JOHANNA DOBEREINER (*)

 Biotechnologies Using Dinltrogen Fixation as an Alternative
to Traditional Agrochemicals (™)

L. InmwopucTion

Thero are many possible altematives for the developmens of agriculiaral
qn:-whkkm-beﬁ.ﬂmo(ﬂmponmhldhohmlmm{kwﬂ
In ofder 1 replace a8 much i pouwile are especilly

mmu.mmn.!umma-mmmummdmmm
countries but often are taken as examples in developing countries, cspecially
. brger properties farmed by more sducated poople. These farmers we cxposed

B e il i which ol o T
the fandimental diffcrences between temperate climate agriculture and the extensive
much motc diversified cropping syitcms of the tropics; and which sce mainly

e, eperiments and thercfore propos Assiculinral srsiems which: undally
e ot viable, especially over longer periods of time.

Solid agricultaral m‘wim systems mose be based on scientific experiments
proper results and most be
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sysems wuch us those considered *tradivioml” before agtochemicals became
Ttraditional”, which can make maximal use of biological dinitiogen fixation (BNF)
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and of rock phosphates, and which aluo ate the most lopical approach to biological
control of plne disesses and pests and in addition help
avestlgations of crop totatians, sad even wote so of agroforestry

e Tong term experiments which src con

ly m-rm countrics, whete rescarch fu
caperiments nood i much persev
MR o e e e ik
these teras.

10 left o date who think in

Even o, mpt 1o cecycle as much m possible of all
suttients, he st have to be replaced I order w0
maintain soil The only twa cxceptions here are carbon end nitrogen,
the two key clemenis of lfe. Nammal vegctatons Mee dimex savsnnas and

forests. are closed systcms whete fow clements see lost and whese. the eocryy
used for respiration Is ebtained by photosymthesis, wsing smun encrgy. Ouce man
intccferes, other clemers, maloly.nitrogen, are rspidly lost through leiviation
“This usually results in rapid mliplicarion me anouals nd trees which
can help 10 restore the natural vegetation if other elements are wifficiently

. s, Jxdiog of e siogmn mmd by the de-
comporition of soil organic ma
Fortu e Toiabely vl i tae i 5 sificd shiernatives
from the uslimited rescrycs of atmospheric diniirogen. There

rogeos thercfore -\n warion

10 wbiain
are no eucarionts which can use mumorpberic d
symbiotic and associative systems of bac
oaly mafor way of secyeling
is therelore the mast imgs
poreatially viable for the teplacsment of agrochemi
on the one hand, L\lrn mote favorsble 1s for bialogical prosesses
during mest of th siives for the we of BNF,
R V0 o Tyl bl bl e, Sy
favor soil erosion and loss of fereility.

Io s the purpese of this lecture to summarize recent advances in BNF
jon to tropical sgricutiure

1. Tropical cropping systems,
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2. Tk Leguue-Rbfobivm Svamiosts

Even though there is an unlimited N; reserve mosphere, this element
imi iculural yiekls and sepreseats,

Crop rotatlons, which

livers 10 o large extent,

ilizer costs
rogen fc

countries, more than 70% of the
patscs and green manure leguioes, can replace
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but such systems roquice well defined techaologics. They ure based on the
esploitation of the highly sophisticated symbiosia of plants of the family Legumi-

nosse which harbor in oot nodules, more or less specic Rbizobiun tirains
B i o b e o T 1 i ey 65
 optimal yiclds, in the form of combinad N to the plant.

Girair legumes

One of the most sumldw-plsnld-mpmnfhmmhmlmsm
e spcalture of a county l that of soybesns in Brel. Rbiobim sitin
sclection for Bracilian conditions was started for soybesns in 1940 (Freire, 1982).
© The Brasilian soybean cultivars, in contrast to the US: and Japan, were brad
slnce the 1960's without nitogen ferdlizer and with highly efficient Rbizobium
Shoculints. As a result, this major export crop needs 5o N fenflizer and competes
eiter in the world market, Bral's highland cdaphic svannas. called “cerracos”
eomprising 180 10* ha are being rapidly taken inio agriculture. Econamically
vﬁlﬂknndhlddypmd\alnfnmﬂugmmmbmmmnmmih
tegumes 1 input, and s ate ore of the msjor crops
{AX10° ba in 1955). B e years. the commercial soybean inoculaats
did oot wock in new lands unil specifically sdapted Rbizablue swralns were
foused (Vargss und Subet, 1980). These stralos were found 1o be resistant 1o

high levels of streptomycin, & charscreristic later found t be 3 general featore.
ol Rbizobium wirains isolated from cerrado soils (Scori ev al, 1980). Soils with
sirilar peoblems oceur in the Colomblan lanos and also n newly cleared Amaon
fand planicl 1o cowpeas (Diberelner f al, 1981a). The resistance o cestain
'-ﬂiﬁnli:.hwwmhhmdrnnbm_dbelmuhbﬂlmdw
arsing urder adverse conditlons. Toleance 1o soll acidhy peoblems (Munns and
Franco, 1982) and saprophytic competence (Vidor sod Miller, 1980; Pescs and
Vidor, 1980) play important roles.

Phaseolny beans, the major food basis of Brazilisn. people uniil 5 yesrs ago,
have oot been bred for mm fixation aml therefore neaded N fetilization for
Tenproved piclds. A covperative reseasch projs has alrcady. yiekled
- promising Fesult s mp]l‘ﬂmd with the results In Table 1, where it is shown thar
eultivars and inoculents are alrcady available which permit complete replacement
“aF-N fensilizer. These data stress the Importance of plant breeding for Ny Bxation.
As inoculation becomes a common practice, the physiological factors affecting podule
“funerhoning and limiting secd production ase of concern, were
smang Rhizobiure straine in the eficiency of incorpomation of the fixed N into
soeds which were correlated (¢ = 0.80°4) with the N transporved =3 ureide in
the xylem sap (Hungria and Neves, 1984). Similar differences becween Rbicabisu
“straim were also ohserved in soybeans (Neves ef af, 1983).

‘Plants inoculated with selected strains transport practically all fixed N as
ureides which is dircstly lacorposatad Into grain proteins. Sopboms inoculated
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Tance 1 - Nitzogen fixation and yield in Phoseolus sufgers.

Gonral Ferutizee Tooculaed
100 kg Njba

modile  guin  oodie

wbde  guin N
% ved  w oy e
(ool Gea/ba) (mglpl) (k) (mafol) (ke R

Caiocn 4 v oW m Wm
Moo, Anel % I T R
Venemsela 5 5 el n 4 36
o Tilwgt 1w » ™ voom 27

* A prdosicd by ¥NO, dilution
* The iniesacrion troseoene x cxltvar wan sgaficsnt e nodle welgh
Yk fp = 009,

with commercial inocalants tranaport the fixed N First into the leaves and produce
30% less. This places a new challenge on Ribirobim biotechnologies which will
develop new urcide prod Cerrado regiom.

Anwlior Tt Dt e N i & e
soil vemperatares. Possibilties of selecting heattolorsnt siraing are indicared in
Table 2. I wropical foraye legumes nodalition and Ny fixation were cbeerved
0 be even more tolerant 10 high temperstures {up o 40°C) (Lee and Doberiner,
1962).

Tantr 2 - Selection of Rbizakiur phascoli straina for heat tolerance (Ofiveira

ot al., 1984).
e Nodale weight {mg/plast)
for Rbbeoksusy Tt for " plant growiit
oth (<C) Aumbiens e
SEMIA 4857 S 182
3 9
SEMIA 4021 2 443
F a1 % 28
P 413 Mn % 24
BR 292 ] 240
SEMIA. 2 s 20
w03 % 20 27

* Pleots were grown (o serilied jars placed ko waerbadda i
o 3 hidsy w1 37

bex ambiens. emperatue
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harvested. Scveral of

ny
mm:meemm.,»maum«nm Sarveys in the
dry reglons (Vasconcelos and Almeids, 1979, 1980) In the Amazon
(Beadley et af, 1978; Magallies of ol 1982) and in South East

 Braal, Is being plamed In lusge government. projects In the: North

- Yield and mineral assimilstion of two green manure legumes from rock
e (Silva o ol 1985).
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Tasts 4 - Effect of ¢rop rotation on maize 4\d \k(‘ /ba) and profits of 3 years
(FF. Dugse and G.G. Pessanha, in prepa

Mase gietd  Maloe yield
1962783 1984743

Maize in. momoctue s e 175

Malse n cxop rotacion 2688 0 18633

Wish sock phosphate 4808 271 N

With rock phosghac and grocn mime® 528 oy 187

* The o mouton from 1481 10 1063 s e e o e i
cxvpped with cnvpes -
® Grecn munune. wes Srsofobism

Esst dry regiom and since 1982 is noculared with commercially av
inoculants developed by EMBRAPA.

development of ngroforestry systems which include in the crop s
teayear pesiods of legome forests which supply the farm eneny
smergency fodder during dry years and recover eroded soils, huilding up erganic
matter from the laige amounts o cich leaves which fall 'on the ground
scems another prospect as yer almast. unexplored.

protei

3. CEREALS AND Giassns

The extenslon of biological nitrogen fixation to the major cereals has been
a major rescarch challenge in the last two decades, Because plaats as other

Tanis 5 - Nodulation of Brusilian forest legumes. (Faria ef af., 1984a)s; Bradley
ot al, 1978, 1930; Magalhiies et ol 1982; Vaconcelos and Almeids, 1979,

1980).
Sublsnitics
Mizas Paplie  Comalph Toul
porrael ks ke
] n 20
» a i}
7 5 E
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o exni wie malccular Ny the most. peomiing sppeonch s the seaich

huon that sirgen fsaion ook
mmﬂmmnm et of. (1980, 1984). In this srudy,
of loag term fertility plots in two sites of the Philippines were

ping N balance and "N dilution measurements,
mumﬂvowlpwdﬂmm}ﬂﬂnﬁhphmnmm
the air (Lima <t al., 1986).

gl ?b'mzllhknm‘hzmnuufnhwufwnmkmnwlmbe

 fed . mssociarion with cereals and otber Graimlneac, the understanding of the
s esential i order 1o start to manipulate and fncresse their cfficiency.
 Many different N fixing bacteria have boen Bolated from the thizosphere and
\ toots. of cereals, but anly where plant-bacicria interactions exist can anc
¢ of an ussociaricn. Pathogenic planbacteria aniociations have been kmown
o¢ long, and there, effects of microorganisms ase visible a1 damnge 1o the plant
Charscieristic of these associations is the specificicy that can be on strain
for resistance 10 specific pathogens s one of the

1977; Forkdey and Dobereiner, 1984). Several aew N fixing bacteds
desciibed which sssociate with grasses aod cereals.
now thiee Azospirillim spp, ooe sew B«WM (B. mm,'ml
19
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tolerant bacteriom was found 1o [\'c\\Mm. e in malse toots i cerrady soils and
lly classified as 1 fourth A: s pecics (Baldani ef o, 1984). Later
RNAH«\A hybridization studies sh T e Pt
NR. Krieg personal communication) and i thesefore was renamed Herbospirillane
seropedicae (Babdand e al., 1936).
The mode of infection of cereal roots by Ny fixing bacteria s not yet boen
Mentifid, bat root bair deformatlons with specific Asorpirlrs bralense sains
could be amociated with plant responses th
(Patriquin er al., 1983), and aumbers of ccl
il it o N s (el o ol 1983, Tekeei o s oot e
during the growth eycle of field grown plants followed similar paniens a5
fixation (Magalhlies ef ol 1979), Esablishosent of inoculated Azospirilum sers
in 10015 of fiekd grown whéat and sarghum varied with sirains, Root isolares be-
catpe. dosninant within roots while the soil fsoluies secmed less competitive (Table
6). Similar resuits hase been found for soty here the distribution of the
inacalated straln n the root system w om bt localised in the uppes
root system. Plant responses under Field conditions o Azospirifuse lnocilation
have been reporsed (mm many places (Oleon, 1982; Sobba Rao, 1981; Vissak
and Reyaders, 1976) but, as expecind there are large differences benween sersing
{Fisis o1 o 1585, Baldai #f 2, 1983}, Althoagh such plon v
usnally accompanid by increased N Incorposation, especially into seeds,
proof of Ny fixation has not been brought forvand in Asotpiilim Gaocalation
ion in wheat. experimenrs shawed
Ny fization (Table 7). Two sorgham
ecial hormones which propertion enlargement
of the root system enl & spooge effect w csied by Okon (1982). Enhaacrd
NOV™ redluction aidedt by the Azospiralan nitrate reductase is another possibility
The data in Table § steongly support this bypathesls in whest,

et al., 1986).

Tanus 6 - Effect of noculation with A

e firas 5
i et £ o e bt (e BCh
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Rbizoaphere lsolte [CA)
Rons cluiz 159 247)
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& 7 - Nitwgen sccumulation and N incorpoeation from NOy™ in grains of
‘grown wheat inoculated with various Azospirilun brasilense stralas

i Y sxcovered
excom. g/ cylind.

0150
0171
013
0%

 plant genotype compatisons, however, Na fixation i the order of 11-40%.
total plans N incorporation has been shown by N balnce stuscs (App ef
and by ™N; incorporation (De-Polli ef o, 1977; Eskew or ol 1981), in
nsses (Fig. 1) (Boddey e of, 19835) and by balaoce and "N dilution
it cane (Table 9).

Aliucgh e lculon I soiaion wid Graince s ¢ vy it fcd

10 the Importance of these plants foc apriculmre, it is improbable that complete

of N fertilizers will be possible because of the more primitive nature

assoclations. Sill it remains o major challenge to scil biokoginty and
wias, and prospects for mew breskthronghs are pood.

secent confirmation of specificity, very similac 1o that cbscrved with

incorporation into geain of wheat (Boddey et af , 1986).

B olaten inoculized mnaine
surlzce wer,
wasbed roon o

Mm“m“mb-mmdwlm
e fbiotics.
reducuise negative mmiant chiainod by sclection s chlocste agar, oFL B with N0,
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fiekd conditions selected or genetically manipulated Asospirllom strsios (Baldani
et al,, 1986) even in soils which contain 10* to 10" tative Azospireiu cells per g,
opent many possibilties w0 improve Ny fixation in such sssociations, The rwo
pew acidtolerant species, A, amazonense and H, sesopedicee, have not even been
tested yet a1 inoculants. Plant breeding programs will have o start with more
primitive genotypes which have por been sclected for response 10 high mineral
feailzr leyels. There the plans brosder may encounter problemy i breoding for
i 1o Acosplrillam

support eahanced Ny Bisation. In sorghum breeding programs, Al*** tolerant selec-
have been found o produce are malic 4d. transaconitic acids (Cambraia
et al,, 1983) which chelate the toxic A***, These two organic acids sepreseat the
prefered carbon sourse for Azospinifure and other N: fixing bactetis and Al*
| alerant soxghum cultivars seem o enhance Ny fsation (Chelstiansen-Wenlget et of.,
1983),

The secent results Indicaring plant enotype differences In sugar cane may
lead to entlrely new concepts of the passibality (o usé sun encriey through agriculrure
(D8bereiner :r af, 1981b). The success of the Brasilian sleohel program which
eicecded all expectations (0.2 X 1071 of ethanol ave now procuced snmualy and
nk of all cars sold kn 1985 tun on 95% ethanol} is duc t0 o relatively Jow N

. peoducing supar cane eshanol on large scale is considered
energetically wmummmhuﬁ:hn it ylelds) hecause of the high
mechanization and ferilizer inputs fnto this crop. Sugar canc breeding programs.
which yidd coltivars which obizin more than 100 kg of N from the als a¢
estimated [rom the data in table & may cven in industrialized couniries become
et encazy yielders and aaay open to the world a new renewable cnergy soutce.
“The wse of the many new findings in all fields of Ny fixation In

systems will lead 10 more economical but stll productive farming systems with
weduced risks for the envirenment.
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