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L'EMPLOTI DES FERTILISANTS
ET LEUR EFFET SUR L’AC-
CROISSEMENT DES RECOLTES,
NOTAMMENT PAR RAPPORT A
LA QUALITE ET A I’ECONOMIE



PRESENTATION

Rien w'est plus wiile que les vencontres de groupes de spe-
cialistes allachéds & Texamen &' un probléme concvel, gquand
leur formation est diverse ei ils considérent le sujet de points

de vue ouvertement différents.

Affirmation valable également dans le domaine de Iéda-
phologie, & propos de laguelle nous avons le plaisir de présenter
les Actes de la deuxiéme Semaine d Eiude orgamisée sur ce
sujet pav notre Académie, el qui ful exprimée déja au cours
de la premiére Sematne d'Einde, en 1968, & laquelle partici-
pévent des spécialistes de physigue, chimie, micvobiologie des
sols ei agromomie; chacun &'cux, en sowlignani wn aspect
différent du méme sujel, permit d'atleindre des conclusions

d'un dnovme intérél pratique, ce qui élail le Dut visé.

A ces fins il est cependant indispensable que le nombre de

pariicipants soit milé et suriout que personne d autre g eux
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ne soit admis aux réunions, pas méme les Académiciens Pon-
tificamx.

De telles rencontres, inillative originale de I Académie Pon-
tificale des Sciences, sont particulicvement apprécides dans les
milieux scientifiques internationanx en vaison de la contribution
quapporie la publication intégrale de lewrs discussions, et
anjourd’ hui, aprés plus de vingt ans d’expévience, on peut
constater qu’elles sont le moyen le plus efficace powr obtentr

des conclusions capables de contribuer au progrés de I humanité,

Car, et il est ais¢ de I'observer, dans les prands Congrés,
dont 'imporiance se véduil de jowr en jouwr du point de vue
que 'on pourrail appeler construclif bien gqu’ids yvestent fou-
jours valable sur le plan de Uinformation el de la connaissance,
il west en premiev fieu pas possible d assister a toutes les dis-
cusstons relatives aux sujet d'intévét, et somwvent on finit par
fourner son attention vers des arguments de pen de poids tout
en négligeant d’awlves bien plus imporianis, car les véumions
coincident dans le lemps el en outre on me Sait pas en véalité
comment y sevont fraités les sujets.

D’ autre pavt, vu la quaniité et la densité des sujels outre
que le grand nombre de participants, les spécialistes ne pewvent
garder un contact suffisant powr aileindre des conclusions dé-
finitives ef qui permettent de définiv de nowvelles ovientations
pour Uédlude du ou des sujeis traifds.

En outre la présence du public ne permel guéve des juge-
mends scientifigues qui, si d’unc part ils comportent des apprdé-

ciations personnelles dans le but de micux éclairciy une question,
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n'en sont pas moins &'unc trés grande wbilité lovs qu'il s agil
de définty des points sujets & contvoverses.

Quand aw conlvaive le nombre des parlicipants est Limité,
et en parvticulier quand il est infévieur a trente, les possibilités
de discussion et d’ échange d’idées sonl énormes, et, en général,
moins d'une semaine suffit pour atteindre des vésullals ex-
cellents, lvés construclifs et positifs 4 fous les points de vue.

Choisiy dans le monde enlier des spécialistes de tout premier
ordre pour chacun des aspects du sujet, des spécialistes n’ ayant
pas la méme formation ot surtout pas la méme fagon & affron-
tey un probléme downé, voila la maniéve la plus efficace d ob-
tentr une vue d’ensemble sur les problémes & examiner, et cela
sous des angles complétement diffévents,

Tout cela permet, an cours des discussions de la Semaine
& Etudes, de compaver et souvent de soupeser les différents
points de vue et d'arviver le plus somwvenl & des conclusions
concrites qui jeltent wn powt sur les différences de méthode,
ce qui permet de définiv un programme de vecherches s'adaptant
parfaitement au sujet proposé. De la méme fagon les conclu-
sions ainsi obtenues somt tout 4 fait applicables en pratique,
&’ autant plus que Uovganisation prévoit, bien avant le débul
de la Semaine & Etudes, Uenvoi des articles a chacun des pay-
licipants, qui awront ainsi towt loisiv d’étudicr mutucllement
leurs travaux et powrvont ainsi, au cours de la Semaine, disposer
de bien plus de temps pour les discussions proprement dites.

Pouy la présenie Semaine d'Etudes un choix rigowreux a

été opévé parmi les spécialistes de la produclion de fertilisants,
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de dvaluation des besoins de ferttlisants des plantes et des
terrains, de U'emploi des isolopes pour délerminer ces besoins
— méthade dont le véle croit de jour en jour -, et enfin des

problémes économiques relatifs & Uemploi des fertilisants.

A cette Semaine onl en outre paylicipé des experis de cas
concrels d’effels de I'emplot d’ engrais dans les différents climals,
qui ont examiner d'une facon approfondic les problémes en
matiére. Cela a povié & des conclusions génévales pour le futur
en ce qui concerne les engrais dans les différentes zones climali-

ques, et spécialement dans les pays en voie de développement.

Les travaux de la Semaine d’ Etudes ont également vu U'in-
levvention de spécialistes gui ont soulignd Iimporiance des
ordinatenrs dans Utnievprétation des vésultats des amalyses des
tervains et des planies et dans celle des expériences conduites

a ctel ouverl ou Sous serre.

[l est permis d affirmer que lout cela a contribué d une
fagon wvalable & la défimition d’un tablean complet et actuel

de tous les aspects des vecherches concernant le sujet proposé.

Quelgues-uns des participants se sont en oulrve dlendus sur
les problémes velatifs a la qualité de la récolte dans le cadre
de I'économic de la production, argument dont ['importance
ne pourra que croiive, car le monde enticr, el plus spécialement
les pays en wvote de développement, tendeni au choix & aprés
la qualité. C'est de plus en plus lg qualilé qui prime sur la

quaniitc.
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Et il est dvidemment ndcessaive de savoir gquels sont les
aspects que considéreront ceux qui, vu la tendance & I accrots-
sement de la production, sauront et devvont signaler les carac-
téristiques de I application de ces engrais.

Un autre important sujet de discussion a été le véle d'un
emploi approprié et équilibvé des engrais dans la réduction
des effets des infestations de parasites, surtout maintenant que
la polluiion s'aggrave de jowr en jowr du fait de Uemplot tou-

jours plus inlense des insecticides.

On pouwrvait déplover absence de spécialisies de sujels non
wmoins importants, dont les interveniions auratent pu compléter
les travawx de la Semaine, mais en premicr lien cela nous a
été impossible & cause du nombre limité de participants admis,
et en outre de lewrs domaines spécifigues, bien qu’ayant leur im-
portance aux fins de la qualité ef de la quantité des récoltes,
7' a touwlefois aucune relation divecte avec le sujet fondamental
de notre Semaine d' Eludes, Uemploi des fertilisants. El le

wméme raisonnement vaul pour la génélique.

Pietro SaLviuvccr

Chancelier de 1’Académie



INTRODUCTION

Le probléme de la faim dans le monde est étroitement lié
4 I'emploi rationnel des fertilisants. Or, c'est justement dans les
pays moins développés et ot la population est la plus pauvre

que les fertilisants ne sont pas employés ou Ic sont mal & propos.

Ce probleme est devenu si harcelant qu’il retient ’attention
de fous ceux qui peuvent contribuer en quekque maniére a lui

trouver une solution,

L’Académic Pontificale des Sciences a organisé dans ce
secteur une Semaine d'étade sur le théme: « L'emploi des
fertilisants ef leur effet sur I'accroissement des récoltes, notam-
ment par rapport 4 la qualité et & I’économie ». Les participants
se sont attachés 4 parvenir & des conciusions pouvant contribuer
A 1 meilleur emploi des fertilisanis, soif en ce qui concerne
lear application technique soit du point de vue économique,

soucienx d’étendre les résultats des discussions et de la con-
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frontation des diverses opinions au monde entier ef plus spé-

cialement aux conditions des pays moins développés.

Alinsi orientée, celte Semaine d’Etude eut un programme
divisé en six sections pour faciiiter la discussion de I'ensemble

de ia problématique par une analyse de ses aspects particuliers.

Pour chaque matiére elle a fait appel & des spécialistes
universellement connus, provenant de diverses parties du monde
et ayant sur le sujet des points de wvue différents, cherchant
autant que possible 4 convier des ressortissants de pays appar-
tenant aux zones géographigues qui présentent une probléna-

tique particuliere quant au théme de la Semaine.

Voici dans P'ordre de leur discussion les six arguments pris

en considération;

I. « Application des différents types de technique dans I’ana-
lyse du sol et des plantes pour déterminer leur besoin de
fertilisants ».

La meilleure utilisation des fertilisants ¢t 'emploi des tech-
niques les plus modernes furent ici examinés par des spécialistes
qui discuterent des avantages et des inconvénients de chaque
technique et de I'encadrement du probléme pour lui donner

la meilleure solution dans un futur immédiat.

2. « Emploi des fertilisants dans les régions du monde & con-
ditions climatiques différentes »,

Les aspects fraités furent ceux relatifs aux régions tropicales
et subtropicales humides dans I'ensenible, les aspects particu-
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liers de I’ Amérique latine, de I’ Afrique, des régions semi-arides
et semi-humides, ainsi que 'ensemble des problemes de la

fertilisation des zones tempérées,

A la fin fut exposé le travail que la FAO a entrepris d’une
maniere générale pour améliorer Pemploi des fertilisants et
intensifier la production des cultures alimentaires,

Les discussions qui suivirent amenérent des considérations

de grand intérét,

3. « Aspects relatifs & I'écologie et aux conditions de la cul-

ture ».

La considération des conditions écologiques comme facteurs
de rendement des fertilisants et limites de leur application a

aujourd’hui beaucoup d’importance et en aura de plus en plus.

Les rapports présentés sur le sujet et les discussions qui
suivirent ont fait valoir I'importance des facteurs écologiques

limitatifs et leur action sur la potentialité des fertilisants.
L’expérience acquise 4 ce jour peut et doit servir i faire
bénéficier le plus possible le reste du monde des résultats

obtenus dans des zones trés limitées de pays développés.

4. « Effet des fertilisants sur la qualité des récoltes ».

Cet aspect est trés important parce qu’il comprend une
thématique qui, méme récemment, n'a pas encore la considéra-
tion gu’elle mérite et qui acquerra certainement dans un proche

avenir une plus grande importance.
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Fut souligné comme facteur important la nécessité d’em-
ployer un plus grand nombre d'ééments fertilisants que ne
fe veut la composition classique (NPK), parce que se manifes-
tent chaque jour Ies conséquences de 'emploi exclusif du

NPX sur Péquilibre nutritif et la qualité des récoltes.

Au fur et 4 mesure que la production augmenie grice &
de nouvelles variétés d’hybrides, 4 des méthodes plus adéqua-
tes de travail des sols, d’ensemencement et d’emploi des ferti-
lisants, la néeessité de recourir & une gamme pius étendue
d’éléments fertilisants s’impose avec plus d’acuité, si bien que
I'application du fumier ct d’autres engrais organiques a extra-
ordinairement diminué.

Pour résoudre ces problémes on a fait appel & de nouvelles
techniques et développé des procédés de fertilisation équilibrée,
" On discuta des possibilités de généralisation et des procédés
A suivre dans un proche avenir.

On fit valoir combien il est immportant que les pays encoura-
gent la qualité des récoltes en fixant des prix rémunérateurs,
si I'on veut que 'agriculteur s’applique & obtenir des qualités
supéricures, lesquelles rejailliront en de meilleures conditions

de santé pour les individus.

5. « Nouveaux fertilisants et aspects spéciaux et futurs dans
leur emplol »,
Furent ici examinées les perspectives de Yeniploi de nou-~
veaux fertilisants et leur probable importance économigue dans

Pavenir, ainsi que les résultats et prévisions possibles de ce
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qu'on appelle la « révolution verte »; les perspectives quant
aux moyens futurs sont telles qu’aucun probléme ne se pose
dans ce secteur,

Les aspects économiques furent mis en premier plan et
c’est & eux que la discussion donna le plus d'importance.

Nettement il fut bien établi que c¢’est fondamentalement
un probleme économique (achat et transport des fertilisants)
qui, en réalit¢, limite la possibilité d’accroftre les récoltes des
pays sous-développés.

Par contre, it n’existe avcune limitation immédiate dans la
possibilité de fabriquer des fertilisants, mais cette fabrication
se concentre principalement dans les pays développés, qui sont
exportateurs; de 1a le prebléme économique cité précédemment

comme limitatif,

6. « Emploi de techniques de calcul et de nouveaux systémes

pour déterminer le besoin de fertilisants ».

Il s’agit de 'emploi des isotopes radioactifs dans les ferti-
lisants, et des résultats obtenus pour connaitre leur efficacité

en serres ou en champs d’expérimentation,

On releva les possibilités futures dans I'emploi de ces mé-
thodes spéciales, du point de vue de la fertilisation inorganique
et organique.

Le plus important de tout ce qui fut dit autour de ce sixiéme
argument cut trait aux possibilités qu’offre 'emploi des calcu-
lateurs modernes pour étudier Uinfluence de la quantité de

facteurs qui interviennent dans la production végétale.



XX PONTIFICIAE ACADEMIALE SCIENTIARVM SCRTIPTA VARIA - :58

Sans ces calculateurs modernes il serait absolument im-
possible de tenir compte dans les expérimentations, et encore
moins dans les cultures normales, du grand nombre de facteurs
susceptibles d’influencer les récoltes, puisqu’il est pratiquement
impossible d’obtenir une bonne corrélation entre la fertilisation
et le rendement. On peut aujourd’hui considérer que ce pro-
bléme est résolu d’une maniére acceptable du fait de la possi-
bilité de formuler un pronostic du rendement en fonction de

la fertilisation, qui offre toute garantie d’une bonne précision.

Tous les thémes furent repris dans une intense discussion
finale qui devait préparer les « Conclusions ». Celles-ci ont
retenu les points plus importants sur lesquels les participants
parvirent & un accord: ecmergent ceux qui se référent i la
nécessité de futures investigations quant aux divers aspects
du milieu, des cultures, des sols, de la santé de 'homme ef
des animaux, ¢n vue d'augmenter dans chaque cas l'efficacité
de I'emploi des fertilisants et de réduire au maximum la perte

des ressources de la nature dans le monde.

Regardant le contrdle de la nécessité de fertilisants, fut
mise en évidence l'importance de réaliser une bonne corréla-
tion entre les analyses du terrain et des cultures et les résultats
de l'expérience en terrain cultivé et surtout en serre,

On ne manqua pas de noter combien il est capital pour
Uefficacité de tout ce qui a été dit de procéder & une divulga-
tion des connaissances scientifiques, de maniére qu’elles par-
viennent aux agriculteurs et puissent les convaincre des avan-

tages économiques et sociaux qu'elles comportent.
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Ne manquons pas de signaler l'optimisme avee lequel les
scientifiques envisageni 'avenir de la production agricole dans
le monde. C’est parce que le probléme de la faim ne peut
étre enrayé que par une meilleure distribution des moyens de
production, en particulier des fertilisants, ou, ce qui revient
au méme, par des aides économiques aux pays sous-dévelop-
pés accordées par des Organismes Internationaux ou des pays
plus développés et économiquement plus forts, leur permettant
de disposer des moyens nécessaires pour fertiliser comme i}

convient leurs cultures.

Nous voulons espérer que le bon sens I'emportera et qu’on
parviendra dans un proche avenir a cette équitable distribution

que NOUS avons proposée.

Puissions-nons avoelr coniribué, cordformément au désir du
Saint Pere, a4 présenter des orientations pour résoudre ce pro-
bleme de la faim qui se pose si cruellement & 'humanité. En
substance, ces orientations constituent aussi de possibles so-

lutions.

VALENTIN HERNANDO FERNANDEZ
Sous-directeur de 'Institut d’Edapho-
logie et de Diclogie vdgétale de Madrid,
Participant 4 la Semaine d'Etnde et
Seerétaire technique de la méme,

Le texte original espagncol se trouve a la pag. 1231,
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Le but des « Semaines d’'Etude » de V'Académice Pontificale des
Sciences a été ainsi défini par son premier Président, $5.E. le Rev.me
Pére Acostmng Grmernr O.F.M.

« Tandis qu’on fixait, aprés sa fondation, les travaux de IAca-
démie, un probléme se présenta bien vite avec évidence: les sciences
posent chaque jour des problémes nouveaux qui donnent lieu d’ordi-
naire & divers essais de solution, souvent contradictoires. Il arrive
ainsi constamment que parmi les représeniants les plus autorisés
d’une science et, en particulier, entre ceux qui se sont consacrés &
Vétude d’une méme question, on rencontre des opinions opposées.
De parecilles divergences se maintiennent parfois pendant de longues
périodes et constituent a la fois une grave difficulté pour l'enseigne-
ment des sciences et fréquemment aussi un obstacle considérable a
leur développement. I¥ailleurs, l'expérience montre que les mé-
thodes actuellement pratiquées dans la discussion des problémes
scientifiques, n'ont qu'une efficacité limjtée au point de vue de
Vétablissement d'une unité de doctrine. It serait hautement scuhai-
table de promouvoir tout ce qui pourrait favoriser une entente sur
les points en discussion,

« Un tel procédé semble devoir &re particulierement utile sous
ce rapport: savoir éablir des contacts personnels prolongés entre
quelques représentants d’epinions différentes au-sujet d'une ques-
tion déterminée ».

Dans ce but, I’Académic Pontificale des Sciences a réalisé une
nouvelle « Semaine ¢’Etude » ayant pour titre: « L'emploi des
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fertiisants et leur effet sur Vaccroissement des récoltes notamment
par rapport a la gualité et a 'économie » {1).

Bien quc ces derniers temps un fravail intense ait été fourni sur
les divers aspects de¢ ce probleme, il restait cependant quelques ques-
tions de détail & résoudre, et de nouvelles questions s’étaient de plus
posées pendant ces derniéres années,

Etant donné qu’on n’avait pas encore provoqué un débat appro-
fondi 4 ce sujet et que le moment semblait propice pour le faire,
I"Académie Poniificale des Sclences s’est proposée de réunir un nom-
bre restreint de savanis spécialistes de la question. Son bul était
de recueillir, au cours d’une discussion approfondie, les synthéses des
nombreuses recherches effectuées dans ce domaine; de formuler ¢lai-
rement 1'état des différents problémes qui s’y rapportent; et par la
de pouvoir fixer les directives de recherche les plus logiques, les
plus persuasives et les plus promettantes, élant donné 1'état actucl
de la science.

A cet effet ont été invités des experts qualifiés en agriculiure, en
agronomie, en biochimie, en botanique, en édaphologie, en géo-
logie, en microbiclegie, en recherches agronomiques des sols ct en
problémes de nutrition des plantes, etc., qui, grice 4 ces études
spécifiques, ont contribué 2 la connaissance des plus récents déve-
loppements sur la matidre organique et la fertilité du sol,

La présidence de cetfe « Semaine d'Etude » sur « L'emploi des
fertilisants et leur effet sur I’accroissement des récoltes notamment par
rapport 4 la qualité et & I'économie » a été confié par le Président de
I’Académie Pontificale des Sciences, S.E. le Rev. Ptre DanIeL
O'Connert a 'Académicien Pontifical S.E. Don ManusL Lora
Tamavo, Professeur de Chimie organique 4 1'Université de Madrid,
ot nomma Secrétaire technique de la dite Semaine M. le Prof. Dr.
VALENTIN HERNANDO IFERNANDEZ, Sous directeur de !'Institut d’Eda-
phologie et Biologie Végétale de Madrid, aidé par M. le Prof.

{') Voir la liste des « Semaines d'Ltudew organisées par I'Académie
Pentificale des Sciences a la page LXVII.
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Dr. Lurs Jimengz, Chel adjoint du Département pour la fertilité
des scls et par Mile AnTonia Maria GonNzalez, Bibliothécaire du
méme Institut d’Edaphologie de Madrid,

Ont été invités 4 la réunion les savants suivants:

Dr. Yerupa ArATEN, Directenr de la division Neouveanx Engrais
de 1'Institut pour la recherche et e développement des Tsragl Mining
Industries; Conseiller du Ministére du Développement pour les
cngrals - Haifa (Israél).

Prof, Dr. Fritz Baapk, Directeur de 1'Institut de Recherche sur
les probiémes économiques des pays en voie de développement - Kiel
(Rép. Féd. Allemande).

Dr, RoBerrT BLANCHET, Directenr de la Station d’Agronomie de
Toulouse - Toulouse (France).

Prof. Dr, ELEMER BorneMisza, Conseiller du Directeur Régional
de 1'Institut Interaméricain de Sciences Agricoles de VOEA pour la
Zone Andine - Lima (Pérou}.

Prof. Dr. Louts BraMAo, Station agronomique Nationale du Por-
tugal - Oeiras (Portugal).

Prof. Dr. WoLrcaNe BussLEr, Professeur de Nutrition des
Plantes 4 la Faculté de Développement Agricole de 1'Université
Technique de Berlin - Berlin, Dahlem {Alemagne).

Dr. Bernarpo G. Card, Conseciller technique 4 la Station Agri-
cole Expérimentale de U'Université de Puerto Rico - Rig Pledras
{Puerto Rico).

Mr, Yves-Marig-Frawcois Coic, Ingénieur agronome, Station
Centrale de Physiologic végétale - Versailles (France),
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Prof. Dr. Jerrrey Davip Corwern, Savant chargé de la recher-
che & la Division des Sols de la Commonwealth Scientific and Indus-
trial Research Organisation - Canberra {Aunstralie},

Prof, Dr. Davip Davipescu, Professeur de Chimie Agricole i
PlInstitut Agronomique Nicolae Bilcescu - Bucarest (Roumanie),

Prof. Dr. Raymonp EweLL, Vice-président chargé de la recherche
de I'Université de I'Etat de New York, Buffalo, N.Y., et Professeur
de Chimie et de Chimie pour les Ingénieurs & la méme Université -
Buffalo, N. Y. (U.5.A).

N

Prof. Jamis WarLter IiTTs, Professeur & 1'Université d’Etat de
la Caroline du Nord, Directeur du programme international d’éva-
lnation et amélioration de la ferfilité des scls - Raleigh, N. C.
(U.S.A).

Dr. Maurice Frien, Directeur de la division conjeinte « Emplois
de UEnergie Atomique dans la production des aliments et Vagricul-
ture » de la FAQ et de 'AIEA - Vienne (Autriche).

Dr. Georg F. Hauser, Senior Technical Officer de fertilité et
Chimie des Sols & la FAQ - Rome (Italie).

Prof. Dr. VavLentin HeErnakno FErRNANDEZ, Chercheur au Conseil
Supérieur de la Recherche Sclentifique; Sous-directenr de 1'Institut
de Science des Sols et Biologle Végétale - Wadrid (Tispagne).

Prof. Dr. Magrcer Vicror Liow HomEs, Prolesseur de Physiolo-
gie végétale et Prorecteur de 'Université Libre de Bruxelles; Di-
recteur de I'Institut Botanique Leo Errera - Bruxelles {Belgique).

Dr. Irene Larxovics, Directrice du laboratoire des radio-isotopes
a I'Institut de Recherches de I’Académiec Hongroise des Sciences sur
la Science des Sols et la Chimie Agricole - Budapest (Hongric).



SEMAINE IETUDE SUR o« L'EMPLOI DES FERTILISANTS ETC. » XXX

S.IZ. Prof, Dr. Manuzr Lera Tamavo, Académicien Pontifical -
Professeur de Chimie Organique & la Faculté des Sciences de 'Uni-
versité de Madrid et Directeur de 'Institut de Chimie du Conseil
Supérieur de la Recherche scientifique d'Espagne - Madrid (Espa-
gne).

Dr. Hans-Ericx OBERLANDER, Directeur du département [sotopes
i la Station expérimentale {édérale de Chimie agricole de Vienne -
Vienne (Aufriche).

Prof. Joun THomas Prskx, Jr., Chef du Département d’Agro-
nomie de la Towa University - dmes, Towa (U.S.A)).

Prof. Dr. ArTUro Primavesi, Directeur des cours de spécialisa-
tion en biodynamique ct productivité des sols & I'Université Fédérale
de Santa Maria - Santa Maria, RGS (Brésil).

Prof. Dr. Orrio TurNo Rotini, Professear de Chimie Agricole
A 1'Université de Pise - Pisa {Italie),
{

Prof. Dr. Lpwarp WarLtER RusseLL, Professeur émérite de
Science des sols & I'Université de Reading - Reading {Grande-Bre-
tagne).

Prof. Dr. EBERHART SaarsacH, Fondateur el Directeur du Centre
de Recherches agricoles de la Ruhr-Stickstoff AG - Dilmen [ Westf.
{Rép. Féd. Allemande).

Prof. Dr. Jacosus Jouamnes THERON, Doyen émérite de la Fa-
culté d’Agriculture de PUniversité de Pretoria - Preforia, Transvaal
{Rép. Sudafricaine).

Prof. FraNCISCUS vaN DER Paauw, Directeur honoraire du dé-
pariement Nufrition des Planies & 1'Institut pour la Tertilité des
Sols de Groningen-Haren et Lecteur honoraire d’Agronomie Botani-
que 4 D'Université de Groningne - Gromingue (Pays-Bas).
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Dr. Tromas Warss, Directeur de An Foras Taluntais, Institut
d'Agriculture de PIrlande - Dublin {Irlande).

Prof, Dr. Erwin WEerLte, Directeur de VInstitut de Chimie
Agricole de 1I'Université de Gottingen - Géttingen (Rép. Féd. Alle-
mande).

Tous les invités ont participé 4 la Semaine d'Eiude,

Le « Riglament des Semaines d'Etude » selon lequel le nombre
des Participants doit 8tre rigeurensement limitd, a malheurcusement
empéché d’inviter d’antres illustres savants.

Ont aussi participé & Ia réunion: en qualité d'interprite et
chef du Scerétariat Mlle Jostpning Lucas; en qualité de sténogra-
phes polyglotte de séance Mlle JEan McEvoy, Mile CARMEN FERRARA,
Mlle Trorg MrtcHELL, Mlie HEATHER SAUNDERS ef Mlle MARJORIE
TAYLOR; en qualité de sténodactylographes polyglottes chargées des
Proces-verbanx:; Mile MurieL Saprier, Mlle Erruna Ryas, Mme
Susan  Runeckikss, Mlle Ann Saunpers, Mme Rita Manzo,
Mme PAULETTA ROss$aLDI; en qualité de traductrice simultanée
Mme DoNATELLA MONTERISI SINAGRA; en qualité de technicien pour
'enregistrement magnétophonique, Mr, Mauro TFrcoLr, assisté
par des opérateurs de Radio-Vatican, en qualité de technicien pour
la projection Mr. NoperTo Losi, opérateur 4 1z Faculté de Medicine
de V'Université Catholigue du Sacré-Coenr,

Le Bureau de Presse élait confié au Dr. Francesco Sanviucer,
Coadjuteur du Chancelier de I’ Académie.

Le comité de Réception pour les Dames élait ainsi composé:
Mme HeLENE Lorri, responsable du groupe; Mme Mariy Punzr,
les Comtesses IsaBrira et KArina CArvi b1 CoENzo, Mme SaBINE
Fassio, Mme Paora Cianci, et Mr, Nip Fassio.



SEMAINE D'ETUDE SUR « L EMPLOI DES FERTILISANTS ETC. » HNXX!

Le soir du dimanche ¢ avril a eu lieu dans les salons de 1'Hotel
Reale une rencontre amicale, au cours de laquelle les Participants
ont eu l'occasion de prendre contact entre eux et avec 1'équipe
technique du Secrétariat, afin de faciliter le cas échéant P'organisation
pratique de la Semaine et prendre d’éventuels accords préliminaires.

Au cours de ladite rencontre a éé approuvé le programme
définitif de la Semaine, dont & la page LXXXVIL

A Pouverture des travaux de la Semaine d'Etude, le matin du
lundi 10, le Président de PAcadémie a eu pour les participanis
quelques mots de bienvenue auxquels le Président de la Semaine
a répondu en remerciant avec des paroles trés appropriées.

Le samedi 15 avril a cu lien an Sicge de I Académic Pontificale
des Sciences, en présence également des Participants 4 la Semaine
d’Ftude, une séance exiraordinaire de Y Académie, an cours de
laquelle 1e Prof. Dr. Fritz Baapk, Participant 4 la Semaine d’Etude,
a tenu une conférence des plus intéressantes sur le théme « Hundred
years of increasing crops thanks to the use of commercial fertilizers -
A retrospective view at the years 1goc and an outlook on the year
2000 », illustrée par de nombreuses projections de diagrammes.

Le texte de la conférence est reproduit 4 la fin du présent volume.

Le méme jour, & 11 h 30, tous les participants ont éé regus en
Andience Solennelle par le Souverain Pontife, qui leur adressa un
discours, dont le texte, ainsi que la chronique de P Andience, sont
reproduits dans les pages suivanies.

Pendant la Semaine, qui se déroula jusqu’au soir du vendredi
14, les travaux scientifiques se poursuivirent sans interruption, Les
discussions des différents rapports se déronlérent groupées selon
I'affinité des sujels.

Les séances se sont tenues deux fois par jour, le matin de ¢ h.
4 T2 h. 30 et I'aprés midi de 16 h, & 20 h.; chaque séance a été
présidée par l'un des Participanis & la réunion.
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La réussite de la « Semaine d’Etude » a pleinement satisfait les
illustres Participants, qui, 4 la fin de lears travaux, ont tenu a
exprimer an Sain{ Pére leur profonde gratitude et leur trés sincére
administration pour cette manifestation scientifique si réussie, en envo-
yvant & 1'Auguste Pontife Paul VI e télegramme suivant:

We, the participants in the Study Week wish fo express our
deepest gratitude and thanks lo His Holiness for the exclusive
honor and opportunily lo study together in this Elernal City, as
part of the Pontificial Academny of Sciences, concerning the future
material welfare of peoples of the world for which we know His
Holiness has the deepest concern stop,

We also wish to communicate, to I[Mlis Holiness, owr huwmble
commendation and sincere appreciation for selecting as the topic
of discussion, « Use of Fertilizers and its Effect in Increasing Yield
with Particular Altention io Quality and Economy », through which
His Holiness has expressed an interest in the fundamentals, principles
and application of production methods to increase crop vyields siop
OQur own professional lives have been dedicated to this and we
treasure this recognition stop

We are convinced that our knowledge of plant production tech-
nology gives us a basis for hope that the problem of hunger can
be solved during this cemtury if owr scientific and technological
experience can be applied whevever ii is needed stop

Tt is our hope that the results of this Study Week will contribute
to the untiring efforts of His Holiness io achieve the goals of freedom
hunger and suffering, hwman dignily and peace and security in the
world stop

ARATEN, DBaspe, Brancuer, BorneMisza, BRAMAO, BuUssLER,
Cart, Coic, CoLwnrr, Davinescu, EweLL, Firrs, Friep, HAUSER,
Hernanpo FERNANDEZ, HoMis, LaTrovics, Lora TaMAY0, OBERLAN-
DER, PESER, PriMavEst, Rorming, RUSSELL, SaslacH, THERON, VAN
DER Pasauw, Warsn, WELTE,



SEMAINE D'ETUDE $SUR « L'EMPLOI DES FERTILISANTS ETC. » AXXI1Y

A ce télégramme d’hommage et de remerciement, le Saint Pére
a daigné répondre par le message suivant, signé de Son Eminence
le Cardinal AMLET) CICOGNANI, Secrétaire d'Itat:

Sa Sainteté agréant déférent message participants douziéme se-
smaine études Académie pontificale des sciences se réjoutt contribution
apfortée au progrés scientifique el sowhaile qu'une connaissance
approfondie de la nature permette trouwver solulion efficeace au
probléme angoissant faim dans le monde el atnsi smieux assurer
dignitd personne mumaine. Invoque grand coeur divines Bénddictions
sur fows signataires message.

En méme temps a été envoyé an Président de 1’ Académie S. E.
le Rév.me Pére Danien O'ConnNiLn le télégramme suivant:

The participants of this Study Week on « Use of Fertilizers and
its Effect in Increasing Yield with Particular Altention 1o Qualily
and Economy » wish lo express, lo your excellency, our sincerest
appreciation and deepest gratitude for cach having been selected by
vour excellency to take part in this tmporiani endeavor stop Fach
of us has experienced a venewed hope and convinclion that hunger
can be banished from the earth in this cenbury if owr knowledge and
technology ave applied wherever they ave vequived stop.

We shall each forever be indebted to vour excellency for this
unique experience, for new frisnds made, for their fellowship and
for a deeper insight into the mudittude of concerns of the Holy
Father. We shall cherish all of these stop.

Fach of us extends o your excellency his sincerest hope thal
future Study Weeks will be as produchive as we believe this one has
been stop Again we wish to express owr gratitude for being chosen
from among many stop

ARATEN, DBaapE, DBBrancurtr, Bornzpisza, BramAo, BUSSLER,
Card, Coic, CoLwerLL, Davibescu, EweLL, Firrs, Friep, HAUSER,
Hernanpo FernAnDEz, Moamis, Latrovics, Lora Tamayo, OBERLAN-
DER, PESEK, PriMavisI, Ro1iNi, RUsseLL, SaalBacl, THERON, VaN
DER Paauw, Warsu, WELTE,
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Enfin le télégramme qui suit a été envoyé 4 Mr, le Prof, Dr.
Piitro Sarviuccr, Chancelier de !Académie,

The participants in this Study Week take this opportunily to
recognize those who have made owr presence here possible stop

We wish to express to you our grateful apprecialion and sincerest
thanks for the thoughtful way in which you have arranged this
excellent program and for the accommodation for the entive growp
stop  You showed your concern for our personal needs as well as
study needs by providing g challenging schedule, yet allowing for
fellowship outside of owr study stop

Your staff should be singled ot for particular vecogmition. They
have been most helpful and efficient stop We also note the excellent
environment of the conference Room, the lransporialion and owr
accorunodation stop

A final expression of appreciation is made o you for your con-
siderate correspondence leading lo our final arvival and presence stop
In this you showed wunderstanding and kindness which we shall
always remember stop

ARATEN, Baape, BLancurT, BorNeMisza, Braxmio, BUSSLLR,
Caré, Coic, Corwrrr, Davipescu, Ewerr, Frrrs, IFriEp, HAUSER,
Hrrnanno FErnANDEZ, Homis, Larxovics, Lora Tamavo, OBERLAN-
DER, Prsik, PriMavESY, Rorini, RUSSELL, SAALBACH, THERON, VAN
DER Pasuw, WaLsy, WELTE.

Les pages qui suivent contiennent, 4 la suite du compte-rendu
de I'Audience du Saint-Pére, du « Réglement des Semaines d'Etu-
de », de la liste compléte des Semaines d'Etude tenue par 1'Aca-
demie et du Programme définitif de la présente Semaine, les rapports.
originaux présentés & la Réunion, et les discussions qui les ont suivis.

Les « Conclusions » de la « Semaine &'Etude » se trouvent &
la page 1199.
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Pendant la Semaine les Participanis ont visité, avec Uassistance
du Prof. Fiipro Mact et du Dr. Drocrecio REpic pe CaMpos de
la Direction Générale des Monuments de la Cité dn Valican, les
Musées Pio-Clementino, Chiaramenti, LEtrusque, Egyptien; le Brac-
cic Nuovo; les Galeries des tapisseries, des cartes géographiques; les
Chambres et les Loggia de Raphagl, la Chapelle de Fra Angelico,
la. Chapelle Sixtine, "Appartement Borgia et la Pinacolhéque Va-
ticane.

A la fin de la Semaine d’Etude, les Participants ont visilé Ia
Résidence Pontificale A Castel-Gandolfo, oft ils ont été invités i une
réception donnée 4 la Villa Barberini par 1'Observaleur perma-
nent du Saint-Siége auprés de la F.A.O., Monseigneur Luicl Li-
GUTTL et Mr. le Dr. Carro Ponti, Dizecteur des Villas Pontificales
qui, dans une atmosphere de cordialité, se sont lenguement attar-
dés avec eux, exprimant leur satisfaction pour 'excellente réussite
des travaux,

Enfin, le soir du samedi 15 avril, un diner d’adien a éié offert
par I'Académie, sclon la coutume, aux savants participants 4 la
« Semaine d’Etude »,



AXXVYH

LAUDIENCE
ET

LE DISCOURS DU SAINT-PERE



NAXNIX

Le matin du samedi 15 avril, le Saint Pére a accordé dans la
Salle du Consistoire du Palais Apostolique Vatican, une Audience
Soiennelle 4 I’Académie Pontificale des Sciences & Uoccasion de la
« Semaine d'Etude » tenue par I'Académie sur le théme « L'emploi
des fertilisants et leur effet sur I'accroissement des récoltes notamment
par rapport a4 la qualité et économic ». A la dite Audience ont
participé aussi de nombreuses hautes personnalités,

Etaient présent Leurs Eminences les Cardinaux: Amiero Gio-
vanNNI ClcoGNanI, Académicien Pontifical, Luicr TracLIA, FER-
NANDO CIENTO, GiUseEprE FERRETTO, CaRLO CONFALONIERI, PAoLO
MarELLA, Arcapio Maria LaRraowa, Jost pa CosTa-NuMis, ILDE-
BRANDG ANTONIUTTI, ErreM Forwi, FrANJO SEPER, Jray VILLOT,
CESARE ZERBA, ANGELO Rossi, MAXIMILIEN DE FURSTENBERG,
ANTONIO Samori, Dino STarrs, AxTURD TaBERA-ARAOZ, JOHN
Josery WriGHT, Ecinio VAGHO22I, PERICLE FerLici, Paoro Ber-
toL:, Sitvio Oppl, G1UsErre PAUPINI,  JoHannis WILLEBRANDS,
Mario Nasarri-Rocca p1 CORNELIANO, SERGIO GUERRI.

De nombreux Académiciens Pontificaux sont intervenus, et pré-
cisément Leurs Excellences: le Rév.me Pere Danigi. JosepH KELLY
(¥ ConnELL Président, Cuarnrs HErBERT BEsT, HERMANN ALEXANDER
Briicx, Kerra Epwarp BULLEN, Carios CHaGAs, GEORGES CHAU-
nroN, Kpuarpo CruUz COKE, ANTONIO DE ALMEIDA, CHRISTIAN DE
Duve, PaurL AprieN, Maurice Dizac, Cirizn CLAUDE GARNHAM,
ErNpsTo Guerzi, Girmarp HERzBERG, SvEn Horstapius, Jean Li-
coMTE, PrErrr LEPIN, Lours LEPRINCE-RINGUET, MawUrL LoORA
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Tamayo, Glovannl BarrisTA MARINT BETTOLO, SAN-ICHIRO PAULO
MizusaiMa, Jan Hewnprik Oort, MaUro Picone, Marcel RocHE,
SALIMUZZAMAN SIDDIQUI, ROBERT STONELEY, ALBERT SzanT-GYBRGYI,
ALrPRED RENE UBBELOHDE, les Académiciens surnuméraires: Mgr.
MarTiNG GIUSTI, Pére ALFoNs STICKLER; le Chancelier de 1’ Acadé-
mie, Prof. PiEtrRo Sarvivccr et le Coadjuteur Dr. FRaNCEsCO
SaLvivcor.

Parmi le groupe d’'Académiciens 'on pouvait voir les Partici-
pants 4 la Semaine d’Etude sur le thdme « I'emploi des fertilisants
et leur effet sur Paccroissement des récoltes notamment par rapport
4 la qualité et 4 I'économie »: YEHUDA ARATEN, FrITZ BAADE, ROBERT
Brancuer, FELemer DBorngmisza, Lurs BraMmio, WOLFGANG
BussLer, Bernakpo G. Card, Yvis MarmE Frangois  Coic,
JEFrrey Davip CoLweLL, Davip DavipescU, Raymonp HENRY
EwpLr, Jamrs Warter Frrrs, Maurice TriEp, GEORGE F.
Hauser, Varentin Hernanpo FERNANDEZ, MARCEL Vicror LEon
Homts, IreNk Latkovics, Hans Ericy OBERLANDER, JoHN
TroMAs PESEK, ARTURO Primavesi, Orrio TurNo RoTini, Epwarp
WaLTeR  RUSSELL, EBERHART SAALBACH, JACOBUS  JOHANNES
THERON, FRANCISCUS vaN DR Paauw, Tuomas WaLsH, ERwIN
WerTE, et Luts JiMENEZ, aide du Secrétaire technique.

A T'Audience oulre le Corps Diplomatique au complet étaient
présents S.E. Menseigneur Grovanni BeneLLl, Substitut de la Secré-
lairerie d’Etat, $.. Monscigneur AGosTING CASAROLI, Secrétaire du
Consetl pour les affaires publiques de I'Eglise et Monseigneur SoTERO
Sanz VILLALBA, Assesscur de la Seccrétairerie d’Efat: les Membres
du Corps Diplomatique furent requs par M. Mario BELARDO.

Une déférente manifestation d’hommage a accueilli V'amrivée du
Saint Pere.

Aprés avoir gagné le trine, le Saint Pére donna son assentiment
au Président de I'Académie, S.E. le Rév.me Pére DANIEL J.X.
O’ConNELL qui s’adressa alors an Souverain Pontife cn ces termes:
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Trés Saint-Péve,

Jai Uhonneur de présenter respeciucusement 4 Volre Sminteté
Uhomumage de tous les membres de son Académie des Sciences
réunts tci en session pléniére.

Selon la coulumme, nous avons, aw cours de celie Session, lenu
en méme temps une Semaine d'Etude, activitd sans doute la plus
féconde, comme la plus oviginale, de I'Acaddmie Pontificale. Dans
la liberlé des vencontres privées — caractive propre de ces réunions
— un petit growpe de savanls vépulés, choisis sans égavd pour lewr
appartenance philosophique ou religicuse, discule de quelques pro-
blémes de grande importance actuelle en cherchani un accord ou &
préciser les raisons pour lesquelles on ne peut y parvenir. Cet accord
est consigné dans une « Note collective finale » publiée dans le vo-
lume officiel des Acta, ainsi que les nombreuses discusstons interve-
nues qui en constituent la pavite la plus intéressanie.

Most Holy Father,

I have the honour to present to Your Holiness the respectiul
homage of the members of Your Academy of Sciences gathered here
in plenary session,

As usual we have, during thig session, held at the same time
a Study Week, without doubt the most fruitful, as it is also the
most original, activity of the Pontifical Academy. In the freedam of
privale meetings a particalar feature of these meetings, a small group
of distinguished scienfists, chosen irrespective of their philosophical
or religious affiliations, discuss some problem of great actual import,
trying cither to come to agreed conclusions er, if that is not possible,
to set forth the reasens for their disagreement. The result is present-
ed in a final collective note, published in the volume of the Proceed-
ings, fogether with the nwmerous discussions, often the most
interesting part of the Study Week.



XTIt PONTIFICTAE ACADEMIAL SCIENTIARVM SCRIPTA VARIA - _-}3

Dans la Semaine d'Llude précédente, nous avons essayé de
péndlrer les secrets les plus profonds de Punivers ef les déconveries
les plus vécentes de Uastronomie en éludiant Uorigine et Iévolulion
des Galaxies et de U'Univers méme, Déji dans wne autre Semaine
nous nous élions dédiés au probléme des populations stellaives. Ceite
fois nous somnmes revenus @ notre pelit coin d'univers, la terre, bien
petite en comparaison dune galaxie,

Toutes ces dermiéres anndes I'Académie a4, dans un lravail fé-
cond, affronté les grands problémes de la science lids au dévelop-
pement et au bien-étve de I hwmanité. Et elle U'a fait non seulement
grdce & la collabovation de ses wmembres, mais encore & celle de
savants du wmonde entier. Parmi ces problémes s¢ pose celui de la
faim dans le monde. Répondant auwx préoccupations du Saint Pére
& cc sujet, en 1068 I'Académic a prévu une sévie de cing Semaines
d' Etude dont la premiére, qui eut liew cetle méme annde, se déroula

autour du théme « Walidve ovganique of fertilité du sol »,

In the preceding study week we atiempted fo penetrate the most
profound secrets of the universe, and the most recent astronomical
discoveries, in studying the origin and evolution of Galaxies and of
the Universe itself. A previous study week had been dedicated 4o
the problem of Stellar Populations. On this occasion we return to
our own little corner of the universe, the Earth, small indecd com-
pared to a galaxy.

For some years past the Academy has performed a [ruitful task
in facing the great scientific problems connected with the develop-
ment and the well-being of mankind. It has done this, thanks fo
the collaboraticn not only of its members, but also of scientists all
over the world. Among these problems is that of hunger in the
world, In response to the preoccupalion of the Hely Father with
this malter the Academy in 1968 planned a series of five study
weeks, the first of which, held that same year, was devoted to the
theme « Organic matter and soil fertility »,
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C’est le méme argument qu'a repris awjourd huwi notre douzidms
Sewmaine d’Etude avec le théme « L'emploi des fertilisants et leur
effet suy I'accroissement des récolies, notamment par rapport & la
qualité et & I'économie ». Elle comple ouvriy de nouvelles el utiles
perspectives, en particulicr pour les pays en voie de développement.

1l faut en outre rappeler avec quelle perspicacité U Académie n’a
pas hésité ew 1962 & affronter dans sa Semaine d'Elude un théme
come « Probléme du rayonnement cosmique dans Uespace interpla-
nélaire », qui flait alors d avant-garde bien que fondamental pour
la connaissance de U'Univers, du noyau de I'aloime au cosmos, Nowus
pouvons aujourd hui apprécier & sa valewr toute Uimportance de cetle
Semaine & Liude,

La connaissance intime de la nature de I'homme dans le champ
de la biologie et des phénoménes physiologiques el pathologiques,
fut Pobjet d'un examen approfondi dans plusicurs Semaines d'Elude.
Citons: le probléme des macromolécules d'intérét biologique, pré-

Our twelfth study week has taken up the same argument, on the
theme « The use of fertilizers and their effect on the growth of
crops, especially in relation to their quality and the economy ».
The aim is to open up new and useful perspectives, in particular for
the developing countries.

It is well to recall with what foresight the Academy ventured,
in a study week in 1962, fo attack such a subject as « The problem
of cosmic radiation in interplanetary space », then a very avant-
garde topic, fundamental for the knowledge of the universe, from
the atomic nucleus to the cosmos. We can to-day appreciate at its
full value the importance of this study week.

The intimate knowledge of the nature of man in the field of
biology, and of physiological and pathological phenomena, was the
object of a thorough examination in several study weeks. For
exampie: the problem of macromolecules of biological interest, fore-
runner of the problems of what is called nowadays molecular biology;
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curscur de ceux posés par ce qu'on appelle aujourd hui la biologie
moléculaive, la biologie des lumenrs, les oligo-éléments dans la vie
végélale et animale, les processus physiologiques du systéme nerveux
centrale.

Dans tous ces domaines, en promouvant [ elablissement de con-
tacls personnels entre hommes de science d opinions différentes ef
lewr vencontre en un cénacle fermé, I Acadénic a grandement con-
tribud, par cetle forme d'activité originale et, comme on Ua dil,
unique en som genve, non pas & fixer dps conneissances acquises
nais @ stimuler la recherche vers de nouwveaux objectifs offrant un
inlérdl aigu pour humanité entiére.

Je voudrais encove rappeler que dans le champ des sciences de
la terve, dés 1951 IAcadémie appelaii I'altention sur le probléme
des microséismes, probléme d'indérét primordial aujourd hui puis-
quwon i doil une medlewre connaissance de la nalure et des mou-

venienls des varides strates de la terre.

the biology of tumors; trace-elements in vegetable and animal life;
the physiclogical processes of the central nervous system.

In all these fields, by promoting the establishmeni of personal
contacts between scientists of different opinions, and their meeting
in a closed circie, the Academy has contributed nofably, in this
original type of activily, unique in its field, not indeed by defining
the knowledge already acquired, but by stimulaling research to-
wards new objectives of intense interest for all mankind.

T would also like {o mention that, in the field of earth sciences,
already in 1951 the Academy calied the altention o the subject of
microseisms, a preblem of fundamental inferest to-day, since to it
is due onr knowledge of the movements of the various strata of the
carth.

The knowledge of matter is practically impossible without the
study of the bonds which link the various types of molecules. A
generation of illustrious scientists received from the Academy in
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De méme la connaissance de la matiére est devenue aujourd hui
pratiqueiment impossible sans Uélude des liens qui umissent enire
eux les différents types de molécules. L exallation enthousiaste 4'une
géndration de savants illustres a vegu de U'Académic en 1906 une
nouvelle dlaboration en profondeur lors de la Semaine d'Etude
dédide aux « Forces moléculares ».

Mais les sciences de I'homme ne se Hwuleni pas & la seule con-
naissance de la matiére inanimée ou vivante connaitre les vapports
entre los hommes est tout aussi nécessaive. I Académie s'est donc
préoccupde en 1963 &' dtudier sous fous ses aspects le « Réle de
U analyse dconoméirique dans la formulation de plans de déuveloppe-
ment », contribuani ainsi & mieux préciser d'un point de vue quan-
titatif Uimpact des sciences doonomiques suy les dtudes qui traitent
du développement des varids pays du monde.

Durant toutes ces années les académiciens pontificaux qui ont

participé & I organisation et aw déroulement des Semaines 4’ Flude ont

1966 a new examination in depth of this problem in the study
week dedicated fo « molecular forces »,

But the sciences of man are not confined simply to the know-
ledge of matter, living or inanimate. It is alsc necessary to know
the relations between men. Thus, the Academy in 1963 devoled
its attention to the study, in all its aspects, of the « Role of econo-
metric analysis in the formulation of plans of development », thus
helping to define more precisely, from a quantitative point of view,
the impact to the economic sciences on those stadies which deal
with the devclopment of the various countries of the world.

During all these years the pontifical academicians who have taken
part in the organising and carrying out of the study weeks have
also, in the Plenary Sessions, made their personal contributions
to the life of the Academy. They have not only presented original
scientific contributions, but also participated in [ruitful discussions.
Alle the meetings have indeed fulfilled their function by gathering
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également offert dans les Sessions Plénicres concomilantes lewr con-
cours personnel & la vie de I'Académic. Non seulement ils lui out
comununiqué un apport scientifique original, mais les discussions
furent fécondes. Toules les renconives ont vvaiment vempli leur
fonction de rvéunir des hommes de bonme volonléd, dans un cadre
magnifique el dans wne ambiance pavticulicvement stimulante
pour entralier la vecherche scientifique vers des objectifs toujours
mienx et plus direclement towrnds an bien de I'homme. A ce propos
je wvoudrais rappeler que les thémes d'un inlérdt plus général
et plutdl inlerdisciplinaire, déterminant powr notre époque, furent
récennment et fort opportunément discutés au siége de I Académrie:
la science devanl les problémes que pose la pollulion de Uair; la
fonction de la seience dans les pays en voie de développement, les
nouveaux aspects de I'évolution cosmologique; enfin les grands in-
tervogatifs de I'ewnploi des vésullats scientifiques qui a ému le coewr
et la conscience de plus d'un savant.

Au nowm des Acaddmiciens ici réunis et de ces savanis de divers

together men of good will, in a splendid setting and in surroundings
particularly conducive to promoting scientific research towards ever
higher objectives, more directly aimed at the good of mankind.

In this connection, I should like o mention that interdisciplinary
themes, of more general interest and of decisive importance for our
time, have been recently, and very opportuncly, discussed at the
Academy: science and the problems of air pollution; the function
of science in developing countries; new aspects of cosmological evola-
tion; finally the greal questions with regard o the use of scientific
results, that have {ouched the heart and the conscience of more
than one scientist,

In the name of the Academicians gathered here, and of the
scientists from various lands who have participated in our Study
Week, 1 wish to express our profound gratitude to Your Holiness
for the munificence which has allowed us to carry out these important
scientific activities,
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pays gqui oni participé & notre Semaine d’Etude, je liens & exprimer
& Volre Sainteté notre gratitude profonde pour Sa munificence qui
nous & pevmis de réaliser ces inuportanics manifestations scientifiques.

L’ Académic a décerné cette annde la Médaille &'0r Pie XI au
professeur Gydrgy Néméthy, jeune chercheur hongrois du Biophy-
sical Science Training Commitiee des Instiluls nationaux de la Santé
des USA. Le lauwrédal a véussi & appliguer les méthodologies mathé-
matiques et ihermodynamiques les plus avancées a U'édlude el 4
Pinterpréiation des phénoménes liés i la nature de Ueaw dans les
systémes blologiques.

Vewillez mainienant, Trés Saini-Pére, bénir les travanx de ceife
Académie des Sciences qui est Vélve, fous ses académiciens et les
participants @ la Semaine d'Elude.

Daigne aussi Votre Sainteié vemetire Elle-méme au lauréal du

Prix Pie XTI la Médaille d'or quwi lui a été décernde.

The Academy has awarded the Pius XI Gold Medal this year
to Professor Gyorgy Némethy, a young Hungarian scientist of the
Biophysical Sciences Training Committee of the National Institutes
of Health of the USA. The medallist has succeeded in applying
the most advanced mathematical and thermodynamical techniques
{o the interpretation of the phenomena connected with the nature
of the water in biolegical systems.

May You now, Most Holy Father, bless the labours of this Your
Academy of Sciences, together with the Academicians and the parti-
cipants in the Study Weck.

May Your Holiness also deign to present to the winner of the
Pius XI prize the Gold Medal which has been awarded to him.
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Le Saint-Pére daigna répondre par le:discours que nous repro-
duisons & la page suivante.

Le Saint-Pére sentretint ensuite, aprés avoir regu 'hommage des
Cardinaunx, avec le Président de I'Académie, $.E. le Rév.me Pére
Danier JI O CoNngLL, les Académiciens Pontificaux, e Chancelier
PreTre SaLviucer et les Participants & la « Semaine d’Etude »,
trouvant pour chacun d'aimables paroles de félicitations cf de
souhaits, pour cux, leurs familles et leur activité scientifique.

L'assistance cxprima enfin ses remerciements an Saint-Pére, sa
reconnaissance émue et sa profonde gratitude, ct les plus chalenreux
hommages se manifestérent de nouvean au moment o, 1’Audience
terminée, le Souverain Pontife quitta la Salle du Consistoire.




HLIX

Monsieur le Président ei Messieurs les Académiciens,
Messieurs les Cardinawx, Messieurs les Ambassadeurs

et wous tous qui avez bien voulu wmous honorer de votre
présence.

Les nobles paroles que nous venons 4’ entendre ont dévould
sous nos yeux, dans win raccowrci saisissant, les phases du
fécond travail de I Académie Powntificale des Sciemces en ces
derwiéves anndes, el elles suffiraient, a elles seules, 4 montrer
la witalité de cette institution, La vemise de la wmédaille d'or

Mr. President. Members of the Academy, Lords Cardinals, Mes-
sieurs Ambassadors, and all of you who have kindly honoured
us with your presence.

The noble words we have just heard have given us a brief but
striking picture of the phases of the fruiiful work of the Pontifical
Academy of Sciences in the last years, and they would suffice in
themselves to show the vitality of this institution. The awarding of
the Pius XI gold medal to Professor Gybrgy Némethy is also a sign
of this vitality. Il has become, as yeu know, a tradition to recognize
in this way the merits of a scholar of international repute, in his
specific field, Professor Némethy, 2 son of the noble Hungarian
nation, has at present a chair at the Rockefeller University. He is,
yvou know better than we do, a specialist in the physical chemistry
of liquids and solutions, and we are happy to confer on him ihis
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Pie X1 au professeur Gyorgy Némethy esi, elle aussi, un signe
de cette vitalitd. Cest devenu, vous le savez, une tradition,
de reconnailve ainsi les mérites, dans son domaine spécifique,
d'un savant de classe inleynationale. Le professeur Némethy,
fils de la noble nation hongroise, est actuellement titulaive
d’une chaire @ la Rockefelley University, Il est, vous le squez
micux que Nous, un spécialiste de la chimie physique des
liguides et des solutions, et Nowus sommes hewreux de lui dé-
cevner cetle marque d'estime el d encowragement devant un
auditoive aussi qualifié que le véive.

Un hommage & la sclence,

Votre présence ici. Messieurs, comme la ndtre, veut éire
un hommage & la science; et tmmensilé des hovizons que ce
seul mot dvoque aux yeux de Iesprit suscite des véflexions
presque tnfinies,

Lorsqu'en 1936 nolve grand Prédécessewr Pie XI institua
I Académie Pontificale des Sciences, il indiqua en ces termes

mark of esteem and. encouragement in the presence of such a highly
qualified audience as yours,

A iribute fo science

Your presence here, Gentlemen, like our own, is intended as a.
tribute to science; and the immensity of the horizons that this word
itself conjures up before the mind’s eve, gives rise to almost infi-
nite reflections.

When in 1936 our great Predecessor Pius XI set up the Ponti-
fical Academy of Sciences, he indicated the aim he proposed for
it as follows: « Our wish and our hope is that, through this Institu-
te, the “Pontifical Academicians” will contribute more and more
and better and better to the progress of sciences, We do not ask
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le but gu'Il Iui proposail: « Notre voew et Nolve espérance
c’est que, par cel Institut, les “Académiciens Powtificaux”
contribueni lowjours plus et micux aw progrés des sciemces.
Nous ne leur demandons pas aulre chose: ce noble dessein, ce
brillant labeur, tel est le service gue Nous attendons d’ hommes
épris de vénté » (Motu Proprio In multis solaciis, 4.4.5., 28
[1936), P 424).

En effel, la recherche désintdressée du vrat, la poursuile
inlassable des secvets de l'univers, soni parmi les valewrs les
plus édlevées; les idéaux les plus passionnants auxqguels un
howmme puisse comsacver sa vie. « [ntellectun valde ama »,
disait Saint Augusting el le géolopue Pievve Termier (1859-
1030), au siécle devnier, comsacvait un ouvrage, gue peut-étve
vous connaissez, a « La joie de connaitve ». Les joles du sa-
vant vous sont familicres, Messieurs: trouver soudain la solu-
tHon de problémes longuewment éludids; aprés des efforts pro-
longds, souwvent doulouveux, parfo'is infructuens, péndiver plus
auant dans les secvets de la nature; sur la base des vésultats

anything else of them: this noble intention, this brilliant labour,
such is the service we expect from men enamoured of truth” (Mo-
tu Proprio, In muiis solaciis, A.AS., 28 [1936], p. 424).

The disinterested search for truth, the tireless pursuit of the
secrels of the universe are, in fact, among the highes{ values, the
most enthralling ideals to which a man can devote his life, “Intel-
lectum valde ama®™, St. Augustine sard; and last century the geo-
logist Pierre Termier {185g-1930) dedicated a book which perhaps
you know, to “The joy of knowing”. The scholar’s joys are fa-
miliar to you, Gentlemen: suddenly to find the solution to problems
after long study; after prolonged efforts, often painful, sometimes
unavailing, to penetrate further info the secrets of nature; on the
basis of ever more specialized researches, to construct suddenly a
magnificent synthesis—sometimes seen in a flash——which gathers
in a luminous theoty a series of partial truths, apparently hetero-
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de recherches loujours plus spécialisées, constvuive tout d’un
coup wune wmagnifique synthése, apercue parfois dans wun
Eclair, qui vassemble en wune théovie lumineuse un ensemble
de vérités pariiclles, apparemment disparales, et ' éevier: « [’ ai
trouvéd! »: vous avez connu ces minutes exaltantes,

Joie de Utnielligence, récompensée de sowm bravail; jouis-
sance esthétique, en présence d un beaw vésultat; élévation
morale, par la valorisation de I'effort: par toul cela le savant
s’ éldve au-dessus de lui-méme, Et pay 14 ausst, i sert I huma-
witd, A wmesure gue Se succédeni les géndvalions, de nonvelles
vecherches prolongent les découwvertes antéricures; les civilisa-
tions mdvissent; les progrés s amplifient. On a pu parler avec
raison de I accélévation de I histoive. Elle est due, ceries, aux
enrvichissements de la technique. Mais ceux-ci # auraieni pas
dté possibles, ou Seratent demewrés ambivalenls, st le cher-
Cheur désintéressé w'avait pas d’abord précédd, puis accom-
pagné le technicien,

Le vral savant va plus loin encore. Il sait gue loute civi-

geneous, and exclaim: “I have found it!”; you have known these
moments of exaltation.

Joy of the intelligence, rewarded for its works; aesthetic enjoy-
ment, in the presence of a fine result; moral elevation, through the
emphasis of effort: in all these ways the scholar rises above himself.
Ard in this way, too, he serves mankind, As generation follows
generation, new researches prolong previous discoveries; civiliza-
tions mature; progress expands, People have rightly spoken of the
acceleralion of history: True, it is due to the achievements of
technique, But these achievements would not have been possible,
or would have remained ambivalent, if the disinterested sceker
had not first preceded, then accompanied the technician.

The real scholar goes even further. He knows that all civiliza-
tion presupposes wisdom. “The future of the world stands in peril,
Vatican 1T says, unless wiser men are forthcoming”. And it adds:
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lisation suppose une sagesse. « L'avenir du monde serait en
péril, dit le 1I° Concile du Valican, si notre époque ne savait
pas se donner des sages ». IFt il ajoute: « De nombreux pays,
pawvres en biens matéricls, mais viches en sagesse, pourvont
puissaminent aider les autves sur ce point » (Gaudium et spes,
n. 15, § 3).

Ceite sagesse ne s’ oppose pas a la culture de I'esprit: elles
se conditionneni el s'integrent muluellement. Car la science
n'est pas orgueil; elle n'y conduwil que st on la dévie de som
but. Elle est une legon d humilité: on wne conguieri la nature
gu'en hui obéissant. On vencontre celle-ci d abord comme un
obstacle qu'il faul renverser, une nuit qu'tl faul iluminer.
Elle s oppose a nos véves el & nos fantaisies. Mais a mesure
que nous nous soumeitons § ses exigences, nous découvrons
ses lois. El nous pouvons pew & pew les uttliser, discerner les
moyens de les mettre au service de 'homme. Awnsi le sage
accompagne le savant; la nature, d’abord hostile, mats amé-
liovée ef transformée pav le traval, devient une allide el une

amie.

“Many nations, poorer in economic goods, are guile rich in wisdom
and can offer noteworthy advantages to others” (Gawdium et Spes,
n, 15, 3).

This wisdom is not opposed to cultare of the mind: they con-
dition and complete cach other. Tor science is not pride; it leads
thereto only if deflected from its purpose. Tt is a lesson in humility :
only by obeying nature is it possible to conquer it. Nature appears
to us first of all as an obhstacle t¢ be overcome, darkness to be
iluminated. It conflicts with our dreams and our fancies. DBut
as we submit to its demands, we discover its laws,  And we can
gradually utilize them, discem means of putting them at the service
of man. Thus the wise man accompanies the scholar; nature, at
first hostile, but improved and transformed by work, becomes an
ally and a friend,
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Le mystére de la nature,

Cette vemcontre du savant avec la mature le met sur une
nowvelle voie. Une découverle appelle une aulve déconverie,
qui en appelle une autre, mats esprit w'est jamais définitive-
ment satisfait. S agivait-il d'un progrés indéfini vers un but
wnaccessible? Mais ce sevalt Iabdication de Iintelligence! Ia
nature, progressivement dominde, vévéle un mystéve plus
grand qu’elle. Et ici le savant est invité & se faive philosophe.
Soit & la source, soil au terme des énigmes qu'il rencontre sur
sa route et gu'il lravaille & vésoudre, 1l est amené & recon-
naitre, ou du mons & pressentiv, la présence d’une Sagesse
d'un aulve ovdre, limiide celle-la, transcendant les espaces et
les temps, qui expligue la présence de ces lois, d’abord résis-

tantes, puis domindes et utilisées.

L dtincelle de lumiéve qu’est Uiniclligence huwmaine, iné-

galement partagée wmais présente en chacun de nous, apparait

The mystery of nature

This meeting of the scholar with nature sets him on a new path.
One discovery leads to another, which in turn leads to yet another,
but the spirit is never completely satisfied. Is it a case of indefi-
nite progress towards an inaccessible goal? But this would bhe the
abdication of intelligencel  Nature, gradually dominated, reveals
a mystery greater than itself. And here the scholar is invited o
become a philosopher.  Either at the beginning or at the end of
the enigmas he meets with on his way and which he works to solve,
he is led to recognize, or at least to divine, the presence of a Wisdom
of another order, unlimited, transcending space and time, which
explaing the presence of these laws, at first unyiclding, buf, then
mastered and utilized,

The spark of light of human intelligence, unequally distributed
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alovs au savant comme wune pavlicipation & cetle Lumicre
absolue et sans ténébres. Chacun de nos progrés, chacune de
nos synthéses, nous révéle quelque chose du plan qui préside
& Uordre universel des éives, & Ueffort tendu en avant de
P homme et de Ihumanité. Nous voici « & la recherche d un
humanisme nouwveau, qui permelle & I homme moderne de se
vetrouver lui-méme, en  assumant les valeurs supérieures
d& amour, 4’ amilié, de prieve et de contemplation » (Populo-
rum Progressio, #. 20).

Aussi bien la ldche du savant est-clle avdue, $'il prétend
vaincre la nature en lui obdissant, progresser en la dominant.
Mais cela requiert d'autres vertus spécifiques, qui vous sont
familiéres: Ueffort obstiné, malgré les échecs apparents ou
provisoives, la palience malgré la lenteur des résultats, I'imagi-
nation créatrice en vue de décowvrir les voies nowvelles, la
passion de la recherche avec la volonté d’aboutir. Puis, vous

Pavez deviné, cette alliance de réflexion profonde, d'inlerroga-

but present in each of us, appears to the scholar as a participation
in this absolute Light, where there is no darkness. Each step
forward we take, each synthesis we make, reveals to us something
of the plan that presides over the universal order of beings, over
the forward effort of man and mankind. Here we are “in search
of a new humanism which will enable modern man to find him-
self anew by embracing the ligher values of love and friendship, of
prayer and contemplation” (Populorum Progressio, n. 20).

So the task of the scholar is a hard one, if he claims to conquer
nature by obeying it, to progress by dominating it. Bul that calls
for other specific virtues, which are familiar to you: obdurate
effort, in spite of apparent or temporary failure, patience in spite
of the slowness of results, creative imagination in order to discover
new ways, the passion for research with the determination to suc-
ceed.  Then, as you have guessed, ouf of this aliiance of deep
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ton sur soi, sur I'humanité et Vunivers qui, unissant en sym-
biose le savant ot le philosophe, fait le sage.

La Semaine d’Etude de I’Académie Pontificale des Scicnces.

A mesure qu’clle avance, la science est devenue plus com-
plexe et plus spécialisée. Un esprit, fii-il gémial, ne saurait la
dominer seul, méme dans son propre domaine. Une élude grel-
le qu'elle soit, suppose une problématique, des postulats ini-
taux, une ligne de vecherche et sa propre logique. Tout ceci
peut différver, non seulement & vaison des découvertes antévien-
ves propres & chacun ou des résultats acquis, wmais suivant
Pangle de vision qu'il a choisi. Appliqués i un méme proble-
me, des savants isolds powrront aboutiv & des conclusions oppo-
sées. La collaboration, la confrontation, exigent alovs entre
eux des contacls pevsonnels et suffisamment prolongés, sinon

avec I'espoir de résoudre d’emblée les contvoverses, du moins

reflection, of questioning about oneself, about mankind and the
universe, which unites the scholar and the philosopher, there is born
the wise man.

The study week of the Pontifical Academy of Sciences

As it advances, science has become more complex and special-
ized,  Even a genius could not master it alone, not even in his
own field. Any study whatsoever presupposes a series of problems,
premises, a line of research and its own logic. Al that may differ,
not only according {o previous individual discoveries or results,
but depending on the angle of view chosen, Working on the same
problem, isolated scholars may arrive at opposite conclusions, Col-
laboration, confrontation, call for personal and sufficiently pro-
longed cortacts between them, if not with the hope of immediate-
ly solving the controversies, at least with the certainty of under-
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avec la certitude de micux comprendre les divergences et d’en

tirer profit: le progrés de la science en deviendra plus rapide.

C'est powrquoi vous éles ici. Presque dés sa fondation,
P Académie Pontificale des Sciences ovganisa des semaines
d’études, la premiére en rggo. Elle invita quelques illustres
savants, spécialisés dans une question bien délimilée, pas trop
nombreux afin que le dialogue [t véellement fécond entre tous,
et qu'ils puissent examiner en commun toules les données du
probléme. Malgré les circonstances — le monde était alors en
guervre — le succés répondit aux espoivs; la paix vetrouvée, les
semaines d études se mudiiplidrent, comme on vient de nous le

rappeler: la vitre est la douziéme.

« L'emploi des fertilisanis ct lewr effet sur U accroissement
des wécoltes, notamment par rapport & la qualité et a I'éco-
nomic »: tel est votre ihéme. C'est avec un vif inlérét que

Nous avons parcourn les résumés communiqués pav chacun

standing divergences belter and taking advantage of them, Thus
the progress of science will become al} the more rapid.

That is why you are here. Almost from its foundation, the Pon-
tifical Academy of Sciences organized study weeks, the first in 194o0.
Tt invited some eminent scholars, specialized in a clearly defined
question, not too numerous in order that the dialogue wouid be
really fruitful among them all, and that they conld examine together
all the facts relating to the problem. In spite of the circumstances—
the world was then al war—ihe success measured up to the hopes.
When peace was restored, the study weeks were multiplied, as
we have just been reminded: yours is the twelfth.

“The use of the fertilizers and their effect on the increase of
erops, particularly with regard to quality and economy™: this is
your subject. It was with keen interest that we read the sum-
maries sent by each of yeu for the preparation of the work.
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d'entre vous powr la préparation des Iravaux. Leur aspect
techwique ne reléve pas de Notre compdtence et w appartient
qu’ & vous seuls. Mais le théme abordé comporte de tels reten-
tissements humains que UEglise, préoccupée qu’clle est du
développement de tout I'homme ef de tous les homwmes, an-
goissée pay le drame de la faim dans le monde, soucicuse de
Pabime qui, loin de se combler, semble s approfondir entre
pays industyiels el pays relenus encove dans I’ économie rurale,
UEglise, disons-Nowus, atlend beaucoup de vos recherches, pour

contvibuer & la solution de ces problémes.

Le drame de la faim dans le monde.

Proportionner les ressources alimentaives & la population
croissante du globe, vaincre la malnutrition, wetlve enfin les
pays pew industrialisés, apporteurs de produits agricoles, & mié-

me d enirer en condition pas trop inférieure dans le commer-

Their technical aspect is not within our competence and belongs
to you alone. DBut the subject dealt with involves such human
interests that the Church, concerned as she is with the development
of the whole man and of all men, anguished by the drama of
hunger in the world, anxious about the gap which, far from closing,
seems to be widening between indusirial countries and couniries
considered as being s4ll in a rural economy, the Church, we say,
expects a great deal from your researches, to contribute to the
solution of these problems.

The drama of hunger in the world

To make food resource proportionate te the growing population
of the globe, to overcome malnutrition, and finally to enable less
incustrialized countries, the producers of agricultural goods, to
enter wortd commerce in condifions that are not too inferior: all
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ce mondial: toutes ces ambitions sont d’abord hwmaines, ct
tendent & vépondre de fagon plus satisfaisante & la justice so-
ciale, soit entve secteurs de production dans les végions de
civilisation industrielle avancée, soit entre celles-ci et les popu-
lations principalement agraives.

Du wmoins dans les premiéves, d’incontestables progres sont
acquis, grdce & vos travaux. Les mowvelles générafions ruva-
les savent Iécart qui les sépare encore de la vie urbaine, ef les
avantages qu offre a celle-ci une technigque avancée. Si elles
wen profitent pas dans la méme mesure, elles en regoivent les
retombées, et les exploitent. Grice a la mécanisaiton, clles ont
pu élendre lewrs emblavements. Pay le vecours aux fevithsants,
elles ont accru et parfois doublé lewrs vendements. Elles onl .
appris & faire analyser lewrs sols, afin d’en connaitre les ajpti-
tudes, Elles tendent & la spécialisation. Réduites en nombre,
elles sont capables d’ assurer la subsistance de populations plus

denses ot plus exigeantes. De traditionnelle et routiniéve, I'agri-

these ambitions are human in the first place, and aim at meeting
in a more satisfactory way the requirements of social justice, either
between sectors of production in regions of advanced industrial
civitization, or between the latter and populations that are mainly
agrarian,

At least in the former unguestionable progress has been made,
thanks to your work. The new rural generations are aware of the
distance that still separates them from urban life, and the advan-
tages that advanced technique offers the latter, If they do not be-
nefit from them to the same extent, they receive the gleanings, and
exploit them. Thanks to mechanization, they have been able to
sow wider areas. By using fertilizers, they have increased and
sometimes doubled their yields, They have learned to have their
soil analysed in order to know what it is best suited for. They aim
at specialization, Though their numbers are small, they are able



LX PONTIFICIAE ACADEMIAR SCIENTIARVM SCRIPTA VARIA - 38

culture devienl pew a pew savante cf techwicienne. Le paysan
fait place a Uexploitant rural.

Dés lovs, une téche profondément humaine vous atlend.
Vous éies et sevez de plus en plus les éducateurs de cet ex-
ploitant rural; il attend beaucoup de vos enseignements. Vous
lui apprendrez a rechercher la qualité plus que la quantité, car
i sagit de Ialimentation des howunes; & équilibver ses fertili-
sants, afin de ne pas épuiser sa lewve en lui demandant plus
quwelle ne peut donner; & ne pas contvibuer, par Iemploi
abusif de pesticides mal conlrdlds, & la pollution des eaux.
Probléme éminemment moval. Vous lui enseignerez que si le
désiv d’ une plus juste rémunération de son travail, I aspiration
G une vie plus dignement humaine sont légitimes, il a aussi la
noble mission 4@’ apporier aux hommes une alimentation Saine,
qui me soit pas contaminée par des artifices malsains, destinds
seulement a hdter une production quantitative abondante.

Mais vous les savez, Notre sollecitude va d abord aux plus

to provide for the feeding of denser and more demanding popu-
lations. Agriculture, once traditional and foliowing a customary
pattern, gradeally becomes expert and technical. The peasant is
replaced by the rural cultivator.

This being s0, a deeply human task awaits you. You are and will
be to an increasing exlent the educators of this rural cultivator; he
expects a great deal from your teachings, You will teach him to
seek quality more than quantity, for it is a question of the food of
mankind; to make a well-balanced use of his fertilizers, in order not
to exhaust his land by demanding from it more than it can give;
not to contribute to the pollntion of waters by an illegitimate use
of uncontrolled pesticides. It is a highly moral problem. You will
teach him that if the desire for a more just remuneration for his
work, the aspiration for a more dignified human life, are legitimate,
he has also the noble mission of bringing men wholesome foodstuffs,
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pauvres qui, du fait de lewr faiblesse économique, demeurent
en condition d’infériorité dans le domaine des échanges inter-
nationaux. Cest pouwrquoi Nous Nous véjouissons de trouwver
dans wotve programme des préocoupalions identiques: emplod
corvect des fertilisants dans les végions tropicales et sublrvopi-
cales humides, importance de la fertilité du sol en Amérigue
latine tropicale, vole des fertilisants dans I agriculture africaine.
Ici encore vous serez des éducatenrs indispensables, les seuls,
peut-étre, capables d'cveiller a4 de nouwveaux horizons une

population trop atlachde & ses roulines.

L activité de la F.A.Q,

Beaucoup a déja été entrepris. Depuis plus de vingt ans,
la F.A.0. sappligue @ ces problémes, non sans difficultés,
mais non sans vésullats. Grice & Uemploi de fertilisants plus

adaptés, a une wmetllewre sélection des semences, & des techni-

not contaminated by unhealthy articles, that serve only to hasten
an abundant quantitative production.

But as you know, our cencern goes first and foremost {o the
poorest, wha, owing to their economic weakness, remain in a con-
dition of inferiority in the field of international trade. That is why
we rejoice to find in your programme identical concerns: the correct
use of fertilizers in humid tiropical and sub-tropical regions, the
importance of soil fertility in tropical Latin America, the role of
fertilizers in African agriculture. Here again you will be indis-
pensable educators, the only ones, perhaps, capable of awakening
to new horizons a population too much atiached to its roufines.

The activity of F.A.0,

A great deal has already been undertaken, Tor over twenty
years, ¥.A,O. has been studying these problems, not without dif-
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ques mons arvidrées, des pays qui semblaient condamnés i la
famine endémique ont considérablement amélioré le vende-
ment de lewr sol, accru lewr production. Mais il veste beaucoup
a fatre. Vous aurez d’ abord a faire oeuvre de pevsuasion, par
des expérimentations varides, mais concluanies. Car le pay-
san, méme pew instruit, voire tletivd, crolt & ce gue ses yeux
ont vu. Vos vecherches lui apprendront & ne pas épuiser un sol
déja trop panvre, en Iexplottant de maniéve lrop brutale ou
trop primitive, & dquilibrer les rotalions de ses cultures pour
étre motns wictime des inceriitudes climatiques, & adapler
Femploi des fertilisants aux conditions de la tevve et du climat.
Une chose est cevtaine: une lrop grande parite du continent
émerge w'est pas exploilée vationnellement. Le premier acte
de la lutte contve la faim consiste & faire produire au sol tout
ce qu'il peut dommer: ceci est de volre compélence.

Si vous parvenez & comvaincre, non seulement Uagricul-

tewr penché suv sa tevve désolé, mais d’abord les responsables

ficulties, but not without results. Thanks to the use of more suitable
fertilizers, to better seed selection, to less backward techniques,
countries that seemed condemned to endemic famine have consi-
derably improved the yield of their soil and increased their produc-
tion. DBut there remains a great deal to be done, You will have
to carry out, in the first place, a work of persuasion, by means of
varied, but conclusive experimentation, For the peasant, even
if unedncated, or even illiferate, believes in what he has seen. Your
rescarches will teach him not to exhaust a soil that is already too
poor, by exploiting it excessively or in too primitive a way, to
balance the rotation of his crops in order to be less the victim of
climatic uncertainties, to adapt the use of fertilizers to the conditions
of the land and the climate. One thing is certain: too large a part
of the earth is not rationally exploited. The first act of the struggle
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de I'économic nalionale, un grand progrés awra été accompli.
Avant amdlioré ses conditions de vie matériclle, le paysan
indien, africain, swd-amévicain pourra enfin accéder plus plei-
nement aux biens de Uesprit auxquels il aspive, & une culture
qui ne soit point copide sur & aulres mais qui lui soit propre,
gui lui permettra de s élever lui aussi au-dessus de lui-méme
et de deventr plus howne.

Puissent vos recherches, parfois obscures mais efficientes,
provoquer la conspiration de tous les hommes de bowmne vo-
lonté pour employer les immenses ressources de leur esprit et
de lewrs mains a fertiliser la terve (cf. Discowrs du 16 no-
vembre 1970 & la F.A.O., dans A.A.S., 1970, p. 837). N'est-
ce pas en définitive la conclusion de l'un @ enlve vous: « Les
moyens techniques, éorit le professewr Baade: metlleure nour-
viture des planies, recours aux fertilisanis commerciaux, nous
connaissons cela depuis cent cinguanie ans. Mais la mise en

oeuvre de ces moyens techniques, cect veléve du progrés dans

against hunger consists in getting the soil to produce everything
it can: this is part of your duties.

If you succeed in convincing not only the farmer stooped over
his desolate land, but first of all those in charge of the national
economy, a great step forward will have been taken. Having im-
proved his conditions of material life, the Indian, African, South
American peasant will at least be able to acquire more fully the
goods of the spirit fo which he aspires, a culture that is not copied
from others but is specifically his, which will allow him, too, {o
rise above himself and become more of a man.

May your researches, sometimes obscure but efficient, lead to a
common effort of all men of goodwill to use the immense resources.
of brain and brawn to fertilize the land {cf. Address on 16 No-
vember 1g70 to F.A.O., in A.A.S., 1970, p. 873). Is not that, after
all, the conclusion of one of you; “Tcchnical means, Professor
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le domaine de la moralité humaine, en quoi consiste le vérita-
ble progrés des peuples, qui est déterminant » (Prof. Dr. F.
Baade, Kiel, Deutschlond: programme de la semaine d&éiu-
des sur Uemplol des fertilisants: « Un siecle & accroissement
des récoltes, grice & Uemploi des ferislisants commerciamusx :
vie vétrospective jusqu'a Uan 1900 et prospeciive jusqu’ & Ian

2000 », P. 135).

L'intérét de I"Egise pour la recherche scientifique.

Ainst, le discours sur la science s'achéve, vous le vovez,
Messieurs, en un discours sur §homme, sur sa valeuy spivi-
tuelle et morale, condition de véritable progrés, pour la per-
sonne comme ‘pow la soctdté: et c’est i toute la justification
de D'intérét profond que porie U'Eglise an travail scientifique.

It me nous veste plus, aw terme de cet entretien, qu’d vous

renowveler nos félicitations et nos voeux. Nous le faisons de

Baade writes: better plant food, the use of commercial fertilizers,
we have known all that for a hundred and fifty years. But the
utilization of these technical means depends on progress in the field
of human morality; and the real progress of peoples, which is
determinant, consists in this” (Prof. Dr, F. Baade, Kicl, Germany:
programme of the Study Week on the use of fertilizers: “A century
of crop increase, thanks to the use of commercial fertilizers; looking
back to the year rgoo and forward to the year 20007, p. 135).

The interest of the Church in scientific vescarch
So, as you see, Gentlemen, what started oul as a talk of seience

ends up as a talk on man, on his spiritual and moral value, the
condition of real progress for the person as well as for society:
this is the entire justification of the decp interest the Church takes
in scientifis work.
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grand coeuwr, en nvoquant swy les activités de votve Acadé-
wmie, sur I'heureuse conlinualion de vos fravawx, suy vos per-
sonnes, sur vos familles et sur fous cewx qui ont bien voulu
vehaussey par lewr présence la solemnité de celte audience,

Pabondance des divines bénédictions.

There remains for us, at the end of this talk, only to express to
you once more our congratulations and best wishes. We do so
wholeheartedly, invoking the abundance of divine blessing on the
activities of your Academy and the happy continmation of your
work, on your persons, your families and all those who have kindly
wished to emphasize the solemnity of this audience with their
presence.




LISTE
DES « SEMAINES D’ETUDE »
ORGANISELS PAR I’ACADEMIE



INIX

La premicre « Semaine d'Etude » a eu lien du 6 an 13 juin 1940;
elle a été dédiée au « PROBLEME BIOLOGIQUE DU CANCER »,
et a 6té présidée par I’Académicien Pontifical S.E. PreTro Ronpont,
Professeur de Pathologie Générale et expérimentale & 1'Université de
Milan; y ont participé personnellement 15 savants tandis que 3 autres
ont envoyé des mémoires. Les comptes-rendus de la « Semaine
d’Etude » ont été publiés dans le 7éme volume des « Scripta Varia »
de I’ Académie; ils représentent un volume de 364 pages.

La deuxitme « Semaine d’Etude » a eu lien du rg au 26 novem-
bre 1951; elle a été dédiée au « PROBLEME DES MICROSEILS-
MES », et a été présidée par I’Académicien Pontifical S.E. Fran-
cesco VErcrinl, Directenr de I'Institut Thalassographique et de
P Observatoire Géophysique de Trieste; y ont participé personnelle-
ment 15 savants tandis que 4 autres ont envoyé des mémoires. Les
comptes-rendus de la « Semaine d'Ltude » ont ét¢ publiés dans le
1z¢me volume des « Scripta Varia » de Y'Académie; ils forment un
volume de 406 pages.

La troisitme « Semaine d’Etude » a eu lieu du 24 avril au 2 mai
rgs5; elle a été dédiée an « PROBLEME DES OLIGOELEMENTS
DANS LA VIE VEGETALE ET ANIMALE », et a é1é présidée par
1'Académicicn Pontifical S.E. Jost MARIa ALBAREDA ITErrERA, Di-
recteur de I'Institut de Edaphologic ct de Physiologie végétale de
P"Université de Madrid, Secrétaire Général du Conseil Supérienr des
Recherches Scientifiques d’Espagne; y ont participé personnellement
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19 savants tandis qu'un autre a envoyé un mémoire. Les comptes-
rendus de la « Semaine d’Etude » ont été¢ publids dans le 140me
volome des « Scripta Varia » de 1'Académie; ils forment un volume
de 630 pages.

La quatritme « Semaine ¢'Etude » a eu leuw, du 20 au 28 mai
1657; elle a ét¢ dédiée au « PROBLEME DES POPULATIONS
STELLAIRES » et a été présidée par 1’ Académicien Pontifical Sur-
numéraire le Rév.me Pére Danxer J. K. O’Connes, Directeur de
la « Specola Vaticana » de” Castelgandolfo; y ont participé person-
nellement 21 savants, Les compies-rendas de la « Semaine d'Etude »
ont ¢t¢ publiés dans le 16fme volume des « Scripta Varia» de
I' Académie; ils forment un volume de 615 pages.

La cinquiéme « Semaine d’Etude » a eu lien du 23 au 31 octo-
bre 1601; elle a été dédide an « PROBLEME DES MACROMOQLE-
CULES IYINTERET BIOLOGIQUE AVEC REFERENCE SPE-
CIALE AUX NUCLEOPROTEIDES », et a é¢ présidée par 1'Aca-
démicien Pontifical S.E. ArN: TISELIUS, Professeur de Riochimie 2
V'Université de Uppsala; y ont participé personnellement 18 savants.
Les comptes-rendus de la « Semaine d'Etude » on ét¢ publiés dans le
2z¢me volume des « Scripta Varia » de I'Académie; ils forment un
volume de 544 pages.

La sixitme « Semaine d'Etude » a eu lieu du 1 au 6 octobre 1g02;
elle a été¢ dédiée au « PROBLEME DU RAYONNEMENT COSMI-
QUE DANS L'ESPACE INTERPLANETAIRE », et devait étre
présidée par ' Académicien Pontifical S.E. Vicror Francis Hess, qui
n’a pas pu, en raison de son étal de santé, étre présent et la «Semaine
d’Etude » a été présidée par V'Académicien Pontifical S.E. GEORGES
Lemaitre, Professeur de Mécanique et de Méthodologic mathématique
& I'Université de Louvain et Président de ’Académie. Y ont parti-
cipé personneilement 24 savants. Les comptes-rendus de la « Semaine
d’LEtude » ont été publiés dans le 258me volume des « Seripta Varia »
de I"Académie; ils forment un volume de 626 pages,
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La septiéme « Semaine d'Etude » a eu lien dn 7 au 13 cctobre
1963; elle a é¢ dédide am « ROLE DE L'ANALYSE ECONO-
METRIQUE DANS LA FORMULATION DE PLANS DJF DEVE-
LOPPEMENT », et a été présidée par ' Académicien Pontifical S.E.
MarceLLo Borprini, Professeur de Statistique a4 Plniversité de
Rome; y ont participé personnellement 18 savants, Les comptes-
rendus de la « Semaine d'Etade » ont & publiés dans le 28tme
volume des « Scripta Varia » de I’Académie; ils forment une oenvre
de 1260 pages en denx volumes.

La huititme « Semaine d'Etude » a eu lieu du 28 septembre au 3
octobre 1964; elle a é dédide au « CERVEAU ET EXPERIENCE
CONSCIENTE », et a été présidée par I’Académicien Pontifical
S.E. Sir Joan Carew Eccres, Professeur de Physiologie & 1'Uni-
versité de Canberra; y ont participé personnellement 18 savants.
Les comptes-rendus de la « Semaine d'Etude » on ét¢ publiés dans
le 30éme volume des « Scripta Varia» de 1"Académie; ils forment
un volume de 885 pages.

La nenvitme « Semaine d'Efude » z eu liew du 18 au 23 avri]
1966; elle a ét¢ dédide aux « FORCES MOLECULAIRES », et
devait étre présidée par ' Académicien Pontifical S E. Pierer DEBYE,
Président du Department of Chemistry de la Cornell University de
Ithaca, N.Y.; malheurcusement I'Académicien Prerer DEBYE n'a
pas pu, en raison de son état de santé, étre présent et la « Semaine
d'Etude » a ét6 présidée par 1" Académicien Pontifical 3. E, SAN-ICHIRO
MizusaiMa, Professeur émérite de Chimie a 7'Université de Tokyo
et Directeur de P'Institut des Recherches scientifiques « Yawata »n.
Y ont participé personnellement 17 savants. Les comptes-rendus de
la « Semaine d'Etude » ont été publiés dans le 3Iémé volume des
« Scripta Varia » de 1" Académie; il ferment un volume de 824 pages.

La dixitme « Semaine d’Etude » a cu leu du 22 an 27 aviil
1968; elle a été dédide A la « MATIERE ORGANIQUE ET FER-
TILITE DU SOL » et devait étre présidée par 1’Académicien Pon-
tifical S.E. Don Jost Maria ALBarEDa HERRERA, Directenr de !'In-
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stitut d'Edaphologic et de Physiologie végétale de I'Université de
Madrid et Secrétaire Général du Conseil Supérienr des Recherches
Scientifiques d’Espagne; malheureusement 1'Académicien Pontifical
Jost Maria Arsar:pa HuRrRera mourut et la Semaine d’Efude a
été présidée par I’ Académicien Ponfifical S.E. ManUEL Lora Tamavo,
Professeur de Chimie organique i 1'Université de Madrid. Y ont
participé personncllement 21 savants, tandis que 3 autres ont envoyé
des mémoires, Les comptes-rendus de la « Semaine d’Ftude » ont
¢t¢ publiés dans le 320me volume des « Seripta Varia » de 1'Aca-

démie; ils forment un volume de 1092 pages.

La onzitme « Semaine d’Etude » a ecu lien du 13 au 19 avril
1970; elle a été dédiée a4 « LES NOYAUX DES GALAXIES », et
a été présidée par ’Académicien Pontifical S.E. le Rév.me Pére
Dawter J. K. O’ConneLL, Directeur de la « Specola Vaticana » et
Président de I'Acadéinie. Y ont participé personnellement 25 sa-
vants, Les comptes-rendus de ia « Semaine d'Etude » ont été- publiés
dans le 35¢me volume des « Scripta Varia » de 1’Académie; ils
forment un volume de 870 pages.

La douzitme « Semaine d’Etude » a eu lieu du 10 an 16 avril
1g72; elie a éi¢ dédiée & « L'EMPLOI DES FERTILISANTS ET
LEUR EFFET SUR L'ACCROISSEMENT DES RECOLTES
NOTAMMENT PAR RAPPORT A LA QUALITE ET A L’'TECO-
NOMIIE », et a éé présidée par VAcadémicien Pontifical S, T.
MawugL Lora Tamavo, Professeur de Chimie organique a 1'Uni-
versité de Madrid. Y ont participé personnellement 28 savants, Les
comptes-rendus de la « Semaine d’Etude » ont ¢té. publids dans
le 38¢me volume des « Scripta Varia » de 1’Académie; il forment
un volome de 1424 pages.

L’organisation générale de chaque « Semaine d’Etude » a été
confiée an Chancelier de ’Académic Pontificale des Sciences, le
Prof. Dr, Pritro Sarviucct, Toutes les réunions sc sont tenues au
Sitge de I"Académic A la « Casina Pio IV » dans les Jardins
du Vatican.



LXXIIX

LES « SEMAINES D'ETUDE »
ET

LEUR REGLEMENT



LXXV

Lorsque 1'Académie Pontificale des Sciences fut fondée par le
Spuverain Pontife Pie X1, de vénérée mémoire, par son « Motu
Proprio » du 28 oclobre 1936 « In multis solaciis », cette initiative
suscita dans les milicux scientifiques un mouvement général de
sympathie et ¢’admiration, Cette institution unique au monde, qui
groupait en une méme assemblée des représentants de toutes les
Nations civilisées, était appelée, en effet, & de hautes destinées dans
le développement de la pensée scientifique.

DYaatre part, cette oeuvre de coopération fut accucillic avec un
véritable soulagement par fous ceux que plongeait dans le désarroi
le plus profond la période qui suivit la guerre 1914-18. On voyait,
en effet, s'altérer profondément les caractéres d’objectivité et de

A general movement of sympathy and admiration was aroused in
scientific circles when, in 1936, the Pontifical Academy of Sciences was
founded by His Holiness Pope Pius XTI, ol venerable memory, by means
of his « Motu Propric » of October 28, « In mullis sclaciis ». This
institution, the only one of its kind in the world, which brought the
representatives of all civilized nations into touch with each other, was,
in fact, called upen to play a leading role in the development of scien-
tific thought.

This work of cooperation was, morecver, welcomed with a sense
of real relief by all those who were piunged in a deep state of con-
fusion in the period following the 1g14-18 war.

Signs of drastic changes were, in faci, discernible in the objective
and disinterested nature of scientific work and even a tendency to
make science subject to pragmatic aims.

In his immortal « Mota Proprio » of October 28, 1936, Pope Pius XI.
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désintéressement propres au travail scientifique, et s’affirmer méme
une tendance & asservir la science a des fins pragmatiques.

Tout au contraire, dans I’'immortel « Motu Proprio » du 28 octo-
bre 1936, le Pape Pie XI proclamait solennellement la dignité de
la recherche de la vérité pour elle-méme, et, élevant sa pensée
au-dessus de toute préoccupation utilitaire, affirmait qu’il ne deman-
dait rien d’autre aux nouveaux « Académiciens Pontificaux » que de
se consacrer, avec une ferveur toujonrs plns grande, au progrés de
la science et, par 14, au culte de la vérité: « C'est Notre souhait
ardent et Notre ferme espérance: que par cet Tnstitut, & la fois
Nétre et leur, les “Académiciens Pontificaux” contribuent toujours
plus et micux au progrées des sciences. Nous ne leur demandons pas
avtre chose; car en ce dessein généreux et ce noble labeur consiste
le service, qu’en faveur de la vérité, nous attendons de leur part» (*¥}.

(*) « Nobis antem in voils expectationeque est, fore uwt Pontificii Aca-
demici vel per hoc Nostrum suumgue studiorwm Institutum, ad scientiarum
progressionem fovendam amplius excelsinsque proeedant; ac nihil prasterea

aliud petimus, quandoquidem hoc eximio praeclarogue labore famulatus ille
nititur servientinm veritati, quem ab iisdem postulamus ».

on the contrary, solemnly proclaimed the dignity of the search for truth
for its own sake and, raising his thoughts above all preoccupations of
an utilitarian nature, asserted that all to be asked of the new « Pontifical
Academy » and its members was that they should dedicate themselves,
with increasing fervour, to the furthering of the progress of science and,
consequently, to the cult of fruth: « It is Our ardent wish and firm
hope that, by means of this Institute, which is both Qurs and theirs,
the “Pontifical Academicians” will coatribute to an increasingly great
extent to the progress of science. We ask nothing more than that from
them because the service in favour of truth that We expect from them
consists in this generous intention and noble work » (*).

(*) « Nobis autemn in votis expectationeque est, fore ut Pontificii Aca-
demici vel per hee Nostrum suumgue studiornm Institutum, ad scientizrum
progressionem fovendam amplius excelsinsque procedant; ac nihil praeterea
aliud petimns, quandoguidem hoc eximic praeclaroque labore tamulatus ille
nititur servientium veritati, quem ab iisdem postulamus ».
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La consécration pratique de cette idée, par la nomination d'un
certain nombre de non-catholiques parmi les nouveaux Académiciens
Pontificaux, a fait une profonde impression sur beaucoup d’esprits,
comme l'ont montré les réactions de la presse internationale de
I'époque et de nombreux témoignages individuels d’hommes de
science et des plus grands savants du monde.

Beaucoup de préjugés & 'égard de U'Eglise ont éi¢ fortement
ébranlés par ce geste du Souverain Pontife qui a obligé & reconnaltre
la place éminente réservée aux valeurs purement intellectuelles dans
I'Eglise Catholique.

Pour toutes ces raisons, la fondation de 1'Académie Pontificale
des Sciences a ét¢ hautement appréciée dans le monde scientifique et y
a fait naitre de grands espoirs guant aux possibilités d’action d'une
institution si opportune.

Elle est placée sous la dépendance directe du Souverain Pontife
et composée de soixante-dix « Académiciens Pontificaux » nomimés

par le Pape sur proposition du Corps Académique et choisis sans

“

By including a certain number of non-Catholics amongst the new
Pontifical Academicians, the practical application of this idea made
a deep impression on many persens, as is proved by the reaction of
the intcrnational press of the time and by the innumerable individual
tributes paid by sclentists and by the greatest scholars of the world.

Many prejudices against the Church were very deeply shaken by
this gesture on the part of the Sovereign Pontiff, since it called atten-
tion to the lofty place reserved for purely intellectual values in the
Catholic Church,

For all these reasons, the foundation of the Pontifical Academy of
Sciences was greatly appreciated by the scientific world and aroused
high hopes as to the prospects open te such a timely institution.

The Academy is directly subject to the Sovereign Pontiff, and it is
composed of seventy « Pontifical Academicians », nominated by the
Holy Father himself, proposed by the Academical Body and chosen
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aucune discrimination parmi le plus insignes spécialistes des sciences
mathématiques ef expérimentales de tout pays,

I’ Académie Pontificale des Sciences est actuellement unique en
son genre, ¢tant la seule Académie scientifique 4 caractére suprana-
tional et 4 classe unique existant dans le monde,

Elle a pour but d’henorer la science pure, ol qu’elle se trouve,
d’en assurer la liberté, d’en favoriser les recherches qui constituent
la base indispensable du progrés des sciences appliquées,

e Saint-Pére Pie XII, qui avait coliaboré avec son Prédécesseur
an projet et & la fondation de 1’Académic et qui Vavait représenté
comme légat personne! lors de Pinauguration solennelle, ne se
borna pas 4 maintenir 4 son égard ses sentiments de haute estime
par sa présence A de solennelles séances académiques, ou il daigna
promoncer ses discours d'une haute portée scientifique; il a tenu en
outre & lui donner un nouvean témoignage de sen auguste satisfaction

en accordant 4 ses membres lc titre d’Excellence par le Bref Aposto-

ligue du 25 novembre 1g40.

without any discrimination {rom amongst the most famous experts in
mathematical and experimental sciences in all countries.

At the present time the Pontifical Academy of Sciences is unique,
in the sense that it is the only Academy of Sciences in the world which
is supra-national and which has only one class amongst its Members,

It has for ifs purpose to pay honour {o pure science wherever it
exists, to ensure its liberty and to further its researches, which are the
necessary basis for the progress of applied sciences.

His Holiness Pope Pius XII, wheo had helped his predecessor to draw
up the plan and to found the Academy, and who had represented
him as his personal Legate at the time of its solemn inauguration,
did not confine himself to the expression of lofty sentiments when
attending solemn academic gatherings, where he deigned to malke
speeches of great scientific importance, but he also aflforded proof of
his august satisfaction by granting the title of Excellency to the mem-
bers of the Academy, by an Apostolic Brief of November 25, 1g40.
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Les sciences posent chaque jour des problémes ncuveaux qui
donnent lieuw d’ordinaire & divers essais de solution, souvent contra-
dictoires. T1 arrive ainsi constamment que, parmi les représentants les
plus autorisés d’une science, et en particulier parmi ceux qui se sont
consacrés 4 'étude d’une méme question, on rencontre des opinions
opposées. Pareilles divergences se maintiennent parfois durant de
fongues périodes et constituent & la fois une grave difficulté ponr
I’enseignement des sciences et fréquemment aussi un obstacle consi-
dérable a leur développement,

Par ailleurs, I'expérience montre que les méthodes actuellement
pratiquées dans la discussion des problemes scientifiques n'ont qu'une
efficacité iimitée au point de vne de l'établissemnent d'une unité de
doctrine,

Il serait dés lors hautement souhaitable de promouvoir tout ce
qui pourrait favoriser un accord sur les points en discussion.

Un procédé semble devoir étre particulitrement utile sous ce
rabport: & savoir, 'établissement de contacts personnels prolongés

L

LEvery day science raises new problems, which usually give rise to
various, and often contradictory, solutions. Consequently it often
happens that amongst the most anthoritative representatives of a given
branch of science, and particularly amongst those who are engaged in
studying the same question, one meets with contrasting opinions.
Tivergences of this kind often exist cver leng periods of time and
are a serious obstacle not only Lo the teaching of science but also to
its development,

Experience shows, moreover, that the methods at present in use
in the discussion of scientific problems have only a limited efficacy
in so far as concerns doctrinal unity.

Tt would, therefore, be highly desirable if everything that could
favour agreement on controversial points were to be promoted.

One process that would seem to Dbe particularly useful from this
point of view would be the establishment of prolonged personal contacts
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entre quelques représentants d'opinions différentes an sujet d'une
question déterminde,

En effet, le contact personnel entre hommes de science constitue,
sans aucun doute, le moyen le plus efficace de résoudre les contro-
verses scientifiques.

Dans ce but, I'"Académie Pontificale des Sciences a décidé de
convoquer de pareilles rencontres, Pour la partie scientifique, ces
rencontres seront présidées par un Académicien Pontifical versé
dans la méme discipline tandis gue Porganisation générale sera
réalisée par le Chancelier de 1’ Académie,

Ces rencontres, qu'cn a appelées « Semaines d'Etude » ont été

réglées de Iz maniére suivante:

REGLEMENT DES SEMAINES D'ETUDE

I. - L'Académie invite quelques illustres savants, parmi ceux
qui, ayant étudié spécialement une question déterminée, sont arrivés
a des conclusions différentes, 4 se rencontrer % Rome, 4 son sitge, la

between some of the representatives of different trends of thought on
a given subject.

Perscnal contacts amongst scientists are, in fact, the most efficacious
means of solving scientific controversies.

With this aim in mind, the Pontifical Academy of Sciences decided
to organize meetings of this description. These meetings, for the
sclentific part, will be presided by an Academician versed in the same
discipline while the general organization of these will be realized by
the Chancellor of the Academy,

These meetings, known as « Study Weeks », were planned on the
following lines:

STANDING RULES FOR « STUDY WEEKS »

1. - The Academy invites a number of iflustrious scholars — com-
prising those who have especially studied a given question and have
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« Casina Pio IV », & lintérienr de ¥YIitat de la Cité du Vatican,
afin d’y procéder en commun, en dchors de toute autre préoccupa-

tion, & un examen général de toutes les données du probléme,

2. - Le bul essentiel de ces discussions est de chercher 4 formuler
de fagon précise les raisons qui sont a la base de la divergence des
opinions. Les savanis conviés aux réunions s’engageraient & 1'avance

4 concentrer leurs efforts dans cette direction.

3. - Un examen critique de ces raisons aboutira soit & un accord
sur une solution déterminée, soif 4 la constatation qu’a I'état actuel
des connaissances, il est impossible d’établir une unité de doctrine
au sujet du problme envisagé.

Dans ce dernier cas, les savants invités auront pour tiche:

a) de préciser les motifs pour lesquels un accord s'avére pré-

sentement irréalisable;

arrived at different conclusions — to meet in Rome at its headquarters,
the « Casina Pio IV », situated in the Vatican City, so as to make
a joint examination, free from all other preaccupations, of all data
concerning the problem.

2, - The chief aim of these discussions is to endeavour to formulate
precisely the reasons which are at the root of the differences of opinion.
The scholars invited to these meetings undertake in advance to con-
centrate their efforts on this.

3. - A oitical examination of these reasons should lead, either to
agreement on a given solution or else to the conclusion that, on the
basis of the information actually available, it is impossible to establish
doctrinal unity on the problem envisaged.

In the latter event the scholars concerned will be called upon:

a) to define the reasons why agrecment appears to be impossible
for the present,
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) de définir I genre de recherches gu'il serait souhaitable

d’'entreprendre en vue de résoudre la question.

4. - L'invitation ne sera adressée par 1'Académic qu'a un trés
petit nombre de représentants de chaque science: ceux-ci seront
choisis exclusivement parmi les spécialistes de la question consi-

dérée, qu’ils soient membres cu non de I’Académie.

5. - Les discussions auront un caractére strictement privé; elles
prendront la forme de conversations particulidres,
Des interprétes polyglottes, des sténographes, des rapporteurs,

etc., seront mis 4 la digposition des savants réunis.

6. - Les « Conclusions » des discussions seront publiées sous la
forme d'une « Note Collective Finale » (& laquelle pourront éventuel-

lement étre jointes des annotations individuelles), mentionnant:

a) les points sur lesquels un accord aurait été réalisé;

b) to specify the kind of research work it would be desirable to
undertake with a view to solving the probiem.

4. - The invitation will be addressed by the Academy to only a
small number of representatives of each branch of science: these will
be exclusively selected from amongst the specialists of the question
being considered, either members of the Academy or not.

5. - The debates will be strictly private and will take the form of
personal talks, :

Polyglot interpreters, stenographers, reporters, etc. will be placed
at the disposal of the participants,

6. - Tbe « Conclusions » arrived al will be published in the form of
a « Collective Note'» (to which may eventually be added individual
notes} mentioning;

a) the points on which agreement was reached:
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b) les points sur lesquels un accord n'auraif pas paru réalisable;
¢) les raisons pour lesquelles Paccord n’aurait pu étre réalisé;

4) des suggestions relatives aux recherches paraissant les plus

5

aptes a résoudre les difficuités,
7. - Les « Conclusions » seront aussitdt imprimées e communi-
quées, par les soins de I"Académic Pontificale des Sciences, & tous

Iy

les centres scientifiques qu’clles seralent de nature & intéresser.

8. - 1.’ Académie préparera done la publication d'un volume of-
ficiel des Actes de la Semaine d'Etude contenant la chronique des
journées, les rapports des participants avec les discussions corres-
pondantes et la Note Collective Finale,

“"Le volume fera partie des publications officielles de 1'Académie:
it sera envoyé aux Institutions Scientifiques avec lesquelles 1'Aca-
démie entretient des relations d'échange et toute personne pourra

se le procurer.

b) the points on which it was impossible to reach agreement;

¢) the reasons why it was not possible to reach agreement;

d} suggestions regarding the research work which appears most
suitable for arriving at a solution of the difficulties.

7. - The « Conclusions » veached will be immediately printed and
transmitted, by the Poentifical Academy of Sciences, to all the scientific
centres which might be interested therein.

8. - The Academy will publish an official volume of the Proceedings
of the Study Week, containing an account of the sessions, the papers
presented by the participants, together with the relevant discussions.
and the final « Collective Note ».

This volume will form part of the official publications of the Acade-
my and will be sent to the scientific institutions with which the
Academy maintains exchanges. It can be acquired by anyone.
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En vue d’'étendre sa diffusion, le volume pourra aussi éire con-
fié & une organisation éditoriale pour &tre mis en vente, le Copyriglht.

demeurant toujours réservé i 1'Académie.

g. - Toutefois, chaque participant reste libre de faire imprimer
son propre rapport partout ol il le juge convenable et 4 n'importe

quel moment.

10. - L’Académie offrira en hommage & chaque participant une
copie du volume officiel des Actes de ia Semaine d'Etude, et des
Extraits de son propre rappori suivant le nombre de coples qu'il

souhaiterait avoir,

11. - Tous les frais de voyage et de séjour 2 Rome des person-
nalités invitées seront & la charge de 1'Académie Pontificale des
Sciences. L’hospitalité sern assorée dans 1'un des principaux hotels

de Rome.

The volume may also be entrusted to a publisher, with a view to
ensuring a wider distribution, bat the Copyright will always be reserved
to the Academy.

0. - Each participant remains free to print his own contribution
wherever and whenever he thinks fit.

10. - The Academy will present to each participant a copy of the
official volume of the Proceedings of the Study Week, as well as such
number of reprints of his own communication as he may desire

11, - All travelling expenses, and accommodation in one of the
best hotels in Rome, of the persons invited to the meetings will be
borne by the Pontifical Academy of Sciences.
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L’Académie se fera un plaisir d'offrir Ja méme hospitalité aux
épouses des savants invités, & lexclusion toutefois des frais de
voyage,

12. - La participation 4 la Semaine d'Etude comporte de la part

de chacun Pacceptation de toutes les clauses du présent Réglement.

The Academy will be pleased to offer similar accommodation to the
wives of the scholars who are invited, but not their travelling expenses.

12. Participation in the Study Week implies on the part of each
member the acceptance of all the clauses in these regulations.
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LXNXIX

LUNDI 10 AVRIL

1. APPLICATION DES VARIES TYPES DE TECHNIQUES DANS
L'ANALYSE DU SOL ET DES PLANTES POUR DETERMINER
LEUR BESOIN DI FERTILISANTS

Matin: Preésident: WansH
1. Frrrs: Proper soil fevtibity evaluation as an imporiant key to in-

ercased crop yields. - Discussion,

2. Capd: Optinnan cconomic guaniily of fertilizer based on plant tissue
composition. - Discussion,

3. Hernanno: Sap analysis as a fertilization index in several types of
plants. - Discussion.

II. EMPLOI DES FERTILISANTS DANS LES REGIONS DU MONDE
A CONDITIONS CLIMATIQUES DIFFERENTES

Apres-midi Président: Vax pur Paauw

1. Purmavisi: Correcl wuse of fertilizers tn the Monid tropics and sub-
tropics and its effect on: 1 - Plant vesistance to diseases, 1T - crop
prodactivity. - Discussion.

2. Borzemisza: Problems of fertilizer use tn Latin America. - Discuns-
sion.

3. Russenn: The vole of fertilizers in African agriculiure, - Discussion.

MARDI II AVRIL
Matin: Président: [Momis
4. Tieron:  Principles and  praclice of fertilizer - én the semi-arid
to sub-humid aveas of the Republic of South Africa. - Discussion,

. Warsn: The effeciive use of fertilizers wnder temperate conditions,
Discussion.

i

G, Hauser: FAO'S efforts to inerease food production by promoling fer-
tilizer use. - Discussion,
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I, ASPECTS RELATIFS ENTRE L'ECOLOGIE ET LES CONDITIONS
DE LA CULTURE

Aprés-midi: Président: Corwurn

r. Braxcuer: Fertilizer wse and ecological Juctors. - Discussion.

2. WaLre: Profitability and oplimial wse of mineral feriilizers #n farmns
of different crepping potential. - Discussion.

3. Vax per Paavw: Adjusting fortilizer rales to soil fertility level on
the basis of soil testing. - Discussion,

MERCREDL 12 AVRIL
IV, EFFETS DES FERTILISANTS SUR LA QUALITE DU RENDEMENT

Matin: Président: Prsex

v. Homizs: Effect of the completely equilibrated fertilizer on the pro-
duction of plenis cullivated on lavge scale, - Disenssion.

2. Bussier: The imporliance of « balanced fertilizers n with twelve
mineral wuiricnis for higher yields of adeguale quality. - Discussion.

3. Saawwacu: The effect of sulphur, anagnestum and sodivir on vield
wnd qualily of agricullaral crops. - Discussion,

4. Colc: Mineral ferlilization and gualily of the erops, - Discussion.

Aprés-midi: Président: Araren
3. Largowtcs: Lffect of fertilizesr on yields and evop gquality, - Dis-
cussion.

Discussion sur les relations concernant le point 1V,

V. NOUVEATX FERTILISANTS LT ASPECTS SPRCTAUX BT FU-
TURS DANS LEUR EMPLOI

v Rovini: Seil fertilily and  Jerbilizing of cultivated plants,
2. Rorest: The flwid ferlilization. - Discussion,

3. BwerL: Ferlilizers - The lniling faclor in the swccess or fatlure of
the green revolution,
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JEUDL I3 AVRIL
Matin: Président: RusseLL

4. ARATEN: New fertdizers, their agriculiwrel and economic dimpor-
tance. - Discussion

5. Bramao: The place of soid fertility and land resowrces in lhe fulure
of agriculiural produciion.

Discussion sur les relations EwErkrn, ARraTen et BraMao.

VI EMPLOI DE TECHNIQUES DE CALCUL ET NOUVEAUX SYS-
TEMES POUR DETERMINER LE BESOIN DE FERTILISANTS

Aprés-midi: Président: Calc

1. Puspx: Crop yield response equations and economic levels of ferii-
izer wse. - Digcussion.

2. CorwiLL: The devivalion of fertilizer vecommendations for crops in
non-uniform enviromment.

3. Friep: The effect of cullwral practices on efficiency of ferlilizer use
determined by direct measure in field expeviments using isotopically
labelled fertilizers, - Discussion,

Discussion sur les relations Pesek, ConwniLi et Friep.

VENDREDI T4 AVRIL
Matin: Président: Rorrsy

4. Oppriixprr: The fate of orgamic manures in soil as Ilraced by
means of radiocarbon, - Discussion.

Président: WeLrs

5. Davioescu: Chemical fertilizers and orop quality, - Discussion.

Aprés-midi:

Débat général final. Président: Winre

Basne: Hundred years of increasing cvops Lhanks to use of conunercial
ferlilizer - A vetrospective view al lhe year 1goo and an ontlook on the
year 2000,

VII CONCILUSIONS,



TRAVAUX SCIENTIFIQUES
ET
DISCUSSIONS



APPLICATION BIES VARIES TYPES DE
TECHNIQUES DANS IANALYSE DU SOL
ET DES PLANTES POUR DETERMINER
LEUR BESOIN DE FERTILISANTS



PROPER SOIL FERTILITY EVALUATION
AS AN IMPORTANT
KEY TO INCREASED CROP YIELDS

JAMES W, FITTS
N.C. State University

School of Agriculture and Life Science Soil Seience Depaviment
Ralagh, N.C. - 11L.5.A,

The urgency of increasing world food production is well
known. Many articles have been written and numerous spee-
ches have been given on hunger and its relationship to the
world’s social and economic problems. During the past two
decades much effort has been expended toward solving this
problem and progress has been made. Nevertheless, there
is no question but that a greater effort is needed if a hungry
world is to be adequately fed during the years ahead.

Farming is Business

Farmers grow crops for one purpose and that is profit.
This may be in the form of food as well as money but if the
farmer involves himself in the production of a crop he anti-
cipates a profitable return. At the dawn of civilization, man
learned it was more profitable to gather seeds and plant them
than fo rely only upon gathering the seeds from wild plants.
The sowing of seeds in easily cultivable land resulted in a

[#] 1, v « Fiids - p.
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low yield but was considerably better than production in the
wild state. Man soon observed that some soils produced better
crops than others, and he also noted that where manures, or
residues from animals or plants were added to the soil the
vields were improved. The rotation of crops and the inclusion
of legumes in the cropping system as a source of nitrogen also
had a beneficial effect. However, even today with the use
of improved seeds, plant varieties and culture practices the
“traditional” yields are relatively low. This is well illustrated
by the average yields of wheat and maize in several countries
around the world for the period of 1948-52 and 1965 as shown
in Table 1 (FAO data). The average yields during the period
1948-52 are remarkably close for many of the countries even
though they may be half a world apart with greatly different
climatic conditions, different varieties and different races of
people. The length of time which fields have been cultivated
differ greatly too among the nations but this does not change
the “traditional” vyields obtained. TFor example, the average
yield of maize for the 1948-52 period for USSR is 1310 kg/ha,
for Tuskey 1250, Greece g¢zo, Afghanistan 1000, Panama
gfo, Pakistan ¢80, Paraguay r2ro, Brazil 1260 and Bolivia
13g0. During the same four-year period the average yields
of wheat kg/ha, were USSR 840, Greece 1020, Turkey 1000,
Afghanistan 850, Pakistan 8yo, Paragnay 670, Brazil 740 and
Bolivia 610. During this period wheat was not an important
crop In Paraguay or Bolivia and little acreage was planted.
However, the yields in cach of these countries are not too
different; all are low. In Turkey and Afghanistan wheat has
been grown for several thousand years and on the same fields
that arc being tilled today. Compared with this long period
of cultivation is the yields of wheat or maive in the South
American countries including Paraguay, Bolivia, Peru and
Brazil where the crop production is relatively recent and most
of the fields have not been cultivated for a period of more
than one or two centuries.

[:]1 71,1 - Fitts - p. 2
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TABLE T — The average vields of maize and wheat for selected
countries around the world durving the 1948-52 and 1965
seasons, (IData taken from FAQ Production Yearbook
Vol. 20, 19066).

Maize kg/ha Wheat lkg/ha

Country 104852 1965 1048-52 1065
Bolivia 1300 1150 610 780
Brazil 1260 1380 740 760
Colombia 1070 Q1D 710 [slel}
Paraguay 1210° 1300 G0 Gho
Pern 1440 1470 920 g9Go
Chile 1420 3030 1190 1500
Mexico 750 1140 880 2470
Panama 6o 310 — —
Afghanistan 1000 440 850 970
India G50 990 G6o 910
Pakistan ag8o 060 870 860
Portugal 860 950 720 970
Turkey 1250 1530 1000 070
(reece 920 2003 1020 1770
IISSR 1310 2440 840 830
USA 2450 4030 1120 1790

The 1948-52 peried was Immediately following World
War IT and the use of commercial fertilizers was limited.
Likewise, the acreage pilanted to hybrid maize and improved
wheat varietics was limited. In the United States, however,
the use of fertilizer was rapidly being adopted during this
period, especially for maize. Since wheat is grown largely in
the drier regions of the United States, fertilizers generally were
not applied to wheat. During the 1948-52 period, the yield of

[2] I, 1 - Fitds - p. 3
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wheat in the United States was about the same as for the other
countries but the yield of maize was approximately double
that of the other countries. Without doubt, the United States
was growing more hybrid maize during this period than most
other countries but also the use of fertilizers for maize was
much more widely used in the United States.

During 1965, the change between countries is more mar-
ked. The average yield of maize in the United States was
almost double that of the 1948-52 period. Many factors, of
course, are responsible for this large increase, but the dif-
ference in acreage of hybrids or the potential yields of hybrids
certainly cannot account for this huge increase. Other counn-
tries in which the yield of maize increased rapidly from the
1g48-52 period to 1965 include: USSR (1310 to 2440); Greece
(620 to 2003); and Chile from (1420 to 3030). The average
yields in most of the other countries remained about the same.
In each of the countries in which the yields greatly increased,
the use of chemical fertilizers was also markedly increased.

The question might be raised as to the reason or reasons
for the similarity of yields during the 1948-52 period in the
widely scatfered countrics. One factor which will greatly
influence the traditional yields is the availability of nitrogen
to the growing plants. Native soil nitrogen occurs largely in
the organic fraction and its availability is associated with the
activity of micro-organisms which synthesize and decompose
the organic matter.  BarrHoLomew and KiRKHAM {1960)
pointed out that organic matter in the scil is in a state of
equilibrivm.  Following the introduction of cultivation on
virgin soils, the organic matter content usually declines and
nitrogen is released until eventually another equilibrium level
is attained. Thus during the first years of cultivation nitrogen
is released in soil due to the decline in organic matter. Sooner
or later, however, the crganic matter in the soil will reach a
new equilibrium and then as much nitrogen must be added
as removed; otherwise, the organic matter level in the soil

[#] Lo - Fidds - p. g
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would continue to decrease and eventually would reach zero.
In crop production, nitrogen, above that in the state of equi-
librium which is available to the growing plants, comes from
microbial fixation from the atmosphere and from ammonia
and nitrogen oxide in the air (mostly from lightning, etc.).
The amounts of nitrogen from these sources is normally only
sufficient to maintain the relatively Jow “traditional” yiclds
such as shown in the 1948-52 yield data.

Farming is business and, like all businessman, the farmer
operates his business for profit. In order to obtain a profit
from the production of a crop, the farmer must concern him-
self with the various factors that influence yield and the inputs
that should be involved with each of these factors. TFurther-
more, the modern farmer is interested not only in whether
an input will return a profit but how the profit from one input
compares with profit from another input.

When the farmer incorporates additional inputs into his
farming operations in order to increase the crop yields he also
must consider the risks involved. Long experience has taught
farmers that many factors influence his crop yields; some can
be controlled, others cannot. Therefore, he must be conser-
vative in his sclection of inputs to increase his crop yields
unless he has information available to him which he has learned
that he can rely upon.

Factors Affecting Yield

Crop yields, both quantity and quality, are a function
of the soil cu which they are grown, the climate, the mana-
gement factors and the crop itself. This may be expressed

in an equation as proposed by TFitts {1650):

Yield =function {so0il, crop, clirnale, management)

{Where yield refers to both guantity and quality).

[27 1 1 - Fitts - p. 5.
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Each of the factors in the equation has several components
‘which must be considered in evaluating that factor. Although
it is difficult if not impossible to obtain an exact value for
any one factor, the equation illustrates the important principle
that farmers are faced with a multitude of variables in produc-
ing a crop and these are further complicated by economic
considerations. The equation also clearly illustrates the futility
of attempting to predict yield from only one variable such
as the availability of phosphorus in the soil. Nevertheless,
each variable factor influences the degree fo which the farmer
can utilize an input in relation to the return that he can
anticipate and obviously he should consider all of them.

Among the components in the soil factor of the yield
equation, soil fertility and adverse conditions such as acidity
or alkalinity are very important in crop production. Observa-
tions have been made by the International Soil Fertility Eva-
luation Project that of the additional inputs in which a farmer
must invest in order to raise his crop yields above the tradi-
tional level, about 40 to 50 percent of the investment wilt be
in fertilizers, lime or other soil amendments. Of course, soil
water and aeration are very important too and should be
considered along with soil fertility.

Plant Growih Enviromment

It is not nccessary fo reiterate the great importance of
environment upon plant growth. Many studies have been
conducted and much information is available about the effects
of climate including precipitation {amount and distribution),
temperature,- light and wind upon the growth of plants.
However, there is still much to be learned relative to the
effect of these climatic conditions upon nutrient assimilation
by plants and the influence upon soil fertility evaluation.

1] I, 1 - Fils - p. 6
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Plants growing in soil are relatively immobile but the enviren-
ment about the plant may change quickly and markedly. This
is true for both the above ground and below ground portions
of the plant. Usually the greatest change in the root environ-
ment is in the plow zone because this is where management
has ils greatest influence, Generally, the largest changes in
the environment of the plow zone is brought about by moisture
fluctuations. Soluble materials including salts move into and
out of the plow zones with changes in the moisture. Of course,
the clay and organic malter content as well as the type of clay
greatly influence the movement of nuirients and other mate-
rials. However, it should be poined out that plant roots as-
similate the ions with which they are confronted. Plants
cannot be sclective in assimilating only the ions needed or
the quantity of a given ion desired. Neither are plants able
to assimilate only the clements essential for growth. In other
words the plant is the victim of the soil environment in which
it is growing and, whereas some adjustment can be made in
the use of ions, the kinds and quantities of ions present in
the soil solution largely determines what the plant will assi-
milate. Thus the concept of maintaining a proper balance of
the essential elements should be followed in the evaluation of
soil fertility requirements in order to obtain high yields of
good quality crops. Not only the presence of the element must
be determined but factors influencing the availability of each
nutrient must be evaluated also. A good example is the effect
of the amount of cations in the soil solution upon the uptake
of those nceded. The cvaluation of exchangeable Ca, Mg and
K should be made in terms of the guantity of each that is
present or likely to become available. Of course, planis also
assimilate non-essential elements as well as essential elements.
Some of the ions may have a direct adverse effect upon the
plants and others may influence plant growth indirectly by
effecting the assimilation and tfransport of essential clements.

0] L 1 - Filts - p. 7
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Sotf Fertility Evaluation and Improvement

The purpose or goal of a soil fertility evaluation and im-
provement program is to obtain infermation which canr he
transmitted to farmers to guide them in the “proper use” of
fertilizers, lime and other soil amendments {If11rs and NELSON,
1G55). Success in achieving this goal will provide the farmer
with the incentive needed to increase his crop yields. Sources
of information for a soil fertility evaluation program include:
(1) soil analysis, usvally of the plow layer, (2) data on soil
profile characteristics (mostly from soil survey reports), (3)
plant analysis and (4) the correfation studics which relate the
information from these three to yield responses from fertilizer
or lime applications. Obtaining the data is important but
interpreting it into terms of response from fertilizer or lime
application is equally important. After the information has
been obtained and interpreted, it still most be transmitted to
the farmer in a manner that can be nnderstoed and followed
so that he can put it into practical use. A soil fertility evalua-
tion and improvement program involves both research and
education. It is the collection of representative soil samples,
transmitting them quickly to a laboratory for rapid and ac-
curate analyses, interpretation of the results of the analyses,
preparation of recommendations relative to good management
practices including the proper use of fertilizer and lime, and
the “putting into operation” of the recommendations,

Modern Laboratories

A good laboratory is the “backbone™ of a soil fertility
evaiunation program. All other phases are directly or indirectly
dependent upon the information derived from tbe laboratory.
The two important ingredients of a successful laboratory are
accuracy and speed or capacity. The cost per determination
is important teo, but this is greatly influenced by the volume

[+1 71 % - Fiids - p. 8
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of samples analyzed. The first major task of our Internationat
Soil Fertility Evaluation Project, which started in 1964, was
the cooperative development and installation of multi-unit ap-
paratus and improved laboratory techmigues to permit the
efficient handling of large numbers of samples with a high
degree of precision, Emphasis in the development of apparatus
and techniques was upon simplicity of design and operation.
The law of the minirmwun applies in the logistics of analyzing
a large volume of samples and the number of determinations
completed per day is governed by the slowest step in the
process.  This includes f{ransporling soll samples from the
farm to the laboratory, sample preparation, analysis, the
preparation of reports and returning the information to the
farmer. Ail steps must be coordinated to assure speed and
accuracy and fo eliminate errors, One interesting observation
is that a high capacity laboratory that tests many samples
daily and includes a copious quantity of control samples (1
control with 10 unknowns) actually operates with more ac-
curacy and fewer errors than most low capacity laboratories.
The multiple unit apparatus designed by the project also
removes many of the human errors frequently present in
analytical work. Tt is not the purpose of this paper to discuss
in detail the multiple unit apparatus and procedures developed
by the project. {This informafion is presented in project an-
nual reports). However, in Latin America where most of the
project activities are directed, at least 50 laboratories now
have the capacity fo analyze more than roo samples per day
and about one fourth of these are handling over 500 samples
per day during rush seasons.

Influence upon research capabilitics: The capabilities of
the analytical laboratory are based upon research but once
the laboratory is established a high capacity laboratory can
be very helpful in other research programs. Much information
can be coilected relative to diverse soil conditions over wide
areas. This can serve as a basis of comparing soils under

[r1 L, v - Fitts - p. o
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different conditions and also as a means of selecting problems
which need further research. It is the philosophy of the Inter-
national Soil TFertility Evalvation Project that no field trial
should be established, ecither for fertility studies or variety
tests, until as much information ag possible about the site can
be gained from various sources, including soil analysis.

The high capacity analytical laboratories also permit much
more intensive studies of soil characleristics, either in soil
mapping or in research on factors influencing nuirient availa-
bility and for adverse soil conditions such as acidity, alkalinity
or salinity.

Corvelation Dala

Data obtained from either soil or plant analyses is rather
meaningless until it is interpreted. The process of interpreta-
tion of the data involves the purpose or objective for which
the information was collected. In the realm of prescribing soil
and crop nutrient needs, soil and plant analyses are confined
to procedures which will furnish information that will be
valuable in determining the proper use of fertilizers, lime and
other soil amendments. The information gained must be
predictive in nature in order to be of value to farmers since
they must use it to evaluate their alternatives as far as inputs
for their crops are concerned. The analyses are not confined
to providing measures of the availability of a given nutrient
element or clements in the soil, but may be related to reactions
that take place after the fertilizer comes in contact with the
soil and thereby influence the availability of the added fertilizer
element. Therefore, knowledge about clay minerals present,
phosphorus fixation, the acidity or alkalinity, cation exchange
properties, etc., are important in evaluating soil fertility requi-
rements. The great number of types of soil, the wide range
in climatic conditions, and the large variety of crops grown

{1311, 1 - Fitds - p. 10



SEMAINE D'BTUDE SUR « L'EMPLOI DES FERTILISANTS ETC. » 15.

in most countries dictate that a considerable amount of research
is needed for the correct interpretation of soil tests.

In the interpretation of soil and plant analyses many
concepts have been proposed which range from using the test
results as a psychological tool for selling fertilizer to using
them as a single value curc-all (NELSON ¢t al., T951). Obvious-
ly the correct role of soil fertility evaluation is somewhere
between these extremes. Numerous extracting solutions and
procedures are employed, too, in the removal of nutrient ele-
ments from the soil bat none remove exactly the same amount
that plant roots obtain. Most of the exiractants remove certain
portions of the various compounds and these extracted quanti-
ties may be related fo the crop response obtained from ferti-
lizers or lime applications. The interpretation of analytical
data consists of two parts. The first is a statistical-biological
approach which is used to estimate or predict the amount of
crop responses that can be obtained from the proper applica-
tion of fertilizers or lime to specific soils. The second is the
cconomical interpretation of the possible use of fertilizers or
lime to ascertain the feasibility of their application. There is
also the problem of how to transmit the information to the
farmer and with this comes the question of how many separa-
tions or groupings should be made of the data. In order to
communicate with the farmer, a common practice was deve-
loped which consisted of making five separations of the data,
very low, low, medium, high and very high. These con-
notations could be easily understood by the farmer, at least
for the two exiremes. However, the correlation problem
became complex when critical values or division points were
atfempted beiween each class or group. The problem also
becomes more difficult when attempting to justify specific rates
of fertilizer for cach group.

The National Soil Test Work Group in the United States.
(1049-56) recognized the great importance of soil correlation
data and also the dearth of good data that could be used for

[21 1, x - Fitds - p. 11
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correlation purposes. Although large numbers of field trials
had been and were being conducted, very few were designed
for correlation of soil analyses. Rates, methods and time of
fertilizer application sfudies are very important for this type
of information, especially when conducted on soils deficient
in certain essential clements, but frequently the field sites are
poorly chosen, poor samples taken if at all, etc. To emphasize
the importance of soil test interpretation, the National Soil
Test Work Group initiated a cooperative study between 55
laboratories in the United States. Al laboratories tested a
portion of 74 soil samples taken from ficlds where fertilizer
trials had been conducted and aiso on which potted plant
studies had been completed. The results of the study as
reported in North Carolina Bul. 121, 1056, indicated the
complexity of correlating data. The poor results of some
extractants might be attributed in some instances to poor
analytical work, However, the statistical procedures used
are important too and the data should not be evaluated by
simple linear regression. Difficulties are encountered too with
curvilinear regression and quadratic equations. At the start
of the International Soil Fertility Evaluation Project, the great
importance of correlation interpretation was recognized but it
was also realized that a simplified approach was nceded in
order that it would have wide adaptation and could be applicd
to a wide range of soil conditions. Tikewise, a more rapid and
direct approach was desirable in obtaining the corrclation data
through potted plant studies and field trials,

In plotting data the general custom has been to fit a
curve to the various points on the graph and to include all
points in one function or one population. Cate and NELsox
(rg6s) point out that just as good, and often better, fits may
be obtained by a simple discontinuous function. They first
introduced a simple graphic technique in which scatter dia-
grams were separated info two populations by means of two
perpendicular lines drawn on a clear sheet of plastic that was

0110 - Filds - opooaz
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superimposed on the data. The line separating the two popula-
tions was established as a critical level. The soils below {he
critical level were likely to give a large increase from the
application of fertilizer containing the element in question, but
for those above the critical level the response would be small
if any. Cate and NELSON have now refined this approach
{1971) so that quite precise predictions can be made about
relative responses using class means as predictors. The method
involves many intermediate calcuiations before the final simple
result is oblained. Thus the use of a computer is almost es-
sential for making the calculations, especially if much data
is available for the correlation study.

The more popular concept of soil analysis inferpretation
has been in relation to crop responses obtained from the ap-
plication of fertilizers containing certain elements. TIn order
to speed up the process of correlating soil analyses with crop
respanse to fertilizers or Ilime the International Soil Fertility
Evaluation Project reversed the usual procedure in gelting
data. Our procedures are cutlined in Technical Bulletin =
(1965), 3 (1966} and 5 (196y) of the Project series. The first
step invelves obtaining representative soil samples (about 50
kgius) from the plow zone of major cuitivated soils of an area.
The samples are first analyzed to obtain as much information
as possible about the soils including nutrient availability;
special conditions such as acidity, alkalinity or salinity, phos-
phorus fixation, and type of clay minerals present. The second
step is potted plant studies to ascertain nutrient deficiencies.
This is followed by plotted plant studies to determine critical
levels for the various elements including phosphorns, potas-
sium, calcium, magnesium, zine, etc. The last step is testing
the laboratory and potted plant data in field trials. The field
plots are selected for conditions desired in testing the critical
levels that have been established, Acfually two basic types
of field experiments are involved: (a) field correlation expe-
riments at many sites fo determine crop response to fertilizer

[z3 1, 1 - Fitls - p. 13
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application, using standard materials and cultural practices
and (b} experiments on fields which are below the critical level
to compare different controllable management and fertilizer
practices, such as times, methods and rates of fertilizer ap-
plication, and the most appropriate materials to use, Many
factors (as shown in the yield equation presented previously),
in addition to natrient deficiencies, influence the crop yield
aud possible response to fertilizer. Some of these factors are
uncentroilable but they should be considered and reported
upon in field experimentation.

Optimuwm Ranges: Tf the concept of two populations
with one critical level to separate the deficient and sufficient
groups is followed, two questions arise: (1) at what level
should be the various nutrients in the seil for obtaining high
crop yields, and (2) how can the optimum level be maintained?
In the CaTE-NELSON approach of one critical level, the opti-
mum range would appear to be just above the critical level,
e.g. if the critical level is 6 to 8 pom for phosphorus then the
optimum level would be around 1z to 18 ppm. Studies con-
ducted in North Carolina with both phosphorus and potassium
since 1956 (Kamperatn, 1g64) indicate that high vyields can
be attained at nutrient levels just above the critical level, and
that less fertilizer per year is needed to maintain the optimum
level than where higher soil levels are attempted.

After the optimum range for a nuftrient in the soil has
been ascertained, the next question is how much fertilizer is
needed to change the scil from its present low level (as ascer-
tained by soil analyses) to the desired level. Several soil
factors will influence the amount required. Losses of the
nutrients by reactions within the soil (fixation or by leaching)
are some of the facters that must be considered. Similar types
of soils which are more or less homogeneous can be grouped
together in respect to fixation properties. This information
when coupled with soil analysis data can furnish the desired
information relative to the rate of fertilizer needed. Of course,

[3] 1,1 - Filts - p. 1y
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maintenance applications must be made periodically to keep
the nutrient level within the optimum range.

Often soils within a field may be very heterogencous in
respect to levels of essential nutrients, The difference may not
be large but great enough that the increase from fertilizer
application ranges from slightly profitable to highly profitable,
For example a portion of the field may return 1.5 doflars for
every dollar invested in phosphate but another portion may
return 3 for 1 and stili another portion may return 5 for 1.
The average for the field may fall to 2 to 1, which many
economists consider marginal.  Perhaps a solution to this
dilemma is to build up all of the ficld to the optimum range
and then apply a uniform maintenance application over all
of the field in the future, Such an approach may be particularly
significant when working with micronutrients.

Soil analyses are used in this concept as a source of
information to develop an optimum balance of essential cle-
ments in the soil for good crop growth. This balance will
have to be maintained by judicious fertilization practices but
can be monitored by soil and plant analyses.

Economic Interpreiation: Tconomic interpretation invol-
ves the question, will it pay to apply fertilizer or hime to a
specific field growing a specific crop? If a soil is found to be
deficient in a nutrient, then what materials and what rate
should be applied? The question might be stated in another
way. If a soil is known to be deficient how can you minimize
the unit cost of the crop produced {i.e. cost per roo kg. of
crep) by the proper selection and use of fertilizer (CArE,
1669),  Either applying a nutrient not needed or omitting one
that is needed results in increasing the unit cost. Of the inputs
that a farmer must consider in increasing his yield above the
traditional level (including lme, ferlilizers, improved seed,
pest control, machinery and irrigation), fertilizer and lime
involve a considerable portion.  Cate and VETTORT (1068)
point out that manv of the commercial farmers around the

[27 1, 0 - Fitts - p. 15
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world invest 10 to 15 per cent of their gross income in fertilizers
and lime. Thus information from soil fertility evaluation to
place the soils above or below the critical level is very impor-
tant in helping a farmer to decide whether his money will give
the largest return from purchasing fertilizer or whether it
should be invested elsewhere (CaTe ef al. 1971}

Two interesting studies on the economics of fertilizer use
were conducted in Peru and are reported in the International
Soil Tertility LEvaluation 1667 Annual Report. One study
included eight years of field trials with phosphate on potatoes
in the Sierra or mountainous region and the results are presented
in Table 2. When all fields are considered as a continuous

TABLE 2 — Response of polatoes in the Sievra vegion of Peru
to phosphorus fertilizer as a function of soil phosphovus
level measured by sotl test (‘).

Rate of P applied © Net return per doHar invested

kg/ha PO,

Al Soils
8o $ 4.09
160 8 2.85

Soils below the critical level {low)

8o § 7.25
160 8 £.90

Soils above the critical level {high)

8o & o.0x
160 8 o.75

() Taken from 1567 Annual Report. 1SFE Project. Average of 8 years
of potato research carried out by S.0.P.A. - N.C. State University Mission
in Peruvian Sierra.
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function, the average return from an appiication of 8o kgm.
Py0s per hectare was § 4.09 for each dollar invested in ferti-
lizer. However, when the ficlds are separated into two groups,
those below the critical level and those above it, much different
resufts are obtained. On the soils below the critical level a
return of § 7.25 was obtained from each dollar invested for
the 8o kgm. P:0s per hectare rate but on the soils above the
critical level a loss of nine cents was sustained on each dollar
invested. When the rate of P;Os was increased to 160 kgms.
per hectare, the differences are approximately proportional;
a greater loss is obiained on the high phosphate soils but the
return on the low phosphate s0ils is reduced. The importance
of separating the soils is readily seen in Ifig. 1. Obviously the
growih responsc curves for the twoe populations is much dif-
ferent with the average Dbeing in between.

Several important observations can be made from Table
z and Fig. 1:

(1) Soil analysis does not indicate the rate of fertilizer
to apply. The 160 kgm. rate of P20s was returning § 4.96
for each dollar invested on the soils below the critical level
and, although this is less than the 7.25 return at the 8o kgm.
per hectare level, it is still highly profitable.

(z) By extrapolating the data in Fig. 1, rates of phos-
phate can be estimated which would give a return of 3 to 1
or even 2 to 1 for each dollar invested (shown by dotted line
in Fig. 1}. For the average of all sails the rate of I»:0s per
hectare to get a 3 to 1 return would be about 150 kg/ha but
for the soils below the critical level the rate would be about
230 kg/ha. This is one of the complaints that fertilizers compa-
nies often make about government operated laboratories which
base recommendations on averages. When the soils are low
in the element then the average suggested rate is too low and
the farmer could afford a larger application.

[¥] L, © - Fitls - p. 17
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(3) Commercial farmers with greater financial support
and Detter management capabilities will want to extend the
fertilizer application rate as far as possible and may want
to go to a level of 2 to T return or even 1.5 to 1. The sub-
sistence farmer, on the other hand, cannot afford to take as
much risk and he should select the point where the return is
larger, although his yields will be less.

{4) The role of soil analysis is to separate soils into two
{or possibly more) populations or grouns about which growth
response curves can be predicted.  Soil analysis does nol
indicate methods or time of application nor material to use.
This information should be oblained for the population of
soils that are likely fo respond to the nutrient in question.

(5) There rates of application, o, 8o and 160 kg. Pa0s
per hectare give good information relative to the response to
phosphate application.  However, for the seils below the
critical level an additional one or two rates, say 240 and 320
kgm. per hectare would be desirable in order to extend the
response curve to more precisely evaluate the 3 to 1 and the
2 to 1 return rate of fertilizer application.

Recti-linear programming:  As previously pointed out,
one of the goals of the Infernational Scil Fertility Evaluation
Project has been the simplification of procedures whenever
and wherever possible. As a natural follow-up to the Carg-
NEeLsow procedure for separating soils into two groups, below
and above a critical point. Dr. Care {1971) is now working
with a computer program to utilize the concept of recti-lincar
response functions. This interesting concept is actually based
on Justus von Ligpic’s Law of the Minimum and involves
combinations of straight lines as illustrated in Fig. 2. The
usual procedure would be te have one continuous curve to
fit the four points of (a) as shown in (b). However, as
Dr. CATE points out just as good or an even better fit may
be obtained by two straight lines as in {¢j which forms a

Pr3 11 - Fills - p.o1g



(338D 123§V} viep asuodser Jo uonwipIdiaul IEAUN-1AIRD UHa parediuos YesuI-13091 0] SWAUSS INTWEISTI] — T 61

21 390N (9) 13GON Gy} I3qOW

— a3aqv H43zZMiiy3ad
¥ o) 0
]
1
H
1
1

SCRIPTA VARTA

TIARV M

sC

a3 A

ACADLEMIAR

PONTIFICIAE

24



SEMAINE D'ETUDE SUR « L'SMPLOI DES FERTILISANTS ETC. » 25

simple discontinuous function. The advantage of this model
(c) is that it [acilitates economic decision making by establish-
ing a relatively few fixed choices rather than the infinite
number that are possible in curvilinear models. For example,
in model ¢, the choice of fertilizer application would be cither
O or X since the slope of the line A-B is the same and if any
portion is profitable all of it would be profitable. The higher
rate would also decrease the risk factor since it tends to
maximize the rveturn from fertilizer application in relation to
other necessary inputs in the production of the crop such as
seed bed preparation, etc.

Combining the Informalion

Mention has been made of the use of information gained
from seil analyses (usually of the plow zone), plant analyses
and soil survey in a seil fertility evaluation and improvement
program. This information not only must be correlated with
crop response to the application of fertilizers, lime and other
soil amendments, but also must be interpreted economically.
Likewise, it must be integrated with the other variables that
influence yield as outlined in the yield equation. Bringing all
of these variables together necessitates simultaneous calcula-
tions and to do this a computer is virtually essential. However,
before feeding the data to the computer it is desirable to
consider the variables separately. Tt is for this reason that
correlation studies with individual essential elements are im-
portant. Parameters can then be established for the element
as it is combined with other variables. A problem of meshing
exlensive with intensive data is encountered when integrating
soil testing information from soil survey. The soil mapping
units are usually presented in great detail for a specific profile
or soil type but soil testing data is more limited. Combining
these two sources of information for predictive purposes is not
simple bnt, again, perhaps the best approach to this will be

f1] 1, 1 - Fitis - p. ar
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through the use of a computer. This type of integration will
be necessary in order to define and ascertain homogencous
soil conditions,  Of course, homogeneous conditions are es-
sential if production leve] possibilities and more general mana-
gement praclices are to be established.

Recommendations

Reporting to the farmer information as to whether the
soil samples submitted for analysis are above or below the
critical level is very valuable in aiding him to make decisions
relative to the fertilizer or lime inputs needed to produce his
crop; however, more information than this is usually desired
and suggestions relative to management practices are often
requested.  The report should instruct the farmer on rates,
time and methods of application of needed fertilizer although
this information is nol obtained by soil analysis. Likewise,
the farmer should be reminded of improved crop varieties and
the use of good seed as well as other good management practi-
ces. The soil fertility evaluation laboratory should not attempt
expertise in all disciplines of agriculture, but it can be an
excellent “vehicle” fo sell a good soil and crop management
program.

Farmers are interesied in making a profit from the crop
they are producing. The highest yields may not be the most
profitable; in fact, often they are not. The question then may
be asked. “What standard of yield should be established”?
The standard (established vield goal) will differ with the dif-
ferent classcs of farmers since ecological conditions, finances
and administrative abilities differ (Frrrs, 1971). Tn establish-
ing the standard yield, the total quantity of crops needed
within a region, the availability of land, the crop value and
relative costs of inputs should be considered. Under some
ecological conditions where cropland and Jabor are not limited
but capital is scarce, it may not be economically feasible to
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establish a high standard yield level. In most areas, however,
the traditional yields are not sufficient to meet the needs of
the country. Then standard yields must be sufficiently greater
than the traditional yields (usually more than double) to create
interest in the various classes of farmers.

To be most effective the information sent to the farmer
must be relative to his own farm and to his conditions. General
recommendations based on averages may increase the produc-
tion of a province but will do so at the expense of some
farmers because averages are made up of both large and small
increases. Thus recommendations should be hoth site specific
and situation specific — site specific for the land upon which
the farmer is producing his crops and situation specific relative
to financial status and management capabilitics. The latter
is particularly important in respect {o loans because loaning
some farmers money may be a disservice rather than a service
if he does not have adequate information or capabilities to
use if.

Gathering More Information

Allusion has been made to use of the computer in the inter-
pretation of soil fertility evaluation information and in making
recommendations to farmers. If properly programmed the
computer becomes a useful tool in the compilation and ana-
lyses of data. Much data is gathering dust in files around the
world simply because persons gathering the data cither do
not have the facilities or capabilities of statistically analyzing
it. Often reports are filed which indicate more information
is needed when sufficient interpretation has not been given
to existing data. Statistical calculations can be made, of
course, with calculators but this is a time consuming, tedious
operation, and as the fund of knowledge increases the clerical
difficulties in analyzing data become immense. Thus the
computer becomes an indispensable teol but must be properly
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used. Ovwer-manipulating the data may result in a voluminous
amount of computer print-out which may also inundate the
research worker.

In order to simplify statistical analyses by computer, a
computer program was recently developed at North Carolina
State University which is referred to as S.A.S., Statistical
Analysis System. This program is relatively simple and is
a big asset to the average research worker in using a computer.
S.AS. i1s designed to permit an investigator to work with an
IBM 360-75 computer which can handle a total of 256 varia-
bles at once with great flexibility and speed. The S.A.S.
program has been made availabie to the International Soil
Fertility Evaluation Project for use in cooperating countries.

The nucleus of a soil fertility evaluation bank consisting
of over zco sefs of correlation data from the world literature
has Dbeen initiated under the leadership of Dr. R. B. Carg,
Jr. Sivce Dr. Care works for the project with headguarters
in Brasilia, Brasil, much of the activities of the preject with
S.A.S. programming will be taken care of by Dr. CATE in
Brasil. The S.A.8. program is regarded as a real breakthrough
in computer use for analyzing agricultural data. Tt will permit
analysis of individual experiments and also aid in the inter-
pretation of a mass of information. The soil fertility evaluation
data bank should be of service to research workers around
the world. Participation in the program is invited.
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DISCUSSION

Chairman; Ti, WaLsH

RUSSELL

I wonld like to comment on the last point raised by Dr. Frrus.
Dr, Boyp at Rothamsted has alse come to the same conclusion
that fertilizer response curves can frequently be represenled by two
stralght lines, though the upper one need not be herizontlal.

However, the nitrogen response curve for wheat, following
a grassclover or a lucerne pasture that was at least threc years
old, was curved near Mz maximum value with the yield dropping
quite appreciably for higher levels of nitrogen. This behaviour
wis not shown if wheat followed wheat or other ccreal crops.

PriMavESI

I approve everything you seid and agree absolutely with yon
that it is not possible to make a fertilizer recommendation atter
making only soil analysis of merely {wo nutrients. Really, our
experiences show that it is necessary fo study physical-chemical-
biological and ecological factors of the soil and the economical
ones before a valid indication is oblained.

You said very well: « mention has been made of the vse of
information gained from soil analyses, plant analyses and soil
survey in a soil ferhility evaluvation and improvement programme »-
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and that the information « must be interpreted economically n. 1
think you are right in your exposition. What you said about
Mr. Cate seems to come from you, It seems the simplification
is very great. 1 recommend that you study the official publi-
cation about the work of Mr. Came (Punblication: FAQ-ANDA-
ABCAR Rio de Janeire, September rg71).

He will use for all Brazil only one system, bul Brazil is like
a confinent with very different soil types, climates, ecological
factors, and so on, and hesides it is necessary, as you said very
well in your paper, fo make the economical caleulations and this
also in relation with the given situation (commercial farmers, sub-
sistence farmers, and so on).

Your concept seems excellent, hut when you refer to Brazil
you must see¢ the reality.

Frrrs

1 appreciate your comments and agree with them very much,
Prof. Cate is of course a member of our staff and he is working
on a course in Brazil. They are working now with a computer
systom which they are hoping will bring all {hese data together
from the different sources that they can and they ought to be able
to interpret. 1f we try to bring together soil survey data and others
it becomes quite a compiex problem, and I think that with the
computerised programme from all over Brasil, they will be able
to get much more specific. This is our hope.

CorLwrLL
I wonld like to ask guestions of Dr. Firrs and Dr. RusskLL
concerning this linear Liebig-type response function. T am quite

impressed by the evidence that has been collected supporting this
sort of curve, but I have noticed that most of the evidence does
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seem to be from response to nitrogen. Is this type of response
peculiar to nitregen rather than say phosphorus?

Frrrs

I would like to talk about RusseLrL later, but as far as we
arc concerned we have nitrogen, phosphorus and potassivm, and
we have not found 2 lot of difference although 1 will agree that
phosphorus does not do quite as well as nitrogen, but we will have
both of them and they do agree the same way. I think that one
of the things we have to watch though is, as you look at the so
different nutrients, that all the other factors are taken care of
and usually nitrogen is deficient, so if you do not take care of
nitrogen properly then you do not get the curve like this in
phosphorus.

RussELL

Dr. Boyp found that the response curve for phosphate is very
similar to that for nitrogen, provided there is an adequate load
of available nitrogen.

ARATEN

On one of the slides Professor Frrrs showed us that the yield
is a funetion of soil, climate and a few other factors, hut he did
not mention that it is a function of nutrients.

IFrrTs

You must excuse me, I should have pointed out -that there
are different factors in a yield equation as we had crop factors:

[£] T, 2 - Fitts - p. 29



34 PONTIFICIAE ACADEMIAE SCIENTIARVM  SCRIPTA VARIA - 38

the kind of crop, the species, that is the variety, the population
and many others, and coming to soil, we consider soil to be the
nutrient in adverse soil conditions, physical conditions, the envi-
ronment and genecral other soil characteristics and so forth, and
getting to climate of course yon wounld have precipitation, the
temperature and light intensity. the duration of light and other
factors. And a management part, as far as we look at it, is the
confrol of pests, insects, diseases and so forth as well as culiural
practices, We have found these are rather broad categories and
we need to subdivide them, and I should have mentioned that as
I presented the paper and thank you for calling attention.

WELTE

An additional remark in rclation {o the yield curve. You have
divided the yield curve inlo two parts, below critical level and
above critical level, and of course from an cconomical point of
the individual farmer the low critical level is of utmost inferest
because the return is the highest, but on the other hand I would
like to consider the situation in countries where planned economic
programmes will be preferred instead of the optimum ecomomic
criteria. of the individual farmer. Under {hese conditions the state
is also interested In the part above the critical level and the
value/cost = ratio may only be 1 to 1. This also will be ccono-
mical for a government because more food will be produced for
the population. You see, the interest of the individual farmer
and the interest of governmental agricultural policy may be dif-
ferent.

OBERLANDER

1 come back to the broken curve and my question fo Prof.
Firrs is what mechanism might be bhehind it; or, are there two
mechanisms overlapping and what kind of mathematical equation
would be fitting?
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Frrrs

T am not sure, of course, as I =aid, 1 think it is based on
Liebig’s Law of the Minimum, and as far as mathematical formula,
I am not sure offhand that T would want to answer that question.

Hauskr

I have just a small question. If these curves refer mainly
lo nitrogen, then T would be interested to know what type of
nitrogen test has been used?

Frrrs

We do not of course test much for nitrogen because there is
difficulty in evaluation, and I mentioned that we think probably
the best test is the one of the yield you are getting on regular
farming conditions. I believe that is still the better test than any
laboratory or biological test we can make,

Havuser

But then these curves do not refer to nitrogen, but to phos-
phorus or potash. The corrclation curves between the soils fest
and the yields are not referring to nitrogen. (Reler to paragraph 7
above),

Frrrs

Yes, as far as those [ bave presented, those arc phosphorus,
potash and other clements. We do not iry to correlate with
nitrogen soil tests,
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HrrNANDO

I weould like to ask a quesiion in relation to the economical
aspect. When you get a result from one year’s field experiment,
is it possible fo use the economical result, in the following year,
especially in areas with different climates? 1 think the preblem
of climate will he wvery troublesome for that aspect.

The difficulty being fo find low level and high level, response
level or no response separately, T think the value of the critical
Tevel is when there is an inflexion point that separates one side
from another, It is very easy to prepare graphs of very similar
soil and climatic conditions and a special crop variety, hut when
you use different types of crops, in different areas or the same
crop but different varieties in different areas, with different ch-
matic and soil conditions, the critical value will be variable and
instead of one peint you must have a wider range; in this case
the difference between the curve and the two right lines is, 1 think,
of major importance. That is my idea.

Frrrs

[ would like to point out that as far as the critical level is
concerned that when we are above the critical level it does not
mean that we would not be using fertilizer, all we are saying is
that area would be maintenance becanse we do not have fertilizers
and you are going to be dropping back below the critical level,
and we like, if you wanf fo call it the maintenance rate or medinm
rate, to be somewhere above that critical level. To uvs one of the
things that has been very amazing was the similarity of the results
that we are getting from different parts of the world, from different
people, and the research, of how close that critical level comes if
they are using the same procedure. For example, we have
results from potatoes which I showed you here in Pern, and we
just have a result now from about Ioo trials with wheat and corn
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and potatees in Bolivia, we have it on rice and sorghum from
India, and if they are using the same extractant they would ali
fall between 7 and ¢ parts per million of phosphorus. It is rather
surprising that the different workers have come in with that same
answer, and so I think that we can esfablish a criitcal level like
that and come fairly close, but then whether you want to maintain
the level of fertilizer nutrients is the one that we would like to
know, and we try to think there is some way round 2 to 3 times
above the critical level; in other words, if we worked on an area
that would set our ranges somewhere between 20, 25 and 30, this
wourld be a good level for our mainterance in that area, and if we
dropped below thal level phosphorus could become lmiting.

HrernanDO

You have not answered my first question, only the second.
The first question was about the application of the cconomical
result from one year to another in areas with different climatic
conditions. How far is it possible to apply these economical results
you get in these trials for next year, T mean.

Ferrs

Obviously there would be some cifference, and I think that
differences of valne of crops vou are producing will vary from
one year to another as well as yield and cost involved, I do not
know whether I can exactly answer that one, except that so far
as we have looked at it from the standpoint of relationship of the
cost of the product, because this will alse vary with your cost of
the nutrient you are adding as well as the cost of irrigation and
other inputs, I think that you are going to have to relale it to
whatever the other inputs you are involved with, if you find
that irrigation is needed you are going to have to put in irvigation.
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COLWELL

I wanted to just comment here that we were asked, if we
could, to find controversial issues. I think we have one right at
the beginning on the naturc of response functions. T suggest there
is need for research here. Fortunately, this is an issue which
scems to be very casily resolved. It would secem to be simply a
matter of carrying out experiments with many levels of fertilizer
designed to decide whether response can be described by two
straight lines, or whether it is better described by a curve. It is
a rather importanf point hecause if it can be described by two
straight lines we can use this very simple sort of approach that
Dr. Trrrs outlined for estimating fertilizer requirements. If the
soil has a nutrient level corresponding to the steep curve you need
fertilizer, if the soil corresponds to the flat curve at the top you
don't; it’s as simple as that, and you can also fail back on to
this unit cost or cost/value ratio as a hasis for estimating fertilizer
requirements. I it is a curve the cost/value ratio should not he
used to estimate requirements, and so it is important to distinguish
between these two fertilizer response forms. Now a final point,
it is quite inadequate to have a straight line drawn through two
points to decide which is the appropriate form. You might recall
the last curve we saw, the top part had a flat part which was
just a line through twe points. Now, statistically, you just can’t
decide from two points whether the response form is a straight
line or a curve. This is why I say we have got to design expe-
riments with many levels, say four or five points for the top part
and four or five points for the steep line. In other words, about
ten levels of fertilizer would seem to be a minimum to judge the
relative adequacy of the Liebig type or the curvilinear type
models.

WaLsH

I think we will draw this session to a close. I want to empha-
sise what Dr. CoLwerl has said, i.c. that the controversial issues
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here are the important ones. A number of them have been raised
by Prof. Firts. ~Another very important one is, do you fertilize
for the retation, i.e. do you fertilize for a period rather than for
one crop. This point also obviously engages Prof. IITIS very
much. Another matter which must be emphasised is that of the
acceptability of research results to farmers and how farmers use
them. This also of course decides the economic optimum use of
icrtilizers; the conditions under which economic optimum returns
can be obtained is one thing, the social optimum is again another.
Another point emphasised is that moving from subsistence agri-
cutture to a high level agriculture changes many things, wlhile
the fourth one raised, and I would like to recommend it here for
consideration later on, is the one about the situalion under which
vou get loss of nutrients, giving rise to what ought to be described
as a pollution situation, which has been rightly emphasised as
being a soil situation. The last point which possibly we will get
down to consider later on is the effect of soil type. Mitscherlich,
and others prepared smooth flowing response courses. There is,
however, no soil that I ever dealt with, where this holds in
practice. There may indeed when some factor or complex in the
soil is affected by the addition be a stop like change rather than
a progressive, smooth response from one point to another. We
should perhaps look on these effects in a totally different way at
this point and maybe as Dr. COLWELL has said, the need for some
more rescarch is becoming very obvious.

EWELL

I hesitate to speak on this subject because I am not an agri-
cultural scientist. I am a chemical engineer, However, I am
accustomed to handling data and looking at curves as engineers
are. In the process of my work in the fertilizer industry during
the last 25 years, I have locked at about a million response curves.
The agricaltural scientists are developing response curves at an
enormous and accelerating rate, and the main point that I wanted
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to make was that of thesc millions of response curves that have
been developed, there do not seem to be any two that are the
same, I am very suspicicus of this two-straight-line intersection
appreach lo it, Based on the many thousands of TESPONSe Curves
that I have examined in India and several other countries, I per-
sonally feel that the curvilinear approach to it would be the more
rational one. I wounld have {o see a great deal more evidence to
believe in this intersection of two straight lines, but 1 think it is
very diflicult to arrive at any all- encompassing conclusions, because
as I said before, there appear to be no two 1esponse curves that
are exactly the same.

RUSSELL

The individual points on a response curve atre always subject
to a considerable scatter due fo soil variability and other causes,
5o it is not possible to discriminate between a number of possible
msponsc curves. It i¢ possible that if one could reduce the standard
error of each point on the curve to a really small figure, the response
curve would be a uniform curve rather than two straight lines of
very different slopes,

There is one other point about the response curve 1 wanted
to make, The slope of the first part of the nitrogen response curve
for a given crop should be very nearly constant if nitrogen is the
only factor liniting yield but in so far as the slope in any parti-
cular experiment falls below this value, it shows fhat some other
factor is limiting yield as well as nitrogen. If this factor can be
recognized and eliminated, the slope of the nitrogen curve should
then be raised tn its theoretical maximuam,

COLWELL

Yes, I have also looked at many response curves in Auvstralia,
and the first linear response part of this function is certainly not
constant.  The factor of course which is lmiting is moisture.
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WALSH

The only remark I would like to make about this sitvation
is that what you say is right as we have had considerable expe-
rience along the same lnes, moving with two different types of
agriculture, need subsistence and commercial.,  Through the years
I have never been able fo fit a smooth curve to the data we have
been geiting, So in recent years we have gone away from curves
to the straight line method of presentation. The other part of it
is this. Tt makes more common-sense out of scil festing. There
has been the approach down the years of thinking that you can it
a fertilizer recommendation accurately to a soil test in terms of
so many parts per million of some nutrient. 1 think that people
crifical of soil testing, people like the late Dr. Crowrnir of
Rothemsted, objected fo soil testing because he did not see this
possible. I would say apgainst this new background he would be
more satisfied - it is more realistic.

FirTs

If T may make one comment. I do not know Dr. RuUssiLr
if you find that in England what we find. If youn interpret this
rectilinear curve that the optimum rate you will make for a
nutrient is considerably lower than on a curvilinear curve, and 1
think the fertilizer industry might object to it, but on the cther
hand we see on curvilinear relationships that they may be show-
ing the optimum rate of application to be 200, 300, 400, or more
kg per hectare of nitrogen. We know the needs of the plant
probably will not be over 1oo-150 kg per hectare,  Thus the
rectilinear approach will give a more realistic value as far as
the farmer is concerned. Yeu can tell a farmer to put on 500
kilos of nitrogen per hectare but he is not going to do it if he
has not had any experience to indicate it is profitable.
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RUSSELL

We do not find the response curve for potash and phosphate
of much practical value in Greaf Britain because the genetal ten-
dency is to fertilize for the maintenance of a fairly high level of
potash and phosphate in the soil,

Friep

The comment I want to make is to bring the discussion back
to the question that Dr. HAuskr mentioned. When we are talking
about phosphorus we seem to be talking about a soil test of 8§
parts per miilion or %-g; when we talk about nifrogen we seem to
be talking about actual field experiments, and 1 think we would
better get oursclves straight a little as to what we are talking about
when we falk about nitrogen. If we are talking aboui the general
natare of the curve that is one thing. Are you itrying to relate it
to some kind of soil test or are you using actual field data for
making your recommendations? I am throwing out the queston,
but T do not think we can generalize in relation to the different
nutrients when we do not happen to have a decent soil test for
nitrogen or at least the same kind of soil test for nitrogen ihas
we have for some other nutrients,

WALSH

Dr. Fripp that is a very large question and I am hoeping
onee again that it will come up at this meeting later on. It is in
fact a crucial question as to how you can determine the nitrogen
status of the soil. What nitrogen is rcleased - what time is required?
and so on comes very much into that picture as you all know
very well.

Frizp

I just want to say it was not that I wanied an answer right
now, I realise whal an important question it is, but we seem to
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be talking about both of them at the same time. 1In one case
we are talking about soil tests, and in the other case we are talking
about field tests, and I think we would belter keep clear what
we are talking about.

FiTTs

May I just comment on that, I think this is why we talk
about soil fertility evaluation rather than soil tests, because we do
not look on soil tests as onr only source of information. Any
information that can be interpreted in respect to optimum use of
fertilizers will be used.
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Introduction

Agricultural soils differ in their capacity to provide the
crops grown thereon with the nutrients they require. For suc-
cessful crop production, therefore, there is need in many cases
to use fertilizer materials to complement the available quantities
of nutrients in the soil. To estimate the optimum quantity of
a fertilizer material to add, it i necessary to know: (1) the
actual level of the fertilizer material in the soil, that is, the
quantity of the fertilizer material which, if present in the soil,
would make the unfertilized soil behave as it does with regard
to the quantity of the corresponding nutrient which it is able
to provide to the crop; (2) the way in which the crop yield
varies with the level of the fertilizer material as defined above;
{3) the cost of the fertilizer material, including its cost of ap-
plication; and (4) the net worth of one unit of the crop as it
stands in the field ready for harvest, that is, its selling price
less the cost of its harvesting and marketing. The possibility
of making use of leaf analysis in making this estimate is discus-
sed in what follows.
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Available quantity of a fertilizer material in a soil.

Many methods have been proposed for the estimation
of the quantities of nutrients which soils may provide to plants
growing in them. “These methods, both chemical and biolo-
gical, differ as to whether: (1) no plant at all, a test plant or
the actual crop plant is used; (2) the type of sample taken and
the method of sampling used; (3} the way in which the sample
is analyzed or in which the observations are made; and (4) the
way in which the data are interpreted. The procedure to be
here discussed is just another proposal in this connection.

In a number of fertilizer experiments with corn and sugar
cane, in each of which ¢ levels of only one fertilizer material
were used, different types of leaf samples were gathered and
analyzed for fotal content of the corresponding nutrient under
study (3). The levels of application of the fertilizer materials
under study in a given experiment varied from zero to a quan-
tity excessively large, considered a priori to be harmful to the
crop. Nitrogen was applied as ammonium sulfate, phosphorus
as calcium superphosphate, potassium as muriate of potash,
magnesium as magnesium sulfate and calcium as calcium
carbonate,

The sugar cane leaf samples were taken at 4 and % months
of age, and the leaves were divided into blades and sheaths.
The corn samples were taken at 4 and 7 weeks of age.

Plotting of the ieaf nutrient-content data against the cor-
responding levels of application indicated in general a dimi-
nishing-return type of increase of the nutrient in the leaf with
an increase in the quantity of the corresponding fertilizer
material applied to the soil. Three types of smooth curves
were fitted to most of the data; the MrrscHERLICH or SPILLMAN
diminishing-return equation [4, 7], the PEARL-RERD logistic
equation [6], and a fertilizer-yield equation to be discussed
later on [1, 2].

Based on the values of the coefficients of determination of
the fits of the equations to the leaf nutrient-content data, all
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3 equations were about equally useful in explaining the relation
between level of application of a nutrient and its content by
the leaves. As examples, table 1 presents the coefficients of
determination obtained in fitting the MrrscuHERLICH and the
fertilizer-yield equations to the data of the nitrogen experi-
ments performed with corn and table 2 presents similar data
when all 3 equations were fitted to the 3-month old lcaf blade
data of the phosphorus experiments with sugar cane. As may
be seen in these tables, in some cases exceedingly good fits
were obtained with all 3 cquations, in other cases the fits were
not at all good, but the 3 equations behaved similarly, that
is, when a certain data was well fitted by one equation, the
others also gave good fits, and likewise in the cases of poor fits.

TasLe 1 — Coefficients of determination obtained on fitting
the MITSCHERLICH and fertilizer-vield equation to the leaf
nitrogen-content data of the corn experiments.

4 weeks 7 weels

Location M. F.-Y. M. Y.
Corozal - - 58 51
Guayama g6 93 — —
Gurabo (T.) 87 82 65 64
Gurabo (Ma.) oY 44 g6 44
Tsabela o8 64 92 8o
Lajas 55 37 51 38
Rio Piedras (T.) 02 56 — 74
Rio Piedras (V.A.) 40 30 2 —

() M == Mirscusriien ecguation. F.-¥., = {fertilizer-yield equation.

[2] 1, 2 - Capd - p. 3
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The general conclusions derived from these studies [3]
were as follows:

1. The amount of a nutrient occurring in plant leaves,
within certain limits, tends to increase with the increased
availability of that nutrient in the soil upon which the plant
18 growin.

2. The relation between the available nutrient content
of the soil and the leaf content of the nutrient is ecxpressible
by a smooth cerve approaching a maximum value as an
asymptote, The MIrsCHERLICH equation, among others, may
be used satisfactorily to represent this refation.

3. The precision of the fit of this equation to the cor-
responding amount of the nutrient applicd and the leaf nutrient
content data is higher when the corresponding calibrating
experiments are performed in soils with relatively low avai-
lable levels of the nufrient under study.

4. The relation between the available nutrient content
of the soil and the respective nutrient content of the leaves
is closer when the leaves are samples at a rclatively early
stage of growth rather than when sampled at a more advan-
ced age.

5. The precision of the fits of the corresponding equa-
tions for sugarcane blades and sheaths are about equal for
each of the various nutrients studied.

There scems ne need te use different tissues for the dia-
gnosis of adequacy of availability of different nutrients.

6. If MirscHERLICH'S equation is used to express the
relation between the available nutrient content of the soil and
the leaf nutrient content, the equation may be transformed
for use in estimating the quantity of fertilizer material repre-
senting the capacity of the soil to provide the crop with its
respective nutrient. Thus, if X = quantity of fertilizer ma-
terial applied, S = quantity of fertilizer material corresponding

[2] 1, 2 - Capé - p. 5
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to the capacity of the unfertifized soil to provide the crop with
the respective nutrient, and M = {otal quantily of fertilizer
material, then M = § + X.

The form of the MyTSCHERLICH equation fitted to the data
in this study was L = A — BCY. In each soil studied, the
leaf nuirient content was thus expressed as a function of the
quantity of fertilizer material applied to the soil, X,

Now, to express the leal nulrient content Y, as a function
of the total, M, nutrient content of the soil, it is necessary to-
use a more commonly used form of the MITSCHERLICH equa-
tion, namely,

L=A0—C) = A(1—CM,. Eq. 1

where, as indicated above, S = original content of the
soil, X = quantity of fertilizer material applied, and M ==
total quantity of the nutrient in the soil expressed in units of
the given fertilizer material. The relation B = AC® makes
the two forms of the MiTSCHERLICH equation identical.

This Tatter form of the egration may be nsed to estimate
the nutrient content of the soil from the Ieaf nutrient content.
Thus, solving for M, wo obtain:

log (A - L) —log A

Eq. 2
log C e

M =

therefore, once the constants A and C of the correspond--
ing MITSCHERLICH cquation are determined for a given soil,
crop variely, and fertilizer-material complex, the available soil
content of the corresponding nufrient, expressed in units of
the given fertilizer material, may be cstimated for similar
complexes from the respective nutrient content of a leaf sample:

[21 1, 2~ Caps - p. 6
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taken at the stage of growth used to fit the soil-leal nutrient
relation.

7. The data of the calcium carbonate experiments,
although not adequate to support the general conclusions men-
tioned above, need not necessarily be considered as contra-

dictory.

This same type of relation scems to hold between the
level of application, or if you wish, between the available
content by the scil of a nutrient and its corresponding content
by the leaves at a relatively early stage of the growth period
in pincapples. Most probably it also holds frue for other
crops. If this is so, it should then be possible to assess the
content by a soil of a certain nutrient available to a certain
crop, in units of some fertilizer material, from the analysis
of a leaf sample taken at a relatively early stage of growth
of the plants of the crop growing in the given soil.

Influence of the available level of a fertilizer material on the
yield of a cvop.

Many types of mathematical functions have been sug-
gested as approximations to the true nature of the relation
setween the available level of a nutrient in the soil and the
yield of the crop growing thereon. These relations range
from LiERIG’s Law of the Minimum assumption of a straight-
line relation while the nutrient is supposed to he the limiting
factor of growth to curves with cven 2 points of inflexion such
as the fertilizer-yield relation suggested by the author.

Theoretically, the nufrient-yield relation must be a curved
line, since both at a zero level of an éssential nutrient and
at excessively high levels of the nutrient the yield must be
zero, while experience indicates that for some levels of the
nutrient within these limits the yield differs appreciably from

fz] 1, 2 - Capd - p. 7
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zero, changing in value in the form of a smooth curve as the
level of the nufrient in the soil or growth medium increases.

Plotting the yiclds obtained in the sugar cane and corn
experiments previously mentioned, especially in the case of
the potassium experiments, in which the quantity of potassium
applied per acre reached up to a value of 10,000 pounds (11,205
kgs. per Ha.), it became evident that the nuirient-yield rela-
tion has a point of inflexion beyond the nutrient level which
corresponds to the maximum yield. Since the presence of
another point of inflexion below the nutrient level required
for the maximum yield had been demonstrated as far back
as 18go by HELLRIEGEL, according to RussteLL [s5], the
possibility of representing the nutrient-yield relation by a curve
with 2 points of inflexion suggested itself.

This curve may be either symumetric or asymmetric, and
may be simple or complex. Irequency distribution curves
gimilar to the normal curve of error, or some asymmetric
curves such as PEARSON’S curve no. I, are possibilities. The
quartic equation is also another possibility. After trying many
such curves, the author came to the conclusion that the use
of a simple 3-constant curve with 2 points of inflexion might
be a satisfactory working tool for estimating the yields which
might be expected from given nutrient levels in the soil. The
equation suggested for this purpose is:

T

I+ D (M GF Ea. 3

where Y is the crop vyield, M is the available level of the
uutrient in the seil, and T, D and G are constants representing
respectively the maximum yield, an index of the curvilinearity
or the curve, and the level of the nulrient in the soil which
corresponds to the maximum yield. This equation cannot be
fitted directly to the data of a fertilizer experiment in which

[2] 1, 2 - Capd - p. 8
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different levels of a fertilizer material are tested, since the
information available on the nutrient refers to the quantity of
the fertilizer material applied. In this case the equation to be
fitted to the data is:

T

f R VN )L Eq. 4

where X is the quantity of fertilizer material applied, F is
the level of application of the fertilizer material required for
maximum yield, and the other symbols represent the same
concepts as above.

Since it is obvious that G = S + K, and, as defined
above, M = S + X, these 2 equations are equivalent o each
other, since the differences to be squared in their denominators
arc equal, that is, M— G =S + X — (S + E) = X—E .

Equation 4 was fitted to the data of the above-mentioned
experiments with variable results. In some cases the fits were
good, in others not so good. The yield data in the latter cases,
however; were of such a nature that, no matter how complex,
no equation with relatively few constants would fit the data
any better.

This same type of relation has been found to hold with
a high degree of precision in the case of the influence of tem-
perature on the growth of various isolates of some fungi, for
which the coefficients of determination of the fits ranged from
0.87 to 0.06. It also offered a satisfactory explanation of the
influence of the pH value of the growth medium on the growth
of the same fungal isolates, although the coefficients of deter-
mination in these cases ranged from 0.69 to 0.89. In the cases
of the influence of pH on fungus growth, the s5-constant
PrARSON’S no. 1 equation, with 2 points of inflexion, provided
much better explanations than Equation 4.

The drop in yield with excessive applications of fertilizer

F2] 1, 2 - Capo - p. 9
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materials was observed especially with the highly soluble salts
ammonium sulfate and potassium chloride, applied at maxi-
mum rates of 2,000 pounds of nitrogen and 10,000 pounds of
potassium per acre (approximately 2,241 kgs. N and 11,205
kgs, K per Haj. With the slightly solubie calcium super-
phosphate and the practically insoluble calcium carbonate,
with which the scluble concentration of phosphate and calcium
lons In the soil solution is quite limited, the harmful influences
of heavy doses of application might not be detected, although
they might be in the cases of soluble phosphates and caleium
salts. For slightly soluble salts, therefore, the relation between
nulvient content and crop yield could perhaps be better repre-
sented by smooth curves approaching maximum values as
asymptotes, such as the logistic equation or MITSCHERLICH'S.
Calcium carbonate, of course, has an additional influence on
the pH value of the seil, whose influence on crop yield may
be far greater than the influence due to calcium as a nutrient,

Suggested procedure for estimating, based on the analysis of
a leaf sample, the opltimum economic application of a
feritlizer matervial requived for the production of a crop.

In a soil representative of that of the area to be dedicated
to the commercial production of the crop, perform an expe-
riment with the variety of the crop to be grown commercially.
This experiment must include at least 3, and preferably many
more levels of application of the fertilizer material to be tested,
ranging from zero to quantities exceeding the usual commer-
cial rates of application. The experiment should be located
in a field for which there is evidence that its soil is deficient
as regards the availability of the corresponding nutrient.

Leaf samples should be taken at a relatively carly stage
of the growth period and analyzed for the nutrient in question.
By fitting to the fertilizer-leaf analysis data a smooth type
curve similar to the MrrSCcHERLICH curve, the relation befween

(21T, 2 - Capé - p. 1e



SEMAINE D'ETUDE SUR « L'EMPLOT DES FERTILISANTS LTC. » 55

the soil available nutrient content and the analysis of the
feaves may be characterized. This equation is to be used later
on in estimafing the available content of the nutrient in the
soils of the commercial ficlds from the analysis of leaf samples
taken from the commercial field plants at the same stage of
growth and time of the year as the experimental field samples.

After harvesting the experiment and determining the yield
obtained with the various levels of application of the fertilizer
material, the previously-mentioned fertilizer-yield equation
should be fitted to the yield data. This equation indicates
how does the crop yield vary with level of application of the
fertilizer material and will be useful in estimating the optimum
economic application of the material.

An example of the calculations to be performed follows.

Table 3 presents the results of the leaf analysis and the
crop yield data of a fertilizer experiment performed with the
Red Spanish variety of pineapples.

TagLe 3 - Leaf-nitrogen content of leaves sampled al 3
months of age and vyield of pineapples.

Percentage

dry-weight nitrogen Fruit yield in
Treatment content of leaves Treatment fons per acre

1,000-1h, 1, 000-th.

units of units of

urea ' urea
No. applied  Actual  Caleuwlated No. applied  Actual  Caleulated

1 0.000 2.520 2,479 T 0.000 12,97 12.55
2 0.075 2.455 2.555 z 0.225% 14.28 13.30
3 0.150 2.045 2.670 3 0.450 12,05 €3.00
4 0.225 2.785 2.787 4 0.675 14.22 14.50
5 0.300 z.870 2.872 5 0.900 15.14 14.88
6 0.375 2.053 2.930 6 1.050 £5.31 15-03
7 €450 3.030 2,958 7 1.200 14.G7 15.00)
8 0.525 2.005 2.953 8 1.350 17.31 15.07
9 a.600 2.005 2.915 0 1.500 13.14 14.95

[2] L, 2 - Capd - p. xx
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TABLE 3 - (conlinued)

Statistics of the fitted equations

A = 2.90 T = 15.006
B = 0.987 I = 0.134
C = 0.4706 IE = 1.230
r* = 0.90g rf = 0,321
5 = T.4%9 E -+ 5= 2709

‘The MiTsCHERLICH'S type equation fitted to the leaf-ana-
lysis data 1s:

I = A—DBCX= 2.06 — 0.08% (0.476)% ,

where L is the nitrogen leaf content and X is the quantity of
nitrogen applied to the soil, expressed in units of 1,000 Ibs.
of urea (U) per acre (equivalent to 1,120.5 kgs. U per Ha.).

Since B = AC®, where S is the available nitrogen con-
tent of the unfertilized soil, expressed in units of nitrogen as
defined above,

JogB—logA 1.479 units of N.

S= e

The relation between tofal available nitrogen in the soil
and the leaf nitrogen content is thus:

L = A— ACSCX= A — ACS¥= A (1 — M7=
A {1 -— CM) = 206 (1 — 0.476M),

[z} 1, 2 - Capd - p. 12
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This equation may be used to estimate the quantity of
nitrogen avaitable to the Red Spanish pineapple variety in
a field with a soil similar to the one used in this experiment,
from the analysis of a leaf sample taken at approximately 3
months of age and about the same time of the year in which
the leaf samples were taken-in the experiment.

The equation to estimate said quantity of nitrogen in the
soil is:

M log (A—TL)—log A log(2.96 — L} —log 2.96

log C log 0.476

Using this cquation to estimate the available nitrogen in
the unfertilized soil of the experimental field, one obtains:

log (2.96 — 2.52) — log 2.96
log 0.476

M = = 2.508 ,

as contrasted with 2.41g which was estimated by use of the
fitted equation. The difference may be explained on the basis
of the unavoidable experimental variation, since the “rero”
application plots were not as fully representative of the soil
of the experimental ficld as all the plots, the analysis of
whose samples was used to fit the equation. In the case of
a commercial field the fitted equation would not, of course,
be available, but the leaf sample would be taken throughout
all the field.

The relation between nitrogen applied and fruit tonnage is:

v = T — 15.046
T 1+ D(E—X) 1 + 0.134 (1.230 — X)?

B

[23 7, 2 - Capd - p. 13
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where Y is the fruit tonnage and X is the quantity of nitrogen
applied to the soil, again in units of nitrogen. The relation
between tofal available nitrogen in the soil and mean fruit
weight is:

r . 15.060
I+ D(G-—MP " 1+ 0.134 (2.709 — MY

-

since G = E + Sand M =S + X,

To estimate the optimum economic quantity of available
nitrogen in the soil for the production of this crop in a field
where the above-mentioned equations apply, one may proceed
as follows:

It I = profit per acre,

Y = yield of fruit in tons per acre, that is, mean fruit
weight multiplied by the number of fruits produced per acre,

M = units of nutrient per acre,

I = cost of one unit of nutrient applied, that is, the
cost of one unit of the nutrient plus its cost of application,

V = farm value of one ton of pineapple fruits ready
for harvest, that is, the difference between its sale price and
its cost of harvesting and marketing,

K == fixed costs per acre,
then the gross income per acre is YV and the expenditures
are MF + K. Thus, the profit is:

TV

iDD—gp MFK.

P=YV—-MF—K =

The total economic level of available nitrogen in the soil
is the value of M which make the first derivalive of P with

f2] 1, 2 - Capd - p. 14
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respect to M equal to zero, and its second derivative positive
in value. The first derivative of P, equated to zero, is:

Sl DU (M - GY + 2DF (M — G)

2VID (M —G) + F = o,
which, if one defines Z = M — G, becomes:

AP EZE 4 aDEZ + 2VIDZ 4+ F = o

Now, if F = $ so per unit of nitrogen, and V = § 23
per ton of fruit, the optimum economic value of M may be
obtained by solving the equation:

Ehe
%[“ = (0.134) (50Z% + 2 (0.134) (50Z%) +

2 (23) 15.096 (0.134) Z + 50 = 0,

= 0.8978Z + 13.4007% + §3.0517Z + 50 = 0.
7

The value of Z which makes this first derivative equal
to zero and the sccond derivative positive is — 0.588.  Since
Z=M—G,thenM = Z + G = —0.588 + 2.700 = 2.I2T.
Thus, the optimum economic quantity of available nitrogen in
the soil of the experimental field or in similar soils is 2,121
pounds of urea per acre. By subtracting from this value the
quantity estimated to be available from the nitrogen content

{211, 2 - Capd - p. 15
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of the corresponding 3-month leaf sample, one obtains the
oplimum economic application of nitrogen to apply.

In the case of the above-mentioned experimental field,
where S was found to be 1,479 pounds of urca per acre, the
optimum economic level of application would have been
2,121 — 1,479 = 642 pounds of urea per acre.

[2]1 1, 2 - Capé - p. 10
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DISCUSSION

Chatrinan: Tu, WaLsn

PRIMAVEST

Several times, before we worked with Dr. HirNanno’s sap
analysis method, we have worked with leaf samples. In our 18th
book, Deficiéneias Minerais em Culturas {Mineral Deficiencies in
Crops), we lreated this mafter also. Prol. Warrack, [rom the
University of Bristol, remembers in his foreword (1964) the im-
portance of this method for the Tropics and Subtropics.

With reference to your Table 3, it is really very interesting.
It is an admirable approach of estimating data {rom crop yield
data.

TFurthermore, we have studied the optimum economic appli-
cation of fertilizer and now we will apply the equations (fertilizer-
vield eguation) you mentioned in your paper.

(OBERTANDER

I had some difficulties, Professor Card, with your equation 3.
This might be due to my lmited knowledge of mathematics, and
since you are proposing thai the fertilizer yield relationship may
take the form of a frequency distribution curve, I was trying to
fit eguation 3 to what one usualiy calls a frequency distribution
curve, but T was not successfil, and now my question is: if one

[21 1, 2 - Capd - p. 1¢



64 PONTIFICIAL  ACADERMIAE SCIENTIARVM SCRIPTA  VARIA - iS

would apply the equation which is asually used for a frequency
distribution curve, viz. y=¢=, could it be converted intc your
equation 37, Bul it is difficult for me to make a statement from
my seat, with the Chairman's permission I would come ouf fo
the black-board to make just a short sketch.

If I had understood you correctly yeu would propose this
type of curve. Did I understand you correctly? and how would
you agree with this equation: y=e~** which is used for a fre-
guency disiribution curve. How would it he possible to transform
this equation into your equation 37.

Card

You will notice that in the denominator of this equation there
is the constant « one » so that when the amount of x is equal to
the value of ¢, which makes that particular term zero, then the
value of the maximum is the numerator. If you do not have
that pasticular constant, then it would be infinity and then the
equation would not fit, so that in order that the equation, which
ts similar to the normal curve, may have a walue it needs the
« one » appearing in the denominator of the eguation. The constant
« one », which could be ten or a hundred, is needed so that when
x is equal to ¢, then the maximum yield is equal to the numerator.

(OBERLANDER

Does it mean thal your equation 3 and this one could easily be
transformed one to the other?

CArd

Well, you will have to include that particular constant ferm.
This term here is the one which enables the equation proposed
to have the value of the numerator when x is equal to ¢, since
this term, of course, becomes zero, sc that A is the maximum

{2]1 1, 2 - Capd - p. 20



SEMAINE D'ETUDE SUR o LEMPLOL DES FERTILISANTS ETC. » 65

value of the yield as observed. That is why that term is necessary.
If you do not put any term there then it will be infinity and
then you will not be able to fit the equation. In fact, that is an
advantage, Dbecause you have already the maximum value of
your experimental data, and you know that you are near your
maximum. You can use this maximuam vale of experimental data
as the first value for A. Now, the fitting of the equation is of
course done by expanding this equation by Taylor's theorem.
After the expansion, and substituting in the equation the values
assumed for the constanis, you establish the equations of diffe-
rences between the observed and the caleulated value, You have
to assume values for the constants and then fry to calculate the
corrections for the different constants.  Sometimes there is difficulty
in solving the system of simultancous equations when you y to
calculate the corrections to all the constants at once. But, in our
computer, we found that we could do this, when we calculated
the correction of A first, then using that valne we made a correc-
tion for B-and then a correction for C, and having the computer
doing it again, until we could get the best corrections or approxi-
mation to the best that can be obtained for the experimental data.

PrsSEK

I would like to ask a question relative to the application of
the methed.  You dealt with some long season crops like sugar-
cane and pineapples and also with maize and you indicated, in
the case of maize, to sample early, Do you propese that you use
the resulls of your sampling and analyses in reclifying or correct-
ing the fertilization practice for that particular crop or would this
be for a future crop, growing in the same field.

Card

Use of the information to correct a previous basal application
is of course correct, since we have found out that there is a good

[2] 1, 2 - Capd - p. 21
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relation between the application of the fertilizer material and the
contents of the elements in the lcaves in the case of tobacco, even
at only ten days of age of the plants, Now the precision of this
relation tends ic decrease with time, that is, as the plant grows,
Apparently there is a dilution of the elements absorbed and when
the plant is approaching maturity, then the relation between the
content of the element by the soil and the yicld and leaf content
are not so good, so it is essential to get the leaves in an early
sfage of growth. Of course, for crops that have a short growth
period maybe the method should be used to {ry to find whether
you used a proper amount in the basic application, so that the
following year you may correct the basal application if there is
not enough time tc make another application in that particular

S¢ason.

WELTE

Only one additional question. Tirst 1 would like to come
back to Mitscherlich equation. I shall not use x generally, I would
like to use x as a fertilizer material you have added to the soil,
and what is available in the sol already should be here indicated
as b. You showed up a relationship between the fertilizer applied
and the confent in the leal. But then we have to ask what is the
effect of b in the soil because b always differs from one soil
another, You can operate only with the ferfiizer material if b
is a conslant, or if you use the same soils in a certain family., And
therefore I think b maybe mvolved in your factor, that means,
applied fertilizer plus the available amount in the soll, is that zight?
Otherwise you will get many curves and the content value of the
leaf will vary very widely.

Capréd

If you apply your equation to a scil in which the relations
of the different elements vary, the equation will not be very useful,

[2] 1, 2 - Capd - p. 22
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No. An experinient is made in the particular soil with its nutrient
contents and you find out its constants. Now for that soil, or a
similar soil; then your equation may be used to calculate how
much there is in the soil, in that particular soil. 1 do not say that
the calculation is true for other soils that differ from that one very
much. Only for similar soils, That means the constanis are only
related to one seil.  There is need to make a fertilizer experiment
in every type of soil, let us say, that is used in the commercial
preduction of the crop. You have fc make an experiment to find
the equalion, both equations, First, the equation of the relation
of the fertilizer material nutrient in the soil and the leaf content
and, second of the nature of the response becaunse, as you know,
in some soils you may get a different response; say, in a sand
with a potash deficlency you can supply the needs with less
potash, whereas if it is a clay, there may be fixation of potash
in the colloid and then you may need more. So that both types
of curves have to be fitted to the particular soil that you are going
to use in commercial production, or similar soils.

HERNANDO

You say in page 2, 1 read the paper already, that not only
you, but many people say, that the curve is coming down because
you use so high levels of one element that it will be toxic for the
ptant.  Well, T think this is a problem generally not well under-
siood; because often it is not frue. The reality is that this clement
is not the deficient one that 15 involved in increasing the yield.
Rut there is another element, and generally cven more than one.
Many people can answer to that, T think that normally in these
experiments, if working with phosphate for.instance, they apply
encugh nitrogen and potash, and we think that this is correct.
More. then a century ago Liebig said that it is necessary to apply
to the soil that element that the plant teok before from the soil
in order to try to maintain the fertility. But poople felt

[2] 1, 2 - Capd - p. 23
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that only nifrogen and potash and phosphate were needed by the
plant; but later we shall sec in other papers that more elements
are important and that sometimes, because of the increasing vields,
there is more need of them for the plant growing. I think it would
be more correct to say at fhis point that the element we are studying
is not a deficient ene, it will be another one, it will not be potash,
not nitrogen, it may be a microelement, Only in few occasions,
not generally, it is true that the element in question is really toxic,

Laré

Well, you know that in the research work done hy Mitscherlich
he found out that there is not only one Hmiting growth factor at
a time, you may have a number of limiting facicrs. You may bring
a certain element so that you can get a maximum yield under
those conditions, that does not mean that at that particular mo-
ment there are no other limiting factos. In fact, that maximum
is probably the state of optimum balance under those conditions
and, as soon as you overpass that, then you have a sort of im-
balance among the different growth factors, and taking that point
of view, then all the growth factors would be in a sort of imba-
lance, because this one would be in excess of the other ones which
would be deficient. So that the maximum value is just the point
at which there is a balance of the particular elements, with respect
to the condition of the growth medinm, with respect to the other
growth factors, not only ferfilizer element, but temperature or
carbon dioxide, or whatlever it is. Bul of course, we wanted to
characterize the response, and of course we wanted o use very
high amounts, because in the past, the additions were stopped
at what they called practical amounts of application, and under
those conditions, of course, you get a diminishing type of response.
You may recall that Mitscherlich amended his equation by applying
a factor to take care of that particular situation. What our data
seems to indicale is that it has two points of inflection.

[2] 1, 2 -~ Capdé - p. 24
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COLIVELL

1 would-like. tp. raise a couple of points. First of all, let me
comment o this estimalion by extrapolation of the Mitscherlich
equation.  The extrapolated value depends on the value of A
representing maximum yield being constant, otherwise, if it varies,
the extrapolated value varies. That is just a small point.

Now, my main question is, how successful have you been in
verifying this method of estimating ferlilizer requirement. We
understand that you have got correlations as shown in the paper.
But have you shown, for example, that by this procedure you
get a betler estimate of fertilizer requirement than you would from
an ordinary correlation between soil tes{ and fertilizer requirement,
or even simply belween a tissue test and fertilizer requirement.
Is it really necessary to go through this procedure of using a tissue
test to estimate soil nutrient level and then coming back fo estiate
how much fertilizer shonld be applied.

Then, there are iwo things which need to be verified, one,
if you sample a growing crop you can estimaié what you have
got to do to correct deficiencies in that crop.. To do this you
have to malke a forecast, then check on the actual effect of the
added fertilizer on that particular crep. I would suggest, a rather
restricted application for estimating fertilizer requirements. Very
rarely are we in a position to make a correction quickly to a
growing crep. Rather we are interested in forecasting what we
should do to the next crop. Have you looked at this aspect?

My point is that the actual A level has to be constant.

Card

With respect to the first question.  Where you refer to a
maximum yield in the case of the Mitscherlich equation, the Mit-
scherlich equation is not used in this connection, with respect to
yields, but only as the relation between the amount of nutrient
in the soil and the amount of the nutrient in the leaf. Now, as

[2] I, 2 - Capd - p. 25
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you increage indefinitely the amount of nutrient in the soil, of
course, you gel sometimes, a stable value, like that; the content
of the element in the leaf does not decrease with increases of the
element in the soil. That is why the Mitscherlich equation is nseful
for this purpose, since it approaches a maximum value.

If the other element, or growth factors are in the same relation,
that valwe 7s constant. If you have a different soil in which the
relation of the growth factors or other elements differ widely from
that of the soil of the experiment, then you will not get that
particular same level, that is why [ say that you have to make
an experiment in the soil, or a similar soil, to the cne i which
you are going to grow the crop commercially. Because if you have
two soils that vary much in some other element or other factor,
then that value will not be the same, it will differ, and that is
why ihe experiment has to be made in the soil of the commercial
field or a similar one, in order to be able fo characterize the nature
of the relation, Tn the second question which you asked, if you
have a short-growing crop and you Jdo not have time to correct
the fertilization of that particular crop, the procedure may be useful
in finding out whether your basic application of fertilizer to start
with was enough to provide the nutrients required by the crop.
If you cannot correct that one, that means that the next time you
plan{ you may either raise or lower your basic application, but this
will check with what was applied right and certain,

COLWELL

My question was, whether, in fact, have vou verified it in
this way?
Card

We have made this experiment which I mentioned there with
Pineapples, in which we applied heavy doses of the different cle-
ments and showed that we could get an optimum economic yield

[2] 1, z - Capd - p. 26
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with an application of abouf 650 Ibs of urea, in the case of nitrogen.
This result was in line with other sorfs of experiments which have
been made in the past showing that about that concentration was
a practical one, that is, in the particular place where this expe-
riment was made were using 1,700 lbs or urea per acre, and this
enabled the reduction of the amount of nitrogen applied, the
amount of urea, and they are using the 650 Ibs at present in their
production.

Warsu

We have reached the end of this lecture, There will be some
fime available in the general discussion session, after Professor
Hernanpo's paper, and maybe Dr. PrsEx you will hold your
quesfion unfil then. In the meaniime I would like to thank you
Dr. Card for the very fine presentation of your subject, particu-
larly for your answering. Thank you. Now, Professor Hirnanpo
is poing to deal with sap analysis as a fertilizing index in several
types of plant. These subjects are related, of course, and when
we come fo guestions after Prof. HmrNanno's paper we can deal
wilh this whole subject so that in the end we will have seme
definite conclusions about this matter, It is a very difficult field
to cover. Prof. Hernanno, I need not fell, has been organizing this
meeting along with the people in Rome, and he is responsible to
a very considerable extent for our programme here. So I won't
say more than thai at present. Professor Hirnanpo, thank you.

[2] 1. 2 - Cap - p. 27
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SAP ANALYSIS AS FERTILIZATION INDEX
IN SEVERAL TYPES OF PLANTS

VALENTIN HERNANDO FERNANDIEZ

o Institute of Edaphology and Plani Biology of the Highest Council
of Scienlific Reseavch

Madrid - SPAIN

INTRODUCTION.

When leaf anaiysis is used to obtain information on the
nutrionai state of a plant, the yesults are practically never
accurate enough. The reason for this is that leaves furnish
primarily cumulative information on all the nutritional states.
of the plant from the budding time of the leaves in question
until they are selected for analysis.

While the objective in most cases when Jeaf analysis is
used is to find fertilization needs at the time in question, the
results of such analyses, as presently conducted, are never
conclusive in this sense, precisely for the reason mentioned in
the preceding paragraph.

This is why we have been led o develop an analysis tech-
nique which can give a real indication of fertilizer needs at any
given time. The technique we use is sap analysis, which does.
not have the disadvantages of leaf analysis.

Since the need to find a more accurate method arose in the
course of work on nutrition confrol in the growing season of
winter tomato plants, we have worked with this plant in develop-
ing and testing the validity of our method, but later the tech-
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nique has been used with other types of plants and also it pro-
vided useful and conclusive resuits.

Theoretical aspects.

From the scientific standpoint, the advantages to sap ana-
lysis are unquestionably considerable when the inorganic part
1s analized separately from the organic one, as we do.

The rcason for this is that, with this method, the amount
of an element found in inorganic form in a conducting tissue
(the kind of tissue used for these analyses) is a direct function
of the absorption going on in the roots, or rather, of the sup-
plies available in the plant’s environment; although the lat-
ter formulation is not theoretically exact, this is the actual si-
tuation.

As a matter of fact, the nutrients uptaken by the roots are
carried by the conducting tissues to the leaves and fruits; how-
ever, the inorganic ions not used in the process of photo-
synthesis also descend through these same tissues (which are
very hard to separate from one another), and are transferred by
translocation to other parts of the plant where they are more
in demand. However, these substances are very small in quan-
tity in comparison with the rising ones, and may thus be con-
sidered small, especially when, in the case of some elements
such as boron and iron, translocation is practically nil. Thus,
the results obtained from direct analysis of the inorganic content
of sap yield a very clear picture of the current nutritional
status of the plant, information which is extremly valuable for
adjusting fertilization,

The reasoning we have followed is unquestionably theore-
tically accurate and logical from the physiological standpoint,
but it would be meahingless if much more satisfactory results
from those furnished by leaf analysis could not be obtained
in practice,

We have tested the validity of this technique over a period

[311, 3 - Hevnando - p. 2



SEMAING D'ETUDE SUR « L'EMPLOI DES FERTILISANTS ETC. » 75

of about ten years, during which time we have been using
it with greenhouse and field plants, while perfecting our pro-
cedure by simplifying it and making it apt for routine labora-
fory use and even for quick field tests. In view of the prac-
tical importance of this technique in farming, we set forth
hereafter its most important features, and some of the results
obtained which demonstrate its uscfulness.

Methods.

Hereunder appears a synoptic table (Chart I) of the entire
method we presently follow, which is more complete and per-
fect than the one published previously. This table refers to
the laboratory technique. Naturally the technique followed
in the field is much more simplified. The method of separa-
tion is the same, however.

To prevent metabolic changes in the plant’s petioles, they
are stored in dry-ice refrigerators whose interior temperature
is less than -40°C, after being out and placed in plastic
hags to keep the specimens from each field or farm scparate.
This precaution is essential fo prevent changes in the inorganic
and organic compositicn of the plant’s tissues.

Ussing this method, we can learn at any given time what
the percentage of an element in inorganic form is with respect
to the total amount or to its organic form. The press shown
in fig. 1 is used to extract sap.

RourcuEncko and Capania ase this method to learn the
deficiency level of an element: and on the basis of the ratio
of the inorganic to organic form, and from the changes this
variable undergoes, they deduce whether an clement may be
accounted deficient or not in the plant’s nufritional system.

In this way, it is possible to recognize cases of accumula-
tion of an element in inorganic form, which might be thought
from the results of analysis to be present in excess, when the

[31 1. 3 - Hernando - p. 3
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real meaning of the finding is that a deficiency of another
element is limiting the use of the first one.

APPLICATIONS ON TOMATO PLANTS,

We have studied the results of field experiments with to-
mato plants, the most significant of which were these;

A dose of fertilizer as small as 50 Kg/Ha causes a very
large increase in the content of the elements in sap, which
makes it possible to detect with precision the need of even
much smaller quantities. The following Table I shows the
resulfs obtained with calcium nitrate, 18% superphosphate,
and potassium chloride in the doses indicated:

TABLE 1 — Results of sap analysis in tomato plants. Time of
fruit production. Concentrations in mg/1. :

Samples N (NO-) P (POJ) Kt
Normal 475 G5 4,670
Deficient without {reatment 222 44 3,740
Deficient with treatment 400 66 4,530

As Table 1 shows, the differences arc quite significant, which
proves the accuracy of the method,

Furthermore, in a subsequent study we clearly showed that
this technique can be used to follow the variation in the con-
tent of a given element in the sap of the tomato plant, as a
function of fertilizers furnished. The changes that occur in
the various stages of development are so large that they make

£31 1, 3 - Hernands - p. G
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it possible to define the plant’s nutritional state with full ac-
curacy.

The extreme values obtained for the sap are shown in
Table 2. The intervals in this table guarantec that sap ana-
lysis is a very sensitive method to evaluate the needs of fer-

tilization.

TABLE 2 — Extreme concentralions found in tomato plant sap,
expressed in p.pom. (mg/1).

Elements Maximumr and minimum values
N (NO73) 40.- 3000
N (NH*,) tr-  6oo
P {I.,PC,) 15.- 500
cl- 40.- 8o00
S{507) 4.- 100
Na* 10.- 2900
Kt 1000,~12000
Ca* 40.- 2500
Mgt 80 4715

Another purpose to which this method has been put with
very satisfactory results is the study of the effect of salinity
on irrigation water.

It is a well-known fact that saline irrigation water (due
primarily to NaCl} results in diminishing yields, and this is
a problem that has affected tomatoes grown in the Spanish
Levant.

However, this plant resists the effects of salinity up to a
certain point, and a low sodium chloride level is even bene-
ficial to it for a number of practical reasons.

(311, 3 - Hernando - p. 7
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Control of salinity and determination of the maximum
level tolerable by fomato plants are problems that can be
solved with this analysis method, on account of its high sen-
sitivity, as can be seen from Tables 3, 4, and 5.

Table 3 reveals the influence of NaCl on yields, when N
treatment (normal N level) is combined with different doses of
NaCl varying from o to go meq. of NaCl per liter of nutritive
solution,

TABLE 3

Eifects of NaCl on yields.
Tomatoes. - Margoble varicty. - Grown under conirolied conditions,

i

Development indices Treatments (*)
NCl, NCl, NClL,  NCL, Ncl,
Fruit yields, gfq plants 1380 1240 814 72 a5

Flower buds on 4 plants
(initial stage of fructification) G4 Go 56 27 21

(*} CI" levels are o, 15, 30, Go and 9o meqfl, The 15 meq/fl level is the
highest without toxicity effect.

Sap analysis (Table 4) picks up the difference perfectly
well, with Cl concentrations varying from 40 to 7000 mgni/l.,
and Na concentration from 28 to 20900 mgm/l, data which
resolve all doubts about the sensitivity of the method.

From the data on yields, it seems that the toxic Ievel is
reached at 4200 mgm/l of Cl and 1300 mgm/l of Na in sap.
At these levels, accumulation and the consequent toxic effect
on the plant begin. These concentrations may be used as
reference indices.

We are currently doing a study on the differences in the
absorption of NaCl as a function of the interaction of the
following elements: Ca/Na, Noy/Cl, and K/Na., Data from
these experiments are contained in Tables 4 and 5. The latter

[311, 3 - Hernando - p. 8
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TABLE 4 — Influence of NaCl on lomato plant nytrition
(N fixed and NaCl variable).
Sap analysis, - Variety: Margohle.
Stage of development: Start of flowering,
Organ analyzed: LEntire plant.
Concentration of elements in sap.
Eleiments mg/l Treatments
NCl, NCY, NCYL NCl, NG,
N {NOy) 1520 930 1020 030 824
Cl- 40 4200 3800 6200 7100
Ji 4 4380 3415 3650 3400 3400
Ca 58 70 130 150 1G5
Na 28 1320 2000 2500 26920

TABLE 5 — Experiment: Influence of NaCl on tomato plant
nutrition (NaCl fixed and N variable).

Sap analysis. - Variety: Margoble.

Stage of development: Start of flowering.

Organ analyzed: Enfire plant.
Concentration of clements in sap.

Elenents mg/l,

Treatments {¥)

N,Cl, NCI, (**) N, ClL
N (NO™y 344 936 2044
P (PO, 172 40 15
Cl 4430 4200 1100
K 3700 {Nutritive solution different {rom 6700

NyCly and NiClyoin I and Ca)

Ca 15 n 410
Na 950 1320 190

{*) The nutritive solution is the Arnon-Hoagland sclution for tomato
plants, with nitrogen levels Ny=7 meq/l; N=15 meq/] (regular dose);

and N =77 meqg/l.

(**) Corresponds to the NCJ, treatment in the first experiments,

In this

case the nutritive solution differs in K and Ca from the solution used
in the second experiment, for which reason the values of said cations

are not presented.

{311, 3 - Hernando - p. ¢
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refers to a test conducted on the interaction of No,y/Cl, keep-
ing the Cl~ concentration in the nitritive solution constant and
raising the nifrogen from a low dose (Ng) to a high one (Ng).

It can be seen from Table 6 that the cffect of Cl= in the
form of Cl,Ca is the same as the effect of Cl~ in the form
CINa, although somewhai weaker,

TABLE 6 — Experiment with N fixed and Cl variable (in the
form of CLCa).

Sap analysis. - Variety: Margoble.

Stage of development: Start of flowering.
Organ analyzed: Lnfire plant.
Concentration of clements in sap.

Elements mg/l. Treatments

NCl, NCl, NCl,
N (NO-—) 1650 TI00 1040
PPO) 59 35 35
1 1350 3550 3100
K 6625 6625 5500
Mg 275 475 500
Ca 150 375 613
Na 175 55 55
N (NO,)/Cl- 1,2 0,3 o,z
Na/Ca 1,7 0,15 0,1
K/Ca 44,2 17,7 10,0

Table 7 shows that the N{No—,)/Cl antagonism docs not
appear when the concentration of Ci~ corresponds to the Cl,
treatment. It does appear, but in amounts too small to elimi-
nate toxicity, when the Ch treatment is applied,

{311, 3 - Hernando - p. 10
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TABLE 7 - Experiment with N and Clin two different dosts
(Cl in the form of Cl,Ca).

Stage of development: Start of flowering.

Elements mg/l, Treatments

Nl N Wlol, N Cly
N (NOy) 580 420 12450 960
P (PO ) 74 102 59 139
Cl- 68350 7850 5250 7350
ks 4875 4375 6500 6875
Mg 307 330 225 305
Ca 56 50 313 357
Na 2100 2025 1450 2060
N {NO-)/Cl” 0,1 o, 0,2 o7
Na/Ca 37,5 16,9 4.6 5.0
H/Ca 87,1 78,1 20,8 19,3

Study of the N/P vatio,

This method has alse been employed in the study of the
N/P ratio in the tomate plant.

This experiment consisted in applying a total of six treat-
ments to the plants — nuiritive solutions added under con-
trolled conditions. The solutien corresponding to the first
treatment (I-1) contained a sufficient amount of all the ele-
ments, except ones: the nirogen, level was very low.

The concentration of the solution corresponding to the
second treatment (I-2) was double that of the first solution,
and so on, so that (I-6) was six times more concentrated than
(I-1).  Also, in the sixth treatment, the solution contfained

[3] I, 3 ~ Hevnando - p. 11
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nitrogen in greater than normal amounts; the normal level of
nitrogen for this solution was that contained in (I-5). Con-
sequently, the N/P ratio was maintained at a constant level
in all of the treatments.

Graph 1 shows the comparative ratios between the nitro-
gen and phosphorus minerals in the sap, and the total amounts
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0 o
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Grarir 1 — Variation of N and P minerals in 9% of N and P total. DPlant

welght in % of optimal yietd. Fruit period.
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of soluble nitrogen and phosphorus (mineral plus organic),
in terms of the yield obtained.

A close correlation exists between the percentage values:
of mineral nitrogen with respect to the total (Nm/%N.5.T.)
and the yields.

While nitrogen is the factor which determines develop-
ment, phosphorus evolves in the opposite direction. The same
phenomenon occurs for the ratio of phosphorus and nitrogen
minerals,

The N /%N.S.T. and P,,/%P.S.T. values corresponding
to the best solution (I-5) are considered metabolic or develop-
ment indices.

The fundamental conclusion drawn from this experiment
it that the amount of nitrogen absorbed by the plant seems
to affect the metabolism of phosphorus, so that when the
absorption of nitrogen is increased, the percentage of transfor-
mation into organic phosphorus is increased (decrcase of
P,/ %P.S.T.). (Graph. 1)

This type of investigation has also been used to study
nutrition in other types of plants, especially corn, lettuce, and
wheat, although less intensively.

Below we present some of the more interesting resuits.

RESEARCH ON CORN.

Variations in the mineral composition of the sap have been
analyzed when this was subjected to two different types of ni-
{rogenized nutritive solution; one of the solutions contained
nifrate, and the other ammonia only as nitrogen.

In order to study the problems of ammonia poisoning which
frequently appear in the corn crops of Southwestern France,
an experiment was done in sand, vader controlled conditions.
The method of control used was sap analysis. The compo-
sition of the two nutritive solutions used is indicated in Ta-
ble 9. The first contained nitrate, and the second ammonia.

[3] 1, 3 - Hernando - p. 13
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Minor elements commeon to both solutions:

Bo,H; e 0,003 g/l
So,Mn L 0,003 "/”.
So,Zn e o,001 /",
So,Cu L, 0,0005" /",
So,Fe e 0,001 “/”.

Results: The weight in grams of the aerial part of the plants
in different stages of the growth cycle is shown in Table g, and
the sap analysis in Table 10.

TaBLE g — Weight in grams of the aevial part of the plant.

21/3 3/4 15/4 15/4
Ammonia plants 0,76 1,57 3,01 4,62
Nitrate plants 1,79 8,70 18,45 27,30

21/3 = 17 days after transplanting.
3/4 = 4th leaf,
¥5/4 = 7th leaf.

The evolution of the amounts of nitrates in the sap of the
plants fertilized with nitrates indicates that from the 4-leaf
stage on (3/4), the nitrogen organization exceeds the rate of
absorption; therefore, keeping in mind that the amount of
sunlight was kept at a normal level, the amount of nitrate
employed in the nutritive solution of 10 meq/] was not enough.

The amount of ammonia in the nitrate plants, in all stages
of growth, is practicaliy nil, but this is not true of the first

[.f] I, 3 - Hernandy - p. 15
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TABLE 10 - Lewel of mineral elements in the sap. Concentra-
tions expressed in mgr/l.

Nitrate planits Ammonia plants
Elements 213 3/4 1504 194 21/3  3/4  15/4 194
NO-, 1160 200  traces traces 90 230 175 373
NI, 0 40 o o] 205 205 Y0 5
i 185 305 150 140 225 740 315  3%0
K 3325 2600 2300 27150 6475 30650 2800 2750
Mg 333 410 360 420 350 340 150 225
Ca 120 105 15§ 380 50 70 50 50
Cl 1150 450 550 — 1300 400 550 1150

two stages of the ammonia plants. At this time symptoms of
ammonia poisoning appear — peripheral burns around the
edges of the leaves, and transparent dead sections scattered
in an irregular pattern along the leaf blades.

The comparison of the phosphorus levels in the saps of the
nitrate and ammonia plants shows the ratio of the nitrogen
and phosphorus metabelisms, since the mineral phosphorus
accumulates when the absorption of nitrogen is at a low level,

The migration of potassivm towards the young leaves is
more Intense in nitrate plants, which undergo a rapid develop-
ment, while this element accumulates in the nerves of the
ammonia plants, due to the retarded development of the leaves.

RESEARCH ON LETTUCE.
Using the isotope P, the N/P ratio in the sap has been
studied.

The problem was studied in terms of the amounts of radio-

[3] 1, 3 - Hernando - p. 16
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active phosphorus measured in the sap, taken from the stems
and nerves.

An experiment consisting. of applying different doses of
nitrogen and fixed amounts of phosphorus to the plants during
the respective treatments was carried out; the potassium level
was also kept constant in ail the trials.

The measuring of radioactivity was done on a comparative
basis only. The yields and measures of activily appear in
Table 11,

TABLE 11X

Yields expressed in g/pot of green material,
Average values, from four trials.
Measures of activity,

Treatments Yields Activity
T 5.7 —
N, 8,1 60
N, 8,4 42
N, 3,8 10
N 0,8 o]

It can be clearly seen that when the nitrogen dose is in-
creased, the amount of ®P in the sap decreases; this result
confirms the findings of the experiment on corn.

Other experiments done with different kinds of soils, using
sap analysis to find the fertilization index for each soil, showed
that the N/P ratio was proportional to the yields. Tt further
showed that the maximum yield was obtained when the N/P
ratio was between 2 and 2.5, 8o days after transplanting. This
value is very close fo that found for tomato plants, at the
stage when frnit begins to appear.

[3] 1, 3 - Hernando - p. 1y
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RESEARCH ON WHEAT.

Sap analysis was used to control the potential nutritive
value of the soil, by relating the soil, plant, and sap analyses.

The study was done with non-irrigated soils, and three
different profiles with the same climatological, ecological, and
fertilization characteristics were chosen; therefore, any diffe-
rences must be due to the differing depths of the soils.

The results from which the effect of the greater soil po-
tential on the yields, and on the amount of nitrogen, phospho-
rus, and potassium in the sap can be seen, are found in
Table 1z.

The rest of the elements analyzed did not show a signi-
ficant difference. The yields produced are in direct relation
to the levels of the three clements found by sap analysis, which
also reflects the nutritive potential of the soil. Said potential

TABLE 12

Navalcarnero 1967. - Sap and yield analyses.
Concentrations expressed in mg/l and yields in 1{g/Ha.
Average of five determinations.

Varlety: Pané 247. Samples taken from the same plot.
Stalked (Stal)*; Eared (Lar.).

Samnples N (NO,7) P (PO, K Yields
Grain &
Stal, Ear. Stal. Ear. Stal. Ear,  Straw Grain
Profile 3 33 7 130 335 1810 1110 9500 3450
Profile 5 23 6 Q0 2725 1510 1030 7820 2620
Profile 4 8 4 105 245 1370 055 2420 1000

{*} Shooting time.

[3] 1, 3 - Hernando - p. 18
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can be even more clearly appreciated if we take into account
not only the concentrations of the elements, but the plant’s
total exports in terms of its weight in each stage of the growth
cycle as well,

Considering that the moisture was practically the same for
all the samples studied, and that the final yields in grain and
straw are proportional to the weights of the plants in the diffe-
rent stages of the vegetative cycle, we can obfain an index
of the total amounts of the clements in each plant. This is
done by multiplying the concentration levels of the elements
in the sap by the yield in grain and straw; the results thus
obtained for wheat the stalked and eared stages are presented
in Table 13.

TABLE 13

Index of total amounis of N, P and K in the sap.
Amounts proportional to mg. of the element in the sap/m?
Stalleed (Stal)®; Rared {IZar.).

Samples N (NO,") P (PO,H,™} K

Stal, Ear.  Stal. Ear. Stal Ear.
Profile 3 31.4 6,7 123,5 318,2 1720 1055
Profile 5 18,0 4.7 70,4 175, 1180 8os
Profile 4 ¥,0 1,0 25,4 59,3 330 230

(*) Shooting time.

The concentration levels of the elements in the plants,
obtained by the classical method of analysis, are shown in
Table 14. It seems that the concentrations of the elements in
the sap are in closer correlation with the yields.

[3]1 1, 3 - Herpando - p. 19
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TABLE 14

Navalcarnero 1967. - Plant analvsis. - Concentrations expressed in meq Y%
gr. of the sample.

Variety: Pané 247. Samples taken from the same plot,

Stalked (Stal)*; Eared (Ear.).

Samples N P K

Stal. Ear. Stal. Ear, Stal Ear.
Profile 3 145,7 67,0 38,0 22,0 05,0 32,5
Profile 3 145.7 70,0 25,6 10,8 30,0 20,0
Profile 4 130,0 503 46,5 14,8 50,0 25,0

{*} Shooting time.

Behaviour of the same variely of wheat tn two slightly diffe-
rent sous 1w a typical drrigated area.

In this experiment, two soils {rom an irrigated area with
alluvial sediments modified by irrigation, specifically, the
Tajo Lowlands, on the skirts of Afiover de Tajo (Toledo),
were used. The experiment consisted in studying the behaviour
of the Ariana variety of wheaf, common in said area, in the
two soils, which differed from one another in the texture of
their subsoils, and in the amounts of N, organic material, and
phosphorus contained in each.

The results obtained are shown in Tables 15 and 16. The
first shows the soil fertitity analyses, of the different layers
of each profile. The second shows the sap analyses of the
plants and yiclds for the two soils studied.

The most interesting conclusion that can be drawn from
Tables 15 and 16 is that the sap analysis gives us an exact
idea of the soils nutritive potential; that is, not simply the
amounts of each mineral that a lahboratory analysis offers for

F3) 1, 3 - Heraando - p. 20
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TaLE 16

Afiover de Tajo - Sap analysis and yields,
Concentrations expressed in mg/l and vields in Kg/Ha.
Variety: Ariana.

Stalked {Stal)®; Eared (Ear).

Samples T 4
) Grain & Straw 9300 12.300
Yields )
Grain 3200 4.400
Elements Stal, Ear. Stal. Ear..
Nitrogen NO,~ 47 24 130 94
aminoacids 344 335 254 204
protein 102 162 88 124
total solable 583 521 472 312
Phosphorus PO, 8o 190 280 340
organic 458 830 683 1103
total solulsle 538 1029 03 1403
Cl- 1500 2350 2500 2750
K 2270 3230 4340 4160
Ca 158 285 205 205
Na 88 63 25 30
N mineral 9 N.S.T. 12 7 35 26
P mineral 9, P.5.T. 15 18 2¢ 26-

(*) Shooting time.

[3]1 1. 3 - Hernando - p. 22
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a particular soil, but rather all the factors that affect the nufri-
trive potential of said soil, acting together.

Therefore, Table 16 shows the sum of all the factors con-
tributing to the nutritive potential of the soils studied, such
as; ability to fix the elements {these are very heavy soils),
ecological conditions, texture, etc.

The nitrogen, potassium, and phosphorus minerals in the
sap are in direct proportion to the yields, the highest of which
was obtained for sample 4.

Nevertheless, as occurs in non-irvigated soils, the organic
fractions of nitrogen accumulate in the sample with the lowest
yield. The metabolic index N, /%N.5.T. confirms this.

Also, there is a lower level of P,/%P.5.T. in the sample
with the lowest yield, a phenomenon already observed in the
experiment with non-irrigated soils,

There are perceptible differences in the amount of potas-
sivm contained in the saps of the two plants, the sample with
the largest yield containing more, despite the fact that the
potassium content of the two soils is very sbmilar. In this case,
the plant’s up-take of the K is different, due possibly to the
fact that the phosphate level in sample 1 is lower. This means
that there is a difference in its ability to up-take K, also related
with the humus-clay complex in the soil.

Despite the fact that the level of No~; found in the wheat
is low, the No~;/Cl™ anfagonism common in other plants is.
net produced.

The wheat samples studied show us that sap analysis can
be used as a method to contrel the nutritive state of the plant.
Also, said analytic methed seems to closely refiect the soil
potential and yields, and especially the latter.

That is, we have a very uselul procedure for interprefing
the problems of nutrition for the crop in question which, at
least in this experiment, gives a truer indication of what the
yields will be than the data obtained from a chemical analysis
of the soil.

i3] I. 3 - Hernando - p. 23.
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Comparison of levels of concentration of elements in non-iryi-
gated and irvigaled soils.

Table 17 shows the average concentration of elements for
the twenty samples analyzed, which were taken from Doth
irrigated and non-irrigated ficlds found in Afiover de Tajo arca.

The most significant and systematic differences are found
for mineral phosphorus, potassium, and chlorides, and for
mineral nitrogen in the wheat in the stalked * eared stages.

Nevertheless, these resulfs are even clearer in the irrigated
soil when we consider the total export of elements in the non-
irrigated and irrigated areas.

Table 18 shows the differences between the two soils stu-
died, with regard to the total amount of elcments contained in
the sap per m? of surface. The differences are shown for three
stages in the growth cycle.

Substantial differences are observed between non-irrigated
and irrigated soils, and become even more evident in the eared
condition. These differences can be very useful in prescribing
the dosage of fertilizers appropriate for the two cases studied,

Seasonal wvariations in the wmineral and organic conient of
wheat plants (Aviana variety).

In order to know when the plant’s absorption of nutritive
clements is at a peak, and the levels of said elements at cer-
tain characteristic phases of the plant’s growth, a study was
made of the variations in the concentrations of elemients in the
sap. The sap was taken from the wheat plants’ conducting
tissues during its growth cycle,

On the one hand, concentrations of both mineral and organic
elements were determined, in order to study the seasonal va-
riations and use them as a reference, at least Tor the area —

{*) Shooting time.

F31 1. 3 - Hernando - p. 24
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Sap analysis - Wheat - Comparison non-irrigated and irrigated (5-R).
Organ analyzed: Entire plant,

TABLE 17

Coneentration of elements in the sap expressed in mg/l,

Stages: Tillered, stallked * and eared.

Samples and stages

LElements e - S
(ng/1) Tillered Stalked fared
S R S R S R

Nitrogen:

NO,~ 8o 8o 10 Go 130 150

aminoacids 470 880 320 340 700 760

protein 320 430 100 50 370 220

total soluble 870 1380 520 450 1200 1160
Phaogphorus:

PO, 8o 100 110 100 150 240

organic 350 420 240 120 300 340

total soluble 430 520 350 280 450 580
50, 130 120 170 190 270 260
Cr- gon 2700 Goo 2850 G50 2G40
K 7100 8200 3450 7200 5800 8200
Na 100 110 50 110 40 130
Ca 250 200 260 200 660 260
Mg 105 230 160 156 400 250

(*} Shooting time.

[31 1, 3 - Hernando - p. 25
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TasLe 18

Exports - Wheat - Comparison non-irrigated and irrigated {(S-1%),

Total amount of elements in the sap from the stem per m?
Stages: Tillered, stalked and eared.
Amounts expressed in mg of elemenfs/m?®.

Stages Tillered Stalked (%)

Area S R S R S R
g.sap/m? 43 133 119 518 160 1318
Nitrogen:

NO,- 3. 10,6 1,2 31,1 21,0 197.7
aminoacids 20,2 117,0 38,1 176,1 1106,2 1041,2
protein 13,8 57,2 22,0 25,0 01,4 290,0
total soluble 37,4 184,8 61,0 233,71 00,2 1528,0
Phosphorus :
PO, 3.4 13.3 13,7 82,9 24,9 316,3
arganic 15,1 55,0 28,6 62,2 49,8 448,1
total soluble 18,5 69,2 41,7 45,7 74,7 704,4
50, 5,0 16,0 20,2 98,4 44,8 382,2
Cr 387 279,3 754 1476,3 1577 3874.9
K 305.3 1690,0 4710,6 3729,6 062,8  10807,6
Na 4,3 14,0 6,0 37,0 6,6 71,3
Ca 10,7 26,6 30,0 103,6 100,05 342,6
Mg 8.4 30,6 19,0 77.7 66, 4 320.5

{*) Shooting time.

[31 1, 3 - Hernando - p- 26
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the Lowlands outside the Afiover de Tajo {Teledo) region —-
the type of soil — “alluvial, modified by irrigation” — studied.
On the other hand, the exports per square meter of surface of
alt the elements contained in the sap of the irrigated plants
was found. This was done to be able to determine when the
plants’ absorption was at a maximum level, and thus select
the ideeal stage in which the soil shouid be applied with ferti-
lizer. At first, sampies of wheat in the tillered, stalked, eared
and “milk grain” stages were taken.

In order to determine the total amount of elements con-
tained in the sap per square meter of cultivated area, the
amount of sap contained in 20 plants was found. The number
of plants per sguare meter being known, the amount of sap
corresponding to said area could be found. By multiplying
the concentration level of cach element analyzed by the total
amount of sap, we obtained the amount of elements contained
in the sap, which we will conventionally call « exports ».

Five samples were studied from the area chosen; the ana-
lysis of the soils involved is shown in Table 1g.

The fundamental differences between the five soils studied
consist in the different N, P and K contents, and in the texture
of the 2nd sample in comparison with the rest. We will see
below how this textural difference has the greatest effect on
the results of the sap analyses, considering that the five soils
were fertilized in the same way, and irrigated properly.

Also, in Table 1g the yields indicated can be compared
with the differences in the N, PP and K levels, directly and
clearly.

Graph. 2 till 6 show the seasonal differences found for the
four phases studied, with regard to both the concentration of
the elements in the sap (taken from the conducting tissues of
the entire plant), and the total amount of sap contained in the
plants, per square meter. The four phases indicated in said
figures are: 1st, 2nd, 3rd, and 4th, and correspond to the
tillered, stalked, eared and « milk grain », respectively.

[3} 1, 3 - Hernando - p. 27
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The N(No~,) (Graph. 2) shows a considerable increase be-
tween the stalked and cared stages, and a decrease {with one
exception}, as the plant reaches maturity. Both concentrations
and exports follow similar tendencies, although the exports
seem to be more systematic, since there are no exceptions in
any one of the five samples studied. From these results it
can be scen that the wheat plant shows the greatest need tor
nitrogen between the stalked and eared stages. Sample 2
stands out, because it had a better appearance than the rest
of the samples during the entire growth cycle. Nevertheless,
this difference was not so evident in the yields. This fact
emphasizes the need for more research on the relation between
the concentration of elements in the sap and the quantity and
quality of the fruit obtained.

Aminoacids and protein nitrogen (graph. 3 and 4) show,
in gencral, variations similar to those obtained for N(No—),
with regard to the {otal export of elements per square meter.
Nevertheless, the concentration levels of these elements behave
opposite those of N(No~;) when the plant nears maturity, that
is, during the formation of the grain,

As far as phosphorus exports are concerned, conclusions
similar to those found for nitrogen are obtained. The con-
centration levels of mineral and organic phosphorus, especially
the latter (Graph. 5 and 6), show us that the plant absorbs
little phosphorus between the tillered and stallced phases.

The anions Cl~ and So=; accumulate during the plant’s
development, but the constant rate of increase in the concen-
tration of CI~ is slightly reduced between the stalked and eared
phases, and even decreases in some cases. In general, the
concentration levels of Cl= and No~, vary in opposite direc-
tions in the four phases studied, a fact that has already been
observed in experiments on other plants.

The export shows tendencies similar to those of the rest of
the anions, although between the tillered and stalked phases
there is a definite increase, greater than that experienced by
nitrogen and phosphorus.

£31 L 3 - Hernando - p. 30
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The potassium and calciom concentrations do not show
any clear variations between the first and third phases, but
there is an almost general increase between the eared and
“milk grain” phases (phase 4).

SAP ANALVSIS AS AN INDICATOR OF THE BORON MECHANISM IN
PLANT NUTRITION,

The utility of sap analysis as an indicator of trace element
(specifically, boron) mechanism has also been tested.

Macroelements, microelements, and some organic fractions
were analyzed with this end in view.

Fig. 2 shows the typical symptoms of toxicity and boron
deficiency in tomato plants {the crop used as indicator).

Fig. 2

(27 I, 3 - Hernando - p. 35
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Table 20 shows the analysis values for sap and leaf boron,
under conditions of deficiency and toxicity, and the nutritional
solutions wvsed.

TABLE 20

Boron content in nutriticnal solution, sap, and leaf.
Values expressed in p.p.m.
Period: IFlowering.

Treatments Nutritional solution Sap Dry Jeal {¥)
Deficient < 0,03 < 0.5 < 50
Normal 0,03 to 2 0,5 to 1,0 50 to 650
Toxic > 2 > 1,0 > 050

{*) Values increase progressively during the growth cycle,

Table 21 shows the development indices during flowering,
and the yields, for comparison. The development indices,
which are very useful for the interpretation of the meaning
of the analysis values, are for plant weight, leaf weight, and
number of flowers,

In the case of the macroelements contained in the sap from
plants receiving both deficient and toxic boron treatments,
the values are higher than for plants treated normally with
the latter element.

The explanation of this fact can be deduced from the
development indices which suggest the presence of concentra-
tion effects, given the sharp differences in plant and leaf
weights, which came out to be statistically significant, even at
the 1% level,

This may serve to explain the confusion in the data to be
found in the bibliography concerning the effect of boron -en-
plant nutrition.

{31 I, 3 - Hernando - p. 36
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TABLE 21

Development indices (flowering) and yields.
Woeight of fresh matter in grams.

Treatments

ppm. of B Weight of Weight  of Number of Yield (weight

in nuiritional 5 plants leaves {rom flowers from of fruit {romn
solution 5 plants 5 plants 5 plants)

Deficient 23 21 [+]

{0,005} o]

Normal 474 275 40 g27

(0-5)

Toxic 160 62 10 15

(10)

The real variations in macroelements resulting from boron
treatment should therefore be more clearly abservable when
deficiency and foxicity are not so marked, so that concentra-
tion effects will be negligible. A second experiment was
therefore conducted from this viewpoint, and these assump-
tions were confirmed,

The trace elements Fe, B and Mn were studied, and ana-
lyses were made of sap and leaf content. In both sap and
leaves, the boron level matched the type of treatment, and
reference levels could be established.

Trace elements accumulate in the leaves, which yield higher
values than sap. It is nevertheless worthwhile to compare
the boron and iron contents in the two plant substances for a
clearer interpretation of the resuits.

Table 22 contains a specific case of B, Fe, and Mn con-
tents in sap and leaves with deficient, normal, and toxic
boron treatments.

Table 22 shows that, when the B level rises, the Fe level
falls in leaves and rises in sap. There may be a conflictive

f31 1, 3 - Hernando - p. 37
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TABLE 22

Trace elements in sap and dry leaves,
Concentrations expressed in p.p.m,

Treatments

Elements Deficient Normal Toxic
Sap Leaf Sap Teal Sap Leaf
B 0,16 9.0 0.93 137.2 1.20 G07.2
Fe 18.4 224.0 20.0 214.0 48.8 138.0
Mn 2.0 T14.0 3.6 208.0 3.2 176.0

effect operating beftween the two clements so that Fe mobility
is reduced as B content increases, causing it to accumulate in
the sap while its leaf concentration falls,

Sap Glucide Contents.

Sap glucide content was studied at two periods of the
growth cycle, under deficlent, normal, and toxic treatment
conditions.

The resulfs are summarized by the chromatograms of
figures and which show the qualitative and semi-quantitative
differences between a deficient treatment (0.01 p.p.m of B in
nutritional solution), a normal treatment (0.5 p.p.m.), and
toxic treatment (7 p.p.m.}.

The chromatograms were taken at the start of fructifica-
tion, and show the presence of glucose and fructose.

The concentration of both monosaccharides is higher with
the normal freatment than with the deficient and toxic ones.

The reason for this may lie, in the case of foxicity, in
boron’s property of acting as a glucide carrier, with the result
that an excess of boron will increase glucide transport to above
the normal level, causing a drop in the sap glucide content.

[33 1, 3 - Hernando - p. 38
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In the case of deficient boron treatment, it must be remem-
bered that this trace element has an effect on the auxin action
in polysaccharide hydrolysis Thus, since the boron concen-
tration is low, this hydrolysis takes place to a lesser extent,
so that the production of reducing monosacharides {i.e., glu-
cose, and — fructose in the case of tomato plants) in sap is
reduced.

It must be remarked that treatments which were only
slightly deficient or toxic resulted in no marked symptoms of
concentration effect in the development indices calculated from
this experiment.

The quantitative data in Table 23 show the sap glucosa
concentrations for the three treatments, expressed in mgs/liter.

TABLE 23

Reducing glucides: mgs of glucose/}
Start of flowering.

Treatments Glucoge (%)
Deficient T.440
Normal 2.320
Toxic 560

{*) Mean values of four repetitions,

The data in Table 23 provide quautitative confirmation of
the results contained in the chromatograms of figures 3 and 4.

Qualitative and gquantitative composifion of the free amino
acids in tomate plant sap.

Tomato piaﬁ;té were grown in the green house and fertili-
zed with Boron as follows, in order to study the effect of this
element on the biochemical composition of tomate plants:

[3]1 I, 3 - Hernando - p. 39
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g, 3

Fic. 4
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First experiment: Done to extract sap at the beginning of
floral budding (F.B.) :

1 - Plants fertilized with 0.005 p.p. inillion (Deficient levels)

2 - » » » 0.0I » »
3~ » » 0.5 » » (Normal level)
4 - » » » 7.0 » » i

(Toxic levels)
-'i - » » n 10.0 » »

Second experiment: Done to extract sap at the beginning
of flowering (F1.)
6 - Plant fertilized with o.01 p.p. million (Deficient level)
7 - » » 05w » (Normal level}

8- » » » 7.0 » » (Toxic level)

Third experiment in which the sap was separated at the
beginning of fructification (I'r.)
g - Plant fertilized with o.01 p.p. million (Deficient level)
™ - » » » 0.5 » » (Normal level)

T - » » o0 » » (Toxic level)

Obtaining the sample: As the plants are cut, the metabolism
is interrupted, and they are set into recipients which contain
a refrigerated mixture of carbon dioxide snow/ethylene ether,
which reaches temperatures of from -30°C, to - 70°C.

Technigues.

The proteins having been denaturalized in boiling ethanoi,
in order to prevent their degradation and possible interference
with the free amino acids, the filtered problem liquid is passed
through a column of Amberlite IR-120 resins, from which the
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amino acids are later displaced with 2.89%, ammonia, and are
vacuum concentrated into small volume. TFrom here a sample
is taken to do an electrophoretic development in a formic
acid buffer using a current of 10 volt/cm. at 8 m. Amp.
followed by another ascending chromatographic one with
n-butanol/acetic/water — (4:1:1), and the spots were made
visible with S-Collidine Ninhydri:.

The quantitative evaluation was done with the aid of a
« Chromoscan » densitometer, interpolating the densitometric
readings for the problems of the standard curve of the corre-
sponding amino acid. Both the values for the standard curve
and those for the problems represent the average value ob-
tained for six trials, which values follow the Gaus curve for
each amino acid.

Results.

The densitometric readings for the deficient and toxic
levels for the experiments at the beginning of « Floweiing and
Fructification » (only the normal values - o.5 p.p. million)
do not appear in the results, because this part of the experi-
ment is still being carried out, and the following is considered
a preview of the final results of the experiments.

Once it is in the Laboratory, the sap is obtained from
stems and petioles with a minipress. From each sample 2 to
4 mls. were used for proteinic denaturalization by heat.

The levels of each amino acid are expressed in mg/100 g.
of sap of every trial in the three experiments. A study of these
has provided the following observations:

a} {Histogram I)

Comparing the five trials of the first experiment (at the
beginning of budding), we note that:

— When the dose of B is 0.005 p.p.m. that is, deficient,
there is a considerable increase in Asp, Pro, Ala, and a lesser

[3] 1, 3 - Hernando - p. 42
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one in Glu, Treo, Tyr, aminobutyric Val and Gly compared
to those obfained with a normal dosc of B (0.5 p.p.m.), the
values of AspNH,, Lys and Arg. were practically nil, and
that for His was completely nil.

— When the dose of B is o.01 p.p.m. (deficient), there
are increases in Asp, Gly, and GluNH; over the normal valnes,
and all points ordinarily come nearer to normal.

—- When fertilization with B is normal (0.5 p.p.m.), the

absence of Cifruline, the relative increase of Asparagin com-
pared both to the deficient and toxic doses, are noted. In ge-
neral, the levels of amino acids in the sap occupy a discrete
average position among all the probiems, where ferfilized with
normal levels of Boron,
Also, with regard {o fertilization af toxic levels, wholly
disproportionate increases of some amino acids (Glutamine and
Prolinc at the 7 p.p.m. level and Gilutamic at the 1o p.p.m. level)
are found. :

In our attempt to find an explanation for the absence of
Citruline the treatments with a normal dose of B, and its appea-
rance on the cther hand in the other cases, we propose the
following hypothesis:

If in plants as in animals, deamination occurs when am-
monia is released, a poisoning process could be set off in the
plant. In order to prevent this, the free ammonia is transform-
ed into Carbamyl phosphate, with ATP energy. This carba-
my? phosphate can react with the Ornithine coming from the
decomposition of Arginine in Urea and Ornithine, thus produc-
ing Citruline.

This would explain the absence of Arginine in numbers 1, 2,
and 4 and it is near absence in 5, in all of which Arginine may
have been decomposed into Urea end Ornithine. On the other
hand, in trial 3 said level of Arginine is higher since it has not
been decomposed, and the resulting Ornithine blocks the excess
freed-ammonia.
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b} {Histogram II)

If the curve for trials 3, %, and 10, treated with a normal
dose of B in the three stages of the vegetative cycle (beginning
of budding, flowering and fructification) are compared, a clear
decrease in the free amino acids throughout the vegetative cycle
can be appreciated (see enclosed table): This is a result of the
progressive increase in protein synthesis, specially in the last
stage, fructification, when they have practically disappeared,
with the exception of — aminobutyric: The literature of this
subject does not mention the fact that it becomes integrated
with the polypeptides, and that although a progressive decrease
can be observed, this can be interpreted as due to the decrease
of its progenitor, Glutamic, as it is incorporated into the protein.

Total amino acids in mg/100 g. of sap

Trial n° 3 (BF) 107,70
Trial n° 7 (FI) Gg,21
Trial n° 10 24,24

— We must point out an anomaly in the comparison of
curves 3, 7, and 10, since while the levels of the frec amino
acids in the flowering stage (F1) occupy an intermediate position
between the B.F, amd Fr. stages, the Glutamic level on the
other hand increases very slightly in the F1. stage. This shows
that it is not integrated into the protein synthesis until the
Fr. stage. This seems to indicate that Glutamine must be among
the final links in the peptide chain.

We can say much the same thing about Proline, Alanine and
Arginine, because they are polymerized almost entirely in the
final stage. This behaviour of Arginine that is, integration into

[31 1, 3 - Hernando - p. 45
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the protein slowly at first and more rapidly towards the end
of the cycle, was already known. However, there does seem
to be a contradiction in these resulls with regard to Alanine; its
peptide integration here is quite slow at first. while it is known
to be perhaps the fasted integrating amino acid.

— Alanine is the only amino acid which increased in the
final vegetative stage (Fr), due to the fact that it is usually
not found integrated in a protein chain, but rather in a
free state.

~ Finally the absence of Citruline in curves 3, 7, and 10,
all fertilized with normal doses (0.5 p.p.m. of 8) is confirmed.

CONCLUSIONS.

As for amino acids, a definite drop in the content thereof
can be observed for all types under conditions of a normal boron
treatment with the passage from the stage of the first budding to
flowering to fructification. This is quite the normal process.

In samples taken at the start of budding from plants with
deficient, normal, and toxic boron treatment. sap content is pro-
gressively less in the given order for asparagin, prothrombin,
glycine, valine and alanine, but citruline tends to increase
and homocysteine is clearly on the rise.

The other amino acid contents, vary, but no definite ten-
dency is discernible.
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DISCUSSION

Chairman: Tu. WALsH

PRIMAVESI

After you gave your magnificent Course on Plant Nutrition at
the Federal University of Santa Maria, in 1969, we worked with
success with your mecthod, because our experience tanght us that
chemical soil analysis only, as an indication for correct fertilization,
is not enough. In most cases, the results of soil tests alone are
not enough, This is the experience not only from the University
Federal of Santa Maria, but from many institntions. Because of
this, we are very happy, to work with your sap analysis technique,
which gives a real indication of fertilizer needs at any given time.

We think your sap method is of very great importance, not
only in practical agriculture, but also for the programing of in-
creaged yields, especially in tropical and sub-tropical areas.

Prsex

I did not see in your paper whether you established times
of sampling during the day especially with respect to nitrate
reduction.

HERNANDO

I think it was not possibie to explain the whole paper. I took
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out the details for a matter of time. We found that for tomatoes,
for example, it is convenient to get the samples in the South-Fast
of Spain between eight and eleven o’clock in the morning, Such
samples can also be faken hetween four and six o’clock in the
afternoon,  But in the middle of the day, for example, the values
are very low., Therefore, of every type of plant we choose the
right moment for faking samples, As you say, the daylime is
very important also with relation to the land, the date of the
last irrigation. Normally we suggest to the techniclans to take
samples fifteen days after the irrigation. In areas like the South-
East, where irrigation is applied every ten or fifteen days in sum-
mer fime, it is necessary to take samples a week after the irrigation.
Also we must take detalls as to whether there is sunshine or whether
there are clouds. When there are clouds we can take the samples,
but we should take details about that, because normally the con-
centration of the mineral elements is higher, and the concentration
of organic fractions lower. Therefore, it is very important instead
of using only the analysis of inorganics on one side and organics
on the other, to show, as it appears m the paper, a relationship
between the inorganic and the organic content of one element, or
the relationship between the total content (the organic plus inor-
ganic), and the inorganic one at the moment of the analysis. The
relationship is essential to know if everything is going well in the
plant or not.

Frrrs

I was wondering, in your analysis of sap if it is on {resh
plant material?
HErNANDO

Yes.
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Frrrs

"And then on youf plant analysis, that is leaf analysis, this
would be dried ieaf, do you make a total analysis on it?

HERNANDO

No. We present here a test with the dried analysis on leaf
but normally at the beginning we made 'a leaf analysis with the
material extraclted with the Morgan method, Or we also make the
total analysis which is the treatment with acids of the material
to dissolve the whole of the nitrogen, phosphate, potash, etc.,
normally used In other laboratories.

Firrs

In the collection of your sample you take only the leaves or
plants and make one composite, and then do all analysis on the
composite sample; is that the way you do it?

IIERNANDO

You say, how we select the samplas?

Well, the number of leaves we use, for example with tomatoes,
is between fifty and one hundred. The tomato leaf is very light,
and the plant is long. In other plants it is necessary lo take the
whole plant, as in wheat, and separate the stems for the analysis.
Tt depends on the plant, But there are two important points: First,
the time of taking the sample must be a physiological one, for
example the {tillering time, flowering etc. TFor tomatoes you use
a sample at flowering time, beginning of fructification, middle of
fructification and at the end of fructification. The resulls in re-
lation fo the time you take the sample will be different. The
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other important point is that of the leaves to take. We found with
tomatoes that the best leave to take is the second one next to
the fruit. Not the first cne, but the secend; normally the second
leaves are completely developed  In this type of plant which
becomes very high, nearly more than two meters, it is very diffi-
cult to take the sample of leaf there, when the fruit is high. But
it is not the same when you take samples at 40 cm above the
soil than to take a sample a¢t one meter above the soil. In this
case, when the plant is high, it is necessary to show in the details
of the sample that the leaf is taken from the fruit at cne meter
above the soil, or at one meter and a half above the soil. But
the whole of the sample must be taken under the same conditions,
if not, the level of the leaf elements contain something more or
less than the proper sample, and we cannot properly evaluate the
different elements or nutrients.

WELTE

Only one question: If you take samples from tomato plants
in a very late stage, that means during the fructification period,
what will be the chance to correct the nutrient status where the
plant alrcady has developed fruits? Do you then apply fertilizers
to the soil, or to the leaves directly (folar-spraying), and what
is your experience?

HERNANDO

Weli, this is a most important point becavse it was most
surprising to us that when the first time we applied 50 kgs of
superphosphate to the swface of the soil, we got the response
of the plant in a very short time, four of five days later. The
idea we had before was to recommend to the farmer not to apply
phosphates late in the growing season, but always befere the
transplanting, because later it is of no use fo the plant. But
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sometimes the farmer replied: We found that. when we apply
phosphate we get a better crop, especially at fructification. We
replied, however, that the knowledge at this moment is that the
application of superphosphate is of no use because it does not
move down into the soil. Later, when we found the real effect,
we stated that the roots are established close to the surface in the
row. The plant is Jaid out in this row here, as here, too. Here
is another plant. Well, here we apply the water, we leave that
part free in crder to get aeration and tc go through fo pick the
fruit. The roots normally are like that, but this plant, growing
under these conditions, may develop root in this area. In this
case the nutrienis don’t nced te move if the root is coming to
the surface. Therefore, the scientific idea is true, i.e. the phos-
phates do not move down, but it is also true that the root goes
to find the phosphate, and this comes already near to the idea of
the farmer. The farmer has always his reason, I belicve. We
applied 50 kgs of superphosphate and five days later we made
the analysis of petioles and we got a clear answer in the results.
We take samples between September and the end of January.
Sometimes we get frost hefore. We finish with frost, anyway,
but since the end of the growing season for picking fruit is at
the end of January, we take a sample at the beginning of January
at the latest to change the conditions of plant growing. The
work is difficult when the plant grows properly and the growing
conditions are good. There we do not make the analysis after
the middle of December. This is normal for tomatoes. TFor wheat,
it is very different.

VaN DER Paauw

You have taken the peticle for your analysis instead of the
total leaf, the reasoning for this was that the petiole is a counduct-
ing tissze. In my opinion only a small part of the petiole is
conducting tissue; the other part is parenchym. My question is
whether there is much difference between the petiole and the
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blade of the leaf, conld you not use the total leaf for the same
work? Is there a real reason to prefer the petiole? And then
another question: when there is no peliole, as is the case with
maize or wheat, what are you using then?

HrrNANDO

On tomatoes we made an evaluation of the whole leaf and
we did net get a good relationship, because we made many trials
during three or four years before we arrived at this method.
Al the beginning we did not get good resulis with the sap analysis
too for the reason pointed cut by FProf. Prsex, i.e. the problem
of the sun conditions. We took samples at any time of the day
and we got wrong answers,  We found later that the reason for
this difference was the hour of the sampling. In regard to your
question, at ihe beginning we took the blade of the leaf though
without getting good resulis; therefore we took the petiole later,
thinking that it would be easier to find in the peliole the material
going on to the photosynthesis, that is before it proceeds to the
photosynthesis.  As pomted out in my paper, we believe also that
some materials in the peticles are of no use for the photosynthesis,
and they come down to ancther area of the plant, f.i. to the root,
but this is a theoretical point. At the real end of the question
we found that in feking it as a whele it is a good method to
know which is the level of the fertilizer that the root finds in
the soil: this is the most important point, more important than
the theoretical peint. In a theoretical point yon may get somefhing
ke the truth, but later in the practice it is of no use. Here,
however, it is the contrary. Theoretically it may be of no use,
but in practice it torns ouf to be useful. You asked me another
question?

VAN DER PAAUW

What part of the plant are you using with maize and wheat?
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HERNANDO

With maize we take the interblades’ area of the leave but
especially when the plant is more than 4o cms high, when it is
smaller we take the whole of the plant. We take the blade out
and we use the rest to take the sap. And with wheat we take
the whole of the plant. Also when the plant is in the stage of
the tillering. In this case we have nu real reason to do so. In
others we take possibly petioles for similitude with the tomato plants,
since it was the first type of plant we sampled.

Prsex

The fundamental reason for doing analyses is eventually fo
heip farmers to produce their crop. In the case of tomatoes,
which are high in value and with which you have demonstrated
that corrective measures can be taken within a few days, what
kind of 2 system of analysis and reporting back for corrective
nieasures is available and how does 1t work?

Hernanno

1 do not think T got your question because I hear at the same
time the transiator, but I think you asked about the effect on
the price of the yield of the fertilization, is that right?

PrsExR

No, my question was: is your system available for application
for production of tomatoes which have a high wvalue? You have
demonstrated that yon can correct nitrate or phosphorus shortages
by applications in irrigation water; how dees the system operate
in reality as an advisory function fo f{armers to correct their pro-
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duction practice while the crop is still growing? Because this is
4 very valuable crop, it is probably valuable to correct the defi-
ciency; how much time is involved in getling the answers back
to the farmer?

HernanDo

Well, winter tomatoes is a very valuable crop that pays to
make trips up lo gqo0 kms from Madrid to take the samples, to
send to Madrid and to evaluate there. But at the end, between
December and January, it is not possible to do that because the
farmer needs the answers very quickly. In this case the sample
is taken there directly, with other methods which do not appear
here but it is a simplification of this. We used it in Santa Maria
(Brazil) when I was there, for taking the sample. The equipment
is the same but made of very hard plastic material, and it ie
possible to press the petioles very casily. Tirst they are put in
dry ice conditions which is important in order to stop the meta-
bolism, and at the same time to get easier to the sap, as the
material is already [rozen. The results are obtained at the same day.
With a crop not so high in price, we must normally use only one eva-
lnation, for wheat normally at tiliering or at the beginning of shooting,
but no mere; it is not so important to have very quick results.
Because it does not pay to work as hard as for tomatoes.
For a wheat yield differences of roo kgs or 200 kgs are less than
the price the farmer must pay for the sampling and the analysis,
But it is always useful to do it once, especially as a complement
to the soil test method. The quickest method, however, is not
the method we showed which is more difficult and more exXpensive.

BussLer

May I make some remarks on the insertion of the leaf. You
take one leaf very distinctly from about 40 cms above the soil,
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Riuterberg in Berlin takes two leaves, an older leaf and a younger
leaf. There is always a distinct ratio, potassium for instance in
the younger leaf to potassium in the older leaf. And when there
is a disturbance in the nutrition of pofassium then this ratic will
change: if there is an excess fhe potassium amount in the older
leaf increases and if there is a deficiency the potassimm in the
older leaf decreases and so we have a change in the ratic, and
this ratio is also an indication for the nuliition status of the plant,

TERNANDO

Weil, that is true. But in the petiole this difference does not
appear so clearly as in the leaf and it is also important, 1 show
here one of the tables, on page 7, table 2, where you can see
the high difference, you can determine these different clements
in the petioles with the sap. Some vary very much with the growing
of the plant, therefore, it is true that if you take a very young leaf
from one side and a very old one from the other you get the
wrong answer, Now, we take, maybe I do not explain it cleatly,
we take the first leaf close to the fruit, completely developed,
and this is normally the second leaf after the fruit, But the techni-
cians don’t take the leaf, if it is not completely developed. Never
take a leaf that is not completely developed, but the first one com-
pletely developed; it is not old but completely mature, We always
take this type of leaf. You see it is the average. But T sald
we take the sample when the plant is 40 cm high, or we take the
sample when it is one meler and a half or more, butl we always
know the right values with each size of the plant. The important
point is, if you have the sap control weli prepared, then no matter
what type of leaf you take, bui always take the same type of
leaves and under the same conditions thal your sap control was
prepared. That is the thing.

11, 3 Hernando - p. 59
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THERON

My experience with leaf analysis has been very disappointing,
except for citrus trees or crops of that kind, T now learn from
Dr. Herwarpo, as he pufs it here, that he used a specific part
of the plant, at a specific height, and time of day, and he gets
good results, that is probably where we failled. We certainly did
not do it as accurately or as specifically as he did. T should like
to ask does he think it possible that one could develop or determine
the specificity for all other types of crops, such as maize, sorghum,
potatoes, etc. or would one have to experiment all over again

with cach crop?

Herranbo

There is another problem. With potatoes it is similar to to-
matoes, nearly the same. We try to use this technique with citrus
trees, but for the moment we don’t get good answers. The problem
is that it is very difficult to get the sap from the citrus leaves.
Now we are working with a new method but it is not yet com-
pletely developed.  With this new technique for citrus trees we
get quiie good results for macroelemsnts, but not for the rest.
When taking buds of the trees we got good results, But the farmers,
aowners of the orchards, say that this is bad hecause we can spoil
the later yield, Anyway, sometimes we ook up to zoo young
leaves as sample and we put them in dry-ice conditiong, and later
we pressed them, but we did not get cnough sap to make the
analyses.

For the moment we do not get goad answers with trees but for
the rest, especially from annual plants we get pood results,

The probiem in trees is to get enough sap. To find a good
method to got sap casily, one should use this technique in every
type of plant, but I do not know if the answer will always be good.

(31 1, 3 - Hernando - p. 6o
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Anyway, it is necessary to study every crop, but the experiments

with others are always helpful.

BLANCHET

in dehors de cet objectif de tester des sols, des conditions
d’alimentation des plantes dans un but de test seulement, i1 me
semble gue votre méthode, Dr. HirNanpo, est aussi extrémement
fine et précise pour aborder des problemes de recherche, & pro-
prement parler, sur alimentation des plantes selon les conditions
de miliew. Alors, pour les principales voies de développement de
cette méthode, jo vondrais vous demander si vous la voyez plutdt
vers les problemes de tests, ou vers des problémes plutét de re-

cherche?

RBesides this objective to test soils, nutritional conditions of the
plants for the purpose of the test only, it appears to me that your
method, Dr. Hernaxpo, is also extremely fine and precise to tackle
research problems, properly speaking, on the plant nutrition according
to the environmental conditions. Then, for the main developing trends
of this method, I would like to ask you if you see this method rathe:
towards the problems of the tests or towards the problems of research?

HernanDO

As T told you, when 1 presented the paper the reason to
develop the method was a testing problem only, we did not think
about the possibilities to use it for research. DBut now we find
there are high possibilities in 1escarch, especially to evaluate the
organic composition of the sap; at the end of my paper there
arc a few lines about the amino-acids content in fomatoes sap.
There arc very high changes in the amount of aminc-acids with
different levels of boron.

{31 I, 3 - Hernando - p. 61
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In the leaf analysis it is very difficult to detect more even
with a seil-test, but very easy to detect in the analysis of the
cemposition of the sap. Therefore, I think it i3 good to improve
the lmowledge of the problem of the deficiencies in plants, with
contents very close to the normal or regular condition. We do
not have the answer; we are asking evaryone to work on this

prablem,

WalLsu

T would like to thank Prof. HrsnaNpo for a very fine con-
tribution. There is a point I would like to bring you back to now.
Prof. Frirs raised a very bmportant point, and that was the
question of day length, nutrient response and nutrient deficiency
symptoms, I believe that this is an important point. We must
not forget how environment cffects nutrient uptake. Equally there
are wmicro-climatic variations which affect nutrient uptake. In
Dr. Caré’s paper, he was using a basic technique i.c. Mitscherlich’s,
to interpret his own response elfects and endeavouring to relate
these to nutrient analyses for potassium, phosphorus and ofher
elements. This is of course a very good approach. However,
I want tc say that there is of course in that response a normality
sitmation. There is a point of deficiency below which there is a
scrions physiological disturbance in growth,  Above this there
is a normal arca of response, where a normal response cffeets
operate, Beyond this there is the threshold luxury level above
which no increase in yield and quality takes place. There are then
the threshold deficiency values and the threshold luxury values.
Only in the in between region can one atlach significance growth-
wise to plant nulrient determinations.

In order to get an indication of what is happening in the
plant you must 1 helieve locok at the organic composition of the
plant as affected by mineral nutiients. Richard of the Imperial
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College in London, peinted the way here for us many years ago
when he found that potassium deficiency was associated with the
development of putrecine, a degradation product, in plants, i.e.
4 mineral nutrient affected the oiganic compositon of a plant. I
don’t know whether we have gone far enougl yet in this direction.
Dr. HERNANDO's basic approach here is a promising one, of course,
in this respect. In using for instance enzyme syslems as indicators
of nutrient effects, a rational approach is developing. After all
it is not potassium or phosphorus or copper or zinc per se that
matters; it is the effect of these nutrients on the whole physiological
process in the plant which maiters, The work which has been
going on in Isracl and in my own couniry, using enzyme systems
in a practical way to determine nutrient deficiencies, particularly
in high value crops is promising, Tn my early days it was certainly
very difficult to embark on monitoring organic constituents, but
to-day with developments in analyses — automated organic ana-
lyses of various types — the position is entirely changed. So I
think it is time we sent back some of these problems to the basic
plant physiologist for another lock. Prof. Tmiron raised the
point as to whether we nceded to research the whole field again?
T think we do. T think we have been moving maybe in the wrong
direction. T was one of the earlier enthusiasts about plant analysis
for potassimm and other mineral nutrients as giving us some advance
on old methods. T say however to-day that we must look more
and more at the organic compesition of plants, getting away from
some of the old concepts, {o give ns a new basis, not alone for
better yields, of high value, high quality crops, but also for crops
of relatively low value, grown by people in some areas where the
ecconomic returns are more important in actual fact, than they are
in the more sophisticated countries. T will leave you with another
thought belore we f{inish this session, Supposing you or any of
us were in Santiago to-day at the UNCTAD Conference.  What
would a group of soil fertility specialists say to them at this point
of time. We must end up our meeting here with positive advice
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and be able fo indicale what must be done in order to realise
the potential of soils, to get more food more economically. Our
less fortunate brethern in underdeveloped countries should be the
main focus for our altention and our consideration at the pre-

sent time.

[31 L 3 - Hernando - p. 64
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CORRECT USE OF FERTILIZERS
IN THE HUMID TROPICS AND SUBTROPICS
AND ITS EFFECT ON: I. PLANT RESISTANCE
TO DISEASES - I1. CROP PRODUCTIVITY

ARTURG PRIMAVIESL
Coordinator, Post-graduate Studies on Sofi Biodynamics and Soil Pro-
ductivity, Federal Upiversity of Senta Meria, Santa Maria, Rio Grande do
Sul-Brazil.

I, INTRODUCTION.

1.7. WHAT ARE HUMID TROPICS AND SUBTROPICS,

I would like to speak about the humid tropics and sub-
tropics and their problems relative to plant production. First 1
must say what I consider humid tropics and subtropics. Every-
one knows that in tropic and subtropic countries there is always
an alternation of humid and dry periods, this alternation being
responsible for the formation of lateritic soils, typical of these
regions. The dry regions of northeastern Brazil have still 8oo
mm of precipitation anuvally; this precipitation is the same as
in some regions of the humid tropics of southern central Brazil.
There are dry regions in southern Africa which have about
1,200 mm of precipitation per year. In northern Brazil drought
is one of the most serious problems even with an annual rain-
fall of 1.400 mm,

I want fo make the following point: I cannot consider a

[4] II, 1 - Prisnavesi - p. 1



140 PONTIFICIAE ACADEMIAX SCIENTIARVM  SCRIPTA VARIA - 338

dry region a zone which suffers by drought in consequence of
its deteriorated soil structure and destroyed landscape. Humid
regions are those which have lateritic or podsolic soils, even
if they suffer from pronounced dry seasons; and dry regions:
are these which have alkaline or saline soils.

In Asia and partially in Africa the number of habitants is
controlied by drought. In South America, population density
is transport conditioned.

In the Tropics and Subtropics the soil sciences are still
litthe developed, although 24 vyears ago the American and
European patterns began to be adopted. Only in the last 10
years the use of fertilizers has developed on a larger scale.
But fertilization, as they call the commercial dressing with
NPK, and soil amelioration, as they call liming, was done in
an empirical way, and even soil analyses, executed by chemical
soil laboratories or agronomical institutes or universities, still
follow the North American or Luropean examples, using the
experience of temperate climates.

However, while the plant and livestock production in the
temperate climates improved to highly satisfactory levels, that
of the tropical and subtropical countries — in spite of all
efforts, — remains low; fertilization and soil correction have
only little effect and after some years they decrease yields
instead of increasing them. These facts are corroborated by
statistics of several Secretaries of Agriculture. Techniques of
soil treatment developed for temperate climates have destroyed
enormous areas of tropical soils,

Something must be wrong! It is generally admitted that
the technicians of the tropical countries are less experienced,
but it has seldom been considered whether the techniques
developed for the specific conditions of temperate climates and
soils, are those best fitted for tropical and subtropical climates
and soils.

There are not a few people who say: « Imported agricul-
tural technics have destroyed our tropical and subtropical soils!

[4] 11, 2 - Promavesi - p. 2
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Unfortunately, it is true and Uruguay is the last example of
this truth. What is the difference between temperate and
tropical soils?

I - The climate (temperature, precipitation and air hu-
midity, insolation rate and rain violence}.

2 - Soils (oxisoils, soil texture, clay type — kaolinitic
instead of illitic or montmorillonitic — small exchange capa-
city, small micronutrient reserves, high phosphorus fixing ca-
pacity, low nitrogen usc capacity, little calcium reserve and
generally good potash supply. Low pH — 3,8 to 5,1 - and
high exchangeable acidity — Al, Mn.

3 - Soil life: extremely aclive microlife; generally
Gram negative organisms; extremely prolific edaphic and
hemi-cdaphic fauna ad as a consequence little organic matter
(0,9 - 2,0%) in crop soils and in virgin forest soils (3,5%),
except in mountainous regions; very high frequence of pests
and diseases in old crop soils (3 or more years cultivated) and
easy compactness and erosion.

We may summarize that soil biodynamics are completely
different. This may be understood when we consider that
there does not exist any isolated factor in nature: climate,
oil, microlife, nutrient balance, piant cover, water economy,
e¢tc. and they mutually influence each other. Changing one
factor all the others change automatically, to establish a new
equilibrium. Tt is ervoneous to suppose that if one factor —
such as temperature — changes, all the others will remain
unaffected. With the change of temperature there change:
mineral decomposition of soils, clay formation, microlife, acid
formation, evaporation, plant growth and these modify in their
turn nutrient forms and availability, organic matter type and
content, soil structure, chemical rcactions, soil fauna, and so
on. It surpasses the limits of this meeting to consider all the
problems which arise. Very little is yet known, but we know
what this means for the practice of tropical agriculture: we
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have to go our own ways, if we want to increase our crops
and banish hunger from our zones. ILet me mention some
examples.

In temperate climates the main problem is to mobilize the
inactive soil. This, you do with deep tiffage, high nitrogen
dressing, green manuring and HEming.

Our main problem is an extremiy active soil life and we
have to restrain it. Thus we have to avoid everything which
would mobilize it to an explosive activity.

Illite fixes potassium and the problem of temperate soils
is the low potassinm availability, sesquioxides fix phosphorus
and our soils have a grave phosphorus problem.

Soils of temperate climates suffer much more from lack
of nitrogen than tropical ones and there is a saying that “if
we have rain we have nitrogen”. Where it comes from is not
well known but a photo-chemical fixation is suggested by Dhar,

It must be said that the interrelations among the different
soil factors cannot be understood by a scientist who only knows
the conditions of temperate zones. Nobody may imagine that
the luxuriant forests of the Amazon River regions survive on
the poorest sandy soil; that organic matter accmrmiation in
these forests, where sunlight never enters, is nearly nil; that
a 95% sandy soil may be as hard as stone when dry, and flow
like water when moist. Nobody may imagine how in a soil
with 0,99% of organic matter, without fertilizer dressing, corn
may grow 4 m high and yield about 4,5 tons per hectare. There
are few who can imagine that potash application depresses
yield, even when it is lacking; that deep plowing is the best
way to create infertile, barren land, and so on. Tropical agri-
culture is much more difficult than that of temperate climates,
because tropical and subtropical soils have a high activity all
the year round, always producing crops. They never have the
benefit of winter rest which recuperates harmfully treated soils,
improves soil strncture, balances soil life, and diminishes pests.
In tropical climates, everything has to be done by man, and
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every error is exposed in a short time. Nature does not forgive
anything!

T.2. INTRODUCTICN TO THE WORKS PRESENTED

Topics which have absorbed most of the attention of the

author and his team were the low crop production and the
“high incidence of pests and diseases.

These would seem quite different problems belonging to
phytogenetics and phytopathology. What has it to do with
soil? Everything! Where are plants growing? On soils! Where
do they feed? On soils! Well fed plants produce well, and are
more resistant to plant diseases. We must distinguish between
over feeding plants with NPK and biologically fed plants with
a balanced nutrient spectrum of all elements plants need.

Plant nutrition depends thus on:

@) avaifability of nutrients,
A
b) the possibility to develop sufficient rootlets to abserb
these nutrients, and
¢) sufficient moisture in scil to permit exchange and
maintain sufficient nutrients in solution.

Certainly there still exist only a few varieties of crop
plants in the tropics, but they give high yields in soils after
long fallows and give low yields in cultivated ones, even with
high fertilizer dressings.

Our experience is: in healthy soils grow healthy plants.

What is a healthy soil? In the Tropics and Subtropics a
soil with a good crumb structure always offers a complete scale
of balanced macre and micronutiients, lets roots grow in a
satisfactory way and has a reasonable water economy. For
that: If a well structured soil deteriorates, something is wrong.
It may only be that the ploughing was too deep, that organic
matter is lacking, or that some micro or macroelements are
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deficient or exist in excess. Thus, a nice water resistant crumb
structure {tropical soils easily crumbie, by iron, calcium, a.s.o.,
but these crumbs are not water resistant) is the expression of a
productive soil. A crop grown in such a soil is healthy, the
growth Is satisfactory and is not attacked by plagues and pests.

The reports we selected from more than 180 works executed
by our team show that even in extreme climates, as the fropical
one, there may be obtained high yields on an economical basis.

Qur latest experiences with Gneiss as a complete fertilizer
for tropical crops on sandy soils, seem very promising, avoid-
ing the problem of nutrient unbalance.

The conservation of an adequate organic matter level has
been studied and points to minimum tillage. The problem of
weeds is also being solved by crop friendly and weed hostile
plants, avoiding the danger of herbicides which pass to the
ground water (which generally is at litile depth}, poisoning
drinking water for man.

1.2.7. Experiments lasting g years made in extremely poor
soils in the State of Sio Paulo, exhausted by monocultures
and periodical burning, were definitely improved in an econo-
mic way, giving high and healthy crops of good quality, while
the test plots and neighbouring fields gave miserable, pested
crops, and of a poor quality unacceptable to the market. The
above experiments confirm that with resistance to plant dis-
cases and increasing yield the quality of the product also
improves.

r.2.2. In a 5 year experiment in the State of Rio Grande
do Sul, the addition of copper sulphate to paddy rice yielded
81% more, with one particular variety. There was no brusone
attack present whilst the rice without copper fertilization was
annihilated by Piricularia oryzae. The full copper effect ap-
pears only when the rice seed was enriched with this micro-
nutrient. These experiments confirm that the well fed plants
produce weli and are resistant to plant disease.

[41 I, 1 - Primavesi - p, 6
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1.2.3. The resulis of a 5 year experiment in Eastern Brasil
show that low sugar cane yields on Terra Roxa Estreturada
Soils, cultivated for a long time, are due to deterioration of
soil structure and poor root development, even though the
soil texture, fertilizer practices and extractable nutrients are
the same as on a newly cultivated soil.

The uptake of mineral autrients depends essentialy on the
opportunity for root deveiopment.

1.2.4. Another work shows that different varieties of a crop
respond in different manners to a given fertilization, on the
same soil and under the same climatic conditions in tropical
and subtropical zones. Therefore, the recommendation of fer-
titizer should not be made for a certain crop, but for a specific
variety. Uneconomic fertilizer application could be avoided
in this way. Specially less demanding varieties, suitable for
poor soils, do not resond to a higher fertilization and some-
times, even respond ncgatively.

1.2.5. The other paper shows that fertilizer response de-
pends on the soil biostructure, and this biostructure depends
essentially on organic matter and on the mineral equilibrium
in the soil. This experiment shows that plant discases can be
avoided with better and more balanced plant nutrition.

2. WORKS.

2.Y. INTERRELATION BETWEEN PLANT NUTRITION AND PLANT
DISEASES.

2.10.1, Abstract.

Correct fertilizer application isi’t only important to in-
crease the crop production, but also to fight plant diseases.
In contrast to crops on old arable soils which suffer, apart
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from mineral deficiencies, regularly from discases, crops grown
on virgin soils arc never attacked. This leads to the assump-
tion that occurence of disease is connected with nutrient defi-
ciencies.

Experiments with wheat on a large scale and two smaller
ones with bananas and cabbage, showed the correctness of this
assumption.  These results, and others made previously in
other places, may be summarized as follows: A plant disease
has to be preceded by a definite related mineral deficiency.

2.10.2. Introduction.

Why do plant diseases, in Brazil, increase in such an
alarming way and why do fungicides and insecticides loose
their efficiency after some time of use?

Large zones of Brazil, which in earlier times produced
sugar cane, wheat, cotton and coffee, cannot produce these
crops any more due to the excessive increase of plant diseases
and pests. The soils have deteriorated, partiaily destroyed by
erosion,

Based on visual leaf analysis (confirmed by sap analysis)
it was found, that abnormal growth and leaf colorations of
plants, which cccurred in these zones, are due to lack of mi-
nerals.  This couldn’t be confirmed exactly by chemical leaf
and soil analysis, as both methods work with various sources
of error.

‘There may be cited only one example here: with boron
deficiency the shoots of coffee trees show deformed leaves;
already lignified shoots die and disorderly growth of side shoots
begins around the dead tissues (witch-broom). These appea-
rances are favored by drought periods and disappear in humid
seasons, Affer a good rain, when the plant has supplied itself
with sufficient boron, chemical leaf analysis shows an entirely
normal boron level, though the crop yield decreased conside-
rably due to this lack. The chemical soil analysis too, showed
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no lack of boron in consequence of normaliised exchange pro-
cesses in the moist soil.

According to Baver the climate reacts through the soil
and plant. Soil with a good permeability, a high field capacity
and good aeration rate, buffers the extreme climatic factors.
On deteriorated soils, in which infiltration as well as moisture
retention capacity and aeration are very deficient, the crop
depends very much on the climate, Structureless soils quickly
suffer from droughts or excessive moisture and therefore from
lack of minerals brought about by climate, since the nutrients
are not available in a sufficient amount.

In Brazil a great part of the tillable land has deteriorated.
The existence of pronunced rain and drought seasons, makes
the crop suffer permanently from climate-induced lack of nu-
trients: by droughts B, Zn, Mn; by rain K, Ca, Mg, N defi-
cencics.  Seldom does nutrient deficiency really exist.  On
the deteriorated soils, crops will therefore show signs of hunger
and pests, while the soils still are, relatively, well supplied
with nutrients.

Crops on virgin land do not show signs of hunger and are
not attacked by pests. A fact which every Brasilian farmer
knows.

Therefore it is obvious, that plant diseases are correlated
with deteriorated soils and often with disturbed nutrient uptake.

2.1.3. Methods and Experimental Materials,

For an experiment on a large scale there was selected by
experts of the Ministry of Agriculture, waste land in a humid
zone with drought periods; there appeared red — black —
and gray rust on wheat.

Characteristics of the land: 720 hectares of red-yellow
podsolic soil. Vegetation: a scattered cover of Aristida pallens.
Agriculturally abandoned for 87 vyears, every vyear burned
down by neighbouring farmers. Aspect: petrified, resistant
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Analysis of the Red-vellow Podsolic Soil

Sample horizon air dry sample 9% bullk density pH
symbol depth stones gravel fine earth apparent real water KCl
ne. cm D20 UM 20-2 MM < 2 mm
30,459 A 0-30 0 o 160,0 1,46 2,57 4.5 3.0
460 B, 30-50 0 0 100,0 1,23 2,03 4.5 3,0
461 B, 50-85 0 0 100,0 1,24 2,05 4.7 3,7
462 B, 85-130 o 0 100,0 1,26 2,68 4.9 3,6
463 C 130-200 0 0 100,80 1,206 2,58 4,8 3.5
Granulometric composition (9
{dispersion with NaQH)
C N CIN Coarse fine silt clay natural  degree of  moisture
A % sand sand clay  floculation equivalent
2,18 0,21 10,4 2,2 18,4 7.4 62,0 26,0 57 35,0
1,04 0,14 15,7 T,T 11,9 7,5 75.5 32,5 57 38,4
1,712 0,12 9,3 0,8 10,4 10,5 78,3 3r,z Ho 40,8
0,50 0,07 7,1 0,7 0,0 16,8 72,5 8,7 88 43,5
0,20 0,04 5.0 3.8 14,6 334 48,2 22,4 54 44:4
{middle of the clay 9% of the subhorizon of B)
Fextural relation: 1,2 {exchusively 13y}
(middle of the clay 9 of the subhorizon of A)
. o P.0
Attack by H,S80, 5.8, = 1,47 . 2,04 28
U K ke AUy (Truog) _totad
Si0), AlQ, Fe, 0y TiO, P04 Fe,0; mglioo g P00,
% % % % % Trueg
27,49 16,48 6,77 0,58 0,14 2,22 1,76 4,14 < 1,0 T I40
27,18 21,36 10,00 0,68 0,74 2,16 1,67 3,63 < 1,0 140
28,03 23,506 9,51 0,067 0,712 2,02 1,61 4.43 < 1,0 > 120
30,062 23,30 9,29 0,68 0,17 2,23 1,78 4,14 < 1,0 =170
20,23 ¥09,8¢ 7,19 0,48 0,10 2,25 1,83 1,83 < 1,0 > 00
Sorptive complex (me/roo g Exchange  Percent
- - Capacity Base
Catt Mgt K Na* S 1T+ ALt Saturation
3,01 2,458 ©,47 0,00 5,00 12,17 19,07 36,2
1,05 0,54 0,25 0,06 1,90 13,25 15,75 12,5
0,95 0,70 0,31 0,05 2,01 12,78 14,70 13,0
0,56 1,66 0,40 0,05 2,07 13,05 15,72 17,0
0,03 3,60 0,43 G.12 5,14 13,30 18,44 27,0

Servige Nacional de Pesguisas Agrondmicas, Boletim n. 12, page 112 (1960).
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to penetration of spade and ploughshare. Tillage only was
possible 3-24 hours after rainfall. Plough: 6-share disk with
additional weights. First tillage depth 2-6 cm. The wheat
on test plots reached 16 cm in height, was attacked by leaf
and stalk rust and produced 2, seldom 3, cumin-like grains.

First tillage in 1053, following dressing with lime; as
green manure was used the legumes Canavalia ensiformes DC
and Stizolobium Deeringlanum Steph. Bort., which, when
flourishing (January) were incorporated at 5-7 ¢m depth. In
March and April the wheat was sown. During the two first
years wheat only was sown on the control plots, while the
experimental plots received green manure plants. The plou-
ghing depth was regulated after the biophysical soil analysis
and reached a maximum of 18 cm, as the underlying soil
crumbs were not water resistant.

2.1.4. Resulls.

In 1958, there were only 15 mm of precipitation during
the vegetative cycle of wheat (120 days), and the total wheat
crop of the State of Sio Paulo was annihilated by rust. On
the experimental plots an average of 1.800 kg/ha of wheat
was harvested, a crop 93% higher than the annual average
in the State, with a hl-weight of 84, which is rare in Brazil.

The wheat of the conirol plots withered in this year before
shooting. The green manure which preceded the wheat, re-
ceived the mineral fertilizers destined for the wheat; {he wheat
itself was not fertilized, as in dry seasons the mineral fertilizer
uptake is not warranted.

The profein in a great part was present as gluten. The
prize instituted by the governmeut for the “best wheat” was
oblained. Even traces of rust couldn’t be detected, nor in any
of the following years was there detected rust on the wheat
of the experimental plots. :

[41 1T, 1 - Primavesr - po 11
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TABLE 1~ Wheat Crop in Relation to Increasing Mellowness
of Tith (var. Frontana, hard, red summer wheat).

cultivated number rain quant. height of crop protein Il

Year area/ha  green mm  seed plants  kgfha content weight
manuring kgiha cm %
19353 5 (%) 0 65 T (Y 16 (¥ 36(%  o.8(%) —
1954 300 2 48 o (*) 30 39 (%) 12 (%) —
1055 Go,0 ¥ 62 rIo 82 351 3.5 66
1950 240,0 1 5T 170 102 753 10,5 72
1057  300,0 1 63 110 123 1302 12,6 76
1958  420,0 1 15 go 90 1806 15,3 8q (*EF)
1959  360,0 (%) 56 90 126 2103 3,2 78
1960 390,0 1 63 GO 129 1710 12,0 76
1961 390,0 (**} 39 Q0 Ty 1002 14,1 79

{(*) Planling on the test plots only. The other numbers are refering to
the experimental plots {first crop of the wheat experiments in 1¢55).
The rain ameunt refers to the vegetative cyele (dry period) of wheat.
#%} Instead of green manuring, rotation with Glycine max. (L) Merrill,
g 1 3
(***) Record hl-weight in Brazil.

Further experiments were made in a 3 hectare banana
field, of the variety “banana mac¢d” where the oldest stems
were annihilated by the “Panama disease” (Fusarium oxyspo-
rumn var, cubense). The visual leaf analysis suggested Zn
deficiency, which in this case was confirmed by the chemical
leaf analysis. 1In the Tropics, as a rule, zine deficiency is
induced by the strong irradiation of the sun, due to the lack
of soil moisture. The soil of the bushes therefore was covered
on the north side (midday sun).

Within 2 weeks no bushes were newly infected, and after
40 days slightly diseased plants recovered.

[4] o, 1 - Primavesi - p, 12
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TABLE 2 — Fusariwm Attack in Relation to Zinc Absorption
by Bananas (in ppm).

goil bush r bush z bush 3 bush 4 Fusarium attack
sunshine 0,04 0,03 0,04 0,02 very high
2 weeks covered soil 0,09 0,12 0,08 0,15  unaltered
40 days covered soil  o,18 0,2¥ 0,17 0,24  none

Another experiment was made in a 3 hectare leaf cabbage
field totally attacked by mites. TPotassium deficiency was
detected, though this wasn’t clearly deducible from the soil
analysis, but only from the sap analysis. ITFour rows of cab-
bage plants, through the middle of the field, were fertilized
with 8 g/m? of potassium cloride and the soil was covered with
a 12 c¢m thick rice husk layer, in order to assure sufficient
uptake of potassium. After 6 weeks the fertilized cabbage was
rid of mites, while the plants which were not treated remained
infested.

TABLE 3 — Potassiym Dressing against Mites,

,0 in cabbage potassium in soil  Depth of crumb

leaves mefioc g layer cin mites attack
%
0,30 0,020 5 heavy
0,28 0,027 5 heavy
0,22 0,023 4 heavy
0,27 0,030 4 heavy
0,82 1,025 10 nong
0,93 0,040 9 none
0,69 0,170 12 nene
0,09 ,050 10 none
0,72 0,120 3 none

a,80 2,040 10 none

Norn: A greater potassium upiake russ parallel to a lower mite infestation.
Besides fertilizing an increasing mellowness is important,

[4] 11, © - Priwavesi - p. 13
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2.1.5. Discussion.

It may be supposed that no crop is attacked by discases
and plagues, as long as its continuous and normal growth is
supported by an uninterrupted and balanced nutrient uptake.
Plague and disease attack occurs probably only when there
is a lack of nutrients, or when drought, excessive moisture or
fog make nutrient uptake difficult and the plant fights for its
survival, Climatic oscillations are able to be buffered by good
mellow tilth, so that even a 12 weck long dry period or a 3
week long dry period or a 3 week long rain period have no
decisive influence on the normal nutrient absorption and do
not therefore interfere with the development of plants.

Tt seems that all bacteria, fungi, protozoa and viruses need
suitable life conditions, that is, a necessary weakness “offered”
by the plant.

Unbalance of potassium may promote animal parasitas
while zinc, copper or magnesium deficiency favour fungal
aftack, though a general nutrient unbalance may be required
as in the case of infection by Pseudomonas citvi {citrus cancer)
where boron, manganese, zinc and magnesinm were deficient.
Whenever this plant weakness, which is necessary to the
microorganisms, is not present, they suspend their life. These
phenomena can be summarized as follows: “Plant discase
depends on a preceding, exactly defined, specific, mineral
deficiency”.

The question originally propounded could be answered
with the supposition that plant diseases probably increase
parallel with the soil deterioration and have their origin in the
deficient or unbalanced plant nutrition,

2.2. INFLUENCE OF PLANT NUTRITION ON Piricularia oryzae
Cav. IN RICE.

2.2.1T. Abstract.

In soils of the State of Rio Grande do Sul, Brazil, the ad-
dition of copper sulphate to paddy rice yielded 65 to 81%,

E4] 1L, 0 - Pranavesi - p, 14
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more — depending on the variety. The copper effect cannot
be attributed to its fungicide action, but must be credited to
its nutritional qualities. The copper fertilized rice was of a
clearer green and shorter than that without Cu fertilization.
It did not show any Pizicularia oryzae Cav. attack whilst the
rice without added copper was annihilated by this fungus.

The full copper effect appears only when the rice seed was
enriched with this micronutrient.

2.2.2. Introduction.

In earlier years the rice crops failed with increasing fre-
quency in the State of Rio Grande do Sul. Initially, rice de-
velops extraordinarily well, has a green-blue color and pro-
mises Tecord ¢rops. However, instead of flowering its heads
hecome white and sterile.

Sandy and gleyed soils, especially, with deficient drainage
showed these symptoms. The rice was partially attacked by
Pericularia oryzae Cav., but in some arcas there were only
physiological disturbances, In the Hterature there are no refe-
rences about this.

The exceptionally luxuriant growth suggests an excess of
nitrogen. The nitrogen, however, is closely related and very
sensitive to the supply of copper. VEeTyer and ViaMis (1g01)
and PrIMAVESI (1053, 1958, 1905) report dry heads of wheat
and rice due to the shortage of copper. VETTER and THEICH-
MANN {1968) describe the influence of copper on wheat as an
inhibiting factor of vegetative growth, but it also shows a
beneficial effect in crops. The only experiment about copper
fertilization to rice is reported from Borneo, where from or-
ganic, acid soils additional crops were oblained (Institut
d’Azote: Le Rice). In Rio Grande do Sul, so far, all experi-
ments of the IRGA (Institute Riograndense do Arroz) with
micro-clements showed negative results.

Our first experiments with micro-elements in rice, in 19635
showed an increasc of production of at least 80%, and even

[4] L, 1 - Primavesi - p. 13
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more than 100% in crops from seed enriched with copper.
The results were so astonishing that the possibility of some
mistake in the irrigation of the test plots was suspected.

In 1966 and 1667 these results were repeated, but only
with rice whose seed had been treated with copper sulphate.
Systematic experiments were made in this area.

2.2.3. Methods and Experimental Materials,

I - Plots of 4x5 m area were sown in 1o different
treatments {4 repetitions): 5 well irrigated and 5 with deficient
irrigation.

T - Received only the basic fertilization 20:60:50 kg/ha
of N:P:05:K:0 respectively which all the other plots also
received.

2 - The seed was submerged during 4 hours ina 0.005%,

solution of CuSO..

3 - The seced was submerged during 30 minutes in a solu-
tion of CuS0,.

4 -~ The seed was sprayed with a solution of 1g CuSC, in
3o ml of water/l kg sced.

5 - Copper was applied as overall fertilization, 3 kg/ha.

The same treatments of fertilization were repeated with
rice in constant inundation and with rice irrigated only every

2 weeks.
The average values of the results, with small statistical

variations, were the following:

Rice il'l‘ig{lt(;‘d svery 2
Rice continueusly hirigated weeks
¥ =3

NPI 14,05 kgizo m? 3,40 kg/zo m?
CuS0y 50 mg/fl 10,80 5,20
Cus0, 1,5 g/l 7.80 5,70
CuSC, 1 g/kg 16,80 14,70
CusO, 3 kg/ha 17,40 3,40

4] 1, 1« Primavesi - p. 16
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2.2.4. Results.

The results show that:
1 - Copper is able to increase the crop.
2 - The best way to apply copper was spraying the seed.

In 1968 the experiments continued, with varied quantities
of nitrogen.

IT - 2 varieties of rice were used:

z) The superceded, very demanding, but still popular
variety “Agutha”, a late yielding variety with long grains, very
productive in good soils, with the highest quotation on the
market;

b) and the new variety E.E.A. “404”, a rice with medium
to long grains, of a medium growth period, nutritionally fole-
rant which in poor soils still produces good crops.

The plots were of 200 m?. The experiments were made
with 4 replications. Eighty five kg/ha sced was planted,
although the customary quantity in this zone is 140 kg/ha.
From experience we know that Cu-enriched seed would have
better tillering and therefore it could be sown with larger
distance between the rows. Similarly if the seed of oats has
been previously enriched with Mn and B, it is possible to plant
in our soils 35 kg/ha for forage, instead of 18o0/kg which is
normally used.

The fertilization was the same for all the plots; 6o kg/ha
P:0s in the form of bone meal on the seed bed and a top dres-
sing of 30 kg/ha N,

The experimental treatments were the following:

1 - Control: no copper. All following treatments recei-
ved a top dressing of 3 kg/ha of copper sulphate.

2 - Top dressing fertilization of Cu only.

3 - The seed was sprayed with 1g of CuSO, per kg plus
top dressing.

[41 TI, 1 - Primavest - p. 17
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4 - The seed was sprayed with 1g of CuSQy per kg plus
tap dressing and dressed with 10 g of FTE/kg.

5 - The seed was dressed with 10 g of FTE/kg plus
top dressing of copper.

The FTE applied had the following composition: %%
FeCls, 16% MnQO», 1,2% CuO, 8,5% Zn0, 9% B:0s.

This year exceptional climatic conditions occurred, with
a high fixation of nitrogen by microorganisms {(fungi and
algas); 240 ppm of NH,; was found in the irrigation water
on the field so it was not possible to apply the anticipated
differential nifrogen fertilization because there was already a
considerable excess of nitrogen. We continued therefore in
this experiment only with a series of essays, now with 8 re-
petitions.

In the year of 1g68/6¢ one third of the rice crop of Rio
Grande do Sul was destroyed by Piricularia oryzae Cav., and
our trial plots were destroyed; the few grains which had
formed were little and brittle,

Copper fertilization applied only to the soil could never-
theless save the crop, but it did not provide an essential im-
provement in yield.

2.2.5, Discussion.

The surprising effect of copper on rice cannot be attributed
to its fungicide action, because the rice seed of neighboring
fields had been treated with Aldrin and was sprayed against
DPiviculavia oryzae Cav. with Kitasin: in spite of that, 80%
of their yield was lost through Piricularia ovyzae Cav. 1t must,
therefore, be admitted that copper acts as a nutrient.

In experiments with corn, the action of trace elements
was only considerable if the seed was previously enriched
with them. This also was evident in the case of rice, where
the best yield among the plots with soil fertilization and those

[4] II, ¥ - Primavesi - p. 19
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with additional enrichment of the seed, were 65 to 81% higher
in the latter.

The plants in the copper plots with blind cars were col-
lected and examined at the Department of Phytopathology.
No attack by Piricularia oryzae Cav. could be detected.

It is, therefore, apparent that copper is able to compensate
the unfavorable effects of a high dressing of nitrogen and
allows better crops to be obtained without fear of an attack
by fnngus. The bigger yield in grain on the plots treated
with copper was highly significant,

2.3. FACTORS RESPONSIBLE FOR LOW YIELDS OF SUGAR CANE
IN OLD CULTIVATED TERRA ROXA ESTRUTURADA SOILS IN
EASTERN BRAZIL,

2.3.1. Introduction.

Yields of Sugar Cane (Sacharum officinarum) are often
low in castern Brazil and show lHttle or no response to dres-
sings of commercial fertilizers. The object of this investigation
was to determine whether poor yields were related to lack of
chemical fertility or to deterioration of soil structure after years
of cultivation.

2.3.2. Methods and Experimental Matevials.

These studies were conducted on a large sugar cane plan-
tation in southeastern Minas Gerais, State of eastern Brazil,
The Terra Roxa Estruturada soils investigated have a textural
B: herizon and form in basic volcanic materials. In some
ways they are like the Low Humic Latosols, but not identical.
They are alse similar to the Red Loams of South Africa and
nearly equivalent to the “Laterite Pardo Rojiza” of Chile. They
contain 39 to 57% clay. The climate is tropical with a 10-
year average precipitation of 1,237 mm. The months of May

[4] 11, v - Primauvesi - p. 20
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through to September are a rigorous tropical dry period and
cane Is cut soon after the dry period starts. Two fields of
about 100 ha each with the same flat topography wexe selected.
Field 1 of 96,3 ha was an uncropped area of virgin soil cleared
during the year before planting of its native vegetation con-
taining mostly peroba (Aspidosperma gomezianym A.D.C.),
canela-preta (Ocotea pulckella), jacarandd (Machoerium wvillo-
seum V.), jatobd (Hymenaea courbaril), and ipé roxo (Tecoma
ipe Mart.) and other trees. Ficld 2 containing 98,1 ha was an
old cane field cropped for 23 years and fertilized during the
last g years before replanting.

Both fields were limed with 1,500 kg of limestone per ha
and both were planted at the same tine with sugar cane stalks
40 cm long, of the variety CB 4513, always placed one overlap-
ping the other 3 cm in furrows 40 cm deep and 120 cm apart
as is the custom in the region.

At planting, a dressing of 200 kg of bonemeal (the custo-
mary P-fertilizer of the zone), 47,2 kg of K (go kg KCI) and
11,5 kg of N (70 kg NaNQs) per ha was applied in each furrow.
Each succeeding year a top dressing wag applied at the begining
of the second rain month containing 26,4 kg of P (60 kg P20s
as superphosphate), 23,6 kg of K (as KCI), 6,9 kg of N (as
NaNQ3) and 1,000 kg limestone per ha in spaces between alter-
nate rows. Beginning 18 months after planting, the crop was
manually harvested cach year and the straw heaped in the
spaces between rows, alternating with the spaces where annual
top dressings were made.

Soils were sampled at four locations per ha, before planting
and fertilization, and in the fertilized space after 5 years of
cropping. On a Morgan extract, K was determined with Na
cobaltnitrite, Ca as the oxalate, P with the molybdenum biue
method, and nitrate with diphenylamine. pH was determined
electrometrically on a 1:2 soil: water extract.

Soil structure was examined in blocks 20 ¢m wide and o
cm thick, taken to a depth of 30 cm with a specially constructed

f43 11, 1 - Primavest - p. 21
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plane spade having a very well sharpened steel blade, from the
side of a cavity 30 by 50 cm and 40 cm deep in the seil. A
block was very carefully shaken with a five-fingered steel claw
to make it split at all places where seil structure changed.

2.3.3. Resulls and Discussion,

Table 1 shows the large differences in cane yields between
a soil that had been cropped for many years and a newly
cultivated soil, in spite of equal heavy initial and annual ferti-
lization. The soluble P was much lower on the old cultivated
soil indicating a high P-fixation capacity. This level of soluble
PP in the old cane field is considered somewhat low, but not
insufficient. The NO»N was also lower on the old cultivated
soil indicating possibly more leaching. However, this level of
NOs-N produced very good yields on other fields. Bonemeal
could be found in the soil even after 5 years of cultivation.
The differences in cane wyields cannot be explained by the
small differences in chemical analysis of the two soils.

In the new soil of ficld 1 the cane root system was well
developed in the loose mellow soil to a depth of 40 cm. How-
ever, in the leng cropped soil of field 2, root development
was confined to the upper 5 cm of soil. This layer of soil is
alternately very dry {(after one day of sun) and very wet after
rain and so is not favorable for root development even though
root development is mostly confined to it. The chemical ana-
lysis shown in Table T shows the lower pH, and depletion of
this Jayer in Ca, K and soluble P compared to the whole
30 cm depth,

Various stages in the physical degradation of a cultivated
soil can be recognized. At first, a hard layer beging to form
below 22 cm in depth. Later, this layer extends te within
3 cm of the surface. Finally, there will be 3 cm of loose, dusty
soil on the top maintained by cultivation. The 3 to 10 cm
depth breaks up in big blocks when disturbed. Below 10 cm

[43 TI, x - Primavesi - . ze



16)

b

ETC.

RTILISANTS

FL

8

SEMAINE D'ETUDE SUR « L' EMPLOI DI

£foo‘o fo00*0 Go‘o o'l ¥e €6t ¢-0 (jr0s dol pajooI-fram)
s1esd € Yy
(doxo yat) €9 foo'o fo‘o Chex e s )] £6¢ of-o0 sTesA § 199y
(dors 3s1) 921 gco'o Z0'0 otz of'g 6'g £68 0£-0 Sunuerd siogeg
CPRI sued PIO
"€ piid
156 {4th crop) €10 Go‘o 0z‘I ag'¥ £9 ¥ot of-0 sread € 1y
{dox> 351} €ox 0200 lo'o go't £6°¢ 0'g kgt of-0 Surpuerd aioyag
:paddorouny
-1 pPrRIA
By sU0y 8 ool ouw 1d sajdumnes wo
JLi3aUL NTON d b1 ) 0 oy wmdag dimysiy o9

plRI4 suey

19PI3XY UeSIO ul SUOT

JIEVALT UL PANGING DUDI

ADINS JO S4pak S 422[p puv 240[0G S}HOS VPVAMMAST DXOY DAk ] 07 [0 SISAJpUY JPOTIY ) — T FTAV ]

23

[43 II, 1 - Primavesi - .



i62 PONTIFICIAE  ACADEMIAE SCIENTIARVM  SCRIPTA VARIA - 38

Fig. 1 — A soil block taken {rom a deteriorated field, Mark x {left) shows
the limit of the well rooted Jayer, Mark 2z shows the last plowing depth.
Marlk 3 (right) indicates the transition of the compactl layer to the loose
subsoil.

Fig. 2 — Root systems of Sida rhombifolia 1.. showing abrupt bends resuli-
ing from the tendency to grow between hard Dlocks of soil,

I, 1 - Primavesi - p. 24
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the soil breaks info fine, thin sheets. Figure 1 shows a block
of soil excavaled from a decadent, long-cultivated field in
which different structural layers can be seen. Figure 2 shows
the deformed roots of a malvaceae (Sida vhombifolia L.) grown
in a decadent soil.

Our results show that low cane yields on a Terra Roxa
Estruturada soil, cultivated for a long time, are due to dete-
riorated soil structure and poor root development, even though
the soil fexture, fertilizer practices and extractable nuirients
are the same as on a newly cultivated scil. The availability of
mineral notrients depends essentially on the opportunity for
root development. Classical soil analysis applied to a decadent
soil can lead fo erroncous interpretations unless the effects of
tilth and soil structure on root development are censidered.
Taken together, they can be useful in predicting soil fertility.

2.4. INFLUENCE OF VARIETY ON FERTILIZER EFFECT IN RICE
(Oryza sativa L) aNp soy BEaN (Glycine max. (L)
Merrill).

2.4.1. Introduction.

In the calibration of chemical soil analysis, recommenda-
tions of fertilizers, chemical leaf analysis and analysis of dry
matter of plants, one considers only the crop itself; results
are given for wheal, soybean, cotton, rice, efc, in spite of the
fact that the most diverse varieties are culfivated and inves-
tigated.

On the other hand, the breeding of new varieties is well
developed, thanks to the enormous possibilities of production
of mutants, through irradiation with y-rays, or by the use
of mutagenic substances, or by simpie hybridization. New
varietics continuously appear on the market, which are more
productive, more resistant {o diseases and drought or simply
better adapted to the soil of a given region. This plurality of

[4] 1T, 1 - Primavest - p. 25
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varieties means that the chemical analysis of the soil seldom
gives a single correct interpretation, for what is adequate to
the soybean of one farmer, may be inadequate to the soybean
of his neighbor.

We have examined systematicaly the reasons for this.
Foy, FLemInG and BURN (1907) have demonstrated with wheat
that the variety tolerant to Al had more Ca in its dry matter
than the varieties more sensitive to Al. The same applies fo
soybean according to ARMINGER {TQ68),

KammLER (1969) noted that the success with fertilization
depends on the variety.

Patyrsen and Rowtini (1968) report that high doses of P
decrease the production of varieties of soybean sensitive to
phosphorus, and in these varieties the correction of zinc defi-
ciency induced by phosphorus had no effect, while the varicties
tolerant to phosphorus wouid respond to it. In 1g63 Hiatr
noted that fthe absorption of potassium by tobacco changed
with the variety. TFurthermore, every agrostologist knows
about calcium, as reported by Lramann and Garz (1964): by
fertilization the level of minerals in the plant cannot be elevated
above the level caracteristic to the plant.

Basros Lacos (1968) noted that non-demanding varieties
of wheat gave good production in poor soils, but they do not
give higher production in rich soils or through fertilization.
In experiments with 3000 varieties of wheat in the state of Rio
Grande do Sul (1¢68) he noted a specific response of cach
variety to fertilization and to limestone. An identical obser-
vation was made Dy PriMavest (196g) with potatoes.

2.4.2. Materials and Methods.,

The crops cultivated were soybean and rice.

I - Sovbean {Glycine max. (L) Mervill).
The varieties used were 1.-326, 1.356, Hood and Majés.

(4] T, & - Primauvest - p. 26
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The different fertilizer treatments were:
1 - limestone (1500 kg/ha, dolomitic form);
2 - lime and NPK = 6:60:75 kg/ha;
3 - lime, NPK and FTE 50 kg/ha {the composition
of Fritted Trace Elements was: 7% FeCls, 16% MnOs, 1,2%
Cu0, 8,5% Zn0, 9% B,05, 0,2% Mn0,). Each plot measured
2 x 3 m, with 4 replicates.

Soil used was of the mapping unit: transition “Sio Pedro-
Santa Maria”. The average soybean production, statistical
values was as follows:

g/6m" L:526
1300 : =356
1200
1100 1
1000 |
9001
800 -
700
600 4 e 4

- ~

500 - - s
4001 7 \\\Mnms
300 - - HOOD

200 -
100 4
0]

Ca Ca+NPK Ca+NPK+FTE

Graruic 2

It may be deduced that the Majos variety gives relatively
good production in poor seils, when lime is applied.

However, it does not increase the yield when fertilized.
On the contrary, it suffers a decrease in production.

(4] 11, 1 - Pruneovesi - p. 27
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The Hood variety which yields poor crops on poor soils
increases its yields through NPK fertilization, bnt decreases
considerably when trace elements are added.

I.-326 variety responds poorly to NPK fertilization, which
probably indicates a trace element deficiency. It increases
abruptly in yield when it receives trace clements.

1.-356 variety can be considered a classical variety which,
as expected, shows an increased production for cach fertilizer
added.

1II - Rice (Oryza sativa L).

For this experiment we used 2 varieties of rice. Agulha, a
demanding and productive variety which is not being propa-
gated any more due to uncertain yields production nnder less
favorable conditions, and a new variety with reliable pro-
duction, the EEA-qo04.

The rice was planted, with 8 replicates, on plots of
10 X 20 m,

All plots received the same basic fertilization: lime (dolo-
mitic limestone) goo kg/ha and phosphorus 6o kg/ha P:Os as
bonemeal. Nitrogen 50 kg/ha, of which 40 kg/ha was applied
as a top dressing. The level of soil potassium was normal
with 8o ppm.

4 treatiments were used:
I - control;
2 - copper sulphate on the seed {1g/kg) and in the soil
(3 kg/ha);

3 - besides the copper sulphate to the sced and soil,
trace elements (FTE) to the seed (20 g/ha);

4 - trace elements on the seed and copper sulphate to
the soil (the fritted trace elements composition was: 7% FeCl,
16% MnOs, 1,2% CuO, §,5% Zn0, g% B:0s, 0,2% MoOs).

{41 11, 1 - Primavesi - p. 28
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From the average rice yields which were significantly dif-
ferent, we could deduce that the variety EEA-404 responded
less fo the copper fertilization than the variety “Agulha”. The
yields, despite running parallel, show that the KEA-qo04 varicty
{with Jow requirement) does noi present a striking increase of
praductivity, while the more demanding variety shows a highly
satisfactory increase in relation to the copper fertilization.

2.4.3. Discussion.

TFrom the results, 2 factors were evident:

1 - that each wvariety responded in a completely dif-
ferent way to fertilization and therefore it is empirical to make
a general recommendation of fertilization for soybean or rice.

2 - that in spite of the fact that the so called “varieties
of safe production” give crops relatively safe in poor or com-
pact soils, they don’t have the capacity to take advantage of
a higher supply of nutrients.
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Varieties that are very low yielding on poor soils show,
however, a great production capacity and can, after an ade-
quate fertilization and soil treatment, produce very satisfactory
yields.

It scems that:
4) the production capacity is inherent to the variety;

b) the fertilization of varieties of safe production on
poor soils, are uneconcmic;

¢} nutrient requirements, which were found in one
variety, can not be generalized to the species.

The commercial fertilization, based on soil analysis will
be much safer when given according to the variety and not
empirically, to a crop.

2.4.4. Summary.

Fertilizer experiments with different varieties of soybean
and rice showed completely different responses which were
specific for the variely. Consequently it is not possible to
establish the mineral requirement for a crop, but only for a
variety.

Varieties with dependable yields in poor soils do not
respond economically to a fertilization and even may yield
less. It must be supposed that these varieties have a limited
yvield potential,

Varieties with unreliable yields in poor soils have generally
a high yield capacity and respond very satisfactorily to ferti-
lization and soils improvement.

It may be concluded that a dependable and economic fer-
tilizer response, based on chemical soi analysis is only certain
when the recommendation is made for the variety and not
empirically for the crop.
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2.5. INFLUENCE OF SOIL STRUCTURE AND OF MICRONUTRIENTS
ON THE CORN CRO? (Zea mays).

2.5.1. Abstract.

The experiments were carried out to look for an explana-
tion for the small influence of commercial fertilization, usually
with NPK, on corn crops (Zea mays).

Maize production can be influenced by improvement of
soil structure. In this case, the better soil structure allows the
plant better nutrient absorption.

On the other hand, if besides soil fertilization with NPK
and Ca, we also apply zinc and boron on soil or sced, maize
will give a favarable response.

But, on compact soils, even with customary fertilization
and micro nutrients, there is no production increase of maize.
This is explicable by improper soil structure hindering good
root development of plants.

2.5.2. Introduction.

According to the report of the “Southeast Region Technical
Commission » 1¢66, corn responds less and less to the usual
NPK commercial fertilization, although there has been consi-
derable progress in the field of genetics.

Research in the areas of Santa Maria, Julio de Castilhos,
Sdo Sepé, and Sio Gabriel in the State of Rio Grande do Sul,
have confirmed as principal cauvses:

I - A stagnation in growth, with typical symptoms of
zinc deficiency in hybrid, corn, from the 2 nd. week after ger-
mination, which is only overcome 18-22 days later. In this
period the plant is attacked by Elasmopalpus lignosellus which
provokes the decay and death of many of the young plants.
Seed treatment with “Aldrin® prevents the attack but net the
stagnation in growth, which always lcads to a lowering in
production.

T4l 1, w - Priveavest - p. 31
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We know through Wimnpowson (1g66), that the lack of
zinc in the soil increases with cultivation and fertilization with
NPK. Cumsa (1962) notes that maximum production is not
reached through maximum fertilization of NPK, but through
harmonious balance of all nutrients.

According to Aracon and Bressian (196s) the deficiency
of microelements, mainly of zinc and boron, causes a decrease
of the amino acids and hence of the biological value of the
pilant which consequently becomes more receptive (PRIMAVESI
1964, 1960) to pests and diseases,

FuzsrNG (1666) also noted a great lowering of produc-
tion in cases of zinc and boron deficiency.

2 - The poor utilization of fertilizers.

Primavest (1964) demonstrated at the 8th International
Congress of Soil Science, with work carried out during g vears,
that through the improvement of the biostructure of the soil
the wutilization of fertilizers, and hence production, increases.

ScHMID (1966) showed that soil loses its productivity if
only saturation with bases is achieved even if balanced ferti-
lizers are used, including trace elements. Normal NPK fertili-
zation is insufficient.

GoropNIT (1961) noted that humus decomposition is faster
with mineral fertilization, and Froorova (1966) demonstrated
that owing to continuous fertilization with commercial fertilizers
(NPK) soil not only acidifies and increases in exchangeable
Al, and therefore decreases the saturation of bases.

The deterioration of bio-structure of the soil and the defi-
ciency of zinc are the main factors responsible for the lowering
of corn production in the surveyed area.

2.5.3. Materials and Methods.

A) The soil treatment consisted of the following:

ay An old pasture was ploughed 5 months before sowing
fo prevent antagonistic influences of the gramineous flora;
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b) a green manuring (40 to/ha) was incorporated for
the crop which preceded corn;

¢) a green manuring (40 to/ha, each) was incorporated
for both the crop preceding corn and for the comn crop.

B) To remedy the evident deficiency of zinc in the sced,
he seeds were put into a solution of zinc sulphate of 0,005%
(50 mg/1000 ml) and borax 0,005% for four hours (the con-
trol sced was put in distiled water), dried for one hour in the
shade and sowed with a sowing machine in rows 8o cm apart
at intervals of 30 cm. The size of the experimental plots
was of 50 m’.

TABLE 1 — Chemical and physical soil analysis - Extraction of Ca, Mg, K,
P in Morgan-solution and Al in KCLIN.

Series of pid Al Yolume Iuvial Aggregate
experiments (Water) Ca Mg K P me 9% of pores  horizon; stability
< ppm o> A depth. cm
a 404 40 10 00,5 I,2 15 5 extrermely Dbad
b 4.4 30 10 w5z 06 21 9 wealk
c 4,9 6o 20 0 1,0 0,3 27 12 madinm

Two months before sowing, the plots were limed with
800 kg/ha of dolomitic limestone (36% Ca(Q and 12% MgO).

All the plots were poor in nuirients, All received equal
fertilization which was applied at sowing time, 2 cm beside
the row, and constituted NPK = 20-30-60 kg/ha (in the form
of ammonium sulphate, {riple superphosphate and potassium
chloride plus 5 kg/ha of borax and 3 kg/ha of zinc sulphate
for each plot of the experiment.

In half of the plots of each series of experiments zinc and
boron were applied, since the lack of boron in this area is
notorious.

f41 11, 1 - Prinevesi - p, 33
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2.5.4. Experimental Results.

In all 3 series of experiments, the zinc-boron treatment
promoted continuous, uniform, young growth; after 6 weeks
the plants with zinc-boron were bigger than those in plots with
simple NPK fertilization. Furthermore, 33% of the plants
without zinc-boron treatment had died due to the attack of
Elasmopalpus lignosellus. The production of several series of
experiments was significantly different.

TABLE 2 — Results of the crop.

Series of mean Without Zn-B With Zn-I3 With Zn-B

experiments : : : (scil) (soil 4 sced)
hl weight mean  weight  mean  weight

kg/ha kg/ha Il kg/ha =l

a g30 74 030 74 1.056 81

b X110 78 1.200 79 T.494 84

[ 2.Q70 86 3.027 86 3.405 90

2.5.5. Discussion,

Considerable differences could be observed between the
plots with different structures of soil, and also between the plots
with or without zinc-boron treatment.

Hard soil gave only about 1/3 of the production of a
mellow soil, in spite of the same fertilization. Tt is apparent
that there is considerable difficulty in the absorption of no-
trients. Consequently, corn production can be increased when:

1) the structure of the soil permits a good absorption
of nutrients;

2) the seed deficiency is removed by soaking in a nu-
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FPre. 3 — Influence of air pores and seed treatment on yield.

tritive solution {according to SoxoriNa (1g66) it is enough to
spread the nutritive solution over the seed);

3) soil deficiency is removed through adegnate fertili-
zation.

The zinc-boron fertilization in itself is not able to increase
production in hard soils since the improper structure of the soil
acts against the development of the plant. However, with a
slightly improved structure, it becomes active.
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3. FINAL CONSIDERATIONS.

The application of fertilizers is doubtlessly an urgent neces-
sity in the tropical and subfropical zones. However the question
is not only to put the NPK into the soil, but owing to the
unfavourable characteristics of the kaolinitic clays which pre-
dominate in these zones, the importance of organic matter, the
structure of the cultivated soil, the mineral equilibrium, the
timing of fertilizer application, the peculiarities of varicties and
the micro-nutrients must all be investigated in much greater
detail.

The greater biological aclivity of the tropical and subtro-
pical soils malkes the factors limiting production appear much
earlier than in temperate climates. The soils lack rest during
winter and therefore they also lack an automatic recuperation.
The multiplication of pests and diseases is much more rapid
owing to the nature of the climate.

But in soils with a good active structure the plagues and
pests are reduced, fertilization has a better resulf, and the crops
are abundant and healthy. The philosophy of fertitization must
be changed. We must not fertitize in order to get a good crop,
but to maintain the soil in conditions of mineral equilibrium
and of excellent productivity. No fertilizer must be applied in
such a way as to damage the structure, that is by inciting a
quicker breakdown of organic matter, unbalancing other ele-
ments or damaging the micro and meso life.

We know that tropical soils have little ability to retain
calcium and may quickly become acid, they have a high capa-
city of phosphorus fixation, and easily show deficiency of
micro-nutrients.

Irrigated crops necd special {reafment and cannot be
treated as crops on dry soils. Here we only wish to remember
the sad experience made in the valley of the Sio Francisco,
where, by badly planned irrigation, there was salinization of
the soils. Our experiences with rice show that fertilizers with
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residual acidic power increase the susceptibility of rice to fungus
diseases, such as the Bruzone (Piricularia oryzae).

Other experiments have shown that water-logged soils
require a certain level of calcizm and magnesium to be able
to produce and also to respond to commercial fertilizers. They
need a continuous conservation of the organic matter, which
accumulates in very acid soils and on high places, in form of
“moder” and sometimes even turf.

On the other hand, tropical and subtropical soils with
adequate levels of P and Ca are able to fix the nitrogen of the
air, a power which temperate soils do not have. They develop
many more nematodes, but in circumstances favorable for the
plants, they do not have any harmful action; this is shown by
our latest research which is still being carried out.

From our long experience we are convinced thal manage-
ment of tropical soils is inadequate, when it is oriented by
the methods developed in temperate climates; there is not one
factor only which changes with the modification of climate,
but, as we all know, the entire complex system of interrela-
tions changes automatically with the modification of one
variable.

Tillage is also being more and more discussed in tropical
countries; and in the sandy soil of Amazonia the rule is:
“He who wishes to make a desert must plow his soil”.

Many problems still remain for research, Dbecause now
peopie of the tropics are becoming aware of the fact that the
agriculture methods imported from temperate countries served
to show that there are other systems for cultivating soil than
simply burning and planting.

The methods may also be responsible sometimes for the
fow productivity of these soils and their rapid destruction.

If the tropical and sub-tropical zones develop appropriate
methods, as they have been developed for temperate climates,
they will produce at least equal if not greater crops.
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There is no need for hunger in tropical countries if they
know how to treat their soils and to obtain a mineral equili-
brium by appropriate fertilization,

4. SUMMARY.

The differences between the agricultural conditions of tem-
perate and tropical countries are summarized. The fact that
tropical Agriculture up to now has been managed according
to experiences of temperate climates, and not according to
experiences in tropical climates, has led tropical agricuiture
to low productivity and deterioration of their soils.

The biggest mistake, perhaps, is the supposition that all
methods are the same for temperate and tropical soils, and
that only the temperature is higher and the distribution of
rainfall less favorable, Few consider that in nature everything
functions like a train of gears and the least change of one factor
modifics all the others.

Therefore the problems of tropical soils require appro-
priate studies, methods and solutions. Tt is not possible to uge
techniques developed for soils with other problems, under
other conditions, and in other climates.

The papers reviewed were chosen from more than 180
investigations performed by our team, and show that in poor
soils, and cxtreme climates, we also may obtain high yields
on an economical basis.

The first paper shows experiments over g years made in
extremely poor soils, exhausted by monoculture and periodical
burning. They were economically restored, giving high and
healthy crops of good quality, while the test plots and neigh-
boring fields gave miserable, diseased crops of poor quality,
unacceptable in the market. These experiments confirm that,
with the resistance to plant diseases and increasing yield, the
quality of the product also improves.

The second work brings the results of a § year experiment
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in Southern Brazil, If shows that the addition of the micro-
nutrient copper to paddy rice yielded 81% more. It did not
show any Pivicularia oryzae attack whilst the rice without cop-
per fertifization was annihilated by this fungus. These expe-
riments confirm that well fed plants produce well and are
resistant to plant disease.

The third paper brings the results of 5 year experiments
in Eastern Brazil. It shows that low sugar cane yields on
Terra Roxa Estruturada soils, cultivated for a long time, are
due to deterioration of soil structure and poor root develop-
ment, cven though the soil texture, fertilizer practices and
extractable nutrients are the same as on a newly cultivated
soil. The availability of mineral nutrients depends essentially
on the soil space occupied by the root.

The next paper shows that different varieties of a crop
respond in different ways to a given fertilization on the same -
soil and under the same climatic conditions. Therefore, ferti-
lizer recommendations should not be made for a given crop,
but for a definite variety. An uneconomic fertilizer applica-
tion could be avoided in this way. Less demanding varieties,
especially suitable for poor soils, do not respond to a higher
fertilization and, sometimes, even respond negatively.

The last paper shows that fertilizer response depends on
the soil biostructure, and this biostructure depends essentially
on organic matter and on the mineral equilibrium in the soil.
This experience shows that plant diseases can be avoided with
better and more balanced plant nutrition.

T43 I, £ - Prinavesi - p. 39
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DISCUSSION

Chairman: F. VAN DER Paauw

{QBERLANDER

1 think we all should be very grateful to Prof. PriMAvVESI that
he has shown us in such a nice example what happens to soils
where the organic matter is not quite «in order», and besides
discussing all the - problems in connection with nulrient supply
and with adequate fertilization. We »hould also find  some time,
maybe now, or at any other occasion during this meeting to discuss
what measures can be taken to restore declining organic matier
levels in the soil, particularly m support of mineral fertilization.
We know what we have to do in temperate zencs in such cases,
but 1 am not sure if we always know the right remedy that has
to be applied particularly under these serious conditions as de-
scribed by Prof. PRIMAVESI,

PRIMAVESI

I think our first step is {o study the physical, chemical and
microbial situation of the soil, after this study, we cdn indicate
the treatments. Our experience taught us that it is necessary to
have a good organic matter level not an acid one when we will
obtain a good response of fertilizer application. Generally, in
tropical and in sub-tropical crop soils the organic matter level

L] 10, 1 - Primavest - p. 45
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is bad. Only two or three years after cultivation of virgin soils
the organic matter level will be maintained, The rain bursts are
very strong and the sunshine and high temperatures provoke a
very active microlife, and organic substances are used for the
transformation.  We have many cases where fertilizer application
has not given a good economic response because of the low organic
mafter level, or of an acid organic matter.

RusseLL

1 wonld like to comment on the effect of high temperatures
on the rate of decomposition of organic matter. 1 do not think
decomposition proceeds actively in dry soils but only when the
soil is moist. But when the soil is moist, plant growth will also
proceed actively and puts back a certain amount of organic matter
into the scil. Thus the conditions needed for rapid deconpesition
are the same as those needed for rapid plant growth.

Privaves:

In our case, we have dry seasons, but we do not have a dry
climate because we have good precipitations but they are very
badly distributed. We have during three months, perhaps, pre-
cipitations of more than 1.000 mm ovut of a total of 1,400 mm
of the year. When there is not a good soil structure, like I showed
to you, all this water is lost. When we have a good one the
water will infiltrate and microfile has optimal conditions: heat
and water. Because of this, T suggest to create a research station,
not only for study and investigation of soil chemistry factors, but
also the soil's physical and microbial factors. For our situation,
I think, the soil’s physical facters are very important and the
hiological ones also,

(4] 1T, 1 - Primavest - p. 46
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Hernanno -

T think there are so many questions to ask on your paper.
I only make some comments so as to leave time for other people.
I think the tropic, as you say, is completely different from the
temperate countries, buf I think there are no real differences.
In different countries in. Europe we have the same problems but
they go siow on. In the tropics you get them very quickly, what
we get in Too years, you get in five years, Tor that I think
tropical couniries are a very good place to learn and to find when
‘we do the things properly or not. The new people to work on
our problems maust learn a liftle on the problem of the tropical
conditions, because if they do something wrong, in two or three
years they .spoil the soil. The same happens in our countries, but
in 100 years, or much more than that, they die before finding
‘the answers. Because of that T think this point is very important
to raise. I have another question, but I prefer to leave other
people to follow,

PRIMAVESIT

I complefely agree with you Prof. Hurnanpo, but the situa-
tion is the following: in Brazil, for example in Parand, we have
virgin soils, very good virgin soils, and after two years the soil
deteriorated. It does not have any more soil structare. This
state is wiknown in Europe 