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APRESENTACAO

A reproducdo e difusio dos Relatdérios de
Consultores, no ambito restrito das Diretorias das
Unidades do Sistema Nacional de Pesquisa Agrope-
cuaria, vinculado a EMBRAPA, tem como objetivo

.principal o de divulgacr as atividades desenvolvidas

pe2los consultores e as opinides e recomendagoes
geradas sobre os problemas de .interesse para a
pesquisa ayropecuaria.

As atividades de consultoria sédo realiza-
das no dmbito do PFrojeto de Desenvolvimento da
Pesquisa Agrtopecudria e Difusdo de Tecnologia na

‘Regi3o Centro-Sul do,Brasil - PROCENSUL II, finan-

ciado parcialmente pelo Banco Interamericano de
Desenvolvimento - BID e a EMBRAPA conforme os con-
tratos de Ewpréstimo 139/IC-BR e 760/SF-BR, asfina-
dos em 14 de mar}o de 1985 entre o Governo Brasi-
leiro e o BID. .

" As opinilies dos. consultores silo inteira-
mente pessoais e ndo refletem, necessariamente, o
ponto de vista do IICA ou da EMBRAPA.

- A coordenacdo dos Contratos IICA/EMBRAPA
agradeceria receber comentirios sobre estes rela-
térios.

A
g

Horacio H. Stagno
Coordenador Contratos IICA/EMBRAPA






i, }

INTER-AMERICAN INSTIIUIC FOR COOPERATION ON AGRICULIURE
K _ TICA/ENBRAPA CUNTRACT

COHSULTANT FINAL REPORT

1. Consultant's full namer johm Albert Raven

2. Specialist in: lonic Equilibrium in Nitrogen Fixation Systems

3. Title of 11CA Project: 2.Sn.3

4. ENBRAPA Progras for which consultancy is providéd:

PROGRAM : PROCENSUL I1

SUB-PROCILAMA ¢ PESQULSA DE SULOS

11CA Project Activity Code: 2,5B.3.06

Adsinistrative Code: R 4884 DID

Title of Activity

corresponding to this

consultancy

Cooperation with EMBRAPA on research on soil managei. ..
of 11CA Project and soil analysis. : : :

CONSULTANT CONTRACT PERIOD

DUTY LOCATION (Center) -

July 14th to 21st., 1988

UAPNBPS/EHERAPA

CONTRAC! EXTENTION PERIOD (1f any)

DUTY LOCATION (Center)

. 8. fFinancial support: PRUCENSUL II
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6.5 ACTIVITICS IN SUPPORT OF RESEARCH STRATEGY AND PLANNING

Research subject matter

Research progras to which subject aatter is

concerned

On the subject 65 acid excretion by Nz-fixing plants in relation
to the availability of soil-derived resources, discussions were held
with Jorge Jacob-Neto and Avilio Antonio Franco in relation to

) quantification of acidification and its effects on the availabiuty
- of P, Fe, Mo and 2n (see also 6.2 and 8).

Y

6.6 ACTIVITIES IN SUPPORT OF OTHER CENTERS AND UNIVERSITIES IMPROVIEG THE RESEARCH

CENTERS LINKS WITH ABROAD

Subject matter on uhich links

were recossended

Persons, centers and universities

recosended for contact

NIL. -
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i i 3 |
sethors)® !;tlc of peblication or Repert and other
bibliegrafic Ldentification
rasen, J.A. Possible interactions between symbiotic

nitrogen fixation and electric currents
circulating around and within root
hairs. Anais da Academia Brasileira de
Ciéncias, in press. (abstract).

® Porsonsl, institutionsl, otec.

6.0 SUPPORT PROYIDED 10 CHBRAPA RESEARCHERS IN THESIS AND OISSER!}IIOI WORK

baoo of the student Thesis subject matter and sinthesis of advice

N1L.



6.2 SUPPORT 10 RESEARCH UNDERTAKEN BY OTHER EMBRAPA at"suucuus

Research activities developed Results achieved

Discussions were held with Avilio Antonio Franco and Bliviino de
'Jesus on the use of."green manure” in providing N (via N2 fixationf
and P (via acid-induced solution of calcium phosphate). These
discussions centred on tﬁe methodology of measuring pH changes in the
rhizosphere in soil in relation to the objective of solubilizing
phoséhate from calcium phosphate by acid-excreting Nz-flxing legumes.
Quantitation of the pH change in parts of the rhizosphere is
possible, using pH-indicator dyes and, for preference, small
pH-sensitive ‘(e.g. antimany) electrodes of the type under development
at EMBRAPA. However, use of soil measurements of pH to guantify total
B! excretion by a crop is not currently :feasible (see 6.5 and 8

below) .




8.3 TRAINING ACTIVITIES Q(V(LOWID OY THE CONSULTVANT

Type of

Nusber of ben

eficiaries

Date Training subject satter
- event®

Fros EMNBRAPA

fros other

jnstitutions

15754 Possibfe role of circula- - Coniorence of

ly/88 ting electric cutrents - Brazilian Acade-
flowing around and within my of Sciences
root hairs in synbiotic
N, fixation

18 Ju ngeral aspects of acid- Short Course of

1y/88 -base balance of plants. _Biolouical Ny

18 Ju Ionic, acid-base and - Fixation

1y/88 redox aspects of plant-
-rhizosphere interactions.,

19 Ju Acid-base balance of

ly/88 plants and plant parts
during N, fixaticn.

19 Ju Rescurce’” (photons, watter,

ly/88 Fe, Mo) use efficiency and-
Ny fixation. )

15°

20

25

® Short courses, seminars, conferences, etc.

6.4 IN-SERVICE TRAINING fROViDED'BY VHE CONSULTANT

In-service training subject matter Nases of

counterparts

NIL.

Y



6.. ACIIVITIES UNDERTAKEN DY TNHE CONSULTANT AND RESULTS

6.1 RESEARCH OONE UNDCR DIRECT RESPONSIBILITY OF THE CORSULIANT

1’9 | X4 128 LSyt 1 S8°9 0z vl 8E°ST :
z'9 6°C 1 24 0T cLe*T 1 We'9 8L*9 $22°ST 6T°P1 moz
0’‘Ss. b60°¢ T $€6°9 ILPT LET°9T
00’y n.n. |2 98€° 1" 1 . 08°¢ L6°6 8€°ST
9T’y 6’2 14 ¢ 0T 96€ 1 1 ¥28°¢ ‘T€°S 02" 11 £62°F1 M_._z
N .
8Z'y Ley 1 1 LLE L TAGE Y $ET°9T
L's e vt €59°2 T oc°s vEBT 8e°s1
¥’9 6'C 0 ot 0s9°¢ T 826° ¥ wc..w 5°91 $6Z° %1 Nz
6's . o¥s°e 1 LIT°S 89°VT  “RET 9T -
‘pua 3@ °3Ie3S 3@ . , .
‘PUS 32 °3Te3IS I®  CPUD IP  °ITEIS.J@  PUD @ °3TEIS 3B (po3eaqyrinka ‘pus 3¢ . 31m3s 3¢ uwsbanTu
»3b/1cum ‘s3juerd »35/1cum ‘sjuetd -ITe) uoT3INICS 3O 3oamos
" 3O N TE303 30 AaTyrTeMTe yse syuerd 3o »36 @an3nd 3o Hd ° #pb/m356 Juaurjearl
. *potraad
aI1n3Ind sdep ¢ ay3z 1a33e pue 21032q sjueld pue efpau Jo sasAyeue jJo s3Tnsay °T ITAVL



6. ACTIVITIES UBUERUAKEN BY THE CONSULIANT A'nﬁ'RESULlS

§.1 RESEARCH DONE UNDER DIRECT R!SPOISXBXLII’.Y_ OF THE CONSuULIANE
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6. ACUIVITIES UHOERTAKEN BY THE CONSULTANI AND RESULTS
6.1 RESCARCH OONE UNDER DIRECT RESPONSIBILITY OF THE CONSULTANT

Research activities developed ~Results Achieved

The research initiated by the consultant, and undertaken by the
consultant in collaboration with Eli Line de Jesus, Patricia PSvoa de
Mattos and Dr. Avilio Antonio Franco (all of EMBRAPA) was concerned
with the acid-base-balance of the heterosporous watter fern Azolla
supplied with various N sources. The objective of the research was to
complement the large body of data on acid-base balance of symbiosis
of higher plants with Rhizobium, Bradyrhizobium or Frankia growing
with NH: + N, or NOJ as N source with data on the Azolla/..nabaena
symbiosis. Bgsentiaily no data on acid-base balance are available fer
‘higher plant/cyanobacteria symbioses (e.g. Azolla/Anabaena; Gunnera/
Nostoc: Cycadales/llostoc).

In addition to the different N, ~fixing symbiont, the Azolla/
Anabaena symbiosis is of interest aé a Free-Floating aquatic
N,-fixing plant. The N,-fixing land plants with Rhizobium/
Bgadyrhizobium or Franfia as symbionts frequently excrete more H'
for each N assimilated from N, than is predicted from the HY/N ratio

- during growth on NHJ, i.e. ch% plant makes more organic acid per N
assimilated when grgwinq on N, than when growing on NHY . The
additional H* excreted may be“important in mobilizing phosphate
(from iinsoluble calcium phosphate) or iron imobilization of Fe3* to
Felt using reductant and acid); N, fixation may have P and Fe
requirements additional to those %ound during growth on combined N.
These nutrient-mobilizing properties are much less readily expressed
by roots in water than by roots in soil. Teleologically, there is
less "need" for extra H* excretion by a floating water plant. If
such extra H* excretion is found in Azolla then some other possible
significance to the plant must be sought.

The starting material was an Azolla culture (infected with
Anabaena) growing in water above' soil. Three culture conditions were
employed, with triplicatiation of each treatment. A standard N-free

* Azolla medium was supplemented with either 10 ml m=3 NH,Cl ("NHY"),

or 10 mél m™2 NabO5 (“"03") ox 10 ml m=3 NaCl ("N,"). The nH of the
media at the start”of the exrerument was. neasured at intervals throughout the 5
days of culture in a glasshouse under natural illumination. At the
end of the growth period-the Azolla plants were removed from the

. . culture medium and their fresh weight was determined to see what

. increase had occurred over the lg fresh weight in each culture at
the start of the exporiment. :

A - portion (weighed) of the Azolla was dried for dry weight and,
subsequently, total N determination. The remainder of the Azolla
was ashed in a muffle furnace at about 650°C for subsequent
determination of ash alkalinity. For -comparison, similar measureicnts
were made on la fresh weioht sanples taken at the brginning of the growth pericd.
The media remaining after the Azolla was renoved was re-egquilibrated with
ailr (to remove any accumulated respiratory coz) and titrated back
to the -original pli with NaOl solution ("NHZ" &nd "N," treatment) or
"HCI ("NO3" treatment). ' S .

-9 -




6. ACTIVITIES UNDERTAKEN BY THE CONSULTANT AND RESULTS

6.1 RESEARCN DONE UNDER DIRECf RESPONSIBILITY OF THE CONSULTANT

reeet. ¥

Research activities developed

Results Achioved

The data obtained are summarised in tables 1 and 2. It will be

seen that, as is almost invariably found in other symbioses, the
NH? - assimilatinag plant excretes more H* per g.f.w. increase than

does the N,-fixing plant, while the NOa - assimilation plant

excretes Ofl". Another finding in accor
symblosis is that growth on Ni, yields
(approximately equal to organic ‘anions: see below) on a fresh weight
basis, and NO, as N source yields the highest. The findin

ash alkalinity of N,-fixing plants

assimilating plants“suggests that "extra" H* i; excreted by Nz-flking

exceeds that of the NH

with measurements on other
the lowest ash alkalinity

g that the

' rlants despite the absence of a rhizosphere (iIn the soil sense) to

acidify.

The discrepancies between the "predicted" and.the "measured” N

content have a number of possible sources. One is that the
computation of column "E" in .Table 2 (as well as the conclusions

drawn in the previous paragraph) implicitly assumes that Nz does not

contribute to N increase in the media containing NH} or NO3~
could explain a greater than predicted increased im total plant N.

Another source of error relates to
alkalinity®. Ashing removes any NH
well as organic : materdial. Signifi

&ant nut

the significance of "ash

and NOS present .in the plant as
levels in the original

.
.

this

material means that ash alkalinity under-estimates organic anion

content. Conversely, significant NOJ levels in the plant means that
ash alkalinity over - estimates organic anion content. Furthermore,
ash alkalinity does not just represent organic anion whose H"
counterpart is available for-neutralizing OH™ generated in HO4
for excretion during NI
assimilation. Some of the n* equivalent to "ash alkalinit

assimilation or as a source of H

to neutralize OH™ generated in. SO

the consultants other engagements, significant xesqlts;were obtained

+

or H.
§“ is Gsed

2~ assimilation. The absence of
organic S, NHY and NOJ measurements means that the ‘ash alkalinity
measurements are less useful than would otherwise be the case in

drawing conclusions as to acid-base regulation. . ,
It is clear that more work is needed on Azolla and on soil-based

cyanobacterial symbioses. llowever, despite constraints of time due to

which point the way to more detailed studies.

<10- -
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8 COISULIAIH‘S SUGGESTIONS AND TECHNICAL OR IISHIUIXOHAI l[COHHtl‘DA!lOIS FOR THE
INNWV[KEUI OF THE RESEARCH SERVICE

The results of discussions in 6.2 and 6.5 above on soil
acidification by plants were that both soil and plant measurements
were helful in determining the total HY flux from plant to soil
provided the dominant N source for plant growth is known. The plant
‘measurements are ash alkalinity, NH4 . NO3 and (when possible)’
organic S. This permits computation of total H efflux during growth

on Nz.comparison wit@ spatial data on ‘efflux from soil measurements
(6.2 and 6.5).

o . -21-




9. AGREEMENIS OR CONNITINEHIS CSIABUS“(D WITH EMBRAPA RESEARCHERS IN-SCRVICE OF

- e e -

THE fU!URE DEVELOPNENT OF ﬂtS(ARCH IN THE CONSULTANT'S FIELD OF SP{ClALIZAIXOI

An informal agreement was reached to exchange results and ideas

between the consultants research group and 1nterested narties in
EMBRAPA. !

10. COKSULTARE'S COWMENTS ON CIRCUNSTANCES WHICH AFFECTED THE CONSULTANCY WORK

The onlv constraints were tihose imposed by the consultants -
other committments which onlv allowed him to spend Q‘dayu'in

Seropédica. EMBRAPA staff were extremely heloful in exvediting the
teachiing and laboratorv oart; of the'consultancj.

vate: 2 | ::u(\.ﬁ l".?@' ngmturo % a Ea‘uev\
\4(4Aﬁﬁ4‘:)d’zlh*‘—-~
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Programa II. éerac&o e Transferéncia de Tecnologia

O Programa de Geracan e Transferéncia de Tecnologia
é a resposta deo IICA a donis aspectos fundamentais: (i) o
reconhecimento, por parte dos paises e '‘da comunidade
técnico-financeira internacional, da importancia da tec-
nologia para o desenvolvimento produtivo do setor agrope-~
cudrio; (ii) a convicgdo generalizada de que, para apro-
veitar plenamente o potencial da ciéncia e da tecnologia,
é necessario que existam infra-estruturas institucionais
capazes de desenvolver as respostas tecnolégicas adequa-
das as condicves eéspecificas de cada pafis, bem como um
lineamento de politicas gque promova e possibilite que
tais infra-estruturas sejam incorporadas aos processos
produtivos. . .

Nesse contexto, o Programa II visa a promover e
apoiar as acdes dos Estadcs membros destinadas a aprimo-
rar a configuragdo de suas politicas tecnologicas, forta-
lecer - a organizagdo e administracdo de seuvs sistemas de
geragdo e transferéncia de tecnologia e facilitar a
transferéncia tecnoldégica internacional. '‘Desse modo seréd
possivel fazer melhor aproveitamento de todos os recursos
disponiveis e uma contribuigdo mais eficiente e efetiva
para a solugdo dos problemas tecnolégicos da produgdo
agropecudria, num ambito de igualdade ma distribuigcio dos
beneficios e de conservagdo dos recursos naturais.



. INSTITUTO INTERAMERICANO DE COOPERACRO PARA A AGRICULTURA

O 1Instituto Interamericano de Cooperagdo para a Agricultura
(IICA) é o organismo especializado em agricultura do Sistema Intera-
mericano. Suas origens datam de 7 outubro de 1942, quando o Conse-
lho Diretor da Unido Pan-Americana aprovou a criacio do 1Instituto
Interamericano de Ciéncias Agricolas.

. Fundado. como uma instituicdo de pesquisa agrondémica e de
ensino, de pdés-graduagio para os trépicos, o IICA, respondendo as
mudangas e novas necessidades do lHemisfério, converteu-se progres-
sivamente em um crganismo de cooperag¢do técnica e fortalecimento
institucional no campo da agropecuaria. Essas transformacdes foram
reconhecidas oficialmente com a ratificacdo, em 8 de dezembro de
1980, de uma nova convengido, que estabeleceu como fins do TICA
estimular, promover e apoiar os lagos de cooperagdo entre seus 31
Estados membros para a obtencdo do desenvolvimento agricola e do
bem-estar rural. )

Com um mandato amplo e flexxvel e com uma estrutura que per-
- mite a participagdo direta dos Estados membros na Junta Inter-
americana de Agricultura e em seu Comité Executivo, o IICA conta com
ampla presenca geografica em todos os paises membros para responder
& suas necessidades de cooperacdo técnica.

: As contribuicdes dos Estados membros € as rela¢des que o IICA
wantém com 12 Paises Observadores, e com varios organismos interna-
cionais, 1lhe permitem canalizar importantes recuisos humanos e
financeiros em prol do desenvolvimento agricola do Hemisfério.

O Plano de Médio Prazo 1987-1991, documento normativo que
assinala as prioridades do Instituto, enfatiza actes voltadas para a
reativacdo do setor agropecuidrio como elemento central do crescimen-
to econdmico. Em vista disso, o Instituto atribui especial impor-
tiancia ao apoio e promogio de a¢bes tendentes a modernizagdo tecno-
l6gica do campo e ao fortalecimento dos processos de integragao
regional e sub-regional. .

Para alcancar tais objetivos o IICA concentra suas atividades
em cinco &reas fundamentais, a saber: Analise e Planejamento da
Politica Agraria; Geracido e Transferéncia de Tecnologia; Organizagdo
e Administracdo para o Desenvolvimento Rural; Comercializagdo e
Agroindistria, e Saude Animal e Sanidade Vegetal.'

Essas 4reas de acdo expressam, simultaneamente, as neces-
sidades e prioridades determinadas pelos prépios Estados membros e o
dmbito de trabalho em que o IICA concentra seus esforcos e sua
capacidade técnica, tanto sob o ponto de vista de seus recursos
humanos e financeiros, como de sua relacio com outros organismos
internacionais.



Csta public@cﬁo foi reproduzida na - Grafica
o Escritérico do TICA no Brasil, em Brasilia, em
jane{ro de 1989, numa tiragem de 100 exenp}atos.

Responsdave is pela reprodugéo: Jaair José Jos
Santos e Murillo 'Sodré da Silva.



Interessadus em receber mais exemplares
deste o de outiovs Relatérios de Consul-
tores poderdo solicita-los a:

Coordenagido dos Conlratos TICA/EMBRAPA
Escroldr fo do ITCA no Rrasil :
Caixa Postal 09-1070

Brasilia, D.F. 71600

Tel.(0G1) 248 %5358













