had rather complex
evolution (Fig. 1), but retainedits original
meaningand,sincethe importanceof soya
bean,beganto denoteit aswell. The Proto-
Chineseword *shok owesits origin to the
Proto-Sino-Tibetanroot *�V�I�N, alsodenoting
grainandseed,togetherwith othermembers
of thelanguagefamily,suchasProto-Kiranti,
with �V�9��k-c1�÷��, denotingseed,and producing
modernwordsdenotinglentil (Lensculinaris
Medik.) in its moderndescendants,suchas
Limbu,YamphuandYulung.

On the most ancientlevel,the the Proto-
Sino-Tibetanroot *�V�I�Nwasderivedfrom the
Proto-�'�p�Q�H-Caucasian*�V�W���+�Z�H�N���( �k��( ~ -k-),
denotingchaff. It isestimatedthattheProto-
�'�p�Q�H-Caucasian language was spoken
around 15,000�²10,000 yearsago (6). This
could suggestthat the startingpoint of the
internaldifferentiationof the �'�H�Q�p-Daic or
at leastthe�'�H�Q�p-Caucasianmacrofamilywas
in West-Central Asia. This Proto-�'�p�Q�H-
Caucasianroot alsogavethe Proto-Basque
*a-hoc, denotinghuskandchaffof wheat,the
Proto-North Caucasian*�F���+�Z�H�N��E�k( ~ -k-),
denotingstraw and chaff, and the Proto-
Yenisseian*TVKV , denotinghusk(6).

It may be concludedthat the modern
Chineseword denotingsoyabean,aswellas
its derivedforms in neighbouringJapanese
and Koreanand most Europeanlanguages,
from timesimmemorialwasconnectedwith
grain and seed,subsequentlybecominga
synonymfor the most important pulse in
easternAsia: soyabean. �v
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Figure 1. Evolution of the Proto-�'�p�Q�H-Caucasian root into its primary and modern descendants
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Soybean genetic resources for the production in the 
Non-Chernozem zone of  the Russian Federation
by Margarita VISHNYAKOVA* and I. SEFEROVA

Abstract: Vavilov Institute houses the
greatestin Europe collection of soybean
geneticresources.SinceN. I. �9�D�Y�L�O�R�Y�·�Vtimes
one of the essentialtasksof the Vavilov
Institute is broadeningthe agronomicareas
of the crops to the non-chernozembelt.
Explorationof earlymaturatedsoybeangene
pool has been carriedout in the location
northern from the border of modern
productionarea. 1238accessionsclassifiedas
very early and early maturatedoriginated
from 35 countrieshavebeenevaluated. This
genepool is characterizedby cold tolerance
in earlystagesof ontogenesis,weakresponse
to photoperiodduring blooming,and seed
yield less dependent on high summer
temperatures.
Key words:early maturity, genetic resources, 
Glycine max, non-chernozem soil, soybean

__________________________________________________________________________________________

All-Russian N. I. Vavilov Institute of Plant 
Industry, Saint-Petersburg, Russian Federation 
(m.vishnyakova@vir.nw.ru)

The history of soybean 
promotion to the north

Soybean (Glycinemax (L.) Merr.) is
traditionallyconsideredasthe crop of warm
season (7). The first domestication of
soybeanhasbeentracedto the easternhalf
of North China between17th and 11th
centuryBC in the geographicinterval10�ž-
40�žn. l. (5). From therethe crop hadbeen
distributed during centuries. In the 16

th

century it had been plantedin Manchuria
andin theSouthof FarEastregionalongthe
bedof Amur river. So,wellin advanceof the
beginningof scientific breedingthe crop
expandedto theNorth till the45�ƒ�²48�ƒnorth
latitudes. Since the period when scientific
breeding of the crop began in different
countries mainly in China, Korea, Japan,
USA andRussiathe distributionof soybean
acquiredglobalscale.

Today the area of soybeanproduction
represents100,000,000 ha, locating in the
belt between54-56�ƒn. l. and40-42 s. l. and
wecantell, that thehistoryof soybeanis the
history of crop adaptation to various
environment: day length, temperatures,
precipitation, soils etc. It surmises the
occurrence in its gene pool the great
variabilityof genotypesof diversetime of
maturity,photoperiodresponse,temperature
demandetc.

The existentclassificationsof soybeanby
maturity in Russiahave 9 groups(10), in
USA �² 13 (12). The first three groupsin
both systems(1-3 in Russianand 0-000 in
American) include very early and early
maturated varieties which could be
promisingto expandtheir productionto the
North. It is well known, that both
temperatureand photoperiodinfluencesoy
plant development(2, 6). To advancethe
cropto thenorth in short-seasonproduction
areasthe varietieswould be tolerantto low
temperaturesduringtheearlystages,to have
weakphotoperiodresponseduringflowering
(3) and capableof forming seedyield at a
relativelylow amountof activetemperature.

Thefirst varietiesableto form seedsin the
northernlatitudes(58�ƒ36') hadbeenbredby
Swen Holmberg in Swedishexperimental
stationFiskeby. The varietiesBravalla,Ugra,
Fiskebyformed the relativelyhigh yield fed
downthesumof activetemperatures(higher
10�ƒC)1600-1700�ƒC (4).

�9�D�Y�L�O�R�Y�·�V���V�R�\�E�H�D�Q���F�R�O�O�H�F�W�L�R�Q���²
the source of adopted varieties

SinceN. I. �9�D�Y�L�O�R�Y�·�Vtimes one of the
essentialtasks of the Vavilov Institute is
broadeningtheagronomicareasof thecrops
to the North �² to the non-chernozembelt,
characterizedby podzolic, leached, and
boggysoils. Commonfeaturesof this areais
a shortgrowingperiod,a significantnumber
of summer and winter precipitation, a
relativelysmallamountof heat(13).

Vavilov Institute housesthe greatestin
Europe collection of soybean genetic
resources- about 7000 accessions. For
ninety years it has been the source for
national breeding. The collection contains
nearly 2000 accessionsoriginated from
variouscountrieswhich arecharacterizedas
earlymaturatedin the southernregionsof
theRussia. In thetraditionalzoneof soybean
productionthey haveperiod of maturation
75-110days.

RESEARCH
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Soybean in Non-Chernozem 
zone of Russia

Up to day there are 102 commercial
varietiesin the National List of registered
varietiesin RussianFederationand 88 of
them are of Russianbreeding(10). Before
seventiesof 20th centurysoybeanproduction
in Russiahad been located in southern
regionsof Europeanpart and of Far East
not spreadingmuchmoreto thenorthas50-
51�ƒn. l. Themainproducingsoybeanareain
Russiatodayis still situatedin theseregions.
Neverthelessfor the latest30 yearssoybean
productionin Europeanpart madestep to
the north on 300-400 km. Today the
northern boundaryof experiencedand, in
part, the commercialcultivationof soybean
in the Europeanpart of Russiais the central
non-chernozemzone(1).

Breeding of early maturated varieties
gained special currency and today they
representabouta half of the list of varieties
approvedfor the production. Manyof them
came from �+�R�O�P�E�H�U�J�·�Vvarieties and
breedinglines. In eightiethof 20th centuryin
Russiain Ryazanregion varietiesMageva
(1991), Okskaya(1995), Svetlaya(1999) had
been bred and recommended to the
productionin the CentralRegionof Non-
Chernozem zone of Russian Federation
Today 10 varieties are approved for
productionin the CentralRegionof Non-
Chernozemzone of RussianFederation: 8
ones of Russian breeding and two of
Belorussian. Two of thesevarieties�² Svetlaya
andPripyatarerecommendedfor the more
northernregions(10).

The searching new genotypes 
adopted to northern regions in 
�9�D�Y�L�O�R�Y�·�V���F�R�O�O�H�F�W�L�R�Q

With the aim of searchingnew initial
material for breedingvery early-maturated
varietiesadoptedto the northernregionsof
RussianFederationa screeningof soybean
collection has been done for some years
(1998-2008). Explorationof earlymaturated
soybeangenepool hasbeencarriedout in
the location situated much more to the
North from the border of modern
agronomicareaof the crop. For todayit is
the northernmost point of soybean
management�² theNorth-Westof European
part of RussianFederation�² near Saint-
Petersburg(59�q44' n. l., 30�q23' e.l.). This
environmentisextremefor soybean.

Averagesumof activetemperaturesrequired
for soybeanmaturationin this regiondoes
not exceed2000. The typicalsum of active
temperatures(above10�ž�&��during the crop
seasonvariedfrom 1742�žC to 1970�žC. Day
lengthrunsin Juneup to 18 h 52 min. The
optimaldatesof sawinghavebeenstated�²
May20-25th, whensoil temperatureis above
6�žC. Plantsweregrownat asmallplotswith
the density �² 22 plants/m2. Seedswere
inoculatedwith Rhizobiumjaponicumactive
strains bred in All-Russian Institute of
Agricultural Microbiology. The date of
harvestingwith artificial ripening at room
temperature �² the third decade of
September.

Phenology, length of the main stem,
number of productive nodes, number of
pods, seedproductivity and massof 100
seeds,seedproteinandoil contenthavebeen
characterized. Variabilityof the traitsof seed
and dry matter productivity, their
dependence on the environment
(temperatureand humidity), photoperiod
response,toleranceto planting density as
well as responseto bacteriuminoculation
have been studied to reveal the most
productivegenotypes.

1238accessionsclassifiedasveryearlyand
earlymaturatedoriginatedfrom 35countries
havebeenevaluated. From them 224 have
been selectedas forming well germinated
seeds. Theseaccessionsoriginatedfrom 17
countries,and66 of Russianbreeding. They
havebeendividedinto groupsdependingthe
levelof ripening. The most earlymaturated
varietieshavingyellowand falling foliageat
harvestoriginatedfrom 1) Fiskebystation
(linesFiskeby345, 1274-26-17-7, 1285-6-4,
1285-53-6, 1289-4-6, 1292-7-8, 1312-13-6)
and 2) Moscowbreedingenterprises(�Ù-31,
�Ù-70, �Ù-134, �Ù-140) (8). The most
productive but having a little more
prolongedmaturitygenotypeswere: Fiskeby
1040-4-2 and Fiskeby 840-7-3 (Sweden);
Mageva,Svetlaya(Russia,Ryazanregion)and
PEP-27 and PEP-29 (Petersburg's
experimentalpopulations)bred in Vavilov
Institute. Theyhadanaverageyield2.7 t/ha,
seedcontentof protein�² 47% andoil �² 18%
(table)(9).

Theaccessionsadoptedto theNorth-West
of RussianFederationhavebeenrepresented
by the commercialvarietiesand breeding
lines but lacked landraces. All early-
maturatedlandraceshousingin thecollection
havebeenbred in the southernregionsand
have much more prolonged maturation
period when are planted in northern
environment. It is noteworthythat all early-
maturated varieties are originated mainly
from the regionsbredsoybeanvarietieswith
theaimto advancethemto thenorth.

Yield response from 
inoculating with Rhizobium 
japonicum

Pre-sowing inoculation of seeds by
commercialstrainsof Rhizobiumjaponicumis
indispensable processing for soybean
productionin the North Westof Russia. In
this environment there is no indigenous
symbiotrophic soil microorganisms for
soybean able to compete with the
commercialstrains. That why inoculated
plants in our experimentare significantly
increasedall parametersof productivity
comparedto unrefinedcontrol. Themassof
greenmatterincreasedby200-300% or more
(66.6 g/plant in control and 231.1 in
inoculated plants). This have been
determined by greater plant height and
foliage,the increasednumberof branches,
productivenodesandpodsperplant,weight
of seedsper plant andweightof 100seeds.
Seedproductivityincreasedup to 150-300%.
The proteincontentin dry matterincreased
by 4.8-6.2%, in the seeds to 6.2-7.2%.
Variety Mageva (Russia) have been
distinguishedby all charactersstudied. The
protein content in seedsof this variety,
depending on environment and applied
strainof Rhizobiumreached43.4-49.1% (14).

RESEARCH
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Table 1. Yield, 100 seed mass, seed protein and oil content of early maturated soybean varieties evaluated in North-West of Russia (Leningrad 
region 2003-2008)     
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Conclusion

Taking everything into account it is
possibleto tell that todaya significantgene
pool of northern soybean exists. For
promotionof soybeanagronomicareato the
north in RussianFederation the set of
adoptedaccessionsis formed selectedfrom
thecollectionof VavilovInstitute. Thisgene
pool is characterizedby toleranceto cool
temperaturein earlystagesof ontogenesis,
weak response to photoperiod during
blooming, and seed yield not very much
dependenton highsummertemperatures. �v
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Variety Origin Yield, t/ha
100 seed mass 

, g
Seed protein, 

%
Seed oil, %

Fiskeby1040-4-2 Sweden 2.7 21.1 39,4 18,1

Mageva Russia,�5�\�D�]�D�Q�·region 2.5 15.9 42,5 16,2

Fiskeby840-7-3 Sweden 2.5 20.3 37,5 16,7

PEP28 Russia, Leningradregion 2.3 18.5 40,7 17,1

Svetlaya Russia,�5�\�D�]�D�Q�·region 2.3 15.5 41,9 17,0

PEP27 Russia, Leningradregion 2.2 17.8 32,4 18,1

SibNIIK15/ 83 Russia,Novosibirskregion 2.1 16.7 44,9 17,1

Altom Russia,Altay region 1.8 20.4 39,8 16,3

Stepnaya85 Russia,Kemerovoregion 1.8 15.0 43,6 17,0

KG 20 Canada 1.6 14.7 46,6 15,2

SOER4 Russia,Saratovregion 1.4 16.8 42,6 15,3

USHI6 Russia,�8�O�·�\�D�Q�R�Y�V�Nregion. 1.3 14.7 43,4 15,6
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A perspective on soybean genetic resources in relation 
to vegetable soybean
by Ramakrishnan NAIR and Warwick EASDOWN

Abstract: The immaturepods of vegetable
soybeanusedfor human consumptionare
popularly known as edamamein Japan,
maodouin Chinaor greensoybeanin North
America. On a dry weight basis,vegetable
soybeanhasaproteinandoil contentsimilar
to grain soybean, but contains more
provitaminA, vitaminC, starchandsucrose.
AVRDC- The World Vegetable�&�H�Q�W�H�U�·�V
genebankhouses15,316 Glycineaccessions
and vegetablesoybeanaccountfor 13% of
the Glycine max collection. The breeding
program employed selectionsfrom local
landracesand the transferof desirabletraits
from grainsoybean. Efforts are in progress
to promoteits cultivationin South,Central
AsiaandAfrica.
Key words:edamame, genetic resources,
Glycine max, green soybean, maodou

The immaturepodsof vegetablesoybean
areharvestedandtheshelledgreenbeansare
consumedaftercookingor steaming(Fig. 1).
Sold as a fresh or frozen vegetable,it is
popularlyknownasedamamein Japan,maodou
in Chinaor greensoybeanin North America.
Compared to grain soybean, vegetable
soybeanseeds are larger (over 30g/100
seeds),havea milder flavor, nuttier texture
andareeasierto cook. On adryweightbasis,
vegetablesoybeanhas a protein and oil
content similar to grain soybean, but
containsmoreprovitaminA andvitaminC,
starch,and sucrose. It alsocontainshealth-
promoting isoflavones and tocopherol
(ShanmugasundaramandYan,1999). China,
Japan,Taiwan and Thailandare the main
producers(Fig. 2), while Japanis the main
consumer,importingabouthalf of its annual
requirements.

_________________________________________________________________________________

AVRDC-The World Vegetable Center
Regional office for South Asia, Hyderabad, India 
(ramakrishnan.nair@worldveg.org)

Breedersare interestedin traits relatedto
highpodyield,podsizeandcolour,seedsize
and colour, seed number per pod, seed
appearance,highsugarcontentand flavour,
resistanceto downymildewandpod borer,
earlymaturity,high nodulation,and easeof
mechanicalharvesting.

AVRDC- The World VegetableCenter
began developing improved vegetable
soybean lines in 1981. The �&�H�Q�W�H�U�·�V
genebankhouses15,316 Glycineaccessions
and vegetablesoybeantypes account for
about 13% of the Glycinemax collection
characterizedso far. Over 3000 breeding
lines have been distributed to researchers
worldwide. Thebreedingprogramemployed
selectionsfrom local landracesand the
transfer of desirable traits from grain
soybean. Breedersalsouse lines which are
less sensitive to photoperiod and
temperatureto extendadaptabilityto more
tropicalzones.

As quality is of paramountimportance,
breederstend to cross between parents
whichmayshareelitepedigrees. Mimuraetal
(2007) recentlystudiedthe geneticdiversity
of 130 vegetablesoybean cultivars and
landracesfrom Japan,ChinaandtheUSand
found that Japanesecultivarshad a narrow
geneticbasecomparedto those of other
countries. Germplasm from China, US,
Canada,and Korea could be good sources
for broadeningthe geneticbaseanddisease
toleranceof futureJapanesevarieties.

In order to enhancethe tasteof vegetable
soybeanand to broadenits marketappeal
beyond Japan,breedershave successfully
utilized the fragrancegenesfrom Japanese
cultivarsDadachamameand Chakaorithat
confera �¶�E�D�V�P�D�W�L�·flavor to beans. Molecular
markersfor the fragrancetrait have been
developed (Juwattanasomranet al 2010)
which would facilitatethe selectionfor the
fragrancetrait in breedingprograms.

AVRDC- The World VegetableCenteris
promoting the cultivation of vegetable
soybeanworld wide. Efforts arein progress
to promotevegetablesoybeancultivationin
South Asia, Central Asia and Africa, and
productionhasrecentlyexpandedin India,
Bangladesh,VietnamMauritiusand Sudan.
Asian productionis not only for domestic
consumptionbut alsofor export. �v
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Figure 1. Pod and grains of vegetable 
soybean

Figure 2. A line for the vegetable soybean 
production
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�$�F�F�H�O�H�U�D�W�H�G���<�L�H�O�G���7�H�F�K�Q�R�O�R�J�\�Œ���L�Q���6�R�\�E�H�D�Q�����0�D�U�N�H�U��
assisted selection for simple and complex traits
by Scott A. SEBASTIAN*, Lizhi FENG and Les C. KUHLMAN

Abstract: Marker assistedselection(MAS)
strategiesknown as�¶�I�R�U�Z�D�U�G�V�H�O�H�F�W�L�R�Q�·have
beenusedeffectivelyin soybeansincethe
mid 1990�·�V to pre-screen breeding
populations for simply-inherited traits.
Current experiments within multiple
populations and across years are being
conducted to accurately quantify and
optimize the efficiencygainsof CSM over
pure phenotypicselection. But given the
importanceof yieldand experienceto date,
wesubmitthatCSMfor yieldis alreadyboth
technicallyfeasibleand very cost-effective
when appliedjudiciously. Efficiency gains
are expectedto improve with the ever-
decreasingcost of genotypingand further
optimizationof theprocess.
Key words: breeding,Glycinemax, marker
assistedselection,soybean,traits
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Pioneer Hi-Bred International 
(scott.sebastian@pioneer.com)

Markerassistedselection(MAS)strategies
knownas�¶�I�R�U�Z�D�U�G�V�H�O�H�F�W�L�R�Q�·havebeenused
effectivelyin soybeansincethemid 1990�·�Vto
pre-screenbreedingpopulationsfor simply-
inheritedtraits(3). But manycomplextraits
havenot beenamenableto forwardselection
becausequantitativetrait loci (QTL) detected
within one geneticcontext have not been
sufficiently predictive of other genetic
contexts(1, 5, 6, 9). This haspromptedus
to investigatea �¶�&�R�Q�W�H�[�WSpecific �0�$�6�·
(CSM) approach for complex traits
(Sebastianet al., 2010). For essentialtraits
suchashigh grainyield potential,CSMhas
already demonstrated both technical
feasibility and commercialsuccess. The
efficiency gains will only improve with
experienceand with increasinglyaffordable
genome-widemarkers. The combinationof
forward selectionfor simpletraits followed
by CSM for grainyield and other complex
traits is now a key product development
strategyknown commerciallyasAccelerated
Yield �7�H�F�K�Q�R�O�R�J�\�Œor �$�<�7�Œ. Since
simpletrait mappingand forward selection
techniquesarealreadycoveredextensivelyin
theliterature,thisreportfocuseson CSMfor
grain yield potential per unit land area -
hereinreferredto as�¶�\�L�H�O�G�·.

The impetus for context specific 
MAS (CSM)

A conventionalsoybeanbreedingprogram
cansampleup to 20,000uniqueinbredlines
(e.g. 100 progeny from each of 200
populations)and consume5 yearsof yield
testingto deriveevenonenewcultivar. This
inefficiencyis largelya consequenceof Type
I (falsepositive)andTypeII (falsenegative)
measurementerrors �² especiallyduring the
earlyyearsof yieldtestingwhenthe number
of linesis highbut replicationof eachline is
low. Even when good populationsare
sampled, they may not be sampled
sufficiently to find the rare transgressive
segregantsthat have commercialpotential;
and when theserare progenyare sampled,
they are often discardeddue to Type II
errors that can occur at any stageof yield
testing. Hence,anyMAS strategythat can
help to identify genotypeswith high yield
potentialbeforeor during the first yearof
yield testingwould be of greatvalue. This
wouldimproveefficiencyandgeneticgainby
allowing breedersto focus the subsequent
highly-replicated field trials on fewer
selections�² i.e. selectionsthat arelesslikely
to beartifactsof measurementerror.

RESEARCH
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A typical CSM protocol

Plantbreedersarewell awareof field test
designsusedto control experimentalerror
and statisticalmethodsusedto detectand
predict the effects of QTL on trait
expression. In fact,thesamealgorithmsthat
areusedfor genome-wide predictionacross
more complex population structures
(Meuwissenet al., 2001; Bernardo,2008;
Dudley and Johnson,2009) can be quite
suitable for CSM. However, the critical
featureof CSM is to focus the power of
genome-wide genetic prediction within a
narrow and well-defined genetic by
environmental(GxE) context. Reducingthe
complexityof the GxE contextmayactually
be essentialfor effectiveMAS of traits like
yield that do not complywith assumptions
madefor MASof simplertraits.

With the aboveconsiderations,selection
within �¶�W�U�X�H�E�L�S�D�U�H�Q�W�D�O�·populations- i.e.
recombinant inbred lines (RILs) derived
from homozygousandhomogeneousparent
lines �² is an ideal application for CSM.
Genetic purity of the parent lines is
importantbecauseit insuresthe segregation
of only two haplotypesat any given locus.
In caseswhere the geneticpurity of the
parentsis in question,one can achievethe
same goal by generatingthe entire RIL
population from a single F1 seed. In
additionto simplifyingthe geneticspacefor
prediction,true biparentalpopulationshave
inherentlyhigh linkagedisequilibrium(LD).
This increasesthe effectivesize of linkage
blocksand reducesthe numberof markers
neededfor genome-widecoverage. Within a
true biparentalpopulation,genomicspacing
of evenonemarkerper25cm region(~100
genome-wide markersin soybean)can be
adequatefor building a reliable genetic
predictionmodelfor yieldpotentialof RILs
from said population. This sparsedensity
may seem counter-intuitive to geneticists
accustomedto fine-mappingspecificgene(s)
that define a given QTL. But empirical
evidencefrom internalstudiesindicatesthat
markerspacingof lessthan 50 cm quickly
resultsin diminishingreturnsin termsof the
predictivepowerfor yield. This impliesthat
estimatingthe net effect of largehaplotype
blocks acrossthe entire genomeis more
important than determining the exact
genomic location and yield effects of
individualQTL.

Since the specific combining ability of
parentsis difficult to predict basedon the
per se performanceand/or the general
combining ability of parents, it is
recommendedto focus CSM resourceson
biparental populations that have already
demonstrated evidence of specific
combining ability for both yield and key
defensivetraits. This informationis typically
availablefrom previousphenotypictrialsbut
oftenignoredin favorof previouslyuntested
populationsfrom the �¶�O�D�W�H�V�Wand �J�U�H�D�W�H�V�W�·
parents. But given the need to focus
resourceson fewer but larger populations
with CSM, choosingpopulationsbasedon
prior empiricaldatacandramaticallyimprove
theoddsof commercialsuccess.

A specificexampleof theresourcesneeded
for CSMis shownin Figure1, but the basic
principlescan be tailored to accommodate
plant breedingprogramsthat varygreatlyin
scopeandbudget. 500to 1000observations
(i.e. RIL progeny)per populationduringthe
first yearof yield testingare recommended
to build a reliable genetic model for a
complextrait like yield (2). In additionto
adequateprogenynumbers,more than one
TPE environmentshould be sampledto
increasethe odds of detectingQTL that
impart broadadaptionasopposedto QTL
that may be artifacts of any single
environment. In theexampleshown(Figure
1), 900F4-derivedlineswheredividedacross
threeTPE environments. In this sample,an
averageof 394 lines (7/ 16th of 900) are
expected to be homozygous for each
parentalhaplotypeat eachlocus; and these
progeny will be randomizedwithin and
acrossthesampledTPE environments. This
gives great statisticalpower to determine
which haplotypesareassociatedwith higher
yield acrossthe entire rangeof micro and
macroenvironmentsthat aresampled. So,
the geneticprediction essentially�¶�D�Y�H�U�D�J�H�V
�R�X�W�·much of the experimentalerror and
GxE interactionsthat areconfoundedwith
poorly-replicatedphenotypicmeasurements
(Figure2).

RESEARCH

Figure 1. Example of AYT (forward selection + CSM) within one population
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The ideal weight of genotype vs.
phenotypein the yield selectionindex is
currently being investigated. But this
determinationrequireshighly-replicatedfield
trialsof differentpopulationsacrossmultiple
yearsand environments. As expected,the
quality of the geneticprediction increases
with bettergenomecoverage,moreprogeny,
and more environments sampled. In
practice,thebestpredictionindexis onethat
is weightedto reflect the relativequalityof
the genetic and phenotypic components.
For example,in theCSMprotocolshownin
Figure 1, where individual progeny
observationsare not replicated,the genetic
componentof theselectionindexis typically
weighted much more heavily than the
phenotypiccomponentfor bestresults.

Of course,the predictivepower of any
geneticmodelis limitedby thequalityof the
phenotypicdatausedto generatethe model.
So, efforts to improve phenotypic data
qualitywill also improve the qualityof the
geneticpredictionmodel. Theseeffortscan
include: 1) irrigation and other agronomic
practicesthat promotemaximumexpression
of yield potential at eachenvironment,2)
experimentaldesignsandstatisticalmethods
thatarecommonlyusedto correctfor spatial
trends within each field environment,3)
borderedplots to reducethe effectof plant
height, relative maturity, and stand ability
differences on adjacent plots, and 4)
exclusionof floodedor damagedfield plots
from thegeneticanalysis.

Regardlessof whetherborderedplots are
used,visualscoresof plant height,relative
maturity,andstandabilityof eachplot should
be recorded before harvest and used as
covariatesin the geneticpredictionprocess
to correct for possibleconfoundingeffects
on yield. The differentialweightingof data
from specificenvironmentsthat aredeemed
to bemoreor lesspredictiveof theTPE can
also improve the quality of the genetic
prediction. Once the genetic model is
generatedfrom high qualitydata,it canalso
be usedto predictthe yieldof untestedbut
genotypedRILs from the samepopulation
and/or testedRILs that wereexcludedfrom
the geneticanalysisdue to poor phenotypic
dataquality.

As expected,results for each breeding
population can vary greatlydependingon
manyfactorsincludingthe combiningability
of the parents, the quality of testing
environments,genomecoverage,and the
predictivepowerof variousgeneticmodeling
methods. Current experiments within
multiple populationsand acrossyearsare
beingconductedto accuratelyquantifyand
optimize the efficiencygainsof CSM over
pure phenotypicselection. But given the
importanceof yieldand experienceto date,
wesubmitthatCSMfor yieldis alreadyboth
technicallyfeasibleand very cost-effective
when appliedjudiciously. Efficiency gains
are expectedto improve with the ever-
decreasingcost of genotypingand further
optimizationof theprocess. �v
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Figure 2. Genetic markers as heritable covariates to reduce experimental error

Legume Perspectives                                         �,�V�V�X�H�������‡���-�D�Q�X�D�U�\����������



14

Hybrid soybean
by Reid G. PALMER1*, Allison L. PAPPAS1 and Evelyn ORTIZ-PEREZ2

Abstract: CMS systemsthat haveadequate
maintainergenesandrestorergenesandthat
are stableacrossenvironmentshave been
identified by several Chinese groups.
Adequate levels of heterosishave been
reported, but heterotic groups or
associationsarenot known. Soybeancanbe
movedfrom a highlyautogamousspeciesto
an allogamousone using insectpollinators,
coupledwith phenotypicrecurrentselection.
The variouscomponentsto commercialize
hybrid soybeanare being assembled. In
addition to the anticipatedbenefits from
heterosis, hybrids are an excellent
mechanismto �¶�V�W�D�F�N�W�U�D�L�W�V�·��becausemanyare
dominantgenetictraits and cancomefrom
eitherthefemaleor themaleparent.
Key words:Cytoplasmicmale-sterility, 
Glycinemax, heterosis, hybrids, soybean
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1USDA-ARS-CICGR, Iowa State University, 
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In a list of 40 important events and
changesin agriculturein the past 50 years
prepared by the North American
Agricultural Journalists,hybridization and
improvementof crop plantswasnoted by
this organizationas the most important
changein agriculture(PlantBreedingNews
Edition138, 5 May2003).

Hybrid vigor or heterosisis the superior
performanceof the heterozygoushybrid.
High-parent heterosis is the superior
performanceof the hybrid over the better
parent, while mid-parent heterosisis the
superiorperformanceof the hybridoverthe
mid-parentvalueof thetwo parents.

Requirementsfor soybeanhybrids(3).
1. Parental combinationsthat produce

heterosislevelssuperiorto thebestpure-line
cultivars.

2. A stable male-sterile, female-fertile
system(s).

3. A selectionsystemto obtain 100%
female (pod parent) plants that set seed
normallyandcanbeharvestedmechanically.

4. An efficientpollen transfermechanism
from pollenparentto podparent.

5. An economicallevelof seedincreasefor
seedcompaniesand growersthat ultimately
benefitstheconsumer.

Heterosis

Soybeanis anautogamousplant; however,
soybeanflowerspossessmost, if not all, of
the anatomical characteristics of an
entomophilousplant species(1). Heterosis
levelsabovethe betterparenthavebeenas
high as77%. Careneedsto be takenwhen
interpretingheterosisstudies. Hybrid yield
trials needto be conductedwith replicated
plots in severalenvironments,preferablyin
multipleyears(3). The parentperformance
is important. Many reports of very high
percentageheterosiscome from crossing
diverse parents,each with averageyield.
That is, the startingyield, or base,is low.
The bestagronomicperformancetestsalso
include the highest yielding commercial
cultivarsaschecks.

Stable sterility systems

A number of stablenuclearmale-sterile,
female-fertile mutant linesareavailableand
have proved valuablein heterosisstudies.
Cytoplasmicmale-sterile (CMS) systemsin
soybean initially have been reported as
unstable; however, in certain genetic
backgrounds,malesterility has beenstable
aftervigorousselection(5).
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Table 1.  Seed-set from fertile-female soybean parents-derived five-way crosses compared in 
percent relative to their female fertile parent (Texas 2005)*

*With kind permission from Springer Science and Business Media: Euphytica 170:35-52. 2009. Table 4.
**Male 1, DSR Experimental 202b; Male2; GH4190; Male3, DSR Experimental 202c.

Fertile female 
parent

Mean no. 
seed/fertile 

female parent

Fertile female 
parents �²

derived five-
way crosses**

Mean no. 
seed/

male-sterile 
line

% Seed-set 
relative to 

fertile female 
parent

A00-41 Ms2 219
A00-41 ms2 x 
A00-73 (Ms9)

217 99

A00-68 Ms3 287
A00-68 ms3x 
A00-41 (Ms2)

234 81

A00-73 Ms9 384
A00-73 ms9x 

PI360.844
242 63
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Selection systems and harvest

Selectionsystemswith nuclearmale-sterile
genesinclude: seedsizedifferentialbetween
self-pollinatedseedandhybrid seed,linkage
betweengene(s)controllinganeasilyselected
trait and the fertility/sterility locus, and
linkagebetweena chemicalresistantlocus
and the male-sterile, female-fertile locus.
Severalof these systemshave provided
hybridseedfor researchstudies,but not for
largescaleagronomicperformancestudies.

Mechanical harvest is necessary for
commercializationof hybrid soybean. CMS
systemswould seem to offer the most
efficient way to have mechanicalharvest
becauseall plants per unit areawould be
male-sterile,female-fertile. Themaleparents
would be harvested separately. The
application of a desiccanttothe female
parent might be necessaryto ensurehigh
seedquality.

Pollen transfer

An efficient pollen transfer system is
probably the limiting factor in the
commercialization of hybrid soybean.
Phenotypicrecurrentselectionhasbeenused
with native pollinatorsto identify soybean
genotypesthat haveup to 99% of normal
seed-set when compared to the fertile
versionof the femaleparent(Table1 and2,
4). The soybeantraits that contribute to
insect-pollinators are not well known (6).
The reasonwhy an insectpollinatorforages
on a particular genotype can partly be
attributedto differencesin floral designand
floral display. Floral displaydescribesthe
number of flowers open at one time and
their arrangementin inflorescences,whereas
floral design refers to characteristicsof
individual flowers including their
morphology,color, scent, nectar quantity
and composition,and pollen production.
But first, the pollinator needsto �¶�G�L�V�F�R�Y�H�U�·
theplantandultimatelyberewarded. Repeat
visits to particular genotypesensurehigh
levels of out-crossing, i.e. hybrid seed
(Figure1). �v
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Figure 1. Green plants have low pod set (not 
insect pollinator attractive) whereas mature 
plants with brown pods have high pod set 
(very insect pollinator attractive; Texas 2005)
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The future of soybean genomics is here
by Randy SHOEMAKER1*, Andrew SEVERIN2, Jenna WOODY1, Steven CANNON1 and Michelle 
GRAHAM1

Abstract:Randy Shoemaker, Andrew 
Severin, Jenna Woody, Steven Cannon and 
Michelle Graham
For many years the size and complexity of 
the soybean genome was considered to be an 
unwieldy impediment to whole-genome 
sequencing and analysis. Successful assembly 
of the genome following a `shot-�J�X�Q�·��
sequencing strategy seemed out of the 
question. But that is exactly how the soybean 
genome was assembled (1). The sequence 
was generated by the U.S. Department of 
�(�Q�H�U�J�\�·�V���-�R�L�Q�W���*�H�Q�R�P�H���,�Q�V�W�L�W�X�W�H�����-�*�,�����D�Q�G��
was assembled by a team that included JGI, 
the United States Department of 
�$�J�U�L�F�X�O�W�X�U�H�·�V���$�J�U�L�F�X�O�W�X�U�D�O���5�H�V�H�D�U�F�K���6�H�U�Y�L�F�H����
and several universities. A portion of the 
funding used to accomplish this task was 
provided by a grant from U.S. soybean 
producers.
Key words: genomedatabase,genomics,
Glycinemax, sequencing,soybean
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For manyyearsthesizeandcomplexityof
thesoybeangenomewasconsideredto bean
unwieldy impediment to whole-genome
sequencingandanalysis. Successfulassembly
of the genome following a `shot-�J�X�Q�·
sequencingstrategy seemed out of the
question. But that isexactlyhowthesoybean
genomewas assembled(2). The sequence
was generatedby the U.S. Departmentof
�(�Q�H�U�J�\�·�VJoint GenomeInstitute (JGI) and
wasassembledby a teamthat includedJGI,
the United States Department of
�$�J�U�L�F�X�O�W�X�U�H�·�VAgriculturalResearchService,
and severaluniversities. A portion of the
funding used to accomplishthis task was
provided by a grant from U.S. soybean
producers.

Genome composition

A striking featureof the genomeis the
repeat-rich, low recombination hetero-
chromaticDNA that makesup 57% of the
genome(generallycomprising the central
~two-thirds of most chromosomes)(Figure
1). Not allof thegenomeis repetitive. Forty-
six thousand four hundred thirty high-
confidencegeneswerepredictedwithin the
1.1 gigabasegenome. More than three-
quartersof thosegenesareclusterednearthe
ends of the chromosomes. Among those
genes are scattered more than 5,600
transcriptionfactors, representing63 gene
families. More than 38,000 transposable
elements were also identified that are
representativeof almost all known plant
transposableelements(2).
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Figure 1.  Soybean's 20 chromosomes (two 
copies of each). Fluorescent probes highlight 
different repetetive sequences near the 
centromeres. Figure courtesy Seth Findley and 
Gary Stacey; methods described in Findley et 
al. (2010) Genetics 185:727-744.
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Paleopolyploidy

Early studies in soybeanusing RFLP
markers suggested the genome had
undergone two or more large-scale
duplication events. This conclusion was
supported using data from expressed
sequencetags(ESTs). Sincethen,ananalysis
of the whole-genomesequencehas shown
that soybeanhas in fact experiencedthree
major polyploidy events; a whole genome
triplication roughly 100 million yearsago
(mya)(long before the legumesoriginated)
and two whole genomeduplicationevents
that occurredearlyin the legumes,roughly
60mya,andanotherthatoccurredwithin the
Glycinegenus,about13 mya(2). Despitethe
high levelof repetitivegenomicsequencein
the soybeangenome,due to high retention
of geneticinformationafterthreepolyploidy
events,approximatelytwo thirds of short
read sequences generated from next
generation sequencing align to unique
locationsin thegenome.

Functional genomics

Information about gene expression
patterns, primarily from short-read next
generation sequencing(NGS) sequences
provides fascinating insights into gene
functions and interactions. Unlike
hybridization techniques(Northern blots,
Affymetrix GeneChips,microarrays,etc.),
NGS doesnot requireprior knowledgeof
thegenomicsequence. All measurableRNA
presentin a tissuesampleshould also be
present in the data. Nevertheless,NGS
�´�5�1�$-�6�H�T�µdata is more powerful when
combinedwith genomicsequence,asNGS
reads can be counted with respect to
predictedgenes. Despite the high level of
repetitivegenomicsequencein the soybean
genome,approximatelytwo thirds of short
readsequencesgeneratedfrom NGSalignto
unique locations in the genome (3).
Analyzing expression data along with
genomicdatahastold us much abouthow
genomicstructuremight affect expression
(Table1). We havelearnedthat depth and
breadth of gene expression is closely
associatedwith structuralfeaturesof genes
and intergenic regions (4). Additionally,
RNA-Seq analysishas the advantageof
identifyingSNPsandindelsthat canbeused
to understand the relatednessof lines,
identify candidate genes responsiblefor
observed phenotypic differencesbetween
lines, and characterizegeneticdiversity in
domesticlinesandin wild relatives.

Genome database

The soybean research community is
fortunate to have several high quality
genomicdatabases. The largestis SoyBase
(www.SoyBase.org), a genome database
supportedby the United StatesDepartment
of Agriculture and possessinglong-term
financial support. Not only do these
databasesprovideaccessto vastamountsof
information, but they bring together
agronomicdata,20 yearsof QTL mapping
data involving over 80 agronomic traits,
structural and functional genomic data.
Resourcesarecurrentlybeingdevelopedthat
allowtheintegrationof allof thesedatatypes
overlaidonto metabolicpathways. Soybean
genomicsis on the vergeof a `holy �J�U�D�L�O�·in
crop genomics; efficient association of
genotypeandphenotype.

The future

What about the future of soybean
genomics?A recentStrategicPlanningWhite
Paper on soybean genomics identified
resequencingof selectedgenotypesasa high
priority for soybeanadvancement. These
genotypesincludedthe original land races
brought into the U.S. and grown in the
1920�·�V��and subsequent�C�P�L�O�H�V�W�R�Q�H�·cultivars
releasedduring the 80 yearsthat followed.
The rationalebehindthis is simple. The first
crossesusedto developthe first generation
of improved cultivars were betweenhigh
yielding land races. Soybean cultivar
developmentproceededsequentiallywith
crosses between high yielding cultivars
producing the following generation of
cultivars,andsoforth (seeexamplein Figure
2). This developmentalseriesproduceda
yield increase of approximately 0.4
bu/acre/year. Sequencingtechnologieshave
now made it possible for efficient and
affordableresequencingof the genomesof
the land races as well as the milestone
cultivars. Thiswill permitscientiststo follow
yield improvements with selection for
specificchromosomalsegmentsandspecific
alleles.
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�)�L�J�X�U�H���������3�H�G�L�J�U�H�H���R�I���W�K�H���V�R�\�E�H�D�Q���F�X�O�W�L�Y�D�U���C�:�L�O�O�L�D�P�V�·���V�K�R�Z�L�Q�J���D���W�\�S�L�F�D�O���V�H�T�X�H�Q�W�L�D�O���G�H�Y�H�O�R�S�P�H�Q�W��
of new cultivars from crosses between early cultivars. Figure is courtesy of James Specht.
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Knowing which regionsof chromosomes
have recombined during the breeding
processis only one dimensionof the story
behind soybean yield. During breeding
programs chromosomal segments were
selectedfor becauseof the genes they
contain. The function(s)of the vastmajority
of thegenesin thesoybeangenomeremains
unknown. By coupling resequencingwith
whole-genome transcriptomeanalyseswe
will be able to a) monitor changesin
expressionof individualgenes,b) changesin
specificmetabolicpathways,and c) identify
basepair changesin key genesthat will be
used to develop selectablemarkers to
enhancebreedingprograms.

Wearelearningthatmanychangesin gene
expression are caused by chemical
modificationsto the genomeitself, and not
necessarilymutation in the base pairs
comprising the gene sequence. These
modificationsarecalled�C�H�S�L�J�H�Q�H�W�L�F�·changes.
Oneof the commonchangesis the addition
of a small �C�P�H�W�K�\�O�·group to the DNA
sequence. Methylationresultsin changesin
geneexpressionwithout actuallychanging
the nucleic acid sequence. The role of
methylation in soybean productivity has
never been examined. Patterns of
methylationmay provide insight into the
quantitative nature of many important
agronomic and developmental traits.
Evidenceof methylationpatternsassociated
with components of soybean yield will
changethe way we think about soybean
improvementstrategies.

The release of the soybean genome
sequencehas ushered in a new era of
scientific discovery combining molecular,
computational and traditional agronomic
approaches. We are now able to examine
geneexpressionon a whole genomelevel,
learningwhenandhow genesareturnedon
or off duringdevelopment,in specifictissues
or genotypes and in response to
environmental stimuli. Transcriptomics
combinedwith the genomesequenceand
geneticdatais beingusedto understandthe
basisof QuantitativeTrait Loci (5). While
soybeantransformationis still difficult and
time consuming the function of genes
involvedin traitsor pathwaysof interestcan
nowbestudiedusingnewvirusinducedgene
silencing technology (VIGS). Targeted
resequencingof genotypesof interestcanbe
used to developnew markersto facilitate
cloning of resistancegenesand to aid in
markerassistedselection(5). �v
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Table  1. Number of genes in low, intermediate and high expression categories. Data is based on Severin et al. (2010) and Woody et al. (2011)

(a) Number of genes expressed with a transcript count of nine or under; (b) Number of genes expressed with a transcript countof ten to 49; (c) Number of genes 
expressed with a transcript count of fifty or over; (d) Number of genes in the expression group

Number of tissues in which genes 
are expressed

Low  expression (a) Intermediate expression (b) High expression (c)

1 3071 (d) 3056 979

2 1800 1309 318

3 1530 876 174

4 1328 732 157

5 1101 654 132

6 1304 523 86

7 1237 433 61

8 1140 361 52

9 1183 329 50

10 1159 337 48

11 1062 271 49

12 973 257 42

13 979 196 47

14 723 105 63
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Diasease resistance in soybean
�E�\���.�U�L�V�W�L�Q�D���3�(�7�5�2�9�,�ý�
���D�Q�G���0�L�O�R�å���9�,�'�,�ý

Abstract: Several parasites on soybean
appearathighintensitiesin theagroecological
regionsof Europe,while others are either
not presentor occur sporadically. Climatic
factorsarethosewhich primarilydetermine
the dominantparasitein a particularregion.
It hasbeenfound that the most important
parasites were Peronosporamanshuricaand
Pseudomonassyringaepv. glycineaon leaves;
Diaporthephaseolorumvar. caulivora and
Sclerotiniasclerotiorum on stems;
Macrophominaphaseolinaon root, and
Diaporthe/ Phomopsisspecieswhich are the
maincausesof seeddecay. Thedevelopment
and cultivation of resistant soybean
genotypesis the most effective control
measuresfor all thesediseases.
Key words: Glycinemax, parasites,resistance,
soybean,symptoms

A large number of phytopathogenic
microorganismsare parasiteson soybean
(Glycinemax(L.) Merr.). Theycausevarious
pathologicalchangesin all organsof the
plant. Soybeandiseasescan significantly
affect yield, quality and stability of this
industrial crop. In addition, epiphytotic
outbreaksmay threatenthe profitability of
soybean production. More than 135
pathogenicmicroorganismson soybeanwere
described. However,only about 30 species
belong to the group of economically
importantpathogens(19). Soybeancrop can
besuccessfullyprotectedwith acombination
of measures,amongwhichthe development
and utilizationof resistantcultivarsis most
efficient, economicaland ecologicallymost
acceptable. This paper provides a brief
overview of the sourcesof resistanceto
economicallyimportant soybeanpathogens
in Europe,aswell asthe possibilityof their
incorporationinto commercialcultivars.
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Downy mildew (Peronospora 
manshurica)

Downy mildew is the most commonfoliar
diseasesof soybean,but is seldom of
economicimportancein termsof yield lost.
However,infectedpodsandseedsmaylead
to reduced seed quality. If extensive
defoliation occurs, yields can be severely
reduced. The initial symptomsaresmallpale
greenor yellowishspots,whichnecroseand
mergewith time(Fig. 1). A tanto graycover
formson theundersideof theleaf,especially
underwet andhumid conditions. Podsmay
be infectedwithoutanysymptom,andseeds
arepartlyor completelyencrustedwith white
myceliaandoospores(Fig. 1).

High variationin pathogenicityhas been
observed within the population of P.
manshurica. 32 physiological races were
identifiedand the geneRpmwasshownto
impart resistanceto all of theseraces(2). It
was incorporatedinto cultivar Union, but
resistancewasovercomeby the newrace33
(12). Thegene,Rpm2, conditionedresistance
to race33 and segregatedindependentlyof
Rpm (11). In Poland, 11 races were
characterized,and sevenweredescribedfor
thefirst time,numberedfrom 34to 40(14).

Soybean genotypes reaction to downy
mildewrangesfrom susceptibleto resistant
to specificracesof thepathogen,but thereis
no genotyperesistantto all races of P.
manshurica. Thelargenumberof physiological
racesand steadyrecurrenceof new races
makesoybeanbreedingacontinuousprocess
sinceresistantcultivarsbecomemoreor less
susceptiblewith time. Soybeangenotypes
Colfax and Burlison,and high-protein lines
Barc-6, Barc-8, and Barc-9 have a
satisfactory level of resistance to P.
manshurica. Thesegenotypeswereincludedin
the breedingprogram of the Institute of
Field and VegetableCrops in Novi Sad,
Serbia. A collectionof 52 lesssusceptible
soybeangenotypeswasestablished. Basedon
theresultsobtainedin thelastthreeyears,36
lineswereidentifiedthat exhibita high level
of resistanceto P. manshurica.
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Figure 1. Downy mildew: (a) symptoms on leaf; (b, c) symptoms on seed
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Bacterial blight (Pseudomonas 
syringaepv. glycinea)

The bacterial blight can cause large
economicdamage,especiallyin regionswith
cool and rainy climate. Diseasecausesleaf
shedresultingin reductionassimilationarea,
which ultimately reduces the yield. The
bacterium attack all above-ground plant
parts,but symptomson infectedleavesand
pods are most apparent. The typical
symptoms - small, angular, translucent,
water-soaked and yellow to light brown
spots (Fig. 2) - occur on the bottom and
middle leavesof adult plants. Within the
spot, on the undersideof the leaf,a dense
and stickybacterialexudatecoversthe spot
giving it a glossy appearance. The same
symptomsoccuron pods,whileseedsfrom
diseasedpodsbecomeinfected.

It hasbeenfoundthatP. syringaepv. glycinea
has12 physiologicalraces,but the race4 is
dominant on soybean worldwide (7).
Soybean cultivars vary in degree of
suscebtilityto all races. Molecularstudies
haveidentifiedsix different avirulence(avr)
genesin sevendifferentraces(0, 1, 2, 3, 4, 6
and8) of P. syringaepv. glycinea. The genetic
analysisdeterminedthat soybeancarriessix
resistancegenes,Rpg1, Rpg2, Rpg3, Rpg5,
Rpg6, and Rpg7 that correspondto avrB,
avrA, avrC, avrE, avrF, andavrG, respectively
(5). They also determined that soybean
carriesRpg4 resistancegenefor the race4,
which correspondto avrD, clonedfrom P.
syringaepv. tomato. All known racesof P.
syringaepv. glycineacontain non-functional
avrD alleles. Theseallelescontainmutations,
andit wassupposedthatthegenemutatedto
escapedefensesurveillancein soybeanplants
containingresistancegeneRpg4. Thereis no
genotypecompletelyresistantto race4, but
thereis asignificantdifferencesin therateof
susceptibility. The genotypeP9241 has a
satisfactorylevel of resistanceto P. syringae
pv. glycineaand it was used in breeding
programsat Instituteof FieldandVegetable
Crops. A collectionof 24 lesssusceptible
genotypeshas beenestablishedand in the
lastthreeyears,allocatedthesevenlinesthat
exhibita satisfactorylevelof field resistance
to P. syringaepv. glycinea.

Northern stem canker 
(Diaporthe phaseolorumvar. 
caulivora)   

The northernstemcankerhasthe greatest
economicimportancebecauseit causeswilt
and drying of plants during pod
developmentand grain filling. A significant
epidemic of stem canker broke out in
Europe in the 1980s. Prematurelywilted
plants yielded 50-62% (depending on
genotype)less than healthy plants. First
symptomscanbeseenat thefloweringstage.
Early symptomsare reddish-brown lesions
that appearon one or morebasalnodesof
soybean stem. These small lesions can
developinto elongated,sunken,darkbrown
cankersthat spreadup and down alongthe
stem (Fig. 3). The earlier occurrenceof
symptomcausemore damage,whereasthe
late infections cause considerably less
damage. Podsof infectedplantsdry up and
remain empty, or small and insufficiently
filledgrainsareformed.

Examination of different genotypeshas
shownlargedifferencesin suscepbilityto D.
phaseolorumvar. caulivora(22). It was found
that the reaction of soybean genotypes
dependson their maturity groups. Early-
maturing genotypeswere less susceptible
and usuallyrespondwith mild symptoms
(stem blight), while the late-maturing
genotypesweremuchmoresusceptibleand
the symptomsaremanifestedin the form of
prematurewilting of plants. Early-maturing
genotypesavoidtheinfection.

RESEARCH

Figure 2. Symptoms of bacterial blight on soybean leaves

Figure 3. Typical symptoms of northern stem canker
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Studiesof the pathogenicityof a large
number of D. phaseolorumvar. caulivora
isolates,observedvariabilityin the parasite
and assumedthe existenceof more races.
There were significant differencesin the
reaction of some cultivars to isolates
originatingfrom the northern parts of the
USAcomparedto isolatesfrom thesouthern
parts. Six physiological races were
differentiatedbasedon the reactionof six
soybean cultivars (8). Cultivar Tracy-M
exhibited resistanceto the southern,and
susceptibilityto thenorthernf isolates,while
othercultivarsexhibitedminordifferencesin
susceptibility. Basedon this,stemcankerwas
divided into northern and southern stem
cankerwerenamedcaulivoraand meridionalis,
respectively; first as formaespeciales(17) and
thenasvarietas(6) at the subspecificlevelof
D. phaseolorum. It was found that southern
stem cankerwas controlledby four major
genes(Rdm1, Rdm2, Rdm3, and Rdm4), but
thesegenesdid not conferresistanceto var.
caulivora(18). In Europe,var. meridionaliswas
not detected. Regarding var. caulivora,
differences in the susceptibility were
establishedamong genotypes,but genes
responsiblefor resistancehavestill not be
identified.

White mold (Sclerotinia 
sclerotiorum)

White mold generallyoccurs in humid
regionsand in irrigated soybeans. This is
potentially the most dangeroussoybean
disease,as it can causewilt and rot of
developing plants. Damage is especially
extensiveif the infection occurs in the
phenophasesof floweringandpod forming.
Initial lesionsusuallydevelopat stemnodes
duringor after flowering. The infectedstem
tissue becomessoft and watery,and the
whole plant rots in moist conditions. The
infected plant parts becomecoveredwith
cottony mycelium and black sclerotia
develop on or inside infected stems and
pods. During harvest,sclerotiafall to the
groundor mix with seeds.

There are no sgenotypesresistantto S.
sclerotiorum, and the situationis similarwith
the other host plants of this parasite.
However, differencesin the susceptibility
have been observed in the field. The
presenceof partial resistancein cultivars
Dassel,Corsoy 79, DSR137, S19-90, and
PI194639controlledby severalgeneswere
reported (1, 3). Also, it is assumedthat
physiological resistance and avoidance
mechanismsare responsiblefor different
reactions of soybean cultivars to S.
sclerotiorum. Threeloci (QTL) weremapped,
two of which control avoidancemechanism
and one locusis most probablyresponsible
for partialphysiologicalresistance(9).

Pathogenesisof S. sclerotiorumhas been
associatedwith fungal toxic secretionof
oxalicacid(OA). Therearethreeclassesof
known enzymesthat can catabolizeOA,
namely oxalate oxidase (OXO), oxalate
decarboxylase(OXDC), andbacterialoxalyl-
CoA decarboxylase. The genes, which
control OXO and OXDC enzymes,have
beenutilizedto producesoybeantransgenic
resistant plants. The plants which
transformedwith the OXO gf-2.8 (germin)
genefrom wheat and decarboxylase(oxdc)
gene from a macrofungi Flammulinasp.
showedhigh resistanceto S. sclerotiorum(4,
13).

Charcoal rot (Macrophomina 
phaseolina)

The diseaseis economicallyimportant in
regionswith the warmanddry climate. The
charcoalrot is adiseaseof theroot andbasal
part of the stems. The typicalsymptomsof
diseaseappearduringor afterflowering. The
symptomsoccur firstly on plant roots as
light brownspots,whichlatterspreadto the
entireroot system,basalpart of stem,lateral
branches,and in favorableconditionscover
a largerpart of the plant. Thesurfaceof the
root and stem becomelight grey (silvery
discoloration), while numerous black
microsclerotia develop beneath the
epidermis,which give them a charcoal-
sprinkledappearance(Fig. 4).

Specific resistanceto M. phaseolinain
soybeanhavenot beenidentified,but few
soybeangenotypes,includingDeltaPineland
3478, Hamilton, JacksonII, Davis, and
Asgrow 3715 possess either moderate
resistanceor tolerance(20, 21). Thedrought-
tolerancemechanismis often equatedwith
charcoal rot resistance. Therefore, it is
recommendedto avoidof cultivationof the
genotypeswith late reproductivestagethat
coincideswith periods of drought stress.
Identificationof resistantgenotypeshasbeen
limited becauseof the lack of an efficient
diseaseassessmentmethodandthe lackof a
consistent classification scheme across
experiments and years (15). A new
classificationsystemfor soybeangenotypic
reactionsto M. phaseolinabasedon a colony-
forming unit index(CFUI) wasdevelopand
evaluate. It was also suggestedthat the
growth stageR7 is the optimum stagefor
assessingdiseaseusingCFU (16). Four out
of 24 genotypeswere identified to be
moderatelyresistantusingtheseparameters.

Phomopsis seed decay 
(Diaporthe/Phomopsis complex)

Phomopsisseeddecay(PSD)is the major
causeof poor seedqualityin mostsoybean-
growing countries. The diseaseis caused
primarilyby the fungalpathogen,Phomopsis
longicolla, alongwith other membersof the
Diaporthe/ Phomopsiscomplex. In addition to
P. longicolla, this complexconsistof Diaporthe
sojaewhich causespod and stemblight and
two varieties of Diaporthephaseolorum, in
which var. caulivoraand var. meridionalis
(presentonly in the southernhemisphere)
causestemcanker. However,recentresearch
shows that other speciesof the genus
Diaporthe/Phomopsisalso presentin soybean
seedsand usuallyare associatedwith PSD
(23).

The agentsof PSDfavour long rainyand
warm periods during soybeanmaturation
andharvest. Infectedseedareusuallysmall,
shrunken,with crackedseedcoatsandoften
appear chalky-white (Fig. 5). The less
infected seedshave a normal appearance,
without symptoms (the latent infection).
Theyhavereducedgerminability,vitalityand
quality.

RESEARCH
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Figure 4. Charcoal rot: (a) symptom on root; (b) symptom on stem; (c, d) microsclerotia

Screeningsoybeanlines for resistanceto
PSD is the first step toward developing
PSD-resistantcultivars. Seedsweretestedfor
Phomopsisspp. infection, percentageof
germinatedseeds and the quality (seed
wrinkling, molding, mottling, and
discoloration). Resistanceto the agentsof
PSD was found in several plant
introductions(PI), but inheritanceof most
reported sourcesof resistanceis still not
clear. Resistance was characterized as
qualitative,controlledby oneor two pairsof
majordominantgenes(10). This meansthat
the resistanceof different genotypesis not
alwayscontrolled by the samegenes,and
probablyfor thisreasongenesymbolhasnot
beenassignedyet. �v

Figure 5. Phomopsis seed decay
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Trypsin inhibitors in soybean
�E�\���9�H�V�Q�D���3�(�5�,�ý�
�����0�L�U�M�D�Q�D���6�5�(�%�5�,�ý���D�Q�G���6�Q�H�ç�D�Q�D���0�/�$�'�(�1�2�9�,�ý-�'�5�,�1�,�ý

Abstract: The main proteaseinhibitors in
soybean- Kunitz trypsininhibitor (KTI) and
the Bowman�²Birk inhibitor (BBI) constitute
themainanti-nutritionalfactorsof soybeans.
The major advancementsin lowering TI
activity of raw soybeanare achievedby
crossingparentdonor of desirablecharacter
(titi line)with highyieldingvarieties(Ti line)
resultingin releasingof two varietieslacking
KTI �² LanaandLaura.Thedailyweightgain
andfood conversionof thegroupof pigsfed
rawKTI -freesoybeanwerelower,suggesting
that nutritional value of raw soybean,
althoughhigher than that of the standard
variety, is still too low to sustainnormal
growthanddevelopmentof animals.
Key words: breeding,Glycinemax, kunitz
trypsininhibitor,pigs,soybean

The mainproteaseinhibitorsin soybean-
Kunitz trypsin inhibitor (KTI) and the
Bowman�²Birk inhibitor (BBI) constituteat
least6% of the protein presentin soybean
seed. Trypsin inhibitors are responsiblefor
thereduceddigestibilityof seedproteins,and
for this reason,constitute the main anti-
nutritional factors of soybeans. Kunitz
trypsin inhibitor accountsfor almosta half
of trypsininhibitory activityin raw soybean
grain. Grain of conventional soybean
varietiesrequiresheat processingto break
downtrypsin�L�Q�K�L�E�L�W�R�U�·�Vactivitybeforeusing
as food or animalfeed. The excessiveheat
treatments(uncontrolledtemperature; long
period of time) may decreaseprotein
solubilityand lower amino acid availability.
Soybean lines with reduced protease
inhibitor contentcould reduceor eliminate
the needfor expensiveheattreatmentsand
lessenthe chanceof lowering amino acid
availability.

_______________________________________________________________________________________________________

Maize Research Institute Zemun Polje, Belgrade, 
Serbia (vperic@mrizp.rs)

Five electrophoreticforms of KTI have
beendiscovered. Thegeneticcontrolof four
forms, Ti a, Ti b, Ti c, and Ti d, hasbeen
reported as a codominantmultiple allelic
seriesat a singlelocus(3). Thesameauthors
found that the fifth form doesnot exhibita
soybeantrypsininhibitorandis inheritedasa
recessivealleledesignatedti. TheTi locushas
been located on linkage group 9 in the
classicallinkagemap of soybean. Recessive
form was found in soybeangermplasm
samplesPI 157440and PI 196168, lacking
KTI . ThegermlasmPI 157440wasa parent
of the first releasedKunitz-free genotype
namedKunitz. This varietywas developed
by backcrossingandis the progenyof anF2
plant selectedfrom the fifth backcross,
Williams82andPI 157440(1).

The major advancementsin loweringTI
activity of raw soybeanin the breeding
program of Maize Research Institute
�ª�=�H�P�X�Q�3�R�O�M�H�©are achived by crossing
parentdonor of desirablecharacter(titi line)
with high yielding varieties (Ti line).
Identificationof lineslackingKTI wasdone
by protein electrophoresisof mature seed
from the individual plants in several
segregatinggenerations. After field trialsand
yield testing, two varietieslacking KTI �²
Lanaand Laura,werereleased(6). Trypsin
inhibitorcontentin thisvarietiesrangesfrom
and 15,01 mgg-1 for Laura to 15,35 mgg-1

for Lanawhich wasabout50% reducedas
comparedwith the genotypesof standard
graintype(3).

In orderto determinewhatkind of effects
hasearlygenerationselectionfor seedyield
on proportionof the lineswith presenceor
absenceof KTI, wemadea followingstudy.
Two hundred plants from F2 population
derived from a cross between soybean
varietiesKunitz (lackingKTI) and Kador
(standard grain type) were chosen for
analysis. Identification of the genotypes
lackingKTI among200 selectedF2 plants
wasmadeby gel-electrophoresis. Segregation
ratio was3:1 for the presenceor absenceof
KTI, asit wasexpected. Thesameratio was
found in 100 high-yielding and 100 less-
yielding plants, as well as in 48 highest-
yieldinglineschosenfor the seedyieldtrials.
Seedyield of 48 highest-yieldingF2 plants
was testedin the trials conductedin two
locations. Theresultsshowedthatsameratio
of thelineswith presenceor absenceof KTI
was maintained also in progenies that
outyieldedthe highest-yieldingparent. Early
generationselectionfor seed yield �G�L�G�Q�·�W
eliminatelineslackingKTI .

Recently,indirectselectionbasedon DNA
markertightly linked to Ti locusbecamean
easier and more efficient method than
protein electrophoresis for detecting
genotypesof interest. An F2 population
derived from a cross betweenKador and
Kunitz varietywasanalyzedby SDS-PAGE
andwith specificPCRprimerto selectseeds
missingKTI protein. Theanalysisresultedin
78 genotypeswith KTI proteinbandand15
with no KTI protein band. Comparisonof
gel electrophoresisfor Kunitz trypsin
inhibitor protein and banding pattern
amplifiedby Satt228 markershowedthere
was a strong agreementbetweenprotein
band for KTI protein and bandingpattern
by Satt228 marker (2). The both methods
allowidentificationof KTI andwill beuseful
in early generation detection of the
genotypeshomozygousfor recessiveallele
(titi lines).

RESEARCH
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Numerous studiesinvestigatedeffect of
soybeanvarietyand processingon growth
performance of pigs. Inclusion of raw
Kunitz-freesoybeanin diet wasbeneficialin
terms of better growth compared with
conventionalcultivars,but still inferiorto the
performanceobtained by soybeanmeal,
where the KTI and other anti nutritional
factorsareinactivatedby heating. Our study
was carriedout to estimatethe nutritional
valueof new cultivarsin feedingtrialswith
pigsanddeterminewhetherrawKunitz-free
soybeancultivarscouldbefedsuccessfullyto
pigsin differentstagesof development. The
dailyweightgainandfood conversionof the
groupof pigsfedrawKTI -freesoybeanwere
lower, suggestingthat nutritional value of
raw soybean,althoughhigher than that of
thestandardvariety,is still too low to sustain
normalgrowthanddevelopmentof animals
(5).

Nevertheless,KTI free soybeancultivars
can offer nutritionaladvantagesand reduce
the processingcosts, since they need a
shorterheatingtime and lower temperature
for inactivationof trypsin inhibitors. These
varietiescouldpossiblysolvetheproblemof
direct livestocknutrition in extensivefarm
systemswith own feed production and
animalgrowing. �v
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Figure 1. Polyacrylamide gel of protein extracted from parents and F2 seeds. Line 1. Kunitz, 2. Kador, 
3-10 F2 plants, arrow points to the Kunitz trypsin inhibitor band (21.5 KDa)

Figure 2. Sat228 marker analysis of parents and F2 seeds. Line 1. Kunitz, 2. Kador, 3-10 F2 
plants
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Health benefits of soybean consumption
by Anna ARNOLDI

Abstract: Soybean has a high protein
content and is rich in lipids, in particular
polyunsaturatedfatty acids,a-linolenic acid
included. It alsocontainsvitamins,minerals
and phospholipids,such as lecithin, which
facilitate the metabolism of cholesterol.
Beingalmostdevoidof starchandpurines,it
is particularly suitable for diabetics. The
cholesterolreducingeffect of soy proteins
becamethebasisfor theUSFoodandDrug
Administrationapprovalof the healthclaim
for the role of soy protein consumptionin
coronarydiseaserisk. In addition,ancillary
benefitsof soy,i.e. blood pressurereduction
and possiblyreducedbody weight, are of
considerabletherapeuticinterest.
Key words: anti-cholesterolactivity,Glycine
max, health benefit, hypotensiveactivity,
soybean

Introduction

Soybean(Glycinemax) is aherbaceousplant
belongingto the family of Leguminosae. It is
native of EasternAsia and cultivatedfor
food purposes. The leavesof the plant vary
in color between green and yellow, the
flowers are small and in clustersand the
fruits arepodsabout50 cm long with seeds
usedto produceoil andflour. In respectto
other legumes,soybeanis more digestible
and richer in protein,as well as associated
with fewer problemsof flatulence. It hasa
high proteincontent(about35-40%) and is
rich in lipids (15-20%), in particular
polyunsaturatedfatty acids,�D-linolenicacid
included. It alsocontainsvitamins(A, B, B2,
D, and E), minerals (calcium, iron, and
potassium) and phospholipids, such as
lecithin, which have emulsifyingproperties
and facilitatethe metabolismof cholesterol.
Beingalmostdevoid of starchand purines
(metabolizedin the body to uric acid),it is
particularlysuitablefor diabetics.

______________________________________________________________________________

University of Milano, Department of 
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Anti-cholesterol activity

In many countries soy foods are
appreciated for their potential role in
atherosclerosisprevention. In fact, soy
protein has been shown to successfully
reduce cholesterolemia in experimental
animals, as well as in humans with
cholesterolelevationsof genetic or non-
geneticorigin. In the earlieststudiesin the
70s, a soy protein preparation,given to
hospitalized highly hypercholesterolemic
patients,wasfound to behighlyeffectivefor
cholesterollowering and well tolerated. In
this six-week controlled crossover
investigation (17), there was a 20-22%
reductionin totalcholesterol(TC)levelanda
22-25% reduction in LDL-C, without
significantchangesof triglyceridemia. The
cholesterolreductionwasinverselyrelatedto
baselinecholesterolemiaandnot modifiedby
the additionof dietarycholesterol(17). The
numerous ensuing clinical studies were
summarizedin a meta-analysis(1) of 38
studies up to 1995, in both
hypercholesterolemicand normolipidemic
individuals. This meta-analysisconfirmed
that serum LDL-C concentrations are
modified, depending on the baseline
cholesterolemia,from a minimumof -7.7%
in subjectswith total cholesterolin the
normalrange(<200mg/dl), up to -24% in
subjects with a clear-cut hyper-
cholesterolemia.

The cholesterolreducing effect of soy
proteins, potentially leading to a reduced
cardiovascularrisk,becamethe basisfor the
US Food and Drug Administration(FDA)
approvalof the healthclaimfor the role of
soyproteinconsumptionin coronarydisease
riskreduction(6).

A meta-analysispublishedin 2006 (14)
criticized these results, since the studies
publishedin the following yearsapparently
did not confirm the powerful cholesterol
reducing effect of soy proteins. This
apparentincongruencemaybe explainedby
the fact that clear-cut hyperlipidemicsare
alwaysexcludedin recent trials for ethical
reasons(17), since today to treat these
subjects with hypolipidemic drugs is
compulsory. Figure 1 compares the
cholesterol reductions observed in the
studies included in the Anderson meta-
analysis(white points) and more recent
investigations(blackpoints) vs. the average
baselinecholesterollevelof eachstudy. This
chartdemonstratesveryclearlythat both in
old and recent studies, the ranges of
cholesterol responsesof the groups of
patientsbelongingto the samequartilesof
baselinecholesterolare essentiallyidentical
(5). It confirmsalsothat about25% of old
studies were based on severely
hypercholesterolemicindividuals,whereasin
recentyearspatientswith cholesterolemiain
theveryhighrange(>335mg/dl) havenever
beenselectedfor dietarytreatment.

The efficacy of soy protein in
cardiovascularpreventionhasbeenrecently
confirmedby the 20-yearfollow-up of the
Nurses Health Study, which indicated a
significant correlation between vegetable
protein intake and reducedcardiovascular
risk(9).
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Rodentandin vitro studieshaveattempted
to establish a link between the
hypocholesterolemiceffectsof soy and the
activation/depressionof liver low density
lipoprotein receptors(LDL-R): animalson
cholesterol/cholicaciddietaryregimenswith
caseinhavea dramaticdown-regulationof
liverLDL-R andthiseffectis reversedin the
presenceof soy proteins. Two studieshave
addressedthe potential of soy protein
preparationsto increaseLDL-R expression
in human beings. In the former (12), FH
patientsweretreatedwith animalproteinor
texturedsoy protein (with the addition of
cholesterolto balancethe two diets). Both
plasma lipids and LDL degradationby
circulating lympho-monocytes (used as
mirror images of hepatocytes) were
monitored. After the animal protein diet
therewereminimalchangesin LDL-C levels
or LDL-R activity,whereasduring the soy
proteindiet, in additionto a markedLDL-C
reduction,an increaseof around 8-fold in
LDL degradationwasobserved. This study,
clearly suggestingthat some soy protein
componentsareableto up-regulateLDL-R
mediated LDL degradation, was
subsequentlyconfirmed in individualswith
lessercholesterolelevations(4).

Studieson the mechanismwherebysoy
proteins may reducecholesterolemiahave
clearlyindicatedthat the intact soy protein
perseis effectivefor cholesterolreduction,
not a mixture of soy amino acids. The
identification of soybean components
responsible for the hypocholesterolemic
effecthasreceiveda significantcontribution
from the early clinical studieswhere soy
protein products containedless than 0.15
mg/g isoflavones(16) versuscontentsof 2-3
mg/g very frequentlyencounteredin most
commercialsoybeanproducts. Whileinitially
the responsibilityof thesephytoestrogensin
cholesterolreductionwassuggestedprimarily
on the baseof studiesin monkeys(2), a
number of more recent reports have
definitelyconcludedthat dietaryisoflavones
make no contribution to the
hypocholesterolemicaction (8), includinga
clinical study performedon pure genistein
(3).

A full understandingof the mechanismof
action of soy protein hasbecomevital for
the selectionof the mostappropriateforms
of soy for treating hypercholesterolemia.
This selectioncan only be madeonce the
activecomponent/sandtheir mechanismof
actionhavebeenfully elucidated. Proteomics
may be a powerful tool to achievethis
objective(7). The majorstorageproteinsof
soybeansare 7S and 11S globulins: from
earlystudiesthe 7S globulinappearedto be
primarily responsible for the
hypocholesterolemiceffectsof soy protein
preparations,whereasthe 11S component
appearedessentiallyinactive. Very recentlya
hypocholesterolemicproteinsub-component
hasbeenpinpointedmore precisely,i.e. by
showing that the isolated7S globulin �D�·
subunitgivento cholesterol-fed ratsleadsto
a strong up-regulation of liver LDL-R
activity as well as to dramatic plasma
cholesterol/TGreductions(5).

Hypotensive activity

Biologicallyactive peptidesor functional
peptidesarefood derivedpeptidesthatexert
alsoa physiologicaleffect in the body. They
areinactivein the originalproteinbut, once
released,function as regulatorycompounds
with hormone�²like activity (18). They may
be releasedfrom the parentprotein during
gastrointestinaldigestion or during food
processing. Active peptides in general
containfrom 2 to 20aminoacidresiduesand
arepartiallyor totallyresistantto hydrolysis.
They may be absorbableand thus exert
systemic effect. Activities may be very
different,includingangiotensinI converting
enzyme(ACE) inhibition, anti-thrombotic
andanti-microbialactivities.
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Figure 1. Initial cholesterol values and net cholesterol changes after soy protein based diets in the 
studies evaluated in the meta-analysis by Anderson et al. [54] (�‘ ) and in later studies [56] (�v). Boxes 
�L�Q�G�L�F�D�W�H���W�K�H���´�$�Q�G�H�U�V�R�Q���Q�R�U�P�R�J�U�D�P�µ�����L���H�����W�K�H���L�Q�L�W�L�D�O���U�D�Q�J�H�V���R�I���F�K�R�O�H�V�W�H�U�R�O���Y�D�O�X�H�V���D�Q�G�����������F�R�Q�I�L�G�H�Q�F�H��
intervals of cholesterol changes for each quartile considered in the Anderson meta-analysis 
(Reproduced from Future Lipidology 2007, 2, 313-339 with permission of Future Medicine Ltd)

Legume Perspectives                                         �,�V�V�X�H�������‡���-�D�Q�X�D�U�\����������



27

ACE playsan importantrole in the renin-
angiotensinsystem. It regulatesarterialblood
pressureas well as salt and water balance.
ACE convertsangiotensinI to angiotensin
II, a potent vasoconstrictor,and degrades
bradykinin, a vasodilator. Therefore,
inhibition of ACE results in an anti-
hypertensiveeffectin humansandanimals.
Although the anti-ACE activity has been
initially reported in casein peptides, this
activity is not only restricted to animal
proteins. In particular, very recently a
remarkableactivity of soy nuts (containing
25g of soyproteins)on systolicanddiastolic
blood pressure has been shown in
hypertensive(lessso in normotensive)post-
menopausal women (19). It seems
reasonable to hypothesize that the
hypotensive activity may be related to
bioactivefragmentswithin the sequenceof
soy proteins,releasedby hydrolysisduring
digestion. In fact, recentinvestigationshave
suggestedthat specificpeptidesobtainedby
hydrolysisof soy protein are effective in
reducingblood pressureby way of ACE
inhibition(10, 11, 13, 20).

Conclusion

SoyproteinscanselectivelyreduceLDL-C in
experimentalanimalsand in humanswith
cholesterolelevationsof genetic or non
genetic origin. The extent of cholesterol
reductionappearsto be relatedto baseline
cholesterolemia. In addition, ancillary
benefitsof soy,i.e. blood pressurereduction
and possiblyreducedbody weight, are of
considerabletherapeuticinterest. �v
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Soybean breeding at the Institute of Field and 
Vegetable Crops
by Jegor MILADINOVI�ý*�����9�X�N�����2�5���(�9�,�ý�����0�L�O�R�å���9�,�'�,�ý�����6�Y�H�W�O�D�Q�D���%�$�/�(�ä�(�9�,�ý-�7�8�%�,�ý�����9�R�M�L�Q�����8�.�,�ý

Abstract: At the Institute of Field and
VegetableCrops in Novi Sad,singleseed
descentmethodhasbeenusedsuccessfully
for more than twentyyearsresultingin 110
varietiesregisteredin Serbiaand54 abroad.
Soybeanselectionhasso far focusedon the
increase of yield, yield stability and
developingvarietiesadaptableto different
growingconditions. Italsotakesinto account
thecustomerspreferencesandtheprocessing
industry. This is reflectedmost notably in
our work on increasingandbalancingoil and
protein content.Recent investigationsare
aimedto further improvementof nutritional
and medicinalpropertiesby researchingthe
activityof secondarymetabolites,particularly
isoflavoneandphytoestrogene.
Key words: breeding,soybean,Glycinemax,
protein,secondarymetabolites,yield

Soybean(Glycinemax(L.) Merr.) breeding,as
well asgrowing,hasnot a long tradition in
Serbia,in spite of favorableagroecological
conditions, and soybeanstook significant
acreagein Serbianot beforethe mid-1970s.
Since successful crop production and
managementof problems associatedwith
crop growingcannotbe carriedout without
the support of good and versatileresearch
work, Soybean Department has been
founded at the Institute of Field and
VegetableCropsin Novi Sad. Researchersat
than newlyfoundeddepartmentcarriedout
work on identifyingandresolvingproblems
occurring in the cultivation of soy. The
soybeanbreedersfacedthe most important,
and the most demandingchallenge�² to
createthe first domesticsoybeanvarieties
that will havehigh yieldinggeneticpotential
and be well adapted for the domestic
growingconditions.

_______________________________________________________________________________________________________

Institute of Field and Vegetable Crops, Novi Sad, 
Serbia (jegor.miladinovic@nsseme.com)

Soybeanbreeding,like breedingof other
crops, is a process involving the
developmentof variabilityfor desiredtraits,
identification of superior genotypesand
multiplicationof their seedfor commercial
production. Variability is obtained by
crossingparentsthat possessspecifictraits
intendedfor transferinto new or improved
varieties. Progeniesof thesecrossessegregate
genetically in the course of successive
generationsof selfingandnewgenotypesare
thus formed. Variousselectionmethodsare
used for identificationof those progenies
whichpossessthe mostusefulcombinations
of the desired traits. The choice of the
selection method depends on breeding
objective as well as on other important
factors such as the available variability,
availability of agricultural machines and
greenhouse,sizeandskill of breedingteam,
etc. In its turn, breedingobjectivedepends
on the local agroecologicalconditions,
availableacreage,intensity of production,
market demand and the economy of
production. At the beginningof work on
soybeanbreedingat the Institute of Field
and VegetableCrops, pedigree selection
method was chosen. But it was soon
replacedby the singleseeddescentmethod
(SSD), method that has been used
successfullyand most often in soybean
breedingworldwide(21).

The single seed descent method was
proposedby Brim (1) andtheprocedurehas
beenthe predominantmethod of soybean
selection in the U.S. since. Single seed
descentmakesit possibleto producethree
generationsof self-pollinationin asingleyear
usingwinter nurseriesor greenhouses,thus
accelerating the development of
homozygouslinesfor the testingof yield in
replicated trials. However, due to the
unavailabilityof a winter nurseryand a lack
of sufficient greenhousespacethat would
accommodateall of the breedingmaterials,
breedersat theInstitutehashadto adaptthe
method to make it suitable for such
conditionsand is makinguseof only those
aspectsthat involve the reductionof space
andlaborwhileat thesametimemaintaining
a satisfactorylevelof variabilityup to theF5
generation(20).

The singleseeddescentmethodis usually
not applied until a certain level of
homozygosityis reachedin the F4 or F5

generation. Selection in the earlier
generationscan still be done, but on a
smallerscale,i.e. it is performedin thesense
that podsarenot takenfrom plantsthat are
diseasedor lodgedor proneto pod splitting
andsoon (Fig.1) .
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Singleseeddescentrequiresthat only the
mostbasicdatabe takendown,suchasthe
designationof thecrossandwhatgeneration
it is in. Also, minimal spaceis requiredto
grow successivegenerationsof individual
plants when compared to the rows of
progeniescharacteristicof pedigreeselection.
Anotheradvantageof thesingleseeddescent
methodis the presenceof full variabilityin
eachgeneration. With no selectionin the
earlygenerations,the amountof variability
presentamongtheF5 plantsis similarto that
found in the F2 generation. Finally, the
numberof recessivehomozygotesincreases
in successivegenerations �² with the
postponementof selectionfor a recessive
trait until the F5 generation,nearly47% of
the plantswill be homozygousfor such a
trait (25).

It is obviousthat thesoybeanbreedingis a
complexand difficult taskthat takesa long
time. It takessix yearsfor a genotypeto
progressfrom the initial crossto a line that
canbe consideredpure (F5). Another three
years are needed for preliminary and
comparativetrials. Then, evenif no multi-
siteor large-plot trialsarecarriedout, three
moreyearsareneededfor theofficialvariety
trials. Therefore,it takesa minimumof 12
yearsfor a soybeanvarietyto be developed.
Of course,testingcan alsobe done in the
earlyphaseof breedingandit is still perfectly
possiblefor aninsufficientlytestedvarietyto
be put through the official trials and even
outperformthestandardvariety.

At the Institute of Field and Vegetable
Cropsin Novi Sad,SSDmethodof selection
has been used successfullyfor more than
twenty years, and it resulted with 110
varietiesregisteredin homecountry,and54
in other European and Asian countries.
Soybeanselectionat the Institutehasso far
focusedthe most on the increaseof yield
and yield stability (14, 16, 17) and on
developingvarietiesadaptableto different
growingconditions(4, 18, 19). However,the
Institute'ssoybeanprogramalsomakessure
to take into accountthe preferencesof its
customersand the processingindustryand
to adaptto thedemandsof themarket. This
is reflectedmost notably in our work on
increasingand balancingoil and protein
contentof our varietisby conductingstudies
in field andlaboratoryconditions. In spiteof
its high heritability,the major difficulty in
breeding programs for increasedprotein
contentof soybeanseedhasbeentheusually
negativegeneticcorrelationsbetweenseed
protein and seedyield as well as the high
negativecorrelationsbetweenseedprotein
and seedoil (12). In humannutrition, the
ratiobetweenoil andproteinin thesoybeans
is important as well, for obtaininga high-
quality final product. Improvement in
chemicalcompositionof soybeangraincould
be achievedby increasingboth proteinand
oil contenton theaccountof carbohydrates.
Carbohydratesarenot abundantin soybean
grainsbut can be a limiting factor in the
nutrition of certainanimals. The amountof
stachyoseand raffinose in soybeansand
productslimits the digestibilityandusability
of soybeanoil andproteinin nonruminants.
Breedingfor graincarbohydratecomposition
is aimedat reducingthe levelsof stachyose
and raffinose and increasingthe sucrose
contentof soybeangrain. Breedingprograms
on thisarestill in theearlystages,soit is too
earlyto talkabouttheirresults.
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Figure 1. Single Seed Descent Method
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In additionto this,thebalancebetweenthe
levels of oligosaccharides and
polysaccharidesfor thepurposesof fish food
productionwerestudied(4, 24), as well as
problemsregardingnitrogenmetabolism(5,
6, 13), and the antioxidativepropertiesof
soybean(7, 8, 9, 10, 11), whichshouldfurher
emphasizethe importanceof soybeanin
humandiet.
Recentinvestigationsare aimed to further
improvementof nutritional and medicinal
propertiesof soybeansby researchingthe
activityof secondarymetabolites,particularly
isoflavoneandphytoestrogene(2, 3, 22, 23).
Enriched isoflavone and phytoestrogene
compositionis not important just in direct
useof soybeanasa food, but evenmorein
its use as a feedstockfor pharmaceutical
products. �v
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Swedish soya bean cropping �² introduction of a hot 
crop to a cool climate
by Fredrik FOGELBERG1* and Charlotte LAGERBERG FOGELBERG2

Abstract: In Sweden,soyais an important
feed for milking cows, poultry and pig
production. However,all soyais imported.
In order to find suitable cultivars and
production systemsfor domestic soya, a
pioneerresearchprogramstartedin 2010to
investigatebasicissuesto promoteSwedish
soyacropping. Cultivarsof the 000-group
havebeenusedandprovedto functionwell
in southernand centralSweden. We have
performedfield trialswith differentseeding
times,row distancesand performanceof a
handful soya. We conclude that selected
cultivars can be cropped up to the 59th
latitudeif warm,earlysoilsarechosenand
suitablefieldareused.
Key words: cool systems,croppingsystems,
Glycinemax, soybean
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1 JTI �² Swedish Institute of Agricultural and 
Environmental Engineering, Uppsala, Sweden 
(fredrik.fogelberg@jti.se)
2 Ideon Agro Food Foundation, Lund, Sweden

In Sweden,soyais an importantfeed for
milking cows, poultry and pig production.
However,all soyais imported,mainlyfrom
SouthAmerica,which hasraisedquestions
on environmental issues and GM-
contamination.

In order to find suitable cultivars and
production systemsfor domestic soya, a
pioneerresearchprogramstartedin 2010to
investigatebasicissuesto promoteSwedish
soyacropping.

There is no breedingof Swedishsoya
cultivars,whywehavechosencultivarsfrom
CzechRepublic,Austria, Swissand partly
Canada. In all casescv. of the 000-group
have been used and they have proved to
function well in southernaswell ascentral
Sweden.

Wehaveduring2010-2012performedfield
trials with different seeding times, row
distancesandperformanceof a handfulsoya
cultivarssuch as �¶�%�R�K�H�P�L�D�Q�V�·and �¶�6�L�O�H�V�L�D�·
from Czech, �¶�0�H�U�O�L�Q�·from Austria and
�¶�$�Q�Q�R�X�V�K�N�D�·from Ukraine.

In combination with our field trials,
farmershavecroppedsoyausingtheir own
production system from about 1 ha to
maximum14 ha. A wide rangeof seeding
techniques,fertilisationlevelsandsoilshave
beenused,andin 2012about40 ha of soya
havebeencropped.

The yieldsof the commercialfarmshave
amountedto 1.5 �² 2.4 t ha-1 measuredasdry
marketable yield. Protein content have
typicalbeenin the rangeof 39 - 41 % of
DM..

Protein content in the trials have been
high, typical40-41 % of DM, but in some
caseswehaverecordedproteinlevelsof 42 -
44% of DM andoil contentof 17%.

Early maturity is crucial for Swedish
conditionssincenightfrost mayoccurin late
September. At thispoint thepodsmustbein
theirlatestageof maturity.

We conclude that selectedsoya beans
cultivarsof the000-groupcanbecroppedin
Swedenup to the59th latitudeif warm,early
soilsarechosenandsuitablefieldareused.

Row distancehave a minor affect on
yields,but 25 or 50 cm seemsto give a
somewhatearlieremergencethan 12.5 cm
although this �G�R�H�V�Q�·�Wresult in significant
yield increase. However,earlyemergenceis
beneficialsinceit decreasesrisk of damage
causedby birds. A widerrow distancemakes
physicalweedingpossible.

The soya bean has quite a long period
when it can be seededand still result in
acceptableyields. We have noticed that
seedingcantakeplaceasearlyasMay5th and
proceed until June 10th with quite small
effects on yield. Our recommendationis
however,that seedingshould take placein
May15th to 25th sosecurerapidgermination
andemergence.

Harvest is carried out in early October
until mid of November. There has so far
beenlittle, if any,problemwith plantlodging
and/or seed dispersal before harvest.
Flexible cutterbarswill be introducedand
testedin 2013. �v
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Figure 1. �$���Z�L�G�H���U�D�Q�J�H���R�I���(�X�U�R�S�H�D�Q���V�R�\�D���F�X�O�W�L�Y�D�U�V���D�U�H���W�H�V�W�H�G���L�Q���W�K�H���V�R�X�W�K���S�D�U�W���R�I���6�Z�H�G�H�Q�����7�K�H���8�N�U�D�L�Q�L�D�Q���F�Y�����¶�$�Q�Q�R�X�V�K�N�D�·���W�R���W�K�H���O�H�I�W�����K�Ds a
different canopy compared to other cultivars, and has 2012 proven to be one of the more promising cv.
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Soya beans �² experience from a project in Denmark
by �6�¡�U�H�QS. PEDERSEN* and Ove �‘����EDLEFSEN

Abstract: Demand for organically and
locally grown soya beanshave shown an
increasinginterestin Denmark,mainlyasan
alternativeto dairy products for human
consumption, but also as a source of
valuable protein fodder for organic
husbandryfarming. In the period2008-2010
a number of trials to investigate the
potentials of organicsoyaproduction in
Denmarkwerecarriedout. The aim of all
trialswasto find suitablevarieties,investigate
various cultivation systems and give
information to a �´�J�U�R�Z�H�U�·�V�P�D�Q�X�D�O�µfor
Danishfarmers.The trials indicatedthat it is
possibleto growsoyabeansin Denmark,at
leastin thesouthernpartof Denmark.
Key words:Denmark,Glycinemax, organic 
farming, soybean, variety trials
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Aarhus University, Faculty of Agricultural 
Sciences, Experimental Station St. Jyndevad, 
Tinglev, Denmark (soren.o.petersen@agrsci.dk)

Introduction

Demandfor organicallyand locallygrown
soyabeanshaveshownanincreasinginterest
in Denmark,mainlyasanalternativeto dairy
productsfor humanconsumption,but also
as a sourceof valuableprotein fodder for
organic husbandry farming. The main
objectivesof theprojectwereto examineif it
would be possibleto grow organic soya
beansasfar North asSouthernScandinavia.

Field trials

In theperiod2008-2010anumberof trials
to investigate the potentials of soya
productionin Denmarkwerecarriedout, at
the Facultyof AgriculturalSciences(Aarhus
University,AU), at the experimentalstation,
ST. Jyndevad(540 54�· N, 90 07�· E) on a
sandysoil. The aim of all trialswereto find
suitablevarietiesand to investigatevarious
cultivationsystems,assowingtime,method
of seeding,handlingafter harvest,and the
need for irrigation etc. Finally the trials
should give information to a �´�J�U�R�Z�H�U�·�V
�P�D�Q�X�D�O�µfor Danishfarmers.

Variety trials
According to JensPetersen(1, 2) soya

beanproductionhasbeentried in Denmark
from time to time. The first time was in
1881; and during the SecondWorld War,
soyaprotein was difficult to import. Later
initiatives on cultivation however never
showed satisfactory results. The main
obstaclehasbeenlateharvest,low yieldand
poor weedcontrol. A warmerclimate,better
weed control and developmentof new
varietiescouldalterthegrowingpossibilities.

Different breeding companies were
contactedto find suitablevarieties. FromNS
Semein Serbiaand from SaatbauLinz in
Austriawe receivedsomevarieties. During
two yearswe alsotestedtwo varietiesfrom
Canada(seedmultiplied in Sweden). From
Nordic Gene bank some material was
received,developedby SvenA. Holmberg
during his work in 1940�·�L�H�V�² 70�·�L�H�V. We
multiplied this material,and the seedwas
usedin the variety test for one year. The
materialfrom Nordic GeneBankshoweda
very short growingperiod (theywereready
for harvestone month before the variety
Merlin), but with poor yield. Furthermore
these varietieswere very short and not
suitablefor combineharvester. Someother
varietiesjust kept on growing,and stayed
greenuntil thefrost stoppedthegrowth.

RESEARCH

Figure 1. RVI for five Austrian varieties, and with Merlin as reference

Figure 2. RVI for two Serbian varieties, with Merlin as reference
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On a weekly basis during the growing
seasonthe solar reflection was measured,
expressedas Relative Vegetation Index
(RVI). The two figures below shows
measurementsfor 2010(Figs. 1 and 2). A
high RVI for a long period meansgood
potentialsfor cachingsunlight. Thisindicates
that theareabelowthecurvescanberelated
to harvestedyield.

The 3 years of variety trials (Fig. 3) showed 
some promising varieties, with a yield up to 
more than 2000 kg dry matter seed. 
However the yield is very sensitive to the 
climate during the growing season. In 2010 
the spring and early summer had a lower 
mean temperature than average (May was 1.4 
0 C lower). The soya showed slow growth 
and weed was difficult to control. Meanwhile 
soya seems rather resistance to night frost 
which occurred one night after germination, 
however the crop was just irrigated, which 
probably prevented severe frost damage.

Cultivation

To know moreabouthow to cultivatethe
crop and to control weed, trials were
conductedwith variousrow distances. Row
distanceof 12.5 cm, 25 cm, 50 cm and 75
cmwastested,howeverarow distanceof 50
cm showedto be the optimum for weed
controlandyield(Fig. 4). Sowingthesoyaon
ridgeswasalsotested,but germinationand
yieldwerelowerthansoyasownon flat soil,
probablydue to very dry conditionsin the
ridge.

Time of sowing had been an importing
issue; and3 differentsowingtimesweretried
every year. The earliestsowing time was
mediumof April followedby start of May,
and the lateMay. The latesowingdid not
resultin reducedyield,but did delaytime of
harvest. Theresultfrom thesetrialsindicated
that the time of sowingdependsmore on
how the actuallyclimateis, thanthe time of
year(daylength).

The trialswerecarriedout on a sandysoil
(Humic PsammenticDystrudept, USDA)
whichhasaverylow watercapacity(50mm.
in root zone). Partsof the trials werenot
irrigated,andyieldsin thenon irrigatedplots
werecut with more than 50%, this clearly
indicatesthatirrigationisessential.

Diseases and pest

There were not observed any major
problemswith diseases. However pigeons
werethe only majorproblemmainlyin trials
with small plots. On the other hand the
problemmightbeminor if soyais grownon
largerscale.

Conclusions

The trials indicatedthat it is possibleto
growsoyabeansin Denmark,at leastin the
southern part of Denmark. However if
grown under conventional growing
conditionsthe productionwill probablynot
beableto competewith importedsoya. As a
nicheproductionfor organicfarmersor as
alternative to dairy products it may be
possibleto obtaina satisfactoryproduction.
However it is still not a reliably crop, if
cultivation method or climate is not
optimal. �v
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Table 1.  Production trend of soybean in Nigeria between 1961 and 2009. (FAO, 2011)

Table 2. Proximate chemical composition of some grain legumes in Nigeria (Fasoyiro et al.,2006)

Figure 3. Field trials with soya beans in Denmark

Figure 4. Weed control in the field trials with soya beans in Denmark

Legume Perspectives                                         Issue 1 �‡���-�D�Q�X�D�U�\��2013



35

Soybean breeding in Belarus
by Denis V. Goloenko*, Vladimir E. Rosenzweig* and O. G. Davydenko

Abstract: CMS systemsthat haveadequate
maintainergenesandrestorergenesandthat
are stableacrossenvironmentshave been
identified by several Chinese groups.
Adequate levels of heterosishave been
reported, but heterotic groups or
associationsarenot known. Soybeancanbe
movedfrom a highlyautogamousspeciesto
an allogamousone using insectpollinators,
coupledwith phenotypicrecurrentselection.
The variouscomponentsto commercialize
hybrid soybeanare being assembled. In
addition to the anticipatedbenefits from
heterosis, hybrids are an excellent
mechanismto �¶�V�W�D�F�N�W�U�D�L�W�V�·��becausemanyare
dominantgenetictraits and cancomefrom
eitherthefemaleor themaleparent.
Key words:breeding, cultivar model, genetic 
variation, Glycine max, soybean

Plantbreederfacesthreemajor blocksof
problems: modelof variety���¶�Z�K�D�Wshouldbe
�V�H�O�H�F�W�H�G�·����initial material���¶�R�Iwhat shallwe
�V�H�O�H�F�W�·����and selectionprocedure���¶�K�R�Zto
�V�H�O�H�F�W�·��. Certainlevelof understandingthese
problemsmakeseffectivebreedingprocess.

In Belarus,soybeancultivarsof maturity
group(MG) 00arecultivated. Southernzone
of the country���¶�3�R�O�H�V�L�H�·��is characterizedby
2400-2700 CHU and is most suitablefor
soybeangrowing. Sandy low-humus soils
predominate in this region while
precipitation in July-August is somewhat
instable (about 30% of years with local
droughts during soybean reproductive
period).
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Soya-North Co., Ltd., Minsk, Belarus  
(select@sever.by)

Cultivar model

Investigationscarriedby �¶�6�R�\�D-North Co.�·
allowed substantiating a model of
indeterminatecultivarwith 13-14 mainstem
nodes, good branching ability, early
flowering and extendedreproductivestage,
defined lateral racemes. Opposite to later
MGs, within MG 00, nodenumberappears
to be tightly correlatedwith yield(r = 0.44,
sufficientat a < 0.001) andmakesa marked
input to plant productivity. Thus,
indeterminateplant habit is preferablein
breeding for high yield. Determinate
cultivarsyield sufficientlylower in MGs 00
and0 (3).

In particular,indeterminategrowth typeis
promisingfor developingintensivesoybean
cultivars if lodging resistanceprovided.
Indeterminate genotypes are more
responsiveto environment improvement
becausenodenumberis a governingfactor
for yieldplasticityin MG 00. Eachadditional
mainstem node results in 4.6 (poor
environment, 1 t ha-1) to 5.9% (rich
environment,3 t ha-1) seedyieldincrease(7,
Fig. 1).

Semideterminatetype is somewhatmore
prospectivein breedingfor yieldstabilityin
difficult environmental conditions, e.g.
drought. Tall determinatevarietiespossess
extremely high variance of specific
adaptabilityin environmentalgradientand
demonstratehighly instable yields. This
phenomenonis conditionedby their late
flowering causing coincidenceof critical
stage (seed formation and filling) with
moisture deficiencyperiod. Reduction of
numberof daysto floweringcombinedwith
extendedreproductivestagecontributesto
the increaseof drought resistancewithout
decliningyieldpotential.

Patternsof soybeanplant �W�\�S�H�V�·reaction
for differentplantpopulationswererevealed.
Wellbranchingcultivarsprovidestableyields
in a widerangeof standdensities(30 to 60
plantsm-2). Single-stemcultivarsareunable
to repairstandthat leadsto sufficientyield
lossesin caseof thinning. Low bottom pod
setadverselyaffectsharvestingvarietieswith
limited branching,and high optimal stand
densityresultsin excessivesowingrates(6).
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Figure 1. Stratified regression of soybean 
yield on main stem node number at different 
levels of environmental index and in sparse 
crop
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In general,a proposedmodel of early
soybeanplant architecturedoes not agree
with a concept of �¶�J�U�H�H�Q�U�H�Y�R�O�X�W�L�R�Q�·
suggestingshort-stemdeterminatehabitwith
limited branching (2). In case of grain
cereals,wherereproductivesphereis apically
concentratedin spike,it is possibleto reduce
stem height to prevent lodging without
sufficient yield potential decrease. In
soybean, generative organs are evenly
distributedbetweencrop strata,�W�K�D�W�·�Vwhy
stemtruncationresultsin yielddecline.

Earlysoybeancultivarmaypossessneutral
photoperiodresponsebut recentlydescribed
weakgeneE7 (1) promotesyieldincreaseby
9% (near-isolines treated) while delaying
floweringand maturityby 4-5 days. As this
allele effect may be hardly distinguished
under the field conditions, screeningof
germplasmand E7 genotypesselectionare
fulfilledusingSSR-markers(3).

Photoperiodism studies allowed
distinguishinga newgeneticfactor (testsfor
allelismunfinishedyet). Preliminarily,it is
linkedwith E3 thoughitseffectclearlydiffers
from any of known loci. It protracts
reproductivestageunder the natural and
24-h day length by 7-8 and 30-40 days,
respectively,whilepossessingno effectupon
floweringinduction. Under field conditions,
presenceof this alleleincreasesyield by 9-
10% and causesearly flowering combined
with extendedreproductivestage. Due to
optimal vegetation period structure, it
promotesincreasingnot yieldpotentialonly
but drought resistanceand yield stabilityas
well.

Additional lateralracemesin stem nodes
controlledby two independentloci provide
secondwaveof flowering delayedby 7-10
days(5). This trait may be exploitedas a
mode of escaping from environmental
stresses(drought, low night temperatures)
causingflower abortion. Accordingto our
data,presenceand extentof lateralracemes
correlatewith seedyield(r=0.42, a<0.01).

Approaches to creating genetic 
variation

Analysis of pedigrees has allowed
elaboratingmodesof parentalpair selection
to produce promising hybrid populations.
Includingin crosseslatematuring,andeven
non-maturingin Belarusparentalformsleads
to progenylinesyieldincreasereaching13%
comparedto hybrid combinationswhere
both parentsare early maturing. Maximal
yield increasewas obtained using MG I
parents(Fig. 2). At the sametime,involving
late maturinggermplasminto crossesdoes
not preventobtainingearlycultivars(3).

Effectiveness of selection

Yield estimations may be considered
reliable only at final breeding stages
organizedasreplicatedtrialswith multi-row
plots. Elite plant selectionwhen genotype
performanceis obscuredby numerouskinds
of uselessvariance���¶�Q�R�L�V�H�·��is the most
complicated problem. Decreasing stand
density to 20 plants m-2 in individual
selection nursery reduces ecological
competitivevariances2

ecom about1.5 times.
Nevertheless, genotypic differences in
competitive ability may cause G E
interactionresultingin ranksshufflein sparse
crop. Currently,this problemis understudy.
At least,relativedifferentiativecapacityof
environmentSek for both yield and node
numberincreasesby 1.5-1.6 timesin sparse
crop (20 plantsm-2). Therefore,low stand
densityincreasesprobabilityof selectionof
genotypesproducing greater amount of
mainstemnodes,thus indirectlypromoting
productivegenotypesrelease(7, Fig. 1).

Yield estimations in single row plots
(breeding nursery) are also distorted by
competitive genetic variance s2

gcom.
Empiricalcorrectionfactorswereproposed
to reduceborder effects causedby plant
heightor standdensitydifferences,lodging
etc. Application of correction coefficients
increases reliability of yield evaluation
makingit morecorrespondingto multi-row
trial.

One-sided breedingfor yield potential
often resultsin increasedG E interaction
and waste of stability (4). �7�K�D�W�·�Vwhy
preliminaryandcompetitivetrialsshouldbe
organizedin severallocalitiesdifferingbysoil
factors and managementlevel. Thus, final
stagesof breedingprocessshouldbe aimed
at identificationof stablegenotypesamong
lines previously selected for general
adaptability. Under the difficult
environmental conditions (drought, low
agriculturalbackground)selectionof lines
guiding by traits of plant architectureis
recommended. �v
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Figure 2. Dependence of soybean cultivars 
relative yield (expressed as yield / maturity 
ratio) from parental forms
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Soybean: State and perspective of the development in 
the Ukraine
by V. PETRYCHENCKO, A. BABYCH, S. IVANYUK, S. KOLISNYK and Viktor ZADOROZHNYI*

Abstract: The Ukraine is among nine
�Z�R�U�O�G�·�Vbiggestcountriesproducingsoybean
and it has a great perspectiveof the
extensionof its seedingareasfor morethan
2 mln ha by 2015 producingmore than
3,0mln t of seed. Nowadaysin the Register
of PlantVarietiessuitablefor cultivationin
Ukrainethere are more than 100 varieties.
The main variety assessment is its
productivity. Realization of the genetic
potentialrequiresthe developmentand use
of appropriatemodern cultivation models,
researchon the regimeof mineralnutrition
by macro- andmicroelements,the optimum
seedingtermsof cold resistantvarieties,pre-
sowingseedtreatmentand the problemof
droughtresistance.
Key words:cold resistant varieties, Glycine 
max, quality, soybean, yield

World market conditions are quite
favourableand the demand for soybean
products is growing. Such a tendencyis
typicalfor Ukraine. At thesametimethereis
sufficientdomesticmarketof soyabeansand
products of their processingto meet the
demandsof animal husbandryand food
industry. In 2006Ukrainehold the first rank
in Europe. Now it is among�Z�R�U�O�G�·�Vbiggest
producersandhasa greatperspectiveof the
extensionof its seedingareasfor morethan
2 mln haby2015andmorethan3,0 mln t of
seed. Sowing areas of this crop were
extendedfrom 73thousandhain 2001up to
1038thousandhasin 2010. Potentialnatural,
organizationaland economicresourcesof
Ukrainearesufficient.

According to natural potential variety
policy of soybean cultivation has been
formed taking into account bioclimatic
potential of Ukrainian regions. Thus,
�´�V�R�\�E�H�D�Q�E�H�O�W�µof Ukraine has been
scientificallysubstantiatedby FeedResearch
Institute,wherethe zonesof the stableand
unstableproduction of the crop on non-
irrigatedsoilshavebeenselected(1).

_________________________________________________________________________________________________________
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Nowadays in the Register of Plant
Varietiessuitablefor cultivationin Ukraine
there are more than 100 varieties,among
them 80% are breedin 8 Institutesof the
NationalAcademyof AgrarianSciences. Due
to intensivewok of the breedersfrom 9
breedingestablishmentsof Ukrainevarieties
with the productivitylevelof 4,0-5,0 t ha-1,
ultra earlyvarietiesof up to 85 days,cold
resistant,heat resistantand having better
seedqualitycharacteristics: proteincontentis
43% more,fat contentis24% more,reduced
contentof trypsininhibitorsandlow urease
activityandthelikehavebeenbred.

The main variety assessmentis its
productivity. Since yield capacity is a
complexindex,thecomponentsof whichare
the elementsof individualproductivitythat
substantiallydependon it, has enabledto
breed highly productive varietiesdue to
increaseof the tasselsizeandnumberof its
beans. The sources of the tassel with
numerousflowersand stemfasciationsgen
(f) havebeenusedin breedingprogram,asa
result of which varietiesKyVin, Omega
Vinnytska (Fig. 1) have been bred; the
researchersareFeedResearchInstitute and
theInstituteof SoilManagement.

Realizationof the geneticpotentialof the
above-mentioned varieties requires the
developmentanduseof appropriatemodern
cultivation models. For varietiesforming
tasselof 12-14beansandmoreit isnecessary
to apply differentiated approach to the
regimeof mineralnutrition by macro- and
microelementstakinginto accountthephase
of growthanddevelopmentof plants(2).

It is offeredby the researchersto arrange
optimum seedingterms of cold resistant
varietiesPodilska1, Podilska416, Monada
10-14daysearliertowardsearlyvarietiesthat
is veryimportantfor the rationaluseof soil
moisture. On the basis of long-term
researchescarried out by Feed Research
Institute has been developeda complex
compositionof preparationsfor pre-sowing
seedtreatmentusinghighlyeffectivestrains
of bulb bacteria,fungicidesand biological
growthstimulators(3).

The problem of drought resistanceof
varietiesis solvedby the strategyof passive
drought resistance,particularlydue to ultra
early varieties and varieties with earlier
florescence(researchersare Breedingand
Genetic Institute, the Institute of Soil
Management,Feed ResearchInstitute and
others).

To gethigh qualitysoybeanseedwith the
yieldincreaseof 0.5-0.6 t ha-1 in sowinglate
varietiestheeffectof non-root nutrition and
desiccationisstudied. �v
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Figure 1. Pod formation in variety Omega: top (left) and axil (right) tassel
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Soybean in Nigeria: Introduction, production and 
utilization
by S.R. AKANDE1,  P.O. OYEKAN1 and Adenubi I. ADESOYE2*

Abstract: Soybean(Glycinemax (L.)) was
introduced to Nigeria in 1908. The
production and export increasedsteadily
until the civil war. Efforts to revive
cultivationof soybeanbeganin 1978by the
International Institute of Tropical
Agricultureresultingin the formationof the
National Soybean Improvement
Cooperative.Therehasbeensteadyincrease
in the productionto satisfythe needas a
protein sourcein humandiet, poultry feed
and vegetableoil industry, leadingto the
establishmentof localfoodsindustriesandoil
mills. Themajorproblemtodayis producing
enoughgoodqualitysoybeansfor numerous
industries and at affordable price to
householdconsumers.
Key words:Glycinemax, soybean, Nigeria, 
production, use
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Soybean(Glycinemax(L.) Merrill) wasfirst
introducedto Nigeria in 1908. The initial
cultivationatMoor Plantation,Ibadan,in the
humid South West Nigeria was not
successful. Laterintroductionof the crop at
Samaruandother lesshumid Savannaareas
of Northern Nigeria from 1937 led to
selection of the cultivar �´�0�D�O�D�\�D�Q�µfor
commercialcultivation in the Tiv areaof
BenueState. Thecropwasgrownexclusively
for export with the first export of 9 (nine)
tonnesin 1947. The productionandexport
of the soybeancultivar Malayanincreased
steadilyuntil the period of the civil war in
Nigeria when its export wasdisrupted. As
therewasno localconsumptionof soybean,
its production sharply declinedwhen the
exportmarketfor the crop collapsedduring
the civil war from 1966-1970. Soybeanis
usuallyplantedin Junein the north andJuly
in the southern parts of Nigeria and
harvestedin Octoberor November. Soybean
grain yields of 1.5 to 3.0 tonnes/ha is
obtainable with improved varieties.
Subsistencefarmers grow soybean in
intercropwith maizeor sorghum. Someof
the initial problems against soybean
acceptabilityin Nigeriaincludelatematurity,
pod shattering,poor seedstorabilityunder
�I�D�U�P�H�U�V�·conditions, low yields, restricted
marketandlow pricing.

Efforts to revivecultivationof soybeanin
Nigeriabeganin 1978by the International
Institute of TropicalAgriculture(IITA) in
collaborationwith NationalScientistsat the
Institute of Agricultural Research and
Training, (IAR&T), Ibadan, Institute for
Agricultural Research(IAR), Samaruand
National CerealResearchInstitute (NCRI)
Badeggiresultingin the formation of the
NationalSoybeanImprovementCooperative
Trials in 1980 which later became the
Nationally Co-ordinated ResearchProject
(NCRP) on SoybeanwhenNCRPswereset
up for anumberof cropsandcommodities.

Multi-locationaltestingof soybeanvarieties
developedby IITA and other Research
Institutes all over the country led to the
identificationof varietieswith desirabletraits
such as free nodulation with indigenous
Bradyrhizobium,high yielding,resistance to
prevailingvariousdiseasesandpests,earlyto
mediummaturityand high grainyield. This
accomplishment made commercial
cultivation of soybean possible across
different agro-ecologies of throughout
Nigeriawith suitablevarietiesidentifiedfor
different environments through multi-
locationtrials(1, 2, 5, 7). Although,mostof
thesoybeanproductionin thecountryis still
from BenueState(North Centralpartof the
country). The limitation observed by
medium scale farmer now is inadequate
processingfacilitiesand lack of mechanical
services(6). About 17 (seventeen)improved
soybean varieties have been officially
releasedin Nigeria between 1983-2010.
Production trend of soybeanin Nigeria
between1961and2009is shownin Table1
(3). The monumentalincreasein soybean
production between 1981 and 1990
(190.67% growth)attestedto the efforts of
IITA andotherNationalResearchInstitutes
at improvingsoybeanproductionand local
consumptionin Nigeriaduring this period.
Sincethen,therehasbeensteadyincreasein
the production of the crop to satisfy its
growing needas a protein in humandiet,
poultryfeed,infant formulaandin vegetable
oil industry. Soybeanisalsobeingrecognized
for its abilityto enhancesoil fertility andfor
itshull providingfodderfor livestock.
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The nutrient contentsof soybeanare as
follow: protein 37.27%, Fat 17.79%,
carbohydrate25.19% and fiber 5.05% (4).
Comparatively,soybeanis richer in protein
content than any other grain legume
cultivatedin Nigeria(Table2). It hasa good
balanceof the essentialamino acids and
excellentsourcesof vitaminsand minerals.
Soybeanis alsorich in goodqualityoil with
low level of cholesterol. The rising cost of
animalsourcesof proteinlikemeat,egg, fish
and milk has led to inadequatesupply of
protein in human diet thus search for
alternativesourcefor inexpensiveprotein. In
viewof thehighnutrientcontentof soybean,
theNationallyCoordinatedResearchProject
on soybeanalso undertakesresearchand
promotionof localutilizationof soybeanin
Nigeriaand hascomeup with severallocal
uses of soybean. This led to the
establishment of cottage industries
producinglocal foodsandsmallto medium
sizesoybeanoil millsproducingvegetableoil
andsoybeanmeal.

Soybeanis particularlyutilized as diary
analogs(e.g. soymilk,yogurt,soy-cheese). It
isprocessedinto soy-ogi,ahighproteingruel
for healing malnourishedchildren and a
fermentedpasteusedasflavouringin soups
and stew(dawadawaor soy-iru). Soygari,a
cassavaandsoybeanmix thattastesthesame
as gari (traditionallymadefrom fermented
cassavaonly) and has 10-20 times more
protein than traditionalgari has also been
developed., Hence,soybeanthat wasoncea
minor localizedexportcropandknownonly
in BenueStateis now widelycultivatedand
consumedin Nigeria. Themajorproblemof
the crop in Nigeria today is producing
enoughgood qualitysoybeansto meetraw
materialsneedsof the numeroussoybeans
processing industries and making it
abundantlyavailableat affordableprice to
householdconsumers. �v
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Table 1.  Production trend of soybean in Nigeria between 1961 and 2009. (FAO, 2011)

Production Land area

Year Mean value (t) Growth (%) Mean value (t) Growth (%)

1961 -1970 62,111 178.700

1971 �²1980 68,556 29.31 220,000 23.11

1981 �² 1990 118,889 190.67 371,000 68.64

1991 �² 2000 310,000 96.78 535,850 44.43

2001 �² 2009 541,464 42.19 589,889 10.09

Samples Protein Fat Fiber Carbohydrate

Bambara groundnut 22.06e 2.02gh 2.31g 55.63a

African yam bean 1 24.19cd 5.04c 7.20a 50.02bc

Lima bean 1 25.01c 3.05d 1.98h 51.64b

African yam bean 2 23.97cd 2.48f 6.69b 50.30bc

Pigeon pea 1 25.98b 1.91h 4.62d 48.31cd

Lima bean 2 24.90c 2.92e 2.07h 50.44bc

Pigeon pea 2 26.06b 2.36g 4.06e 49.40bc

Cowpea 23.87cd 1.50i 3.93f 55.93a

Soybean 37.27a 17.79b 5.05b 25.19e

Groundnut 27.01b 45.81a 3.03f 13.74f

Table 2. Proximate chemical composition of some grain legumes in Nigeria (Fasoyiro et al.,2006)
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Broadening environmental adaptation of soybean in 
Australia
by Robert J. LAWN1* and Andrew T. JAMES2*

Abstract: Breedingresourcesfor soybeanin
Australiaare limited comparedwith more
widely grown crops and there has been
strategic interest in broadening the
environmental range of individual
varieties.Breeding efforts to improve
adaptationacross regions and seasonsare
focusedon the useof the long-juveniletrait
to develop short duration, less photo-
sensitivecultivarsand backcrossingthe trait
into temperatecultivars for (sub)tropical
adaptation. Current researchis exploring
possibilitiesof molecularmarkersto help
select potentially drought tolerant
genotypescombiningstrong expressionof
three physiological traits. Saturated soil
culturetechniquehasbeenadaptedto enable
rice-soybeanintercropsusinga bed-furrow
systemin lowland rice areasin south-east
Asia.
Key words:adaptation, drought, Glycine max, 
saturated soils, soybean

Commercially significant soybean
productionin Australiabeganin the eastern
subtropics in 1969-70. Production
subsequentlyexpandednorth into thetropics
(lat. 14o S) and south into warm temperate
regions (lat. 36o S). Today, soybean is
cropped in both dryland and irrigated
systems,usually in rotation with winter
cereals,but occasionallyin rotation with
sugarcane. Whereirrigationis availablein the
tropics, temperaturesare warm enoughto
enabledry seasonor �¶�Z�L�Q�W�H�U�·crops. Despite
the range of environments,the annual
productionareahasneverexceeded100,000
hanationally. Breedingresourcesfor soybean
are thereforelimited comparedwith more
widely grown crops and there has been
strategic interest in broadening the
environmentalrangeof individualvarieties.
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Improving adaptation across 
regions and seasons

Initial attempts to grow soybeansin
Australia,usingvarietiesandagronomyfrom
the southernUSA, were characterisedby
variablebiomassproduction,generallylow
seed yields, poor seed quality, and large
varietyx environmentinteractions. Much of
the initial researchin Australia therefore
focused on understandingenvironmental
constraintsto adaptationof soybeanin the
subtropicsand tropics, and applying this
knowledge to develop appropriate
managementand to breed better adapted
varieties(1). Thisearlyresearchshowedthat
the timeto floweringof this short-dayplant,
and thus yield potential per plant, varied
dependingon latitude, sowing date and
varietalmaturity,becauseof differencesin
responseto photoperiodandtemperature.

In general,atanygivenlatitudeandsowing
date, time to maturity of early flowering
genotypeswas less sensitive than later
flowering genotypes to the prevailing
photoperiods. Movementof varietiesfrom
higher to lower latitudemadethem earlier
flowering becausemidsummerdays were
shorter. Likewise,sowing varietieslater in
summer caused them to flower sooner
because they encountered shorter
photoperiodssooneraftersowingthanwhen
sown in spring. Sowing date was often
necessarilydelayedeitherby harvestof the
precedingwinter crop, or by late sowing
rains. While harvest index (HI) was
enhancedwhere photothermal conditions
promotedrapidflowering,theincreaseswere
often not enoughto offset the reductionin
vegetativegrowth per plant(2). Somewhat
narrowerrowsandhigherplant populations
werethereforeusedthan werecommonin
theUSA.

Five breeding programs were initially
establishedin Australiato respondto the
challengeof balancingthe need for local
adaptationto latitudeand plantingwindow
with sufficiently short duration to permit
rotationwith awintercereal. In part,thiswas
an importation of the narrow-adaptation
concept from the USA, albeit basedon
shorter duration and somewhatnarrower
row spacingthan the vegetatively-vigorous,
full season(150d) varietiesusedin theUSA.
However,it enabledsoybeanproductionto
be establishedin Australia and laid the
foundationfor the recentconsolidationof
the breedingeffort into a single program
basedon the useof the long-juvenile(LJ)
trait to developshort duration,lessphoto-
sensitive cultivars suited to high plant
populations. Ordinarily,in the shortdaysof
the tropics,temperatesoybeanvarietiesare
relativelyphotoperiod-insensitiveandflower
precociously. However,whenthe LJ trait is
backcrossedinto temperategenotypes,their
timeto floweringis delayedby anaverageof
two weekswhiletheir relativeinsensitivityto
subtropical photoperiods remains
unchanged. This discoveryopenedup the
potentialfor exploitingquantitativebreeding
advances in temperate regions, by
backcrossingthe LJ trait into temperate
cultivarsto convert them to subtropical/
tropicalphenologicaladaptation.
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Proof-of-concept was achieved by
convertinghighyielding,semi-dwarf,lodging
resistantcultivarsfrom Ohio in the USA to
genotypes adapted to the Australian
subtropics(4). Thesamestrategywasusedto
adapttraditionalculinaryvarietiesfrom east
Asia to subtropicalAustralianenvironments
and several locally-adapted, LJ culinary
soybean varieties are now grown in
subtropicalAustralia. The LJ varietiesare
generallyearliermaturing(105-115 d) than
previousphotoperiod-sensitivecultivars(>
120 d). As such,optimal plant populations
are higher. However, becauseof their
reducedphotoperiodsensitivity,theycanbe
grownacrossa widerrangeof latitudes(e.g.
seeFigure1) andsowingdates. Only two or
three cultivars from the single national
breedingprogramare now neededto span
the wide latitudinal range over which
soybeansaregrownin Australia.

Drought tolerance

Australiais a generallydry continent and
drought is a major constraint to soybean
productionin rainfedareas. Therefore,there
has been some researchon physiological
traits for toleranceto drought stress(3).
Comparativestudiesshowedthat,asdrought
progresses,tolerant tropical grain legumes
likepigeonpeaandcowpearetainmoregreen
leafareafor longerthansoybean. Asaresult,
they are able to recover more effectively
when the drought is broken. Three
physiologicaltraits have been shown to
affect leaf survival during drought: (i)
epidermalconductance,which is a measure
of the rate of epidermalwater loss after
stomata have closed; (ii) active osmotic
adjustment,which enhancesthe capacityof
therootsto drawwaterfrom dryingsoil; and
(iii) lethal relative water content (RWC),
which is a measureof the minimal water
contentthatleavescantolerate.

Geneticstudiesindicatemoderateto high
heritability so all three traits may be
susceptible to breeding and selection
pressure(3). Epidermalconductanceis the
most stable,and canbe measuredon well-
wateredplants. However,measurementof
osmoticadjustmentandlethalRWCrequires
that the plants be stressed. Moreover,the
expressionof both traits is affectedby the
severityof thedrought. Physiologicalstudies
have shown that soybean genotypes
combining strong expressionof all three
traitsrecovermoreeffectivelyafterthe relief
of very severewater stress(5). However,
thesetraits are time-consumingto measure
and difficult to handle in a breeding
program. Current research is therefore
exploringwhethermolecularmarkerscanbe
developed to help select prospective
genotypes.

RESEARCH

Figure 1. Seed yield of LJ semi-dwarf cv. Bunya 
(�y) and photoperiod-sensitive cv. Fraser 
(�S),relative to a high-yielding adapted local 
cultivar (�„ ) at four locations in eastern 
Australia (Adapted from James & Lawn 2011)
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Saturated soil culture (SSC)

At theotherextreme,researchin Australia
has highlighted ability of soybeans to
acclimateto andgrowwell in saturatedsoils
(2). The main requirementsfor acclimation
to SSCarethat the seedlingsplantsarenot
exposedto SSCuntil abouttwo weeksafter
emergenceandthe watertableis maintained
constantat 5-10 cm belowthe soil surface.
In practice,this is achievedby growingthe
crop on soil bedsseparatedby water-filled
furrows. After an initial acclimationperiod
of 5-15 days,the plantsrecoverand grow
faster than well-wateredcontrols. The leaf
water statusof acclimatedSSCplants, as
indicatedby RWC and leaf waterpotential
during the heat of the day, remainsmore
favourablethan in normallyirrigatedcrops.
Leafareadurationisalsogreater,whileactive
nodule function and nitrogen assimilation
continuefor longerinto podfilling.

In variety trials, the seedyields of SSC
soybeanshaveaveragedaround20% higher
(range2-49%) than fully irrigatedcontrols.
Becausewateris limitedin Australia,SSChas
not been commerciallyadopted. However,
there is interest in lowland rice areasin
south-east Asia, where the SSCtechnique
has been adaptedto enable rice-soybean
intercropsusing a bed-furrow system(see
Figure2). SSCsoybeanshavealsobeenused
aswastewatertreatmentcropsin the USA.
Theabilityto acclimateto SSCalsooccursin
the wild annual progenitor of soybean,
Glycinesojawhichgrowswild on ricebundsin
easternAsia,but not in theAustraliannative
perennialGlycinespecies. This suggeststhat
the trait is ancestralandwasretainedduring
the domesticationof soybeanin rice-based
agricultureof easternAsia. �v
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Figure 2. Soybeans in saturated soil culture being intercropped with paddy rice in south-east Asia)

Legume Perspectives                                         �,�V�V�X�H�������‡���-�D�Q�X�D�U�\����������



43

Forage soybeans
by Thomas E. Devine1* and Adrian CARD2

Abstract: Sincethe early1900�·�Vthe USDA
conducteda successfulresearchto develop
better adaptedforage soybeanlines with
resistances to pests, acceptable seed
shattering,tall growth, lodging resistance,
rapid drying,high biomassproduction, as
well as dual purpose soybeans.Forage
soybeanprogramaimedat developinglines
that wouldproduceseedin a moresouthern
locationand the foragein a more northern
location, consideringthe balancebetween
quality and biomassyield at the different
time of harvest and cutting height.The
additionalvalueof the crop is its capacityto
makeproductivegrowthduringthe summer
heatandits strawto provideprotectthesoil
from erosion.

Key words: biomass,forage,Glycinemax,
quality,soybean

DomesticatedSoybeans,asa largeseeded
legume,haveprovidednutritionalproteinfor
millions of people in China, Korea, and
Japanfor manycenturies. In the late1800�·�V
and early1900�·�Vsoybeanswereusedin the
United States principally as forage for
livestock. As manyas1,000,000acreswere
plantedfor this purpose. Only in 1941did
the acreagegrown for grain exceedthat
grown for foragein the US. In the 1900�·�V
the USDA conducteda successfulresearch
and development program to develop
soybeanasa graincrop to provideoil and
protein. Thesebreedingefforts resultedin
better adaptedlines with resistancesto the
biologicalpestsencounteredin theUS. The
useof soybeanfor foragedeclineddue to
difficulties in drying the forage for
hay. Technologyhas provided machinery
for crimpingforageto promotemore rapid
dryingandbettermethodsof ensilingforage
thusreducingthedegreeof dryingneededto
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preservethe forage. Prompted by these
developmentsand a requestfrom a dairy
farmer,ThomasWilliams,in Pennsylvania,in
the mid 1970�·�Vthe researcharm of the
USDA initiatedabreedingprogramto breed
soybeansfor forageatBeltsville,Maryland.

Four lineswereselectedfor useasparents
to start this breeding program: Forest,
Wilson 6, Perry and a breedingline from
Illinois L76-0523. These lines were
intercrossedbyconventionalhybridizationto
produce a population for selection. The
selection procedure was early generation
phenotypicselection. Severallinesemerged
from the initial roundof selection,but when
tested in the field were found to have
unacceptableseedshattering. Thisrequireda
secondround of hybridizationto graintype
cultivarsfrom the mid westernregionof the
US and subsequentselectionamong the
progeny. From this programemergedlines
with exceptionalbiomassproduction. After
testing for production atseverallocationsin
the US three lines were releasedby the
USDA as forage cultivars. These were
�¶�'�R�Q�H�J�D�O�·with maturity group V, �¶�'�H�U�U�\�·
with maturitygroup VI, and �¶�7�\�U�R�Q�H�·with
maturity group VII . Soybeans are
photoperiodic and the maturity groups
indicate the time of flowering and seed
maturation. Donegalwasreleasedfor usein
the northeastern US while Derry was
releasedfor the Midwestern region and
Tyrone for the southeastern region
(1). Thesecultivarswereeachcharacterized
by tall growth (5 to 6 feet,Fig. 1), lodging
resistancein the locationsof adaptation,and
highbiomassproduction. Ratherthat waste
the potential for forageproduction late in
the season,whengraintypesoybeanswould
ceasegrowth,drop leavesanddry downfor
mechanicalharvest, the intention in the
forage soybeanprogram was to produce
lines that would produceseedin a more
southernlocationandproducethe foragein
a morenorthernlocation. This wouldallow
a longerseasonfor forageproductionin the
northernlocation.

Later, after additional hybridizationand
selection,anothercultivarnamedTara,with
maturitygroupV, wasreleasedfor useasa
dual purposesoybeanwhich could be used
for both grain production and forage
production(2). Later,still, anothercultivar
namedMooncakewasreleasedfor useasan
edamame vegetable soybean particularly
useful for organic vegetableproduction
becauseof its exceptionallytall growth and
ability to compete with late season
weeds. Thesesoybeancultivarshavebeen
licensedby the USDA office of technology
transfer to seed producersand used by
farmers. Tyronehasbeenof particularvalue
in the southeasternUS whereplant protein
hasbeendifficult to obtain with traditional
perennialcrops such as alfalfa becauseof
their susceptibilityto plant diseasesin the
warmhumidclimate.

In addition to the use of these high
biomassproducingcultivarsasforage,there
has been interestin their use for summer
green manureproduction. Field tests in
Boulder County, Coloradoin 2009, under
summer irrigation, indicated that
experimentallines of the high biomass
foragesoybeansprovided192lbsof nitrogen
peracre,substantiallymorethanthecowpea
andLab-lablinestested. Extensionspecialist
suggestedthat the foragesoybeanscouldbe
usedto provide greenmanurenitrogen in
rotationwith cropssuchasspinach,turnips,
kale, garlic, winter wheat or triticale in
Colorado.

The tall growing cultivar Mooncakecan
provide the high value product edamame
pods for humanconsumption. Edamame
pods are increasinglydesired by elegant
restaurantsin the US. After the greenpods
have been stripped from the plants the
remaininggreen leavesand stemscan be
used as forage for cows, sheep, goats,
rabbits,etc. or asgreenmanureto enrichthe
soil. Currently,seedof Mooncakehasbeen
increased by seedsmenfor large scale
plantingto producesufficientedamamefor
processingin cans by a food products
companyin thenortheasternUS.

RESEARCH
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As with other crops, the forage yields
producedby the foragecultivarsvary with
weatherconditions,soil fertility and length
of thegrowingseason. Soybeansareawarm
seasonplant. In many areasof the US
perennialforagelegumes,suchasalfalfaand
red clover, typically produce their highest
forage yields in the spring when
temperaturesaremild. During the moisture
stress associatedwith the heat of the
summer, yields of these perennialsare
reduced. In the autumn,forageproduction
recoverssomewhat. In contrast,soybeans
havethecapacityto makeproductivegrowth
during the heat of the summer, thus
distributinglegumeproductionmoreevenly
overtheseason.

Many dairy farmersrely on alfalfa as an
importantsourceof legumeforagefor their
cows. However,severewinter conditions
can result in stand loss and unplanned
deficits of high protein legume
forage. Plantinga largeseededheattolerant
legume such as forage soybeans can
compensatefor thesedeficits.

Questions arise as to when forage
soybeansshould be harvested. Several
factorsinfluencethisdecision. Aswith other
foragecrops,earlierharvestprovideshigher
quality forage (higher protein and higher
digestibility). In the caseof lactatingdairy
cowsa higherpremiumis placedon forage
qualitythanin thecaseof beefcattle. Earlier
harvestwill usuallyresult in lower biomass
yield. Thus,thebalancebetweenqualityand
biomassyieldis a consideration. In the case
of lactatingdairycows,harvestinga weekor
two afterthestartof floweringseemsagood
point of compromise. The quality of the
forageharvestedcan be controlledby the
farmer not only by selectingthe stageof
growth for harvestbut alsoby determining
heightat whichthe cutterbar is set. Setting
thecutterbarcloserto thegroundwill result
in higherbiomassyield,but will alsoresultin
theharvestof morelowerqualitystems,that
are more lignified and subarized, than
growth higher on the plant. Setting the
cutter bar higher will result in harvestof
higher quality forage with a higher
proportion of leavesand lower portion of
stem. In addition,leavingmoreof thelower
quality stem stubble on the soil surface
providesmore organicmatter for the soil
andreducesthe vulnerabilityto soil erosion
dueto windandrain.

In practical terms the farmer will be
motivatedto harvestforagesoybeanswhen
heneedstheforageandwhenhehastimeto
do so. In the US,maizeis the highpriority
cropandfarmerswill harvestsoybeanswhen
they are not occupied with maize
operations. If a farmerencountersadrought
situation,he mayneedto harvestpromptly
to provideforagefor his livestock. In such
circumstancesthe farmer may graze the
forage.

It is well recognizedthat the conventional
soybeancultivarspresentlygrown for grain
production do not provide adequatecrop
residueto protect the soil from erosionby
wind and/or rain (3). In this respect
soybeanis a weaklink in the corn soybean
rotation. ThehighbiomasscultivarTarawas
releasedby the USDA as a multipurpose
cultivarthatcouldbeutilizedfor both forage
andgrainproduction. Whenusedfor grain
productionthehighbiomassstrawproduced
providesmore crop residueto protect the
soil surfacefrom erosion. In addition,the
pods are set higher on the plant thus
permitting the cutting bar to be set
higher. As a result the upright stubble
remainingon the soil surfaceimpedesthe
horizontal movementof wind and water
acrossthesurface. �v
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Figure 1. T.E. Devine by a typical forage 
soybean cultivar
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Soybean intercropped with sunflower is an efficient 
solution to increase global grain production in low 
input systems
by Laurent BEDOUSSSAC1,2*, David CHAMPCLOU2�����+�p�O�q�Q�H���7�5�,�%�2�8�,�/�/�2�,�62�����*�U�p�J�R�U�\���9�(�5�,�&�(�/2, 
Nathalie LANDE3 and Eric JUSTES2

Abstract: Intercropping (IC) could be
efficient and lead to eco-functional
intensification. The main objectivewas to
evaluatethepotentialadvantagesof soybean-
sunflowerIC for globalgrainyield. Basedon
recentexperiments,wedemontratedthat the
LER could be significantlyhigher than 1
whenthe coverpatternis adapted,i.e. for 2
sunflowerrows combinedwith 4 soybean
rows pattern (LER = 1.2). Finally, we
confirmthat IC is efficientonly in low input
systems,evenfor summercrops.
Key words: intercrop,landequivalentratio,
low inputsystems,N nichecomplementarity,
soybean,sunflower,yield

Intercropping (IC), i.e. growing them
simultaneouslyin the samefield during a
significantpartof thetime,couldbeefficient
for grainproductionbasedon eco-functional
intensification(1, 7). IC efficiencyis based
on speciescomplementarityin resourceuse
(light, C, N, nutrients and water) due to
differences in aerial and root system
architecture,growth dynamicsand niche
complementarity,thanksto the abilityof the
legumeto fix atmosphericN2 in legume-
cerealIC (2, 5). Many studieshaveshown
advantages of legume-cereal IC in
comparisonto their solecrops(SC)in low
input systems(2, 5), while few papersare
availableaboutsunflower-soybeanIC (4, 6).
The main objective of our study was to
evaluatethepotentialadvantagesof soybean-
sunflowerIC for globalyieldin awiderange
of conditions.
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Threeexperimentshavebeencarriedout
at CETIOM andINRA (SWFrance)in 2010
and 2011 with cultivars of different
precocitiesto modify speciesmaturity gap
(both speciessownat the sametime). Two
spatial patterns were sown, alternating2
sunflowerrows with 2 or 4 soybeanrows
(named2/ 2 and 2/ 4 respectively). Grain
yield and accumulatedN were measured
togetherwith the percentageof N derived
from N2 fixation (%Ndfa). The land
equivalentratio (LER) was calculatedas a
simpleandrelevantindicatorof IC efficiency
(3, 5, 7).

The IC bestperformanceswereobtained
with no or low amountsof fertilizer-N and
without irrigation. This waspartiallydue to
thesignificanthigh%Ndfa of thesoybeanin
IC (Fig. 1) leavingmostof thesoilmineralN
availableto sunflower. The 2/ 4 patternwas
moreefficientthansolecrops(LER=1.16on
average; significantly > 1; Fig 2) and
particularly when combining the latest
soybean and the earliest sunflower
(LER=1.21) becauseit allowedto improve
speciecomplementaritiesin time and space
(at the coverlevel). Conversely,for the 2/ 2
patternor thehighN input conditions,LER
was lower or equal to 1 due to strong
interspecificcompetition of sunflower on
soybean,in particularfor lightandwater.

TheseresultsconfirmthatIC isparticularly
suitedto low N input systemsdue to the
complementaryuseof N sourcesby the two
species. However, before proposing
optimisedcroppingsystemsfurther research
is still neededon genotypex environment
interactionsin orderto analysetheeffectsof:
i) precocity,ii) aerialarchitecture,iii) row
structure and iv) N management,on IC
performances. �v
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Intercropping soya bean with other annual legumes 
for forage production
�E�\���%�U�D�Q�N�R���ý�8�3�,�1�$1�
�����$�O�H�N�V�D�Q�G�D�U���0�,�.�,�ý2�����9�X�N�����2�5��EVI�ý2, Vesna PERI�ý3, Mirjana SREBRI�ý3, Vojislav 
�0�,�+�$�,�/�2�9�,�ý2�������R�U��e KRSTI�ý1, Svetlana ANTANASOVI�ý1

Abstract: A commonideaof intercropping
annuallegumeswith eachother for forage
production was jointly developedby the
Institute of Field and VegetableCropsand
the Facultyof Agriculturein Novi Sad. In
suchintercropmodels,soyabeanplaysthe
role of supportingcrop. Intercroppingsoya
bean with supportedwarm-seasonannual
legumessuccessfullysolves the problems
with weeds. At the same time, most
combinationsproduce8-10 t ha-1 of forage
drymatter.
Key words: annua;l legumes, forage, Glycine 
max, intrecropping, LER
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Soyabean (Glycinemax (L.) Merr.) is a
warm-seasonmulti-purposeannual legume
crop,primarilyusedfor the extractionof oil
andproteinandwith aconsiderablepotential
for forageproduction.

A common idea of intercroppingannual
legumes with each other for forage
production was jointly developedby the
Institute of Field and VegetableCropsand
theFacultyof Agriculturein Novi Sad. Such
intercropsarecarefullydesignedin respectto
four basicprinciples: i) the sametime of
sowing,ii) the similargrowth habit, iii) the
similar time of maturingfor either cutting
the forageor harvestingthe grainsand iv)
one componenthasa good standingability
andplaysthe role of supportingcrop,while
another one is lodging susceptibleand is
consideredsupportedcrop(1).

A seriesof trialshavebeencarriedout with
diversecombinationsof both coolandwarm
seasonannuallegumessince2008in Novi
SadandBelgrade.

In suchintercropmodels,soyabeanplays
theroleof supportingcrop. Earlygenotypes,
belongingto 00 maturity group (MG), are
intercroppedwith mungbean(Vignaradiata
(L.) R. Wilczek, Fig. 1), adzuki bean (V.
angularis(Willd.) Ohwi & H. Ohashi) and
blackgram(V . mungo(L.) Hepper),whilelate
onessuch as I MG are intercroppedwith
cowpea(V. unguiculata(L.) Walp.) andlablab
bean(Lablabpurpureus(L.) Sweet,Fig. 2).

Intercroppingsoya bean with supported
warm-seasonannual legumessuccessfully
solvestheproblemswith weeds. At thesame
time,mostcombinationsproduce8-10t ha-1

of foragedry matter and are economically
justified with the Land Equivalent Ratio
(LER)valueshigherthan1. �v
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Figure 1. Intercropping 00 MG soya bean (cv. Gracia) with mung bean

Figure 2. Intercropping I MG soya bean (cv. Laura) with lablab bean
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Organic soybean production
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Abstract: Seed production in organic
agriculture is significantly different from
conventionalproduction,given that certain
segmentsof the technologyof growingsuch
as fertilization, crop protection, pesticide
seed treatmentare paid specialattention.
Seed is inoculated by microbiological
fertilizer NITRAGIN containing nitrogen
fixing bacteriaBradyrhizobiumjaponicumprior to
sowing in the Institute of Field and
VegetableCropsin Novi Sad(IFVCNS) to
ensurethe higher yield and the quality of
grain protein. Long-term selectionin the
IFVCNS has led to the developmentof
high-yielding varietiesdiffering in maturity
andresistanceto diseases,contributingtothe
pesticides-free production and the proper
selectionof varieties.
Key words:Glycine max, nitragin, organic 
production, seed production, soybean
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In the light of globalclimatechangeson
the Earth, organicproductionand organic
products are gaining more and more
popularity, while conventionalproduction
must comply with consumer safety and
environmentalprotection. In contemporary
programs and agricultural development
strategies,the specialattentionis paidto the
protection of biodiversity i.e. organic
agriculture, based on sustainable
managementof naturalresources,products
of specialquality, and environmentaland
consumerprotection.

Each crop production, including organic
starts with breeding,or developmentof
cultivars. Modern breeding methods use
biotechnology methods, such as
modificationof DNA, protoplastfusionand
similartechniquesthat arenot acceptablein
organicproduction. Acrossthe globemore
andmoreattentionis paidto techniquesthat
arenot basedon geneticengineering,but on
mutations similar to those that occur in
nature,socalled"greengene"technology.

The introductionof the abovementioned
technologiescreatesconditionsfor the use
of a wider rangeof varietiesandhybridsin
organic production. Interest in new
approachesto the selectionoccurswith the
aimto broadenthe geneticbaseof varieties,
which are: significantexpansionof genetic
base developed in selection programs;
reduction of genetic erosion using the
population approach to the selection;
increasein the frequencyof genewith a
minimumlossof geneticvariabilitythrough
thefeedbackselection.

Seedproduction in organicagricultureis
significantly different in comparison to
conventionalproduction,given that certain
segmentsof the technologyof growingsuch
as fertilization, crop protection, pesticide
applicationin thetreatmentof seedsarepaid
specialattention.
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Figure 1. Microbiological fertilizer Nitragin
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Soil qualityis the main factor of the crop
qualityandlandmusthaveadequatelevelsof
availablenitrogen for production of high
qualityprotein. The high contentof organic
matter and efficiencyof inoculantsare the
result of high nitrogen fixation and high
protein content. Soybean in organic
productionhasmanyadvantagesover other
field crops. When it comesto seedsfor
planting,it canbesaidthat thesoybeanseed
is not treatedduringprocessing,and that is
thebasicprerequisitefor organicproduction.

Fertilizationis oneof the criticalmoments
in organic agriculture,especiallyin seed
production,when in additionto high yield,
the high qualityof producedseedshouldbe
ensured. Due to the high contentof protein
soybeanhas a high demandfor nitrogen.
The majorpart of nitrogenin soybeanasa
leguminousplant is provided by nitrogen
fixation.

Soybean seed is inoculated by
microbiological fertilizer NITRAGIN
containing nitrogen fixing bacteria
Bradyrhizobiumjaponicumjust prior to sowing
in theInstituteof FieldandVegetableCrops
in Novi Sad. Regular use of biological
fertilizers, i.e. the provision of nitrogen
fixationby nodulebacteria,andthe plowing
of the crop residuesimmediatelyafter crop
harvest,contributesto theestablishmentof a
positive N balancein the soil. Numerous
studiesconfirmed that the inoculation of
seedswith Nitraginsignificantlyincreasesthe
yield(up to 20-50%), andthequalityof grain
protein(2).

Long-term selectionin the Institute of
Field andVegetableCropsin Novi Sadhas
led to developmentof the high-yielding
varietiesdiffering in maturity,resistanceto
disease,which has contributed to the
practice of growing without the use of
pesticidesandprovidedthe properselection
of varieties. Problemswith diseasesandpests
in soybean,in our growingregions,arenot
verypronouncedbut the crop rotationmust
be taken into account. This is one of the
main preconditionsfor the possibility of
producingseedswithouttheuseof pesticides
for protection againstdiseasesand pests.
Weedsare the major problem in organic
productionof soybeanseed. However,by a
properand timely applicationof cultivation
practices,tillageandseedbedpreparationand
optimal planting density,the weedcan be
maintained at the level that makes no
significantlyimpacton thesoybeanyield.

Obtainedresultsrelatingto the yield and
protein content, as one of the important
chemicalpropertiesof soybean,showedno
statisticallysignificantdifferencesin organic
production, compared to soybean seed
underconventionalproduction(1). This can
certainly be achievedonly if cultivation
practices, recommended for organic
agriculture,is followed. �v

References

(1) Dozet et al. (2010) Rev Agric Rural Dev 5: 185-
189
�����������X�N�L�ý���9��et al., (2008) Poljopr 47:28-29

RESEARCH

Table 1. Yield and quality of soybean seed under conventional and organic production

Variety

Yield (t ha-1) Protein content (%) Oil content (%)

Conventional Organic Conventional Organic Conventional Organic

Galina 4.81 4.55 38.65 38.76 20.83 20.78

Sava 4.63 4.15 39.31 38.86 21.95 22.16
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Soybean

SOYBEAN,secondedition

Editors: Jegor�0�L�O�D�G�L�Q�R�Y�L�ý��Milica �+�U�X�V�W�L�ý���0�L�O�R�ä
�9�L�G�L�ý

Publishedby: Institute of Field and Vegetable
Crops,Novi SadandSojaprotein,Be�ÿej,Serbia

This is an Englishedition of the book entitled
SOJA published in Serbian language,which
displayed the accumulate knowledge on
fundamentalandappliedsoybeanresearch,aswell
assoybeanbreedingeffort at Instituteof field and
vegetablecrops, Novi Sad. Simultaneouslywith
increasedin growing this plant species,scientific
researchon soybean has also been enhance,
especiallyregardingfundamentalresearch. For the
most part, this book dealswith achievementsof
Serbianresearchers. Therefore,the authorswould
particularlyrecommendedto foreignreadershipthe
chaptersdealingwith quantitativeand qualitative
geneticsof soybeanpreparedfor this edition by
leading experts and professors from North
CarolinaStateuniversity,Iowa StateUniversityand
Universityof Minnesota. First editionof thisbook
waspublishedin 1998, only on Serbianlanguage.
Updating knowledge on different aspects of
soybean,secondeditionwaspublished2008. Thisis
uniquebook in Europe,where23 expertspresent
most recent scientific knowledge of different
aspectson soybean,classifiedin 14chapters.

Hencewe believethat this editionwill be useful
to everyone involved in soybean production,
especiallyto students and scientist conducting
researchon soybean. �v

Book Chapters:

1. Importance, origin and expansion of soybean
2. Soybean morphology and stages of development
3. Soybean genetics
4. Quantitative genetics: results in soybean breeding
5. Methods of soybean breeding
6. Soybean response to environmental factors
7. Soybean mineral nutrition
8. Nitrogen fixation in soybean
9. Soybean cultural practice
10. Soybean irrigation in single crop, second crop and 

stubble crop planting
11. Soybean seed production
12. Soybean diseases
13. Pests of soybean
14. Sojaprotein- the leader in soybean processing
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First Legume Society Conference 2013: A Legume Odyssey
Novi Sad, Serbia, 9-11 May 2013

We are cordially inviting you to participate in the First Legume Society Conference 
(LSC1), scheduled from May 9 to 11, 2013 in Novi Sad, Serbia, and organised by the 
Legume Society and the Institute of Field and Vegetable Crops in Novi Sad.

In the rich world of global agriculture,diverse legumes can play key roles to 
develop environment-friendly production, supplying humans and animals with the 
products of high nutritional value.

The Legume Society was founded in 2011 with two primary missions. One of them 
was to treasure the rich legume research tradition of the European Association for Grain 
Legume Research (AEP), with emphasis on carrying out its the triennial legume-devoted 
conferences. Another one is to fulfill a long-term strategy of linking together the research 
on all legumes worldwide, from grain and forage legumes pharmaceutical and 
ornamental ones and from the Old World to the Americas.

We do anticipate that your participation will be a unique and genuine contribution 
to our common goals: to promote the legume research and all its benefits into all spheres 
of the society, linking science with stakeholders and decision-makers, and to demonstrate 
how an efficient, useful and firm network of the legume researchers of the world is 
possible and sustainable.

Please include this event in your busy agenda and share this information with all 
your colleagues dealing with legumes. If you have not already joined the Legume 
Society, please do it for a free membership in 2013 by visiting the LSC1 web site at 
http://lsc1.nsseme.com.

Welcome to Novi Sad and join us in the Legume Odyssey 2013!
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Want to help the legume research network in Europe and worldwide?

Support Legume Society and become its sponsor today!
legume.society@gmail.com
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