GLAN TOMMASO SCARASCIA MUGNOZZA !

Genetic Resistant Cultivars Less Dependent
on Agrochemicals "

Agredliize In the advenced counisies calls for mansgement precision 1o
htain: the high yickd levehi, Agrieulture in the developing ecuntries, above all,
fs for management practices 10 incresse productivity.
In short, world sgriceltore calls for increming technoacientific
w0 a) oppose and Block the biatic andl abiotic fictors threatening the
: b} exploit the potential of the wvailable culivars ) breed better
wraditional

plants the:incorporation. of dexlred herediy factors Tato u genatype,
‘anvdhmhwaiwh.mmn( fnrrinsie: characieristics that

rscaund e e Tnirmaral Mecing “Towands # Seomad Green, evolsion: from
S

Cesleal m Mew Biologieal Techaologies 1n Agriowore fa the Tropies” (Rome, 11
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CRODS LSS DEFENDENT ON FUNGIGIDES AND PESTICIDRS.

Amang the first successful applications of plane brecding techaiques 1o
obuain 2 food crop resistant 1o disease we might mention that sct up in India
in 1906 by # wheat breeder, Albers Howard

Gletic m

fels constituted by comvensions! plant breeding.

At present & number of progmmes on germplasin vl
and fotesspecific ceosces and seloctian are carried our at the Intemational Agsi
culrursl Research Centoes on the major iropical food crops, and 3 loag lise of
achicvements could be prodoced. A few eximples in ulfrn—m crops will elucidare
the sitadion, although the list is far from being exhast

In been: a number of lines (var. Rubons 3 in Rusnda and BAT 85 in
Zibl) with goid amsnbeo 40 the Bin Common Virua (HCMY) o buce
recently isolated by CIAT scientists

coupes: a lne (IT 82 13 718) charscresized by resistance 10 ot tole
rance of eight diseases and two knsects, in addision to good quality and yield,
has been reensly olazed a1 T1TA

— In chickper: ICARDA har selected ILC - 3279, resistant to Ascochyta
blight (Ascochyta. rebici).

— In broad bean: ICARDA has n number of advinced lines resistant 1o
chocolate spot (Batrytis fabac), Asochyta blight (Ascachyée fobor) and ruse
(Uramices faba).

— In potaro: CTP has developed & population that combines four sources

of spexific resistance to bactcrial blight (Pendomonas solssscesrum).

= In rice: a multiple resistant line (IR - 36) lus been isolated at IRRI. It
shows resistance o varions pests and disezses (blase, bacterial blight, tungro, gell
midge, stem boter, buown plant hopper, groen leaf hopper) and is now cultivted
on 11 million hectazes, w:m it has also proven 10 perform well in verms of
yiclding sbility and exrly . 1R 42 and IR 50, two additionsl IRRI lines,
show multiple. resistance. " N TITA has cbianed Lines that resist the Rice
octle: Vies (RYMV),

In whest: many varlcrics of comman and dumim wheats that are bighly
chortssasoned and, sbowe all, resistamt 1o turts and mikdew, have
tod 1o the saccesces of the first green revolution. CIMMYT has recently
ned varicties (Babwrbite ad Sunbid) that show good resistance to .crmm
, while a major reseurch peoject regarding resistance 1o BYDW
in progress,

— Ia maice: CIMMYT has developed n variety (Santa Rosa 8073) resistant
w0 Spiroplacnis 1pp (stunt disease) and anotber (Actoss 8072) teslstant to Perano-
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. a,dumAawnwmmmmmmuimmm
Shake Virus (MSV).

barley: ICARDA has selocred thieo two row warietles (Faiz, Rhoh,

 Toj), which arc esisiant o pet blotch, siripe discase and powdery mildew,

~ — In sorghum: workers st ICRISAT selecsed from the germoplasm colloc-

a the variety Fromida, which iy reslwtanc 1o Stefga; this vaclety is cusrently
grown in Burkina Faso,

t the varicty WC 75 from ICRISAT is highly resistant to

I addition we mention some resalts recently cbiained n Traly. New bush,
{ bean varicties (Manviso, Morens, Maniccarlo, Monterosa) resistant to both
n Common Mosaic Virus (BCMV) and Hala blight (Preadomonas phase
have been selected in Tuly at the Experiment Tniticute for Vegetable

at Montanaso Lombardo, and relesed to the farmers.

rbui.)rnlﬂism(}qulﬂdlfmmmwmm

1o sisipe st or Gibberella; in durom wheat, 1 varicty from Austria

a short nraw mutant Tralisn varicty as & parens; in rice, 3 varieties, ull
Favern counrc, pacaly chncieios . vdtn 1 Pyiceleris Oryse;
i, hiee varietcs selesed Tn Ching as reslitunc 1o leaf 4pot; o baseys
three varictes from Sweden, India and Denmark; in leguminous plante (beas,
wimhmmmmzmsdmwawhnﬁuﬂﬂw

More detils ond infocmation can be found in ad buc TATA Poblicasions
mm: Micke A, et of, 1983,

23, Advanced methodoloies.
An important new step, which opens entirely new perspectives, is
by the recent use of sdvanced Nnuhﬂn—nbmlnn!hdnlndﬂmhr
bivel — for the manafer and expréssion of resistance: genes into new genotypes.
j, studies and knowledge regarding agticultural plants and  their
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are stll ot n rather low level, 5o that the methodologics of genetic
mering <annot yet be applied on any extensive sorle and onc cannot expect
any sharetezm results feom o

230, Revowhinont DNA technigues

the recombinant DNA method, ic. the latroduction and stable
Ieegruian o fonign eocsino plas hgh ngieeied veca, cutet rseach
wok b aminly concerned with. combinations: cerealvrusts, poato-Phyfa
efrtat, ol e laegsons U i
More ex use of recombinant DNA technologics calls, above all, for a
et deal of additional informasion on the charscter conrol in host plants (i
about the Iocation and structuse of specific genes in boh resistant and susceptible
species and varietics) und. pathogens.
nce the genetic analysls of crop plants is made particularly difficult by the
syatems, it is Lkl tha the it results il be obssinod
eosrolled by single gencs,
< analysis of pathogeo
wexual mepeoduction. However it is (m\-nnyu‘. to note
e of theis penomes and the cac
promising resalts have boen of

0 the other hand, is made difficuls

1 chone the genes. s invalved a the pathogenesis
should bere be made of the work already done (ad atll con
, Presdomonss solmacearnse. and

iomorar saoasi
ea (Staskawicz, 1983).

Cloning. togsbes wid th preparation of geoame libvris, i making possible
the physical folation of the specific gencs that — in both hose and parasite —
codify for pene prodacts involved fn the host/parasite relationships; this, in tur,
cnsure dhat these peodacts can be deatificd ud exsinined i devll thus periting
s desiled sanlpin of the e i

Identification, d isola

olated (inchuding plants which ae evohuionary divergent
cm and cannot be hybeidised with thesm), As is well known, the posible

such tramsfers Inchude plasmids of puhogenous becteria (Le., the T1
plassid of Agrobarteri tnmefociens) 4o virwse, sines. thiy deese vamiae
from the watural phenomenon of the fatimate essociation that exists between the
microatganism (be it useful ar pathogencos) and the plnt,

veete

232 < In wited » enltare of plont cell

Anather strwtcgy of selection for diseise fs bised on the hazand of 1 more
wasual type of variation coming from i vt plant culture (meristems, anthers,
emnbeyos, calses, cells, a0d protoplasts),
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characteristies expressed in beluted eclls and protoplases
prowplasts and

Py breskape wndfor reummgemenr. Thete cvents
s enhinced and accenruated by chemical wnd physical mutsgenic treatments.

and mitochondial DA, though the efficts may vary and have 0 be

 cuse by case.
potentlal of /n sitro selection I conaection with varlous. pathogen types
i ks onc ol the main. atrsctisas of i sitro. techaiques that they cin
 scale for selection that would be difficult, if not impossible, ta achicve
greenbouse

B iy, s the otbor Sl 20 smihion, protoplasis obtigpa frous caly

of leaf tissue, could easily be cultured. Supposing a given beneficil matation

y Iive  probability of 10~ onc may cxpoct one such muant 1o ocKur among
100,000 secelings, while s mny a5 200 mutant plaats sre kel to be obrained
B iy Moo, < Eintation dsiras s e Fct
p= ‘L'-&hhumyknm&\d B pueiotlar g b the hoae T vl s
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it does not matter whethet or ot it i expressed at other stages, at the collular
level for cxample. Another major handicsp is that regeneration from #n witrs
culrures still poses problesns for many importans plant specics

Plants capable of vegetative propagation should desive particular benefit from
the in vizro culture methods: they aie not ooly tal arge rumber of
discases, but also consist of genctically uniform cloves (often fulfilling particulsr
high conjumer requitements) that repeesent & serious sk of vlnerability in the
event of gn cpidemic. Beaeficial genetic changes, by cither spontancous or induced
mutations, that sppess fn in wiirg culiurs, will be esslly transferred in the
segencrated plant aad thea tansmitied by momal propagation me

23.3. Dieect DNA transfer uto plant cells

The smicruinjection of genonic DNA fragments obsined from resistant forms
into the cells of protoplass of susccpiible varictics would also seem 10 hokl
promise.

234, Increased pothogenicity of endopatbogens.

10 geaeics, moreover, there i also .r'milm way of prmoting lesser e
of fungicides and pesticides, namely by Incressing the pathogeniciey of the insects,
fungi, microbes and virus that parssite the noxious insects and poss,

Genetic improvement of the natural enemies of arthropods could be achicved
by eeploying ariif idization and genetic engineering Selection
for insocticide resistasce ian prodatery inscsis, and the gene transfer techniques
developed for Drosophils, may be spplicable to beneficial fnsects, thus enbancing
their role of biological control in integrated agricultural pest mansgesent systems
{Hay, 1985). Microbial and bacterial pesticides can also be obusined, by means
of genctic eogineering techniques. [t would seem that such pesticides, given
their Jack of pathogenicity, their kow capacity for genetic exchange and limited
environment persistence, can be safely relcated inta the environment

Gene amalyses, <loning and gene manipulation have alrcady bxen pecformcd
on Bucillus tburingiensis, which forms o protein that s texic for inscts and at
prescat s the best regresciative of the caicgory of the entomopathogens

The gene coding for the actve endotonin of B. thuringieusis Kurstaki was
cloned into isolates of comn oot colonising Peeudomonas fluorescens (Kaafman,
1985). The system Agrobacteriun rediobacter - Auolurimwm tumeficiens 18 also
well known: plant infection by the by the former (Napoli and
Staskawicz, 1989). Several P. fluorescens iolates secrete antibiotics and protect
plants from infections by root pathogens. P. fluorescens struin HV37a ean coatrol
the Pytbium witimum Induced dampingoff disewse of cotton (Guiterson and
Watzen, 1983). This Prewdomonas prodoces an antibiotic. responsible for
significaa proportion of discase control. Mensanto Co, s testing P. fluorescens
3 protectant of corn plants from the black cut worm, which affects the roces of

il seles
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and soybeans, This Prendomonss contains the geos from B. thuringiessis
<contaal a toxin that fs poisonous 1o insects (Stetling, 1985).
iadegradation and desoxificaion of pesicides, herbicides und otber envon-

this meeting will undoubtedly have more 1o sy
ﬂnehinlrcbmbpdvﬂuﬂm‘nﬂ]“mmfmmdzmpk

B e s

L Glspboste resiton geves.

Em though some very advanied geoeical meshodologies may be lnvoled,
he economic impact of varieties tolcrant 1o

Ufhe: pioject in 4 few gears’ time (19907) will very probably permit
ggisiration of now vatieties tolerant to herbiddes s the one concemed with
sesisance ascervained L Salmonella eyphimsriuer and tramsferable

, EPS|

for maklng esscatial aromatic aminoicids (benplalsain, tyrosoe, typio-
of Calgenc Inc. (Comma e, 1983 and 1985, working with

have the pene arod tesponsible

Hovve, these plaats sre not. compleely resistaat, probubly beceise. the
bacterial eazpme product eads up in the ol cytoplasm, because its pene lacks the
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sequencs for tranport 1o the ehloroplasts, where the other ensimes of the synietic

ocated, Tt has been found that the enzyme produced by the arasl
pene epresents 25% of the total EPSP. syathase sctivity messured in the leaf

Experiments for improving  the arod constructs and tramsfesring this arod
icleas pene alio e crops, (sopbemn, cowon, tomato, accd ail rape, an
it trees) afe now in progresa at Calgene. Significant efforts are also being
form con plants.

researchers from Mossanto Co. hitve hooked the EPSP

made (o use lbc ara/ gene o roang
with pe

Wor

syathase gene i

he glyphosat his being em b0 W G bt
VR eire o el i Wi
Ok ol il vikadks - digies oF s L\'lnpkl:]y saitable for

by combining the two penctic engiacering

idng it Yyperactive

33 Ober berbictde resistant gencs.

o indicutivas that gencric copinesring can be used for auking crops
v

member.of the riaxine group; which kills pl:
thai deibo b uu chloreplase proteins ¢ photosynthesis
cosystean 11) aod coded by tho chlaroplast gene pibA. Atrazine is the main

de used foc sprying comn felds, but cookd be toxic i dicoryledon plants

cxample) grown I totation with corn, since the compound tends

he soil and also contaminates the ground water.

d pimwecd are owo out of sevenal plints that are naturally. resistant
This charactesistic s controlled by the chloroplast peas po "

coder for a 34/KD ehlaraplast membrane prosein which s no infibited by atrasine,

id sequence at the

Intsoduced penés are usually incorporated in the muclear penome and
roplast geoce do not have the correct control sequences 1o be e d thee.
vertheless, with that of ], Schell at. the Mux
Planck Tnet ¢ Plane Brecding Research in Cologne xod M. van Montagn at
the State University of Ghent in Belgium, has now introdiced the resitant form
of the e Jato tobacco plants, which this become capable of withstandiog atrasine
rreatmsent, though Bogarad notes that the plants did ot appear 10 be complesely
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lthy. The investigators fisst ttached the gene to.a regulatory sequenee,
10 be expesied .=d=nuu=.m...,.a.1.m.mmwsm

mmﬂuMWMpdAmmewﬂnm

ped into whole plants (Maliga, 1983).

sobacco mutans cells capable of resiaring sul resistance:
s be due 10 an altered acerolactazesynihase, which (-enonin; to Fako

et ivensity
is expressed also in the whole plants. Somerville er ol (1985) isolaed

. The asis: of. sesitanca ppears o
properties of cctobicratesyothue. which enders the
_uium!, insensitive to inhibition by the herbicides.

for & positive inewse mtbrulmulfmpw:mm.

c This resslt could be obtained cither by improwiog the genetic
the numerous physilogical traits connccred with yield potential (from
and ion sptake to- bioeynthesis, from transport 10 sccumalition

ies), or by improving the efficency of fertiliver applicution and

closely relared 0 problems and
agronomy, 1 shall bere limi myself 10 2
1o sppioaches.
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Baskc studies indesd are in progress. Foe fnstance: the possibility. of ime
proving phowsymihesis by increasing the carbon dioxide fixing ability is studied,
buc still at & plant cell kevel (Aonymous, 1986); genctic analyses of nitrate
seductase activity in wheat and Sargbum sre advancing (Gallsgher er of, 1950
Mishea e ol 1981); the DNA sequence of an A gliadin gene ol from
genomic clan library has been determioed (Greene et al., 1985), and 50 on.
Firstly, since genetic knowledge of the complex. procencs invalved in these plant
activitics Is a yer whally inadequate, the application of advanced genetic technol
ogics. will be delayed. O the other hand, scleotists ate trying o approch the
final aim throaghout mulridisciplinary invessigrrion of the other side of Ih:
dilemens; the fertlity clements and the related problems. Thus, -
creasing anention is being pad to the nittogen supgly and its biological fixation
and the genni[ control of this function, trying 10 reduce the depender

plant growth and productivity from this essertial clement, which i undoabtedly
the major limiting factor in crop. il

4. Biologicdl Nitrogen Fisation.

Some plaas, sotably oo coops, ey mouty oo combloed Ny scusces,
some other plants, notably legumes, are at Jeast panially self sufficien: through
simbiotic Ny fvation

The ability o fix gaseous nitrogen is restricted 1o certaln pokacyotes (cyano-
bacteris, actinomyseies, bacicria) that contain the mitropen fiving cnyme nitro-
genasc. While a number of these organisms fix atmospberic nitrogen fn the
free living stre, some form symbiotie associations with: higher plants, like:
legume-Rbizobinm, noolegame (Almus, Camerinabactinohiza (Fraukis), 25d no.
legame (Asollaeysnobuacieria (Anshacns azollae)

Incidcatally, smoog the legumioous plants, the nodulating trocs and shrubis,
like Acacia, Scsbamia, and Lencaesis, sy have potential for cxpanded wse, expecially
in the 11 world i, as ssid, “the groen pevokution in Adtica will be based on
seads and trees”

As it well known, the genetic system in the nodulant microonganisns is con-
trolled ‘by the genes wif (nitrogen fizavion), bup (hidrogemmse uptake), sod
(nadulating} (Hanker and Voeger, 1964; Dilworth and Glenn, 1984). On the
the genctic system which (n leguminoas plants allows symbiosis
and nodulation, iavolves the feg Hb genes (w!wr_h synthesize the globin fraction
of the leghemoglobin protein) and the “nodolin” peoes. OF course, classical
selection and brecding cll ws agronomical and microbiolog

improve. techuologies for production and wse of inocula) can be applied very.
clfectively 1o the legumipous-pitrogen fising baceria. asociations.

Intcresting dara and sugsestions come from some of the most recent
teiearches. - Genotypic differences Twve been found in u dncreasing number of
species. . A Rhizobium steain (RRIM 56} interacts. diffesently with winged-bean
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opbocerpus telragonolobin) genotypes: symblotie effsctiveness in s linex
double. that in others; N fixation varies from 26,8 up to 20668 tmol per
pee bour. Studies on inheritance and: heriablity of nochsion und N
tion confirm the possibilities of very positive improvement for these char-
wingebesns (ruthaywiss e ol 198

" Sotee sopbesn waicies sborwed more effecive symbioss with some motant
s of Rhizobison than other oocs (Stpre e al,, 1984; Buendia Claverls and

* LuinSaiiz, 1985 Some Atcains of Rifobium inoculated on
yield by 1005, comparable o an application of 30 Ke. Nyba (Keo, 1983).

EMS-muran: of

Rbizabium inoculaiion, whilst the Rbizobium
and weight of nodules, plant belght, yickd of fodder crop and dry matter
Mpn (Soboa er al.; 1984). Quite recently, gencs contralling nodulation and
been described first time o in chickpea (Duvia ef ol
1986 Bann'h on Rhizabium symbionis in mungbean has confinmed the great
bility in nodulating capacity; strain BM-301 resulted in the highest S
l[ _i.h,tplm (19), highest modole/dry weight {13mg/plast) and the highest
el yidd (1139 Kg/ho) (Sbabjahams snd Telam, 1584).  Similarly, groundaut
' Vatketizs have been selocted showing better nitrogenase sctivity and nodule mase
m et ol 1984). And the fist can po on with inierosting suggestions
mmwdk* ic improvement of both partners, plant and bacte-
foe selecting new varietics less dependeat from nitrogen ol
Wortby of being deecloped should be also stodies iavolviog the we of "N
8 tracer, and of the traite In legumes that allow them 1o use simaltancously
ﬂ—ar:..md-dlh, On ;henﬂzhndluuﬂﬁu!m growing nltrogen-
" and shrubs, and on associated bactes oa espechally
c the developing cponmies of the anid region of e ph.m, T wkich weod
reveal the importance of

general amount of Na made weailable for non nodulating crops.

i the o of o e, of g o of cereals (e rice, wheat)
bacmrl mocintions s comequont aittogen fizsion are koows, (Neyia_and
Dibereiner, 1977), although the cxact nature of the grassbacteris association
s il uncleat,

Witing for the . of developing Nl sufficieacy in graminsceous:
species, maximization n‘ erh ion through plant bacteria association, studies
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of plants {troes inciuded) and. associared bacreria fo 10 promote
sation and sccumolation of dry.matter, l-icnnﬂmmu of the warioar ]mumm
facaors, and laboration of agronomic practices. t enbanse or promote Ny fixatian,
will cerainly be, especially for the Thind World agricult

towards less dependence on Neferdlizers. OF course many of these problens
are o inberent 10 my report, and cerainly the grear sole of the rhizosphere
and the mycorthizac will be examined by other autho

Nevertheless plant penctics and breeding can be considered us 2 promis
ool for achicving betier noodeguminous non-nodulating plntbacterla association
if we take ino accoum some. preliminary data.

Gesotypic diffcrences in nitmgenmse activitics have been observed Tn Par-
palum motatun, Penscisetam purpurcune and wheat (Dibereiner and Day, 1973;
Larson, and Neal, 1976). 1a maie some § lines were 10 to 20, times higher in
etk ki s i, et o o e ffcs
were ascertnined in erosses between higherfizing versus lessfixing cultivar
(von Bilow et ol., 1976 A disomic substitution line of wheat, grown for 30
yeans without niogen supply, showed in its thysosphere 4 highly spocific
sssociation with & Bocillus #p.; 0n the other hand the thizospbere contsioed more
nittate-reducing bacteria and & lower wtal number of microosganisms (Lasson
and Neal, 1976). OFf course, the important way of teducing nitropen fertilisers
theough symbiosis like the Azolls Ansbacws azsilse wssociation, so uscful far
rice growing, or other sources of Nofixation through the sctivity of ik
micronrganisms (¢.¢., Counobacteris), cannot be discussed in thix report. becae
M0 s knoeor o o thvop it Gty e v ) maky ey
of org

42. Advanced wetbodologies for enbencing biofogical nitrogen fixation

Studies on location, wructare, regulation product and Fusction of the mif

ol wod genes are in progress. Moleculur generis snalysis of mif geoes of Klep-
il pmcemonia, of Eiiioblas sl ol baciets . feogrmiog bt seve
impartant points need 1o be uaderstood. 2

he differcnt aspects of the regulation of symbiotic and nonsymbiotic urif
geoss night enlighten. the possibilitis of Improving the efficicacy. of nitrogen
tion in various eraps. Sell unknown §s the mechanlsm of action of the
products of ihe wd gencs: the DNA region encoding nodofation and host range
functions In some Rbizablwsr species is small, whilst in others (R meidosi, for
imsance] several DNA seglons appeas Involved.

ctic engincering 1 already being applied 1o search for Rbizobiass strains

e efficient in Ny fixation, Symbiotic properties can be iraifesred on i
i via, Expression tkes place,
i of Nofixarion s still unde
study, Examples of xif and nod genss taasderred from nitrogen fixing bacteris
1o nonait g prokaryotes and eucaryores are slresdy svailsble.  As a
matier of fact, ransfer and functioning of the mif pencs o closely related oigane
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(6.4 the prokaryote E. colf) in rather casy and known since 1972 (Dixon
Postgate, 1972). O the coarrary, limhed expression o exprcaion subi
dther. conditions (¢.g.5 abeence of Os] was ascottained in cme of wamfer 1o
hes nonnitrogen-fising microotganisn (g, the cukaryores yeats).
Ta this sitatioo, the possibiity of ebuaining in non podulating crop plants,
ble to fix No via if geoes transferred in cells, does ot secm
icesble in an immediite fuwre. Such change will imply a profound modifica-
of fta biochembcal and Biophysical architeeture if we caly ke into account

Syuthesis of new culkiyars less dependent on agiochemicals s probably
msjor sk n the progrums for inkwducing in the gesome of crop plants
sistince gees to biotic and sbiotlc siresses.

Blans breeders have to woek very hund; forunaicly they arc sopported
the progress of fandstocntal scodies anct by the claboration of new, ofien.

ciplinacy, methodalogies,
" The mon advaneed peocie iechaologies are sy peogressvely applicd md,
i tioe, relevant resalis will apper.
The ample cooperation wwo0g. genesicins, breeters, agronomists, physiolo-
wnd i iologists, biochemist ogiats and ophysi-

_s,

i & guassnice: that rencwsble resources produced by spricaliure will be
ly grown and cbaained: with conuancly decressiog wiilisation of non
resourees.
biliy of new snd betér plants, more. eooomical, mure sufisble 1o

¢ filicees, more in harmony with the cconyiems, i

it e
contribiuiion of genctics and breeding for the agriculrore of the Thind Wotld
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