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SOLUL QI CALITATEA ALIMENTELOR

SOIL AND FOOD QUALITY

Stelian CARSTEA
Academia de Stiinte Agricole i Silvice

Summary

The food of good quality is a fundamental condition of food
security, depending, firstly, on the quality of agricultural products,
but not less on the quality of the soils where they are obtained.
Of course, by its irreplaceable role and functions in agricultural
production, the soil constitutes the crucial system of sustaining the
life on the earth, and, as it is really stated in the first article of
the European Soil Charter, issued by the European Comnuttee in
Strasbourg (1972), it is “one of the precious assets of humanity”.

Unfortunately, the agricultural systems applied at present
and known under the generic name of "conventional agriculture”,
besides the valuable contributions to the social and economic
progress, caused also serious damages, sometimes irretrievable,
to the quality of soil and environment. At present, almost 90 per
cent of the soils are affected, more or less, by one or more
harmful phenomena and processes all over the world.

The analysis of soil impact on the food quality emphasizes
both its negative role in affecting the food quality when it is
unsuitable for food production, and its irreplaceable contribution
in obtaining the food of adequate quality when it is managed
according to the principles of sustainable agriculture, the only one
approach able to fulfill the four fundamental requirements: (1) food
security, (2) employment and good incomes for farmers, (3)
protection, amelioration and long-term use of resources and (4)
large participation with high decision-making power of people.

Under such a context, it is imperative to strengthen the soil
science role in protection, amelioration and sustainable use of soil
resources, as a fundamental condition to obtain food of quality
adequate to the decent human life requirements (food security
included), to promote also the new attitude of soil scientists for
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developing the interdisciplinary research and closer relationships
with other scientists and the other natural resources of agriculture.
Having in view that the soil is the main factor taken into
account in the process of obtaining the agricultural products and
food, and their quality is dependent on the soil quality, it is
imperative that the soils should be maintained at such quality
conditions permitting to fully fulfill their functions in the framework
of a sustainable agriculture able to provide the food of good
guality and food security at the level of requirements regarding the
social and economic sustainable development as well as the
biodiversity preservation and environmental protection.

Key words: soil quality, food quality, food security, sustain-
able agriculture.

Comitetul Securitatii Alimentare Mondiale de la FAO a definit, n
anul 1974, obiectivul sau ”sa asigure tuturor, in orice moment, accesul
material si economic la alimentele de baza de care au nevoie”, tre-
buind, in acest scop, sa& garanteze trei conditii: (a) aprovizionari sau
disponibilitati alimentare suficiente; (b) stabilirea disponibilitatilor
alimentare; si (c) accesul oamenilor, mai ales al celor saraci, la hrana.
La aceste conditii, Conferinta Internationala privind Alimentatia a ada-
ugat, in 1992, dimensiunea nutritionala, prin care trebuie "sa permiti
tuturor accesul, oricand, la alimente salubre si nutritive de care au
nevoie pentru o viata sanatoasa si activa”.

Asadar, necesitatea alimentara este conditionata, in primul réand, de
asigurarea de alimente in cantitatea si de calitatea corespunzatoare
cerintelor vietii oamenilor.

Rolul asigurarii acestor cerinte revine, in primul rand, agriculturii
care reprezinta activitatea economica de importanta primordiala a
omenirii, caci atata timp cat oamenii vor manca de trei ori pe zi,
agricultura va continua sa ramana de neinlocuit. Importanta agriculturii
pentru securitatea alimentara. se datoreste, in primul rand, rolului sau
principal ca prim furnizor de produse agroalimentare, in cantitati si de
calitate corespunzatoare, iar, in al doilea rand, rolului pe care il joaca in
oferirea, directa si indirecta, de locuri de munca si venituri pentru popu-
latia saraca in ansamblul circuitului economic, mai ales in tarile cu venituri
mici.
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Asigurarea de produse agroalimentare in conditiile corespunza-
toare securitatii alimentare depinde, in mod deosebit, de resursele de
sol de care dispune agricultura si, mai ales, de calitatea acestora, cu-
noscand ca solul este, de fapt, sistemul crucial de sustinere a vietii
pe pamant gi, prin aceasta, "este una din avutiile cele mai pretioase
ale omenirii”, agsa cum, pe buna dreptate, se precizeaza in primul arti-
col din Carta Europeana a Solurilor, publicata, in 1972, la Strasbourg,
de Consiliul Europei.

Calitatea esentiala a solului este fertilitatea lui, adica acea capa-
citate specifica care 1i permite sa asigure elemente nutritive, in can-
titati adecvate si echilibrate, pentru cresterea plantelor specifice,
cand sunt favorabile o serie de conditii specifice cresgterii plantelor
ca: lumina, umiditatea, temperatura, starea structurala a solului gi alti
factori. Ta conditii naturale, fertilitatea solului, nederanjat de om, este
capacitatea lui de a sustine populatia climax de plante si animale de
deasupra solului si flora gi fauna asociate din sol. Cand se ia in cul-
tura agricola, fertilitatea solului devine capacitatea lui de a produce
culturile dorite. Fertilitatea naturala a solului este, mai degraba, un
fenomen biologic decéat unul fizico-chimic (Jacks, 1963). Acest feno-
men priveste transformarea energiei in organisme vii; in esenta, transfor-
marea, in plante, a caldurii si luminii in energie chimica, care apoi este ce-
data solului pentru a asigura energia necesara edafonului (acele orga-
nisme care isi duc existenta, in principal i in intregime, in cadrul solului)
pentru a trai si a contribui efectiv la crearea unui habitat. O asociatie
climax de plante si animale, care este in echilibru cu climatul, reprezinta
organismul social care utilizeaza cel mai deplin mediul inconjurator, adica
0 asociatie de plante si animale care si-au creat cele mai bune conditii de
viata posibile pentru ele insele, iar productivitatea solului este atunci cea
mai mare posibil in conditiile predominante. Aceste definitii evidentiaza
rolul populatiei neumane in crearea solului productiv.

Pentru a avea, cat de cat, o imagine asupra populatiei neumane
care participa la crearea solului si fertilitatii lui, trebuie mentionat ca
aceasta cuprinde o vasta diversitate de organisme vii, de la bacterii i
ciuperci microscopice (fungi) pana la rame si rozatoare, ceea ce face ca
solul s3, fie un sistem foarte complex in care au loc procese biogeochi-
mice cruciale. Numai in primii 30 cm de sol de pe un hectar, exista, in
medie, 25 tone de organisme specifice solului, adica 10 tone de bac-
terii gi actinomicete, 10 tone de ciuperci microscopice, 4 tone de
rame i o tona de alte organisme. Toate acestea supun solul unor
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procese fizice si biochimice. De exemplu, intr-un hectar, ramele
ingereaza si scot la suprafata, anual, 18 - 40 tone de sol, adica un
volum echivalent unui strat de sol de 1 - 5 cm grosime (Blum, 1988).

Rezultatul Tnevitabil al agriculturii a fost, totdeauna, diminuarea
fertilitatii naturale a solului, deoarece, prin agricultura, s-au indepartat din
sol parti insemnate din rezerva totala de elemente nutritive pentru plante,
ca si din rezerva de compusi organici realizati cu ajutorul luminii soarelui.
in legatura cu aceasta, se estimeaza ca, in Romania, de exemplu, circa
50 % din elementele nutritive preluate din sol, prin recolte, provin din
rezerva nativa a solului (Rauta si colab., 1997). Acest consum din rezerva
nativa a solului are loc intr-un ritm care depaseste cu mult capacitatea
solului de a-si reface gi mentine rezervele de elemente nutritive, ceea ce
inseamna ca avem de-a face cu o agricultura de tipul "mineritului” care
duce, nemijlocit, la epuizarea capitalului natural de fertilitate a solului, la
scaderea productiei i calitatii acesteia, iar, mai devreme sau mai tarziu,
terenul agricol este abandonat vegetatiei salbatice sau lasat prada
desertificarii.

Este, intr-adevar, un paradox, pe cat este de usor de distrus, pe atat
este de greu de refacut un sol. Chiar in conditiile naturale ale unui inve-
lig vegetal, formarea unui cm de sol necesita 100 pana la 400 de ani,
iar, pentru a se realiza un sol gros de 40-50 cm, ar trebui 3.000 pana
la 12.000 de ani.

Pe langa faptul ca este limitat ca intindere, solul, in functie de diver-
sitatea conditiilor gi factorilor naturali si antropici, ultimii manifestandu-se
tot mai agresiv in anii din urma, prezinta proprietati gi caracteristici variate
de la un loc la altul, chiar la distante foarte mici, astfel ca, in anumite si-
tuatii, solul este cu totul impropriu agriculturii, iar, in alte situatii, produsele
agricole obtinute pot fi daunatoare vietii oamenilor si animalelor. Din
nefericire, aceste situatii nedorite au intrat, numai in ultimele decenii, in
atentia celor mai multe guverne si organizatii internationale de mare
autoritate. Pentru a avea o imagine mai sugestiva a situatiei precare a
resurselor de sol de care depinde, n ultima analiza, cantitatea si calitatea
alimentelor, securitatea alimentara, si insasi existenta societatii umane,
este de mentionat ca numai 11% din suprafata solurilor (excluzand
Antartica) nu prezinta limitari serioase pentru agricultura, restul
suferind de seceta, stress mineral (carente sau toxicitati minerale),
volum de sol foarte redus, exces de apa, inghet permanent etc. In
plus, terenurile fara limitari seriose sunt inegal distribuite Tn spatiu
(Tabelul 1).

6

STIINTA SOLULUI nr. 1-2, 2003, vol. XXXVII

Tabelul 1

Distributia regionala a terenurilor fara limitari serioase pentru
agricultura (FAO, 1978)

Nr. ert. Regiunea % din suprafata totali a
terenurilor

1 Europa 36
2 America Centrald 25
3 America de Nord 22
4 Asia de Sud | 18
5 Africa 16
6 America de Sud 15
7 Australasia 15
8 Asia de Sud-Est 14
9 Asia Centrala si Nordici 10

Pe intregul glob 1

Suprafata totala a terenurilor cultivabile, in intreaga lume, este
de circa 3,2 miliarde ha, din care circa 49% (aproximativ 1,6 miliarde
ha), cuprinzand, practic, cele mai fertile soluri, sunt deja in cultura.

In Romania, numai circa 27% din terenurile agricole sunt fara
limitari serioase (Tabelul 2). Totusi, circa 12 milioane ha terenuri
agricole, din care circa 7,5 milioane ha terenuri arabile, reprezentand,
practic, 80% din resursele de terenuri ale agriculturii, sunt constituite
din soluri afectate, intr-un grad mai mare sau mai mic, de unul sau
mai multe fenomene si procese daunatoare (Tabelul 3). Se apreciaza
ca, datorita acestor fenomene si procese daunatoare, productia
agricola este diminuata anual, in medie, cu circa 20%, fara a adauga
pagubele economice datorite afectarii calitatii produselor agricole.
Cu toate acestea, simpla analiza a acestor deficiente ale solurilor, fara a
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tine seama de celelalte
insuficiente ale sistemelor
de agricultura practicate,
scoate clar in evidenta,
consecintele negative ale
acestor deficiente asupra
cantitatii si calitatii produse-
lor agroalimentare, pericli-
tand securitatea alimentara.
Astfel, numai pe cele circa
3,9 milioane ha, afectate
frecvent de seceta, se
obtin recolte mici si de
calitate necorespunzatoa-
re, desi se are in vedere
numai consecintele sca-
derii greutatii hectolitrice
a graului obtinut asupra
calitatii painii. In realitate,
suprafata afectata de se-
ceta este cu mult mai mare,
deoarece, pe cele 3,2 mili-
oane ha amenajate cu lu-
crari de irigatie, n ultimii
ani, s-au aplicat udari pe
mai putin de 10-20%. Pe
milioane de hectare, solurile
cu un grad ridicat de aci-
ditate favorizeaza carente
de calciu si magneziu, iar
pe cele bogate in carbonat
de calciu sunt inregistrate
frecvent carente de zinc la
unele din cele mai impor-
tante culturi din agricultura
Romanie. Pe aproape ju-
matate din suprafata agri-
cola a tarii, eroziunea so-
lului indeparteaza anual
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Tabelul 2

CLASIFICAREA TERENURILOR DUPA PRETABILITATEA

MBUNATATIRI FUNCIARE

Y

-

w

-

PENTRU FOLOSINTE AGRICOLE FARA LUCRARI DE 1

- Decembrie 31, 1997 -
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Tabelul 3

Limitiirile principale ale capacitatii productive a solurilor agricole din Roménia

No Limitari Supr afata (1000 ha)
Agricol Arabil

1. | Seceti frecvent” 3.900,0
2. | Exces periodic de apa” 900,0
3. | Eroziunea solului prin apa”, din care: 4.065,0 2.100,0
4. | Alunecari deteren 702,0
5. | Eroziunea solului prin vant 386,7 273,0
6. | Schelet in excesla suprafata solului 300,0 52,0
7. | Salinizarea solului 614,0 400,0
8. | Compactare datorita lucrarilor (talpa plugului) 6.500,0
9. | Compactare primara, genetica 2.060,0
10. | Crusta 2.300,0
11. | Continut scazut si foarte scazut de humus 7.304,0 4.444.6
12. | Aciditate moderata si puternica 3.420,0 1.636,0
13. | Alcalitate puternica 162,0 121,0
14. | Continut scazut si foarte scazut de fosfor

mobil 4.473,0 2.956,0
15. | Continut scazut de potasiu mobil 498,0 259,0
16. | Continut scizut de azot 3.348,0 2.563,0
17. | Carentd de microelemente (zinc) 1.500,0
18. [ Distrugerea solului prin diferite lucrari 15,0
19. | Acoperireasolului cu reziduuri solide 18,0 11,2
20. | Poluarea chimica asolului, din care: 900,0
21. | Poluare excesivd 200,0
22. | Poluarecu titei si apa sarata 50,1
23. | Poluare cu substanse purtate de aer 147,3 82,1
24. | Teren scosdin circuitul agricol in perioada

31.X11.1989-31.X11.1997 315,0 766,6

! Fari zonele amenajate cu lucriri de imbunatétiri funciare (irigatie - 3,2 milioane ha, drenaj - 3.2 milioane ha

si combaterea eroziunii solului - 2,3 milioane ha, respectiv)

peste 100 milioane tone de material de sol care contine circa 400-500
mii tone de elemente nutritive (NPK) usor accesibile plantelor, cu
diminuarea substantiala a recoltelor si, nu in mai mica masura, cu
consecinte nedorite asupra calitatii produselor agroalimentare, fara a
mai lua in calcul poluarea apelor, unde ajung sedimentele erodate, cu
serioase implicatii in calitatea apelor, ca o componenta esentiala
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alimentelor. Aciditatea avansata a solurilor poluate cu metale grele
favorizeaza transferul acestora din sol in plante in cantitati contraindicate
pentru consumul uman sau animal, agsa cum rezulta din cercetarile
interdisciplinare efectuate in zonele poluate din jurul uzinelor metalurgice
neferoase. Astfel, in zona Baia Mare, s-au inregistrat cazuri de
incarcare cu plumb a morcovilor de 10 ori mai mult decat limita
maxima admisibila si peste limitele critice la salata, patrunjel si
loboda de gradina. In aceeasi zona si la aceleasi legume, s-au
inregistrat continuturi ale cadmiului pana la de cinci ori mai mari
decat limita maxima admisibila, in timp ce continuturile de cupru si
zinc au fost detectate la niveluri critice. Consumul acestor legume a
dus la aparitia unor afectiuni tipice de intoxicare a oamenilor cu
plumb si cupru, cum sunt: encefalita saturnica, paralizia nervului ra-
dial, colica saturnica etc. (Lacatusu si colab., 1996a). Afectiuni tipice
determinate de poluarea cu metale grele a furajelor s-au semnalat si
la unele animale din zona respectiva. De exemplu, numai intre anii
1985 si 1989, intr-o singura circumscriptie sanitar-veterinara (Baia
Sprie), s-au inregistrat cazuri de saturnism la 62 de cai si 30 de tau-
rine (Lacatusu si colab., 1996b). Probleme similare ridica si implicatiile
poluarii solului cu reziduuri de pesticide organoclorurate (HCH si DDT),
ceea ce a determinat sistarea utilizarii acestora n agricultura incepand din
anul 1985. Din nefericire, sistemul de monitoring al calitatii solului cu pri-
vire la prezenta acestor reziduuri, executat in 160 stationare, inca eviden-
tiaza, in unele locuri, unele continuturi peste limitele admisibile (Radules-
cu si colab., 1993).

Aceasta situatie precara a calitatii solurilor din Roménia si nu numai
in aceasta tara, se datoreste, din nefericire, in cea mai mare parte, siste-
melor de agricultura practicate pana in prezent, cunoscute sub termenul
generic de "agricultura conventionala”. Intr-adevar, agricultura conven-
tionald, cu toate contributiile ei la progresul social, trebuie sa recunoas-
tem, a adus gi daune serioase calitatii solului si mediului Tnconjurator
(Rauta si Carstea, 1983). De exemplu, se afirma (Pavan, 1995) ca
practicarea acestei agriculturi a dus la deteriorarea si desertificarea a
mai mult de 43 % din suprafata uscatului si la afectarea fertilitatii pe
aproape 90 % din solurile lumii.

Ca raspuns la intreaga suitd de neajunsuri ale agriculturii conven-
tionale, oamenii de stiinta au trecut la experimentarea altor sisteme de
agricultura, cunoscute sub termenul generic de "agricultura alternativa”
(Parr si colab.,) pe care Consiliul National de Cercetari din SUA (US
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National Research Council, 1989) a definit-o ca un sistem de imbunata-
tire a eficientei prin practici menite sa promoveze protectia, amelio-
rarea si valorificarea superioara a resurselor de sol gi apa, utilizarea
integrala a ingragsamintelor, mai ales a celor organice, si reciclarea
deseurilor si reziduurilor. De fapt, una din misiunile speciale ale agri-
culturii alternative este imbunatatirea calitatii solului la toti parame-
trii, solul capatand, in aceste conditii, prin calitatea imbunatatita
corespunzator, rolul de "pivot cheie” al trecerii de la agricultura
conventionala la agricultura durabila. Cu alte cuvinte, agricultura
alternativa constituie numai strategia de tranzitie, telul ei fiind tocmai
crearea premiselor pentru trecerea la agricultura durabila, singura
capabila sa intruneasca cele patru cerinte fundamentale: (l) securi-
tatea alimentara, (2) locuri de munca si producere de venit pentru
agricultori, (3) protectia, ameliorarea si utilizarea durabila a resur-
selor si (4) participarea larga, cu putere de decizie, a populatiei. De
altfel, in Legea din SUA "Food, Agriculture, Conservation, and Trade
Act of 1990” (US Congress, 1990), agricultura durabila este definita
ca un sistem integrat de practici de productie vegetala gi animala, cu
aplicarea la specificul local, care, pe termen lung, asigura satisface-
rea cerintelor umane de alimente gi alte produse agricole, imbunata-
tirea calitatii mediului inconjurator gi a bazei de resurse naturale,
utilizarea cu maxima eficienta ecologica si economica a resurselor
nereinnoibile, integrarea, unde este cazul, a ciclurilor si combaterii
biologice naturale, imbunatatirea calitatii vietii agricultorilor gi intre-
gii populatii umane.

Promovarea dezvoltarii agriculturii durabile, Th acest context, are un
rol de importanta fundamentala pentru ca, pe de o parte, asigura creste-
rea de disponibilitati alimentare, la preturi accesibile masei de consuma-
tori, iar, pe de alta parte, este principalul motor al progresului pentru popu-
latia rurala saraca.

in prezent, este unanim recunoscut c& foametea si malnutritia sunt
consecintele unui ansamblu complex de cauze, dintre care unele, printre
cele mai importante, sunt legate de agricultura. si, nu Tn mai mica masura,
de calitatea solurilor pe care se obtin produsele agroalimentare. Toate
aceste cauze pot fi influentate, intr-un mod marcant de politicile aplicate.
De aceea, daca se doreste sa se elaboreze politici eficace privind secu-
ritatea alimentara, este necesar sa se inteleaga bine legaturile dintre se-
curitatea alimentara, nutritie gi calitatea solului, ca si toti determinantii unei
bune nutritii.
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Importanta calitatii solului pentru ameliorarea nutritiei se dato-
reste, in primul rand, rolului sau principal in producerea de produse
agroalimentare in cantitatile i de calitatile dorite si, in al doilea rand,
rolului pe care solul 1l joaca in natura ca factor fundamental de care
depind multiplele functii ale mediului inconjurator, benefice pentru
calitatea alimentelor, a vietii omului.

Asadar, este necesar ca, inainte de a se pune in practica masurile
durabile de ameliorare a nutritiei, s se raspunda la un numar de conditii
prealabile, deoarece masurile concrete de rezolvare a problemelor nutri-
tionale ale Romaniei variaza mult in functie de situatiile specifice locale. In
cazul Romaniei, chiar solul ridica o serie de probleme de ordin calitativ
foarte grave, cu implicati foarte serioase asupra calitatii alimentelor, la
care inca nu s-a raspuns in masura cuvenitd. In acest sens, este impe-
rativ ca organizatiile guvernamentale, in special Ministerul Agricul-
turii, Padurilor, Apelor si Mediului, ca gi toti cei interesati gi, mai ales,
cei responsabili de ameliorarea nutritiei in Roménia, sa acorde
atentie deosebita protectiei si ameliorarii calitatii solului, ntr-un
cadru bine definit si coordonat la nivel national, judetean si local. Cu
alte vorbe, protectia gi ameliorarea calitatii solului trebuie sa-gi aiba
locul cuvenit in strategiile nationale privind mobilizarea ansamblului
de interese in sectorul alimentatiei i agriculturii, astfel incat masu-
rile privind securitatea alimentara gi ameliorarea nutritionala sa fie
convergente in efectele lor, intr-un mod durabil. Este de asteptat ca
progresele realizate prin aplicarea acestor strategii sa fie mai rapide, daca
toate eforturile consacrate ameliorarii nutritiei i securitatii alimentare sunt
coordonate printr-o structura cat mai simplificata si indreptata, efectiv,
spre solutionarea problemelor prioritare. Totodata, in aceasta privinta,
trebuie sa se admita faptul ca garantarea tuturor, in orice moment, cu o
nutritie ameliorata si suficientd depinde esentialmente de diferitii partici-
panti din sectorul neguvernamental, mai ales cei din domeniul imbuna-
tatirilor funciare gi producerii de produse agroalimentare.

Organele nationale responsabile de actiunea lansata pe tema "hra-
na pentru toti” trebuie sa fie printre cele mai bine plasate pentru monito-
rizarea situatiei alimentare si nutritionale la scara nationala, judeteana si
locala, inclusiv monitorizarea calitatii factorilor care contribuie la buna sta-
re a acestei situatii, intre care calitatea solului si apei trebuie sa se bucure
de deosebita atentie.

Cercetarile executate in domeniul gtiintei solului, in Romania,
au jucat un rol crucial in dezvoltarea agriculturii, contribuind la cre-
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sterea productiei agricole in scopul satisfacerii cerintelor de hrana
ale populatiei. Tehnologiile elaborate de cercetare s-au dovedit deosebit
de fructuoase pentru cresterea productiei de produse agroalimentare,
contribuind, totodata, efectiv, la ameliorarea durabilitatii utilizarii resurselor
de sol si a mediului inconjurator.

In ciuda acestor provocari pe care le ridica securitatea alimen-
tara, in prezent, in Romania, Tnvestitiile in cercetarile in domeniul
stiintei solului, In favoarea sporirii productiei de alimente si dez-
voltarii rurale, au scazut ingrijorator in ultimii ani, desi sunt evident
de clare marile contributii ale acestor cercetari pentru dezvoltarea
durabila a economiei nationale. Este de agteptat sa se asigure atat
reforma legislativa si institutionala, cat si finantarea corespnzatoare,
astfel incat programul de cercetari in domeniul stiintei solului sa
poata raspunde, eficient i in termen util, la rezolvarea problemelor
actuale si in perspectiva privind securitatea alimentara, reabilitarea
resurselor naturale deteriorate, dezvoltarea rurala, protectia gi ame-
liorarea mediului Tnconjurator.

Sistemul national roman de cercetari in domeniul stiintei solului
este si trebuie sa fie, in continuare, piatra unghiulara a sistemului na-
tional de cercetari agricole. El poate sa fie responsabilul Tnvestigatiilor
stiintifice privind o serie de probleme majore ale productivitatii solului gi
utilizarii durabile a acestuia.

Data fiind natura variata a conditiilor ecologice si specificitatea
lor determinata de conditiile locale ale micilor agricultori, ca si de
problemele privind gestiunea resurselor naturale, institutiile stiin-
tifice implicate in agricultura trebuie sa joace un rol tot mai activ ca
interfata intre cercetare, pe de o parte, si agricultori gi ceilalti utiliza-
tori ai resurselor naturale ale agriculturii, pe de alta parte. Succesul
sistemului de cercetare depinde de soliditatea capacitatii nationale a
cercetarii, completata de un mecanism adecvat si eficace de transfer
tehnologic si extensie, in cadrul caruia oamenii de gtiinta trebuie sa-
si asume o responsabilitate bine definita.

Atitudinea agricultorilor fata de noile descoperiri variaza foarte mult.
Unele noutati stiintifice sunt insusite si aplicate foarte rapid, cum este
cazul pesticidelor, noilor soiuri etc. Dar, din nefericire, in Romaénia,
milioane de agricultori detin suprafete mici de teren gi nu au timp si
nici experienta sau educatia profesionala necesara pentru a prelua si
utiliza operativ gi eficient rezultatele activitatii stiintifice, nici nu au
puterea economica pentru a putea cumpara substantele chimice in
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scopul cresterii fertilitatii si calitatii solului (Rauta si colab., 1997).
Sprijinirea unor asemenea agricultori in aplicarea rezultatelor stiintifice va
necesita, adesea, tot asa de multe idei pe cat cercetarea insasi va fi
implicata in aceasta actiune.

Problemele abordate de cercetare in imunatatirea fertilitatii solului,
sporirii productiei agricole sunt in evidenta schimbare. Pana de curand,
erau, predominant, de ordin fizic si chimic, avand in vedere fertilizarea,
tratamentele chimice si lucrarile solului. Dar acum, se pune, tot mai
presant, problema cercetarilor pentru eliberarea agricultorilor de
restrictiile de ordin biologic cu privire la culturile pe care le pot
cultiva pe terenurile de care dispun. Substantele chimice folosite acum
pentru rezolvarea problemelor biologice vor fi, fara indoiala, imbunatatite
in continuare si facute mai specifice si mai ieftine, asa incat va deveni mai
posibil sa se realizeze culturi sanatoase, libere de boli si daunatori si,
totodata, sa se reduca, substantial riscul potential de poluare a solului gi
produselor agroalimentare. Totusi, succesul final poate sa nu implice sub-
stantele chimice folosite in prezent pentru combaterea agentilor patogeni.
Mijloace de combatere mult mai delicate si precise si, probabil, mai ieftine,
pot deveni posibile cand se vor cunoaste mai bine mecanismele naturale
care combat agentii patogeni si impiedica parazitii sa elimine gazdele lor.
Daca aceste mecanisme naturale de combatere biologica pot fi indreptate
spre a favoriza obtinerea de culturi de calitate, agricultorii vor avea un nou
mijloc puternic de a obtine maximum de recolta de calitate dorita de la cul-
turile cele mai dorite. Noile metode de combatere a bolilor si daunatorilor,
bazate pe aceste mecanisme ar putea sa faca sa para, intr-adevar, ca
foarte necorespunzatoare metodele prezente care otravesc mare parte
din viata din sol prin reziduurile substantelor chimice neselective i, direct
sau indirect, afecteaza calitatea alimentelor gi furajelor. Dar utilizarea pe
scara larga a combaterii biologice reclama mult mai multe cunostinte
asupra proceselor implicate.

Se apreciaza ca o trasatura generala, comuna a cercetarii agri-
cole, care pare a fi valabila gi pentru Romania, ca o proportie mult
prea mare a cercetatorilor din agricultura se cantoneaza in inve-
stigatii "fundamentale” ale unor aspecte foarte inguste din subiectul
lor de cercetare gi nu sunt suficient de preocupati sa vada cum rezul-
tatele lor se incadreaza in ansamblul unui sistem de productie agri-
cola. Aceeasi problema se pune in legatura cu implicatiile interactiunilor
dintre aspectele biologice, chimice si fizice ale fertilitatii solului care
trebuie cercetate de specialisti in diferite discipline stiintifice. Nu este
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suficient numai sa se cada de acord, formal, asupra dorintei de lucru in
cooperare, intr-o abordare interdisciplinara, si totul sd se opreasca la
aceasta, deoarece 0 reala cercetare interdisciplinara poate sa duca la
formularea de noi obiective in ceea ce urmeaza sa se indeplineasca.
Granitele dintre stiinte trebuie sa fie traversate de fiecare cercetator in
parte. Pe masura ce o vor face, cercetatorii vor intelege mai bine natura
fertilitatii solului care, prin ea insasi, este rezultatul efectelor activitatii
multor feluri de organisme vii gi procese fizice gi chimice care actioneaza
asupra materialelor parentale inerte din care este format solul. De
asemenea, isi vor crea o mai buna viziune asupra rolului solului in
obtinerea de produse agroalimentare da calitate corespunzatoare.

Securitatea alimentara a Romaniei trebuie sa releve responsa-
bilitatea guvernului in colaborare cu autoritatile locale si grupurile si
persoanele fizice interesate. Politica macroeconomica i strategia
dezvoltarii durabile corespunzatoare privind securitatea alimentara
in Romania trebuie sa fie asociate cu un program national privind
protectia, ameliorarea si utilizarea durabila a resurselor de sol ale
natiunii. In legatura cu aceasta, este de asteptat ca-si va gasi finali-
zarea corespunzatoare intr-o initiativa a Ministerului Agriculturii, Pa-
durilor, Apelor si Mediului pentru a elabora si supune parlamentului
un proiect de lege privind protectia, ameliorarea si utilizarea durabila
a solurilor.

Unul din cele mai bune instrumente pe care comunitatea
nationala le-ar putea pune in opera in favoarea calitatii alimentelor gi
securitatii alimentare ar fi un program national de cercetari agricole
privind securitatea alimentara, in sensul cel mai larg, pregatit si
realizat cu grija cuvenita si sustinut efectiv, cu larga participare, de
toti factorii interesati din sectorul public i particular, acest obiectiv
ocupand un loc major si in preocuparile Academiei de S$tiinte
Agricole si Silvice "Gheorghe lonescu-Sisesti” privind reforma si
restructurarea activitatii de cercetari agricole in Romania.
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PEDOTERENUL, UN CONCEPT INTEGRAT DE SOL
sl TEREN

PEDOTERRAIN, AN INTEGRATED CONCEPT OF
SOIL AND LAND

N. Florea
[.C.P.A. - Bucuresti

Summary

The concept of pedoterrain is conceived as an integrated
territorial entity between soil and land form element and respecti-
vely, between soil cover and land configuration.

The pedoterrain is defined as a (natural) tridimensional trip-
hasic unconsolidated body, support and resource for plant growth,
forming at land surface a distinctive cover with proper configura-
tion. This concept integrates both soil characteristics and land
attributes, implicitly by those of the environment.

The pedotop, as elementary territorial unit of pedoterrain, is
characterized by an uniform configuration and a certain geogra-
phical position and by distinctive functions in the framework of the
terrestrial ecosystems and continental geosystems, more or less
influenced by human activity.

The concept of the pedoterrain proffers a more comprehen-
sive approach of the soil cover, respectivelly a plenteous infor-
mation on topogeographical, geological, lithological and hydrolo-
gical conditions, very imporant for the substantiation of the appro-
piate land use cover and the protection measures. This informa-
tion is also more consistent with the geographic information system.
Key words: soil, land form, integrated spatial approach.

1. Introducere

De indata ce a fost definit solul ca un corp natural aparte si a aparut
pedologia ca gtiinta (sfargitul secolului al XIX-lea, V.V. Dokuceaev, 1846-
1903), studiul solului a dat atentie in primul rénd laturii genetico-geogra-
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fice, respectiv cunoasterii diferitelor soluri de pe glob si a proceselor de
formare a solurilor, ca si raspandirii lor si relatiilor lor cu factorii naturali
(denumiti factori pedogenetici si ulterior factori de stare, Jenny, 1941).

Cu timpul, cercetarea solului s-a dezvoltat, studiile de geneza,
geografia si cartografia solurilor completandu-se cu studii ale solului ca
resursa naturala, mijloc de productie in agricultura si silvicultura, furnizor
de alimente, combustibil si alte materii prime, subsistem al ecosistemelor
terestre sau al geosistemelor continentale. S-au conturat astfel
subdiscipline aplicative ale pedologiei (agricola, silvica, ecologica,
ameliorativa, tehnologica, de protectie, de fertilizare etc).

Studiul Tn scopuri practice al solului si mai ales utilizarea aplicativa,
diversificatd a studiilor despre sol au dus la concluzia ca cercetarea
solului prin intermediul profilului de sol, desi a constituit un pas imens in
progresul stiintei solului (fapt remarcat de C.W. Robinson inca din 1937),
nu este suficienta pentru a putea raspunde multiplelor aspecte de ordin
practic legate de utilizarea solurilor. Ea trebuie completata organic cu
studiul terenului in care este situat solul, a suprafetei pentru care profilul
de sol este reprezentativ, caracterizandu-se ih mod adecvat si unitatea de
teren, implicit variatia Tnsusirilor solului Tn cuprinsul unitatii de teren. De
altfel, studiile pedologice efectuate la noi, denumite si complexe, au luat si
iau Tn considerare nu numai solul, ci si ceilalti componenti ai mediului
ambiant si relatiile cu ei (Florea, 1963, 1977, Teaci, 1970, 1980); unitatile
separate pe harta nu sunt simple unitati de sol, ci unitati de teritoriu sau
de teren in sens pedologic (TEO, respectiv teritoriu ecologic omogen, sau
pedotop).

In studiile la scard mare in Romania, acest mod de cercetare s-a
concretizat in caracterizarea complexa parametrizata a asa numitei unitati
de sol-teren (cu insusiri ale solului propriu zis gi ale conditiilor de mediu
corespunzatoare); aceasta unitate de sol-teren, astfel caracterizata, repre-
zinta de fapt unitatea de mediu natural sau antropizat la suprafata scoartei
terestre. Dupa ani de experienta (in perioada 1970-1985), acest mod de
lucru a fost concretizat in "Metodologia elaborarii studiilor pedologice -
1987” (3 vol.) si sub 0 anumita forma, generalizata, in microzonarile pedo-
geoclimatice sau regionarile pedologice ale teritoriului Romaniei (1989,
1999).

Si la nivel mondial s-a resimtit nevoia completarii hartilor de soluri
continentale sau regionale cu informatii referitoare la conditiile in care
apar, cu date de "teren”. In metodologia "SOTER” (ISRIC, 1990; FAO,
1993) se introduce termenul de teren (terrain) pentru unitati fiziografice
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care includ "componente de teren” si "componente de sol” (ce corespund
de fapt la asociatii de soluri); se considera ca uscatul (land) este constituit
"din entitati constand din o combinatie de teren si indivizi de sol”.
Metodologia "SOTER” urmareste identificarea gi delimitarea (la scari mici)
a ariilor de uscat (land) cu un model distinctiv, adesea repetitiv, de forme
de teren, litologie, forma de suprafata, panta, material parental si sol; se
aseamana deci cu o cartare fiziografica (physiographic soil mapping) in
care se da o pondere mai accentuata relatiilor sol-teren, fata de cartarea
pedologica traditionald. Pentru obtinerea informatiei se folosesc harti
topografice, geomorfologice, geologice si pedologice. Este, deci in primul
rand o baza de date a resurselor de sol.

n varianta romaneasca a acestei metodologii, "ROMSOTER” (Mun-
teanu gi colab., 1998) se grupeaza unitatile de sol in unitati de pedopeisaj
(PLU), iar acestea in unitati mai largi denumite unitati fiziografice (PGU)
separate pe criterii geologico- geomorfologice si avand denumiri geogra-
fice. Ulterior, Munteanu si colab. (2001) elaboreaza o harta digitala de so-
luri si terenuri la scara 1:1.000.000 ca baza de date in care caracteristicile
de soluri sunt completate cu cele de teren dupa metodologia SOTER,
delimitand 728 unitati la nivelul tarii.

Prin urmare, cercetarea solului a evoluat de la studiul naturalistic de
corp natural la studiul naturalistico-aplicativ de sol-teren ca resursa
naturald, indeosebi n agriculturd. In prezent, apare necesar ca studiul
solului sa evolueze ca studiu al unitatilor de mediu natural, mai mult sau
mai putin antropizat, care sa raspunda cerintelor actuale de protectie a
resurselor naturale, in primul rdnd de sol si apa, si sa fundamenteze
masurile si tehnologiile unei agriculturi sustenabile si performante, ca
parte a unei dezvoltari durabile a economiei tarii.

2. Notiuni de pedoteren

Practica curenta a aratat ca orice interpretare de ordin aplicativ sau
recomandare in legatura cu solul referitoare fie la capacitatea de produc-
tie, fie la aspectele ameliorative, fie la prognoza evolutiei sau la masurile
de protectie, nu pot sa fie facute fard sa se cunoasca gi sa se ia in
considerare gi celelalte conditii de mediu, alaturi de caracteristicile solului
propriu-zis. Notiunea de teren, privita nu numai ca intindere (intelesul
curent), ci ca mediu, este foarte utila pentru ca completeaza pe cea de sol
ca corp natural cu aspectele de resursa naturala, ca teritoriu in care are
loc productia de fitomasa.
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De altfel, in vorbirea curentd spunem eroziunea solului, poluarea
solului, protectia solului, dar gi bonitarea terenurilor, amenajarea terenului,
evaluarea terenului sau pretabilitatea lui, in ambele cazuri subintelegéand
n acelasi timp si solul si terenul (pamantul in sens de resursa funciara),
desi in primul caz se pune accent pe sol (organizare verticald), iar in ce-
lalalt pe teren (organizare orizontald). Este, prin urmare indicata folosirea
unui termen care sa sublinieze unitatea indisolubila dintre sol si teren.

Este deci momentul ca sa se dezvolte un concept largit despre sol
care sa integreze nu numai solul cu relieful, aspect subliniat deja (vezi si
Florea si Geanana, 2001 si Motoc, 2002), ci i cu evolutia geologica, cu
comportarea hidrologica si cu modificarile produse de activitatea omului
asupra solului si factorilor de formare ai acestuia. Pentru a marca aceasta
abordare extinsa a solului, ca volum ce ocupa o arie cu anumite caracte-
ristici la suprafata scoartei terestre, denumim pedoteren aceasta cuvertura
superficiala care integreaza solul, topografia, materialul parental si
modificarile antropice cu conditiile bioclimatice gi evolutia lor in timp.

Am putea defini pedoterenul, ca un concept largit de sol, astfel: corp
(natural) tridimensional trifazic neconsolidat, mediu si resursa pentru dez-
voltarea vegetatiei terestre, alcatuind la suprafata uscatului o patura dis-
tinctiva cu configuratie gi organizare proprie.

Sunt integrate Tn acest concept largit atat atributele solului cat si cele
ale terenului ca intindere si configuratie, in ideea de "epiderma” a usca-
tului Terrei. In ceea ce priveste "unitatea elementard” de pedoteren,
aceasta reprezinta un segment din invelisul de pedoteren cu configuratie
uniforma si pozitie geografica proprie, avand functii distincte in cadrul
ecosistemelor terestre si geosistemelor continentale, naturale sau
antropizate.

Formarea invelisului de pedoteren isi are origini foarte indepartate
implicand factorii si procesele interne ale Terrei (tectonica placilor litosfe-
rice, vulcanism etc.) si procesele de suprafata ale Terrei (care presupun
actiunea apei lichide, ghetii, vantului si gravitatiei). in zona de intrepa-
trundere gi interactiune a litosferei, hidrosferei, atmosferei gi biosferei se
desfasoara intens procesele de suprafata determinate de energia solara
si gravitatia universala care interactioneaza in sens contrar cu procesele
de dinamica interna a Terrei; totodata in aceasta zona de interfata au loc
schimburi necontenite de substante i energie intre diferite geosfere. Ca
urmare au loc procese de degradare si alterare a rocilor, de eroziune,
transport si depunere a materialelor transportate, de formare a sedi-
mentelor gi depozitelor de suprafata, de instalare a vegetatiei gi formare a
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solurilor etc.

De indata ce relieful s-a stabilizat, incepe geneza solului (pedotere-
nului) in timp prin evolutia materialului mineral (parental) provenit din alte-
rarea rocilor la suprafata Terrei (ramas pe loc sau transportat), dobandind
configuratie, proprietati i organizare pe verticala sau pe orizontala (la-
teral) ca urmare a interactiunii concomitente, adesea contrare, a proce-
selor complexe pedogenetice si a celor de modelare a scoartei (procese
geologice si reliefogenetice), interactiune determinata de factorii generali
zonali climatici gi biologici modificati local de unele conditii de roca si
relief, la care se adauga din ce in ce mai intens actiunea omului.

Pedoterenul (inclusiv solul rezultat) capata evident infatisari si
caracteristici foarte variate de la un loc (sit) la altul, reflectand cu mare
fidelitate actiunea integrata a tuturor factorilor de mediu care au conlucrat
la formarea sa; unitatile (arealele) de pedoteren (sol) delimitate n teritoriu
(si redate pe harti) sunt de fapt unitati spatiale de mediu geografic (entitati
geografice).

Conceptul de pedoteren, care largeste conceptul initial de sol ca
corp si resursa naturala, rezultat si oglindire a conditiilor de mediu, a fost
astfel dezvoltat incat sa dea atentie mai mare inveligului de sol ca corp
tridimensional la suprafata scoartei si sa abordeze mai clar aspectele
legate de materialul parental, integrate de regula in caracteristicile solului
format, ca si conditiile topografice (care reflecta evolutia geologica si a
reliefului) si implicit conditiile hidrologice foarte importante pentru circulatia
apei gi substantelor in teritoriu gi pentru stabilitatea gi evolutia viitoare a
invelisului de sol (Figura 1). De asemenea, in teritoriile utilizate de om n
diferite scopuri se ia in considerare influenta omului care a devenit in
prezent un factor modificator important al sistemelor naturale, inclusiv al
pedosistemelor.

3. Specificul noii abordari

Noua abordare marcheaza mai clar si pregnant entitatea si unitatea
spatio- temporald, indisolubila, formata din sol + material parental +
topografie + hidrologie care prezinta morfologie, configuratie si dinamica
diferite in diferitele conditii de clima gi vegetatie sau mod de folosinta de
pe glob. Conceptul de pedoteren (sau de pedodomeniu Tn cazul teritoriilor
largi heterogene) serveste mai bine abordarea spatiala accentuand
dimensiunea teritoriala a Tnvelisului de sol si poate constitui un punct de
pornire in dezvoltarea unei pedologii in spatiu si timp (pedoterenologie)
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care sa dezvolte ideea de asamblaj teritorial al invelisului de sol.

Includerea conditiilor topografice gi hidrologice in concept, reflectate
in unitatile teritoriale delimitate, asigura o parametrizare corespunzatoare
a insusirilor hidrologice ale nvelisului de sol (ce depind de topografie, sol,
utilizarea terenului si practica agricola) si o evaluare corecta a circulatiei
apei, nutrientilor si altor substante in teritoriu inclusiv in reteaua hidrogra-
fica, ca si efectuarea de diferite simulari si scenarii bazate pe diferite
modele Tn legatura cu calitatea solului si a apelor.

Noua abordare subliniaza, de asemenea, gandirea actuala in gene-
za solurilor care are la baza un model dupa care invelisul de sol este
rezultatul proceselor pedogenetice anterioare si proceselor pedogenetice
actuale (adesea influentate antropic) pe de o parte si al proceselor geolo-
gice si geomorfologice (care duc la formarea gi evolutia reliefului) pe de
alta parte. Bilantul acestor doua categorii mari de procese se constata in
patura de sol.

Intr-adevar, in prezent solul si invelisul de sol sunt considerate ca un
rezultat (bilant) al actiunii proceselor geologo-geomorgologice (care se
opun formarii solului) si proceselor pedogenetice (Schelling 1970, Florea
1983, 1985), relieful fiind inseparabil de inveligsul de sol, ele evoluand
impreuna (Florea si Geanana, 2000) si determinand rata de evolutie si
stadiul de dezvoltare a solului, ca gi proprietatile lui, regimul de apa si aer,
microclimatul, vegetatia. Topografia, prin forma suprafetei uscatului, prin
inclinarea si expozitia pantei, modifica intre anumite limite conditiile de
clima "zonala” determinand o "asimilare” diferentiata a energiei radiative, o
repartitie neuniforma a apei si curentilor de aer la suprafata uscatului,
influentéand puternic drenajul teritoriului si respectiv al solului, precizandu-
se mai bine regimul termic si hidric al solului. In consecinta, sunt
influentate puternic toate procesele biochimie din sol si respectiv circulatia
materiei si procesele pedogenetice din sol gi deci proprietatile, dinamica si
particularitatile solurilor din diferite situri (locuri), ca si ale intregului invelig
de sol. De asemenea, sunt influentate deopotriva gi procesele geomorfo-
logice care, interferédnd cu procesele pedogenetice, apartin in acelagi timp
si Invelisului de sol (Florea, 2003, sub tipar).

Noul concept ofera o intelegere mai clara a esentei solului in spatiu
si timp. El permite sa se mute accentul de pe studiul punctual al ihsusirilor
solului si proceselor pe profilul de sol, deci pe verticala (corelat cu factorii
de mediu), la studiul invelisului de sol si proceselor ce au loc in teritoriu
deci pe orizontala (lateral), fie transversal, fie chiar transsectorial (in cazul
luncilor si teraselor), tindnd seama totodata de modificarea acestora sub
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actiunea omului.

Conceptul de pedoteren intregeste notiunea clasica de sol imboga-
tindu-i continutul cel putin sub urmatoarele aspecte:

— latura ecologica legata de conditiile dezvoltarii vegetatiei,

— latura tehnologica, referitoare la posibilitatile optime de utilizare a

terenului si cele de lucrare a solului;

— latura economica ce releva capacitatea potentiala de productie si

eficienta de folosire;

— latura geografica, de component al peisajului natural sau antropi-

zat.

n sfarsit, noul concept este compatibil cu sistemul informatic geo-
grafic, cu cerintele dezvoltarii durabile ale economiei i ale protectiei me-
diului, iar dezvoltarea lui este favorizata de progresul realizat in tehnologia
informaticii.

4. Implicatii ale noii abordari

Aceasta abordare integrata sub mai multe aspecte a covorului de
sol atrage dupa sine o serie de implicatii in studiul solului.

In primul rand, in caracterizarea solurilor unui teritoriu se va pune un
accent deosebit si pe aspectele legate de materialul parental, geologie si
roca subiacenta, de topografie, de conditiile hidrologice si hidrogeologice
in diferitele conditii de utilizare a terenurilor gi de influenta antropica,
aspecte esentiale in legatura cu circulatia substantelor, inclusiv a apei, pe
verticala si pe orizontala (pe lateral).

in al doilea rand, clasificarea pedoterenurilor trebuie dezvoltatd
tinand seama de valentele noului concept. Se pare ca este necesara
completarea taxonomiei solurilor cu subdiviziuni ale taxonilor in functie de
formele elementare topografico-hidrologice de teren care formeaza confi-
guratia reliefului (cel putin suprafete plate, versanti, arii depresionare
joase sau vai). Nu trebuie confundata clasificarea pedoterenurilor cu
diferite moduri de "land classification” care sunt grupari de terenuri dupa
pretabilitatea lor pentru diferite utilizari.

Pe suprafetele netede (plate, orizontale) circulatia apei in sol si
odata cu ea a substantelor are loc mai ales pe verticala; pedogeneza pre-
valeaza asupra proceselor geomorfologice care au efecte nesemnifica-
tive, astfel ca se formeaza soluri cu orizonturi bine exprimate in functie de
conditiile climatice.

Pe suprafetele inclinate, circulatia apei gi a substantelor dizolvate
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are loc in sol atat pe verticala cat si lateral prin sol sau prin scurgere la
suprafata dinspre partile inalte inspre ariile joase; pedogeneza interfera cu
procesele reliefogenetice modelatoare de relief. Solurile care se formeaza
in diferite parti ale versantului sunt diferite sub aspect geochimic, litologic
si morfogenetic, cele de pe partea superioara a versantului find mai
grosiere, mai acide si mai subtiri decat cele din partea inferioara.

Pe partile joase de relief neted, slab drenate, apa freatica situata la
mica adancime influenteaza regimul hidric al solului si implicit pedogene-
za, in regiunile cu clima secetoasa aparand chiar soluri saline sau sodice.

Pe versantii abrupti infiltratia apei este redusa, in schimb circulatia
apei gi substantelor la suprafata uscatului este foarte intensa producandu-
se o importanta deplasare de material dinspre partile superioare spre cele
inferioare, de unde poate fi indepartat, partial sau total, prin reteaua hidro-
grafica. Procesele reliefogenetice prevaleaza asupra pedogenezei astfel
ca solurile sunt subtiri si putin evoluate sau chiar lipsesc. Aceste cateva
consideratii subliniaza utilitatea separarii unitatilor de sol integrate cu
relieful.

in al treilea rand, unitatile teritoriale redate pe hartile pedologice tre-
buie sa fie unitati de pedoterenuri (deci delimitate pe criterii de sol, mate-
rial parental, topografie si hidrologie) si grupate atat pe bazine hidrografice
cat si pe regiuni pedogeografice si zone (si subzone) climatice sau pe
microzone pedogeoclimatice, asigurandu-se astfel o informatie mult mai
bogata pentru untitatile teritoriale delimitate pe harta, ce corespunde
cerintelor actuale.

Se elimina astfel deficienta hartilor de soluri care au legenda bazata
pe criterii pedotaxonomice, harti in care solurile igi pierd mult din
continutul informatic al contextului natural zonal sau regional in care apar.
Este util ca pe hartile pedologice sa figureze distinct firele de vale,
cumpenele de apa, suprafetele fara scurgere si suprafetele tabulare
(practic plane-orizontale).

In acest context, asociatiile de soluri corelate cu formele de teren
vor capata o importanta mai mare in exprimarea caracteristicilor inveligului
de sol.

In sfarsit, acest concept largit de pedoteren pune mai clar in evi-
denta existenta a doua directii principale de generalizare-abstractizare:
taxonomica sau tipologica si spatial-teritoriala sau topologica (ori choro-
logica). Prima conduce la taxonomia solurilor si definirea unor taxoni de
referinta (ce pot sa apara in variate contexte geografice) care reprezinta
modele (repere) in diagnoza solurilor (sau pedoterenurilor). A doua con-
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duce la partitia invelisului de sol prin separare de unitati teritoriale distinc-
te pe baza unui set de unitati ierarhice de regionare de diferite ordine cu
variate grade si naturi de heterogenitate.

5. Legatura cu alte unitati teritoriale

Asa cum a fost definit, termenul de pedoteren se utilizeaza in sens
generc, aplicabil la diferite niveluri de generalizare sau complexitate.

Unitatea de sol apare ca o notiune cu sens mai restrans, fara
caracteristici referitoare la mediu. Unitatea de sol-teren folosita la studiile
pedologice la scara mare raspunde in mare masura unitatii de pedoteren,
singura deosebire fiind datd de modul in care este conceputa, ca o
asociere de caracteristici de sol cu cele de teren in primul caz si ca o
entitate organica a caracteristicilor amintite in al doilea caz.

Unitatea elementara de pedoteren corespunde foarte bine unitatii de
TEO sau de pedotop, ca unitate omogena de habitat, deosebirea de mai
sus mentinandu-se gi in acest caz.

Unitatile de pedoterenuri sunt elementele constitutive de baza ale
pedopeisajelor (Figura 2), unitatilor de regionare pedologica sau unitatilor
de (micro)zonare pedogeografica ori pedoclimatica. Caracteristicile lor,
modul lor de distributie n teritoriu si discontinuitatea in heterogenitatea
distributiei lor, sunt principalele criterii de separare a diferitelor unitati
geografice de zonare, regionare etc.

In cazul hartilor la scari mici unitatile complexe de pedoterenuri pot
corespunde chiar pedopeisajelor.

6. Concluzii

Conceptul largit de sol - pedoterenul sau pamantul - integreaza in
mod unitar si intr-un tot solul si materialul parental cu forma de teren si
comportarea hidrologica (configuratia terenului) (Figura 1 si 2). invelisul de
sol (pedosfera) este conceput ca un ansamblu de corpuri tridimensionale
de pedoterenuri care muleaza ca un covor formele de relief, legate intre
ele prin conexiuni genetico-chorologice, a caror distributie Tn peisaj este
logica, nu aleatoare.

Conceptul asigura o abordare aprofundata spatiala a inveligului de
sol si poate constitui un punct de pornire in dezvoltarea unei pedologii in
spatiu si timp (pedoterenologie).

Raspunde mai adecvat cerintelor actuale de valorificare durabila a
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resurselor de sol si de protectie a mediului in care traim, pentru ca asigura
o informatie mai cuprinzatoare gi mai pertinenta despre mediul geografic
si este compatibil cu tehnica informaticii.

Conditii
naturale
Sec_venti qe Areal de Areal de Fo(;';ne
orlzontur.l sol teren .
pedogenetice relief
A
Date punctuale Date despre
despre sol . < depozitele de
( PrOFISOL ) suprafati
4
;
i Date despre Date despre
Ll conditiile conditiile
bioclimatice geologice, litologice
si si
utilizare a terenului hidrogeologice

Areal de
pedoteren

Fig. 1. Schema relatiilor dintre pedoteren, sol, relief, litologie si celelalte conditii de mediu
(inclusiv modificarile antropice).

Are implicatii utile din punct de vedere aplicativ, in clasificarea, car-
tografierea si regionarea solurilor. Acest concept care conduce la delimi-
tarea si separarea de areale cu dinamica geomorfologica-pedologica
specifica la suprafata scoartei cu reflectare in circulatia apei, substantelor
si redistribuirea acestora, in procesele de eroziune si sedimentare, in pro-
cesele de poluare etc., este foarte util din punct de vedere practic pentru
ca evidentiaza aspecte determinante in luarea deciziilor privind utilizarea
optima a terenurilor, in prevenirea unei evolutii negative a suprafetei tere-
stre si in stabilirea masurilor de protectie a mediului.

Se accentueaza ca noul concept nu minimalizeaza rolul climei si ve-
getatie Tn formarea si evolutia solurilor. Dimpotriva, faciliteaza cunoa-
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sterea mai buna a directie gi intensitatii proceselor ce au loc la suprafata
scoartei in insugi mediul geografic, mai mult sau mai putin antropizat, sub
influenta diferentiata a climei si vegetatiei pe diferitele portiuni ale scoartei
terestre.

De asemenea, se subliniaza ca in caracterizarea pedoterenurilor,
studierea solului este si ramane indispensabila deoarece cunoasterea
acestei resurse este esentiala pentru evaluarea posibilitatilor gi cailor de
gospodarire durabila.

Combinatie de - Oricernoziomuri cambice { Clinocernoziomuri | Oricernoziomuri cambice
pedoterenuri de : $i crovofaeoziomuri argice \ calcarice erodate| si piecernoziomuri cambice
\ cumulice

\iVtry,
> -

- ~
“ersgrst

————— linia efervescentei
A, Bv,Bt,AC,C - orizonturi pedogenetice

Fig. 2. Schita unui fragment de invelig de sol care arata organizarea
acestuia pe verticala gi orizontala in raport cu topografia.

1. Cernoziom cambic lutoargilos. 2. (Crovo)faeoziom argic lutoargilos. 3.
(Clino)cernoziom calcaric, lutos, erodat moderat. 4. (Clino)cernoziom
calcaric, lutos, erodat slab. 5. (Pie)cernoziom cambic cumulic lutos,
secundar calcaric. 6. (Ori)cernoziom cambic lutos. Unit&tile de pedotopuri
sunt grupate in schitd in combinatii de pedoterenuri specifice formelor de
relief; intregul fragment de invelis de sol aparfine unui pedopeisaj de
combinafii de cernoziomuri (pedosociafii de cernoziomuri) de camp
loessic cu crovuri si terase, drenat, in cadrul unui bazin hidrografic.
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CONSIDERATII ASUPRA APLICARII CONCEPTELOR
DE ECHILIBRU gl NEECHILIBRU LA SISTEMELE DE
SOLURI*

I. Munteanu

Institutul de Cercetari pentru
pedologie si Agrochimie
Bucuresti

Abstract

The aim of this paper is to analyse the soil system according
to the equilibrum and non-equilibrium concepts (linear and non-
linear thermodynamics) as defined by llya Prigogine and Isabelle
Stanger. The premise is that the physical environment in which
the soil develops is caracterised by a high amount of entropy
(disorder) that, according the second law of thermodynamics,
irreversibly increases in the Universe.

In this context the soil development as a high organised
natural body becomes possible only by import of energy from the
Sun to which the, force of gravity and that brought by rainfall
water has to be added. Because the most part of pedogenetic
processes lead to an increase of the order (e.g, synthesis of new
minerals, soil structure development and soil horizonation)
pedogenesis may be viewed as anti-entropic process. This fact is
not conflictual to the second law of thermodynamics since the
order created by soil development has a local and temporal
character and does not change the ever increasing general trend
of the universal disorder. As an open system the soil maintains
its equilibrum through matter and energy exchange with the
environmeat. The entropy created by the loss of energy through
internal soil forming processes "flows into the neibourghoods”.
Thermodinamically, the soil has to be viewed as an integral part

*Lucrare prezentata la cea de a XVll-a Conferintd a SNRSS de la Timigoara
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of the environment from which whitdraws its existence. It can’t
separated from the external fluxes of matter and energy which it
transforms continuously. A special emphazis is given to the use
of "steady state” concept for defining soil equilibrium. The main
conclusion is that the, "stade state” concept has to be cautiously
used and limited only to that lag of time with high stability of the
state factors, mainly climate and geomorphology. Thus «Steady
state" appears as illusory or ephemeral when related to the
geologic time scale.

From pragmatic point of view the work concludes that soil
is a dissipative structure subordonated mainly to the chaos laws,
and the different soil degradation processes have as background
the general state of thermodynamic non-equilibrium generated by
the non-linear character of state factors, especially by climate.

Achieving progresses as concern knowledge of soil thermo-
dynamics, from the point of view of equilibrium concepts appears
as an important mean for predict and understand soil behavior
under the impact of ever increasing human pressures to which
those generated by the ongoing climate change have to be
added.

Key words: equilibrium, non-equilibrium, soil, systems,
thermodinamics.

Introducere

Din punct de vedere sistemic, pedosfera este o colectie de sisteme
deschise care functioneaza ca interfata dintre atmosfera, litosfera, bio-
sfera si hidrosfera, sisteme care sunt supuse continuu $i cu o intensitate
crescanda diversilor agenti perturbatori, naturali sau antropici. Cu toate
acestea, omul priveste solul ca unul dintre cele mai stabile componente
ale landsaftului (peisajului), suportul celorlalte componente ale ecosiste-
melor terestre. Este intr-adevar stabilitatea o insusire primordiala a solu-
lui? Sau solul este un sistem de ne-echilibru gi interventia agentilor pertur-
batori nu face decéat sa declanseze anumite tensiuni preexistente care
favorizeaza dezvoltarea proceselor de degradare ale resurselor de sol,
procese care in prezent preocupa majoritatea statelor lumii si forurile
internationale, FAO, UNEP s.a.

in lucrarea de fata se incearca discutarea problemei stabilitatii siste-
melor de sol prin prisma conceptelor sistemelor de echilibru definite de J.
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Prigogine si Isabelle Stenger (1990), concepte din ce in ce mai frecvent
utilizate pentru descrierea fenomenelor naturale si sociale. Subiectul are
multe necunoscute, dar punerea problemei poate facilita dezvoltarea unor
cercetari ulterioate care, dupa, parerea autorului, vor contribui la o mai
buna intelegere, a modificarilor sistemeler de sol sub impactul schim-
barilor climatice globale conjugate cu cresterea continua a presiunii
factorilor antropici.

Problema abordatad este destul de larg dezbatuta in literatura.
Smeck, Runge gi Macintosh (1983) analizeaza dinamica sistemelor de sol
sub aspect termodinamic gi cinetic. Contributii importante privind dinamica
sistemelor de sol inclusiv stabilitatea acestora sunt aduse de R.W. Arnold
(1992), J.H. Huddleston (1992), I. Baham (1992), N. Florea (1983), N. Flo-
rea si colab. (1996) s.a.

1. Notiuni de termodinanica

Deoarece la sistemele de sol sunt partial aplicabile si unele legi din
termodinamica se considera necesara o scurta trecere in revista ale prin-
cipalelor caracteristici ale acestui domeniu.

Conform datelor din literatura (dictionarul Oxford, 1990 si Valcu,
1982), termodinamica are ca obiect studiul legilor care guverneaza
transformarea energiei dintr-o forma in alta, directia in care curge caldura
si accesibilitatea energiei (energie disponibild) pentru lucru mecanic. Ter-
modinamica ia in considerare energia totala cinetica si potentiala a unui
sistem, a atomilor si moleculelor de orice fel care poate fi transferata direct
sub forma de caldura, de aceea conceptul exclude energia chimica si
nucleara.

Termodinamica cuprinde trei (dupa unii auitori patru) legi sau prin-
cipii fundamentale din care numai primele doua prezinta relevanta pentru
intelegerea functionarii sistemelor de sol. Legile a lll-a gi a IV-a nu au
importanta in cazul soluluit.

!Legea a lll-a (Walter Herman Nerst, 1906) sau legea zeroului absolut afirma ca
orice miscare moleculara inceteaza la 0°C Kelvin (-273'C). La 0 absolut schim-
barea entropiei totale are valoare 0 si orice proces inceteaza.

Legea a IV-a sau legea O a termodinamicii stipuleaza ca daca doua corpuri sunt
in echilibru termal cu al lll-lea, atunci toate trei sunt in echilibru unul fata de
celalalt.
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Prima lege sau legea conservarii energiei (Herman Helmholtz, 1847)
afirma ca energia nu poate fi distrusa nici creata, iar cantitatea de energie
din Univers este constanta. Sau, intr-o altd formulare variatia energiei
(DU) dintr-un sistem neadiabatic de masa constanta este egala cu suma
fluxului de caldura (Dq) si lucrul mecanic (W) efectuat. Prin conventie, W
are semn pozitiv cand este efectuat asupra sistemului si negativ cand
este efectuat de sistem:

DU=Q +W

n sistemele in care nu este efectuat un alt lucru mecanic decat cel
de presiune- volum (pDV) in mod conventional se introduce un alt termen
ENTALPIA (H). Entalpia poate fi gandita ca un indicator al continutului
relativ de caldura si este definita prin relatia:

H=U+pV

unde H este entalpia, U este energia interna a sistemului, p este presiu-
nea gi respectiv V, volumul. Intr-o reactie chimica desfasurata in atmosfe-
ra asa cum sunt reactiile chimice din sol, presiunea ramane constanta si
entalpia reactiei DH este egala cu DU + pDV. Pentru o reactie normala DH
este considerata negativa si invers pentru una endoterma. Prin conventie
0 entalpie cu valoare zero este atribuita elementelor in starea lor stabila si
in conditii standard (25°C si o atmosfera presiune).

Prima lege a termodinamicii privegte sitemele izolate si are putina
aplicabilitate in cazul solului (la nivelul moleculelor gi cristalelor). Totusi ea
poate fi folosita pentru a determina cantitatea de energie dintr-un sistem,
cantitatea de caldura pierduta si eficienta sistemului (Smeck si., 1983).

Cea de a ll-a lege (Rudolf Clausius, 1852) statuiaza ca in proces are
loc o pierdere de energie si caldura, fapt ce determina existenta unui sens
unic de transformare a sistemelor fizice. Conform acestei legi sistemele
izolate? vor atinge spontan starea de echilibru, respectiv starea de energie
minima. Dupa Prigogine si Stenger (1990) aceasta lege exprima imposi-
bilitatea anumitor procese spre ex. tranferul de caldura de la o sursa rece
la una fierbinte. Pentru cuantificarea celei de-a doua legi a termodinamicii
este introdus conceptul de ENTROPIE (S) care este 0 masura a cresterii
energiei inaccesibile dintr-un sistem fizic pentru a produce lucru. Intr-un

2Prigogine (1961) distinge trei tipuri de sisteme: a) izolate care nu pot schimba
nici energie nici materie; b) inchise care pot schimba energie, dar nu gi materie;
c),deschise care pot schimba atat energie cat si materie.
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sistem inchis o crestere a entropiei este insotitd de o descrestere a
energiei accesibile. Intr-un sens mai larg, entropia poate fi interpretata si
ca 0 masura a dezordinii dintr-un sistem. Entropia creste pe masura ce
dezordinea din sistem creste. intr-un sistem izolat, pentru un proces
reversibil DS = 0, Tn timp ce pentru un proces ireversibil (spontan), DS > 0.

Un sistem izolat cum este universul, entropia nu poate niciodata
descreste si determina ireversibilitatea naturii. De aceea entropia a fost
egalizata cu sageata timpului (Prigogine, 1990)3.

Pentru a defini echilibrul cand este realizat un compromis intre ten-
dinta de entropie maxima si energie minima a fost introdus conceptul de
energie libera GIBBS (G)* care este méasura abilitatii (capacitatii) sistemu-
lui de produce lucru si este definita de ecuatia:

DG = DH - TDS

in care G reprezinta energia eliberata sau adsorbita intr-un proces rever-
sibil la presiune constanta si temperatura constanta (T), H este entalpia,
iar (S) este entropia sistemului. Din aceasta ecuatie rezultd ca daca
entropia creste si entalpia descreste va rezulta o sarcind negativa de
energie libera. Reactiile apar spontan pana ce energia libera atinge mini-
mum; la echilibru DG = 0; Daca DG este pozitiv reactia va aparea numai
daca sistemul este alimentat cu energie pentru a-l deplasa din pozitia de
echilibru. Daca DG este negativ reactia va aparea spontan in migcarea
sistemului catre energia minima.

Ca si valorile DH, valorile DG sunt raportate la starea cea mai stabila
a unui sistem, la o temperatura standard si la o presiune standard atri-
buindu-li-se valoarea zero.

Folosind energiile libere standard Robie si Waldbaum (citati de
Smeck si colab., 1983) au aratat ca se pot constitui diagrame de stabili-
tate pentru multe serii de minerale din soluri. Totusi fiabilitatea valorilor DG
este complicata de compozitile chimice variabile a multor minerale cum
sunt smectitele si cloritele care dau energii libere variate.

3Tendinta generald de crestere a entropiei (dezordinei) pe masura pierderii de
energie, este aplicabila in general sistemelor Tnchise. Un sistem deschis,
respectiv unul care are capacitatea de a prelucra energia din exterior, poate fi
autosustenabil si se poate dezvolta pentru a deveni mai complex. Astfel, parti
individuale ale lumii pot fi "in Tncalzire”, in timp ce universul n totalitate — care
prin definitie este un sistem Tnchis — este «in racire” (Mel Thompson, 2001).

“Dupa numele decoperitorului: J.W. Gibbs, chimist american (1839-1903).
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2. Premizele lucrarii

a) Mediul fizic in care se dezvolta solul este caracterizat printr-o
mare cantitate de entropie (dezordine) care conform celei de a ll-
a legi a termodinamicii creste ireversibil in univers.

b) Dezvoltarea solului, ca un corp natural cu inalta organizare, ca si
dezvoltarea organismelor vii, este posibia numai prin import de
energie de la soare, la care, in cazul solului, se insumeaza si
forta gravitatiei. La aceste doua surse de energie N. Florea
(1983) adauga si apa ce intra in sol, care avand entropie joasa
diminueaza entropia solului.

c) Intrucat actioneaza in sensul reducerii dezordinei pedogeneza
este in esenta un proces anti-entropic.

d) Solul este un sistem deschis in care echilibrul este mentinut nu-
mai prin schimb de materie cu mediul Tnconjurator.

e) Factorii de stare (pedogenetici) in care se formeaza solul sunt va-
riabile dinamice independente, cuplate intre ele printr-un termen
ne-linear (clima) care face ca sistemul sol sa fie subordonat
legilor haosului, respectiv termodinamicii nelineare.

f) 1. Prigogine afirma ca atat biosfera in totalitatea ei la fel ca si com-
ponentii acesteia, vii sau morti, exista in conditii nelineare, depar-
tate de echilibru.

3. Solul ca sistem deschis

Dupa Gardner (citat de Swift, 1999) "solul este nu numai mai com-
plex decat ne imaginam, ci chiar mai complex si mai minunat decéat ne
putem imagina”.

Mediul fizic in care se formeaza solul este caracterizat printr-o de-
zordine (entropie) ridicata, care conform celei de a doua legi a termodina-
micii: creste ireversibil Tn Univers. Aceasta ar implica imposibilitatea
aparitiei sistemelor vii care sunt inalt organizate si bogate in energie, gi
prin analogie si imposibilitatea formarii solului, corp organizat si diferit de
materialul (roca) din care s-a dezvoltat (Kurzweil, 1999). Acest fapt devine
posibil numai, prin import de energie si materie in sistem. Sursa principala
de energie este radiatia solara la care in cazul solului se adauga si
gravitatia. Dupa Smeck si colab., 1983, ordonarea materialului parental in
elemente structurale (peduri), orizonturi si pedonuri este datorata fluxurilor
de energie si materie din exterior fapt ce duce la scaderea entropiei.
Radiatia solara tinde sa concentreze prin intermediul factorului biologic,
constituentii solului la suprafata in timp ce gravitatia tinde sa deplaseze
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componentii solubili gi pe cei de suspensie spre baza sau in afara solului.
La fel ca organismele vii, solul repreziata ordinea intr-o lume a
dezordinii. B.K. Ridley (2001) subliniaza ca ordinea este generata
paradoxal de implacabila dezordine a mediului. In acest context existenta
solului este conditionatd tocmai de dezordinea factorilor de stare.
Deoarece se afla in schimb permanent cu mediul inconjurator, respectiv
pierd si primesc energie, ca subsisteme ale ecosistemelor terestre,
solurile sunt sisteme deschise, in sensul definit de Prigogine (1961)°.

Dupa Strahler gi Strahler (citati de A.l. Gerard, 1981), caracteristicile

unui sistem deschis, deci si ale solului, sunt urmatoarele:

1. Sistemul poseda limite, reale sau arbitrare.

2. Sistemul poseda inputuri si outputuri de energie si materie care
traverseaza limitele sistemului.

3. In interiorul sistemului materia poate fi transportata de la un loc la
altul sau proprietatile fizice ale acestuia sunt modificate prin
reactii chimice sau schimbari de stare.

4. Sistemele deschise tind sa atinga un echilibru dinamic "steady
state” (stare stationara) in care rata intrarilor (inputurilor)
egaleaza rata iesirilor (outputurilor) de energie si materie, in timp
ce inmagazinarea de materie si energie raméane constanta.

5. Cand ratele intrarilor (inputurilor) si iesirilor (outputurilor) dintr-un
sistem deschis se schimba, sistemul tinde sa capete un nou
echilibru dinamic. Perioada de schimbare care duce o noua stare
de echilibru este una de tranzitie, iar perioadei de timp implicate
va depinde de sensivitatea sistemului.

6. Cantitatea de energie si materie inmagazinata creste (descreste)
cand fluxul de energie si materie prin sistem creste (descreste).

7. Cu cat este mai mare capacitatea de inmagazinare intr-un sistem
pentru un input dat, cu atat mai mare este stabilitatea sistemului.

4. Tipurile de sisteme definite de Prigogine si Stenger (1990) si
aplicabilitatea lor la sistemul sol:
a) Sisteme la echilibru (at equilibrium systems);

®Desi functioneaza in ansamblu ca un sistem deschis solul este un sistem com-
plex de sisteme, inchise si deschise si cu diverse niveluri de organizare: atomi,
molecule, cristale, agregate structurale, orizonturi, pedonuri si polipedonuri, ca-
tene, pedopeisaje, regiuni (Dijkerman, 1974, Smeck, 1992, Florea si colab.,
1996).
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b) Sisteme la ne-echihbru (non equilibrium systems);

b,) Sisteme apropiate de echilibru (near to equilibrium systems)
echilibru dinamic sau "steady state”, or termodinamica lineara;

b,) Sisteme departate de echilibru (far from equilibrium systems)
sau termodinamica nelineara;

4a) Sisteme la echilibru (at equilibrium systems)

Echilibrul reprezinta starea sistemului in care fluxurile gi fortele sunt
la nivelul 0. Cu alte cuvinte sistemul este intr-o stare statica invariabila,
(DG = 0 si DS =’ 0) unde nu apar procese ireversibile si unde cantitatile
macroscopice ale sistemului raman neschimbate (Denbigh, citat de
Smeck si colab, 1983). Alte criterii ale echilibrului sunt: entalpia (H) si
energia libera (G) ating minimul, iar entropia (S) maximul. Aceste criterii
sunt aplicate numai sistemelor izolate, respectiv intregului univers. in sens
riguros termodinamic, echilibrul, asa cum a fost definit mai sus, nu este un
concept aplicabil pentru un sistem deschis cum este solul. Formarea
solului fiind un proces consumator de energie, entropia creste in timp iar
dezvoltarea solului determina in sistem deplasarea in afara de echilibru
(Smeck si colab., op. cit).

Pe de alta parte Prigogine si Stenger (1990) afirma ca intr-un sistem
inchis in care temperatura este mentinuta constanta prin schimb de
caldura cu mediul, echilibrul nu este definit in termeni de entropie maxima
ci in termenii unei functii similare, respectiv energia libera: HELMHOLTZ®
F = E - TS unde E este energia sistemului si T temperatura (in °K), iar S
entropia. Aceasta formula arata ca echilibrul este rezultatul competitiei
dintre energie si entropie. Cea care determind ponderea acestor doi
factori este temperatura. La temperaturi joase predomina energia si se
formeaza structuri ordonate, spre exemplu cristalele din sol, sisteme care
au entropie slaba si energie inalta. La temperaturi ridicate este dominanta
entropia si deci dezordine moleculara si procese de alternare. Odata cu
temperatura importanta migcarii relativ a moleculelor creste si regularita-
tea cristalului este distrusa. Pe masura ce temperatura creste se trece de
la starea solida la cea lichida si apoi la cea gazoasa. Este important de
retinut ca structurile de echilibru sunt definite la nivel molecular,. Acestea
sunt determinate de interactiunea dintre molecule actionand pe un interval
de ordinul a cca. 1078 cm, acelasi ordin de magnitudine ca diametrul ato-

SFunctie creatd pentru a permite introducerea temperaturii absolute ca variabil&
independenta (Valcu Rodica, 1982).
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milor din molecule care face stabila structura cristalului si determina
caracteristicile macroscopice ale acestuia.

4b) Sisteme la ne-echilibru (non equilibrium systems)

Reprezinta sistemele deschise respectiv sistemele aflate in perma-
nent schimb de materie si energie cu mediul inconjurator. Desi cea de a ll-a
lege a termodinamicii este caracteristica, sistemelor izolate, Prigogine (1961)
afirma ca ea poate fi aplicata si sistemelor deschise, caz in care impre-
jurimile sistemului trebuie considerate ca facand parte din sistemul Tnsugi.
Schimbarea totala in entropia sistemelor deschise poate fi scrisa ca:

DS = DSe+ DSi

in care DSe indica schimbarea de entropie datorita interactiunilor cu
mediul, iar DSi producerea de entropie datorita proceselor ireversibile din
sistem. DSi este intotdeauna pozitiv, in timp ce DSe poate fi atat pozitiv cat

Tabelul 1
Schimbari in entropia solului gi procesele determinante (partial dupa
Smeck si colab., 1983)

Procesul determinant

- amestecarea fizica datorita diferitelor tipuri de
procese induse antropic (de ex. lucririle solului,
subsolaje, destructurarea, compactarea) sau
naturale (pedoturbatii, crioturbatii, bioturbatii);
- aport de material nesolificat cu entropie
ridicatd (coluvierea sau aluvionarea);

- alterarea mineralelor §i mineralizarea materiei
organice;

- eluvierea;

- eroziune, aluneciari;

- diferentierea orizonturilor, dezvoltarea
structurii §i microstructurii,

- acumularea de materie organici, sinteza
compugsilor humici, dezvoltarea
microorganismelor;

- neoformarea (sinteze) de minerale secundare;
- iluvierea (carbonatilor, argilei, sesquioxizilor
si/sau a materiei organice);

- incorporarea de ingrigaminte minerale sau
organice;

- irigatii.

Tipul de entropie

Entropia pozitiva (cresterea
entropiel respectiv a
dezordinii)

Entropia negativa (sciiderea
entropiei cregterea ordinii)
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si negativ. De aceea schimbarea totala de entropie intr-un sistem deschis
poate fi pozitiva sau negativa.

in sistemele deschise, cum sunt solurile, echilibrul este mentinut
numai prin schimbul de materie si energie cu mediul inconjurator. Aceste
sisteme exista tocmai pentru ca sunt deschise. Ele formeaza o parte
integranta a mediului din care igi trag existenta si nu pot fi separate de
fluxurile de materie si energie pe care le transforma continuu.

Schimbarile de entropie DS care pot avea loc in sistemele de sol
sunt sintetizate in tabelul alaturat (tabelul 1).

Deoarece cele mai multe procese din sistemul sol conduc la
cregterea ordinii (formarea de noi minerale, structurare, organizarea, s.a.)
pedogeneza este ih ansamblu un proces antientropic, respectiv de scade-
re a entropei. Aceasta nu contrazice cea de a doua lege a termodinamicii,
deoarece ordonarea creata de pedogeneza are un caracter local si nu
schimba tendinta universala de crestere a entropiei. Scaderea entropiei
prin formarea solului este compensata de "curgerea” acesteia in impre-
jurimi (Smeck si colab., 1983).

Geneza solului si entropia:

Din punct de vedere al entropiei (dezordinei) formarea solului im-
braca aspecte diferite in functie de natura materialelor, rocilor parentale si
varsta solurilor astfel:

- materiale parentale cu entropie - entropia scade prin formarea solului
ridicata (roci sedimentare in general, si organizarea orizonturilor exclusiv
de exemplu loessuri, aluviuni) pe seama surselor externe de materie
si energie;
- entropia creste inifial (prin
distrugerea retelei cristaline a
mineralelor primare si a
descompunerii materialelor organice)
urmati de descresterea entropiei in
faza urmitoare odatd cu formarea
orizonturilor de sol gi sintetizarea de
noi minerale gi/sau compusi organici,
- soluri cu materia parental puternic - creste dezordinea (entropia) odati cu
alterat (in general din zona tropicald) epuizarea rezervei de minerale
alterabile gi descompunerea lor in
elemente chimice; sintetizarea de noi
componenti {(de ex. argila, silice,
caolinit, oxizi de fier gi aluminiu etc.)
poate contracara parfial tendinta
generalid de crestere a entropiei.

- roci parentale cu entropie joasi si
energie inaltd (roci cristaline,
materiale organice)
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La scara termodinamica, in Romania solurile cu cea mai mare
entropie si cea mai joasa energie libera par a fi vertosolurile si protiso-
lurile, la capatul opus se afla spodosolurile conform secventei urmatoare:

Material parental sedimentar + Protisoluri > Vertosoluri > Cambisoluri >
Cernisoluri > Luvisoluri + Spodisoluri

4b,) Sisteme apropiate de echilibru (near to equilibrum systems)
echilibru dinamic sau " Steady State” (termodinamica lineara)

Asa dupa cum s-a aratat anterior, sistemele deschise tind sa atinga
un echilibru dinamic sau "steady state” (stare stationara), in care rata
intrarilor (inputurilor) de energie si materie egalizeaza rata iegirilor; in timp:
inmagazinarea de materie si energie raméane constanta. Acestea sunt
sisteme apropiate de echilibru a caror functionare se bazeaza pe teoria
producerii minime de entropie conform careia, cand conditiile de limita
(spre ex. intervalele de temperatura, fluxurile de meterie) previn sau nu
permit deplasarea sistemului spre echilibru, acesta merge catre starea de
productie minima de entropie, respectiv starea cea mai apropiata de
echilibru. Fluxul de caldura sau materie provenit din mediu determina o
curgere negativa de entropie (deS) care este Tnsd compensata de
productia de entropie (diS) datorita proceselor ireversibile. Variatia in timp
a DS este egala cu 0. Aceasta presupune ca deS = - diS < 0. Un flux
negativ de entropie deS arata ca sistemul transfera entropia inh afara
(entropia "curge” in imprejurimi) determindnd o crestere coutinua a
entropiei mediului Tnconjurator. Acest transfer (curgere) de entropie este
nsa atat de mic incat este compatibil cu conditiile limita impuse de sistem.
Prigogine (op.cit.) arata ca in "steady state” sistemele deschise evolueaza
catre o productie de entropie care egalizeaza pe cea iesita din sistem.
Desi sistemul evolueaza catre o stare stationara, aceasta este in mod
necesar una de ne-echilibru in care procesele disipative apar cu o rata
ne-epuizabila. Entropia sistemului ca si celelalte variabile se mentin insa
constante si independente de timp.

Mentinerea "steady state” prin curentul negativ de entropie este
datorita primirii de catre sistem a mai multd energie decat da in afara sau
prin influx de materie cu mai putina entropie decat materia data in afara

Steady state” (stare dinamic&), nu trebuie confundatd cu starea de echilibru a
solului, a factorilor de mediu, denumita climax (N. Florea, 1996).
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lumii exterioare. In ultimul caz sistemele deschise degradeaza materia i
exporta entropia in scopul de a mentine "steady state”.

Desi nu exista un acord general precum ca "echilibrul dinamic” gi
"steady state” sunt termeni exact interschimbabili®, conceptele sunt
considerate bune, pentru a defini relatiile dintre si din soluri gi dintre soluri
si factorii de mediu (A.J. Girard, 1981). Ambele concepte sugereaza insa
ca intre corpurile de sol si fluxurile externe exista relatii invariante in timp,
respectiv proprietatile solului nu se schimba in functie de timp. In "steady
state" toate starile variabile — entalpia (H), energia libera (G) si entropia
(S) ale sistemului sol sunt independente de timp.

Pe de alta parte Segan si Margulis (1998) afirma ca dinamica liniara
respectiv «steady state” este cel mai bine aplicata la comportarea siste-
melor simple alcatuite din putine entitati, in timp ce sistemele complexe,
deci si solurile, prezinta o termodinamica nelineara.

Smeck si colab. (1983) subliniaza ca in cazul solului (in conditii
neperturbate antropic) influxul de energie si materie este exact suficient
pentru mentinerea constanta a proprietatilor morfologice fizice si chimice,
respectiv procesele constructive (ordinea) balanseaza pe cele dastructive
(dezordinea).

Dupa, aceiagsi autori starea "steady state” se realizeaza la entropii Si

8Dupa N. Florea (1996) “In chimie un sistem n echilibru reprezinta un sistem aflat
intr-o stare care nu poate fi supusa nici unei schimbari spontane. Ca stare la
echilibru orice schimbare infinitezimala care poate avea loc in sistem trebuie sa
fie reversibila, deoarece orice schimbare ireversibila ar conduce la schimbarea
echilibrului initial; reactiile specifice sistemului merg mai departe in directii opuse
Cu aceeasi rata, echilibru atins fiind denumit din aceasta cauza “echilibru dina-
mic”. Tn sol ins& nu toate reactiile sunt reversibile, o buna parte desfagurandu-
se ireversibil. Un exemplu de o asemenea reactie este urmatorul:

Muscovit —— Va ——> mineral intermediar —— Vb ——> illit

d (mineral intermediar) _ 0

dt

Tn care Va si Vb sunt vitezele cu care mineralul de tranzitie se formeaza si se
transforma. O asemenea stare este considerata “stare stationara” sau “steady
state” si nu “echilibru dinamic”. In starea stationard concentratia mineralelor
intermediare sau a compusgilor in tranzitie nu se modifica practic in timp. Pentru
aceasta este necesar ca Va=Vb iar concentratia compusilor intermediari sa fie
mica Tn comparatie cu cea a reactantului si a produsului final. In mod frecvent
aceste reactii sunt insotite de pierderi de baze sau diferite substante care trec in
circuitul geochimic, in mod ireversibil”.
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niveluri de energie diferite in functie de starea initiala a sistemului si de
nivelul influxurilor de energie sau materie. Aceasta inseamna ca solurile
din regiunile umede si calde cu influxuri mari de energie vor atinge "steady
state” la niveluri mai inalte de organizare (entropie joasa) si energie poten-
tiala mai mare decat cele din climatele mai reci sau mai aride. Solurile
supuse levigarii din ariile depresionare sau cele de pe suprafetele plane
orizontale vor avea un nivel mai inalt de organizare deci entropie mai
redusa decat cele de pe versanti sau supuse eroziunii.

Un sol nu poate parasi conditia de "steady state” de producere
minima de entropie prin procese spontane, ireversibile. Se crede ca daca
el deviaza de la «steady state” datorita, schimbarilor in fluxul extern atunci
au loc schimbari spontane interne care readuc sistemul in "steady state”.
Aceasta ofera o anumita explicatie pentru stabilitatea sistemelor de sol
aflate in "steady state” in ciuda variatiilor fluxurilor externe, cum sunt
variatia sezoniera a radiatiilor si precipitatiilor. O explicatie alternativa a
naturii aparent invariante a unor insusiri ale solului este incetineala cu
care anumite insusiri ale solului sunt modificate prin procese pedo-
genetice fapt care la nivelul vietii umane da impresia unei stari stationare
(N. Florea, 1996). in cazul in care mediul se deterioreza incat nu mai poate
furniza suficiente inputuri pedonului pentru a mentine "steady state”
pedonul se degradeaza si devine exportator de energie si importator de
entropie.

Unii autori (Chesworth citat de Smeck, 1983) considera ca "steady
state” este efemera datorita schimbarii constante a fluxurilor externe si
gradientilor termodinamici. Solul s-ar putea gasi intr-o stare de reajustare
constanta la variatia fluxurilor. In acelasi, sens pledeazd de asemenea
Johnson si Watson-Stegner, (1987) - citati de Hoosbeek gi Bryant, (1992)
care subliniaza ca solurile sunt sisteme deschise complexe care se
acomodeaza continuu in grade, scari gi rate variabile de fluxuri de energie
si materie, gradienti termodinamici si conditii de mediu, exogene, schim-
batoare. Pe de alta parte "steady state” ar fi exclusa si prin faptul ca ge-
neza solului este subordonata legilor haosului (Munteanu, 2001) datorita
prezentei a cel putig trei variabile independente (relief, material parental,
vegetatie) legate intre ele printr-un factor nelinear - respectiv clima. La
aceste conditii trebuie precizat insa ca "steady state” nu cere fluxuri
constante ci doar o stare a sistemului independenta de timp. O intelegere
mai clara a "steady state” se putea realiza prin luarea in consideratie a
conceptului de pedoritm (N. Florea, 1996) respectiv variatia anuala sezo-
niera a proceselor pedogenetice in functie de variatia fluxurilor de energie.
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Din aceasta ar rezulta ca de altfel "steady state” are in spate o
compensare statistica a variatiilor intrarilor si iesirilor din sistem, fapt ce
lasa impresia unei invariante in timp.

Smeck si colab. (op. cit.) considera ca existenta "steady state”
implica luarea in consideratie a scarii timpului si a detaliilor parametrilor
sistemului sol. Astfel la microscara micile schimbari, spre ex. a compozitiei
solului sub influenta variatiei precipitatiilor vor elimina existenta "steady
state”. "Steady state” trebuie de asemenea eliminata si cand se considera
scara geologica de timp Tn care au loc schimbari majore (schimbari clima-
tice) in fluxurile externe. Totusi natura invarianta a insusirilor macrosco-
pice ale solului (ca orizontalizarea si proprietatile morfologice) pe perioade
indelungate de timp (sute si chiar mii de ani) ar sprijini existenta "steady
state” la soluri, cel putin in limitele timpului pedologic (10° — 10° ani).

Desi unele soluri se apropie de "steady state” nu toate solurile au
atins insa aceste conditii. Astfel Cline (1961) (citat de Smeck, 1983)
sugereaza ca Alfisolurile sunt doar un stadiu infantil al Ultisolurilor. Alfi
autori sugereaza ca timpul este singura variabila independenta a formari
solului i ca solurile sunt intr-o stare de continua evolutie.

Se pare insa ca in "steady state”, conceputa ca pastrarea invariabila
n timp a caracteristicilor solului, are ca sens in masura in care este rapor-
tata la o anumita stabilitate a factorilor de stare (pedogenetici) in special
cei bioclimatici si geomorfologici. Astfel in zona temperata, in cursul Cua-
ternarului cel putin n ultimul milion de ani, doar 10% au fost perioade
calde favorabile pedogenezei (A. Mannion, 1991). n aceste conditii putine
soluri au putut ajunge in "steady stare”, evolutia lor fiind intrerupta fie de
depuneri de noi materiale, ex. in zonele cu depuneri de loess periferice
calotei glaciare, fie de instalarea de conditii extrem de reci (tundra), fie de
avansarea ghetarilor. Cat priveste solurile actuale din aceasta zona dat
fiind perioada de timp relativ redusa (10 — 12 mii de ani) de la sfarsitul
ultimei glaciatii, este probabil ca unele sa fie in stadii de tranzitie, in timp
ce altele sa fie in "steady state”, Inceptisolurile (Cambisolurile) fiind citate
drept caz tipic pe ambele situatii (Smeck si colab., 1983). "Steady state”
pare de asemenea plauzibila pentru unele soluri din regiunile tropicale,
(Feralsoluri, Plintosoluri) localizate pe structurile cu mare stabilitate
geologica ("cratoane”) unde evolutia solului merge mana in mana cu
lungile cicluri geomorfologice davisiene care insa rareori ajung pana la
capat (R.W. Arnold, 1992). in cazul solurilor Romaniei, In raport cu "steady
state” situatia poate fi rezumata, in felul urmator:
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In steady state

Cernoziomurile: de exemplu in Dobrogea cernoziomul de acum
2.000 de ani, sub Valul Roman de la Constanta este identic cu cel din
campul alaturat (Popovat si colab., 1964).

Solurile brune roscate: dupa datarea cu Cl4 orizontul Bt pare a fi
stabil Tn ultimii 9.000 de ani (Munteanu, 1997).

Podzolurile humico-feriiluviale: care par sa fi atins ultimul stadiu
de evolutie, deci sunt in echilibru cu conditiile actuale nu par sa mai pre-
zinte posibilitati de evolutie ulterioara, in absenta unor modificari majore
ale factorilor de mediu. Intr-o situatie similara pot sa se afle si unele verti-
soluri.

In tranzifie

Cernoziomurile cambice si argice.

Luvosolurile si planosolurile in care odata cu dezvoltarea orizon-
tului Bt, greu permeabil este franata percolarea si deci iluvierea argilei,
simultan cu aparitia procesului de destructie (feroliza) fapt ce poate duce
la formarea de alosoluri sau luvosoluri glosice, respectiv trecerea la o
noua stare de echilibru.

4h,) Sisteme departate de echilibru (far from equilibrum systems)
(termodinamica nelineara)

Conform definitiei datd de Prigogine si Stenger (1990) acestea
reprezinta sistemele in care fluxurile de energie si entropie nu mai sunt
functii lineare. In starea departata de echilibru sistemul poate inca evolua
spre un anumit echilibru dinamic ("steady state”), dar aceasta stare nu mai
poate fi caracterizata in termenii unui potential ales convenabil, spre ex.
productia minima de entropie pentru starile apropiate de echilibru.

Starea sistemului este instabila ncat anumite fluctuatii in loc sa se
regreseze pot fi amplificate si sa invadeze intreg sistemul, obligandu-l sa
evolueze catre un nou regim care poate fi calitativ foarte diferit de starea
stationara corespunzatoare productiei minime de entropie. Aceste sisteme
sunt susceptibile sa scape de tipul de ordine care guverneaza echilibrul.
in cazurile In care este posibila instabilitatea trebuie stabilit pragul sau di-
stanta de la echilibru la care fluctuatiile pot conduce la o noua comportare,
diferita de starea normala, caracteristica sistemelor de echilibru.

In cazul sistemelor de soluri starea de departe de echilibru poate fi
atribuita solurilor ale caror intrari si iesiri de energie si materie sunt deze-
chilibrate in diferite grade: solurile afectate de eroziune activa, solurile
salinizate gi/sau alcalizate, soluri compactate s.a. distanta fatd de starea
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de echilibru (steady state) in aceste cazuri este data de intensitatea de
manifestare a proceselor de degradare. in unele situatii, spre ex. o cre-
stere in intensitate a alcalizarii poate duce la un nou echilibru cu formarea
de soloneturi, eroziunea se poate stabiliza la nivelul de regosol s.a.

Concluzii

Utilizarea conceptelor de sisteme la echilibru si ne-echilibru introdu-
se de Prigogine permit o largire a aplicarii termodinamicii la sistemul sol.

Unele concepte din termodinamica cum sunt entropia si energia
libera sunt utile pentru evidentierea solurilor drept corpuri organizate cu
entropie joasa si energie nalta, opuse tendintei implacabile de dezordine
a mediului terestru. Dat fiind stabilitatea lor morfologica relativ ridicata (mii
sau zeci de mii de ani) unele soluri ar putea fi considerate pentru anumite
perioade de timp ca sisteme apropiate de echilibru, respectiv "steady
state” cu termodinamica lineara".

Pe de alta parte trebuie precizat ca termodinamica lineara este con-
siderata ca specifica mai ales sistemelor simple alcatuite din putine enti-
tati, in timp ce sistemele complexe prezinta o termodinamica nelineara,
departata de echilibru.

Privind din acest punct de vedere aplicarea conceptului de "steady
state” sistemelor de soluri trebuie privitd cu prudenta sau limitata la
anumite perioade de timp, cu uniformitatea ridicata a factorilor de stare.
Steady state apare astfel ca situatie iluzorie sau efemera daca este
raportata la scara geologica de timp.

In plan pragmatic rezultd concluzia cd solul este o structura
disipativa subordonata in special legilor haosului, iar diferitele procese de
degradare ale solului au drept fundal starea de ne-echilibru termodinamic
generata de comportamentul nelinear al factorilor de stare, in special al
climei.

Realizarea de progrese in cunoasterea termodinamicii solului prin
prisma conceptelor de ne-echilibru apare ca un mijloc important de
predictie a comportarii solului sub impactul diferitelor presiuni antropice si
a schimbarilor climatice la care asistam.
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CONTRIBUTIA CERCETARII PEDOLOGICE IN
ACTIVITATEA DE STUDII, PROIECTARE sl
EXPLOATARE A LUCRARILOR DE IMBUNATATIRI
FUNCIARE

A. Canarache
[.C.P.A. - Bucuresti
Introducere

Obiectivul principal al lucrarilor de imbunatatiri funciare este desigur
ameliorarea si prevenirea degradarii solului, a mediului Tnconjurator in
ansamblul lui, constructiile hidrotehnice avand rol de mijloc in vederea
atingerii acestui obiectiv. In acest sens, activitatea de cercetare in
domeniul stiintei solului, de investigare pe teren gi de experimentare in
camp si in laborator, este fara indoiala necesara pentru a contribui la
fundamentarea lucrarilor respective.

In sensul celor de mai sus, proiectarea si exploatarea amenajarilor
hidroameliorative solicita studii pedologice specifice pe terenurile
respective, bazate pe astfel de cercetari. Adoptarea de decizii la nivelul
politicii generale privind aceste lucrari este necesar a se baza pe
cunoasterea extinderii la nivelul tarii a proceselor si a riscurilor de
degradare a solului. De asemenea, solutile de remediere a factorilor
limitativi ai productivitatii solului rezulta in special din cercetari adecvate,
inclusiv din cercetari din domeniul stiintei solului.

Lucrarea de fata isi propune sa faca o scurta prezentare a rezul-
tatelor obtinute in scopurile anterior mentionate. Sinteze in aceeasi pro-
blema au fost publicate anterior de Florea si colab. (1988, 1989, 1994), de
Florea (1999) si de Florea si Dumitru (2002)*.

Perioada 1966 - 1969, in care cercetarea pedologica si cea de
Tmbunatatiri funciare au functionat in cadrul aceluiasi institut, condus de
M. Botzan, ca gi participarea in anii 80 a unui reprezentant al Institutului

*Aici si Tn cele ce urmeaza, din lipsa de spatiu, se citeaza numai o parte a nume-
roaselor tratate, comunicari stiintifice, instructiuni si articole publicate
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de Cercetari pentru Pedologie si Agrochimie la Comisia de avizare a
proiectelor de imbunatatiri funciare din cadrul DIF, au contribuit desigur la
mai buna colaborare a acestor doua activitati.

Elaborarea studiilor pedologice necesare amenajarilor de
Tmbunatatiri funciare

Cunoasterea invelisului de soluri gi proprietatilor acestora a fost in
atentia specialigtilor hidroamelioratori, intr-o masura mai mult sau mai
putin explicita $i organizata, inca de la inceputurile activitatii respective.
Odata cu dezvoltarea acestei activitati elaborarea de studii pedologice a
fost intensificata, iar inca de la infiintarea ISPIF s-a constituit in cadrul
acestuia o grupa de lucru de specialitate.

Intr-o prima perioada aceste studii au preluat in cea mai mare parte
metodologia de cartare pedologica generalda, completand-o cel mult cu
unele concluzii gi recomandari cu caracter de expert. Este de mentionat,
pentru primii ani de dupa razboi, activitatea desfasurata in cadrul unui
colectiv special constituit la Academia Roméana, concretizata prin cartare
pedologica in zona Buzau (N. Cernescu, N. Bucur, M. Motoc si altii), unde
s-a pus accentul pe probleme de eroziune, precum si studiile pedologice
din 1949 - 1950 efectuate in bazinul hidrografic al Canalului Dunare -
Marea Neagra (M. Motoc). in vederea fundamentarii proiectelor de irigatie
s-au efectuat primele determinari de indici hidrofizici ai solului (Botzan si
Merculiev, 1956).

In anii urmatori metodologia de elaborare a studiilor pedologice
necesare pentru fundamentarea lucrarilor de hidroamelioratii a fost perfec-
tionata si adaptata specificului cerut de utilizarea ei in proiectarea i
exploatarea acestor lucrari. Ea a fost concretizata in instructiuni specifice
(ISPIF, 1979a, 1979b), instructiuni ulterior completate prin colaborare
inter-institutionala (ICPA, ISPIF, IGFCOT, 1983), iar apoi imbunatatite si
incluse in metodologia generala de cartare pedologica (ICPA, 1987).
Metodica analizelor de sol, de teren si laborator, a fost publicata de
Obrejanu gi colab. (1864).

in baza metodologiilor mentionate au fost elaborate in diferite etape
aproape o mie de studii pedologice acoperind circa 4 milioane de hectare.
Studiile au fost efectuate atat de colectivul de specialitate din ISPIF, cat si
de ICPA si de Oficiile Judetene pentru Studii Pedologice si Agrochimice.

Metodologia respectiva, are la baza elaborarea de harti de soluri
clasice, la scari foarte mari, mari sau mijlocii in functie de tipul de proiect
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prevazut si de complexitatea pedologica a teritoriului respectiv. Hartile de
soluri sunt insotite de analize de teren si de laborator pentru profile
reprezentative. Studiile pedologice clasice sunt completate cu elemente
suplimentare specifice cerintelor proiectarii si exploatarii amenajarilor
hidroameliorative. Astfel, fiecare unitate de teren separata pe harta pedo-
logica este caracterizata printr-o formula care cuprinde 5 nivele de infor-
matie: clasa de pretabilitate, subclasa gi grupa de factori limitativi, sub-
grupa definita prin elemente specifice de sol si districtul hidrofizic.

Pentru orice tip de lucrari hidroameliorative se definesc 6 clase de
pretabilitate, de la clasa | a terenurilor fara limitari pana la clasa a Vl-a a
terenurilor cu limitari extrem de severe si ca atare neameliorabile. Criteriile
de definire a claselor de pretabilitate sunt desigur diferentiate in functie de
natura lucrarilor de imbunatatiri funciare considerate: combaterea eroziu-
nii, irigatie, desecare-drenaj etc. Este de mentionat ca forma actuala, a
metodologiei necesita probabil unele modificari in sensul definirii mai clare
a doua notiuni apropiate, dar totusi diferite: necesitatea lucrarii hidroame-
liorative respective si pretabilitatea terenului pentru executarea acestei
lucrari.

in ceea ce privegte subclasele, ele sunt definite in functie de natura
factorilor limitativi specifici pentru studiile pedologice destinate diferitelor
tipuri de lucrari. Astfel, pentru lucrarile antierozionale se iau in considerare
riscul de eroziune de suprafatd, de adancime si/sau al alunecarilor de
teren, precum si uniformitatea terenului si excesul de umiditate care poate
aparea pe unele terenuri in panta. In cazul irigatiei, criteriile folosite se
refera la starea si/sau riscul de salinizare, aciditatea solului, unele carac-
teristici fizice restrictive, acoperirea terenului cu bolovani sau neunifor-
mitatea acestuia, excesul de umiditate si riscul de eroziune. Pentru ame-
najarile de desecare-drenaj diferentierea subclaselor se face in functie de
natura excesului de umiditate, saraturare si volumul edafic al solului.

Subgrupele de terenuri se definesc dupa intensitatea factorilor limi-
tativi, corelata cu clasele de pretabilitate discutate anterior.

Elementele de sol si teren care definesc subgrupele de terenuri sunt
cele direct necesare pentru elaborarea proiectului, respectiv pentru
exploatarea lucrarii respective. Astfel, in cazul proiectelor de combatere a
eroziunii subgrupele de terenuri se definesc pe baza pantei, formei de
relief, naturii materialelor scoase la zi prin eroziune, grosimii solului pana
la roca compacta, texturii solului etc. Pentru lucrarile de irigatie factorii
considerati sunt textura solului, grosimea acestuia, salinizare si/sau alca-
lizare, compactitate, mineralizarea apei freatice si altele. in ceea ce prive-
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ste amenajarile de desecare-drenaj, subgrupele de soluri se definesc prin
panta, textura, grad de tasare, grosimea solului, neuniformitatea terenului,
salinizare si/sau alcalizare etc.

In sfarsit, districtele se separa pe harta pedologicd pe baza insu-
sirilor hidrofizice necesare in proiectare gi exploatare: reactia hidrologica
si erodabilitatea solului in cazul lucrarilor antierozionale, indicii hidrofizici
si viteza de infiltratie pentru irigatie, porozitatea drenanta si conductivita-
tea hidraulica pentru amenajarile de desecare-drenaj. O sinteza a proble-
maticii Tn acest domeniu este inclusa in tratatul publicat de Canarache
(1990).

Pentru fiecare dintre indicatorii de sol gi teren considerati, metodo-
logia mentionata prezinta tabele de grupare pe clase de valori a rezul-
tatelor determinarilor efectuate, insotite de o definire a acestor clase de
valori si de simboluri si coduri destinate uniformizarii modului de
prezentare pe cartogramele respective precum si introducerii datelor n
baze de date computerizate. Totodata, pentru unii dintre acesti indicatori
care sunt dificil de determinat direct pe teren sau in laborator se dau
solutii de estimare a lor pe baza altor indicatori, mai ugor accesibili. Pentru
insusirile hidrofizice ale solului astfel de metode de estimare indirecta
(functii sau reguli de pedotransfer) au fost elaborate si dupa aparitia
metodologiei discutate anterior (Canarache, 1993; Simota, 1993).

In cazurile in care complexitatea teritoriului studiat si respectiv a
hartii de soluri este redusa, clasele, subclasele, grupele, subgrupele si
districtele de teren se pot defini simplu printr-o formula inserata in fiecare
unitate din legenda hartii. Pentru teritorii complexe este de preferat sa se
prezinte cartograme (harti) separate pentru unele dintre unitatile mentio-
nate. Se prefera acest mod de prezentare in special pentru districtele
hidrofizice (Canarache si Dumitriu, 1986; Canarache, 1993).

Cercetari privind extinderea pe teritoriul tarii a terenurilor care
necesita lucrari de imbunatatiri funciare

Romania dispune de harti pedologice generale la un nivel atins de
putine alte tari. Astfel, sunt tiparite in mai multe editii harti pentru intreaga
tara la diferite scari mici (intre 1:4.000.000 si 1:200.000). Harta la scara
1:200.000, alcatuita din 50 de foi, este in prezent digitizata (Vintila si
colab., 1997). La nivel de judete exista harti la scara mare (1:10.000) aco-
perind cea mai mare parte a teritoriului agricol al tarii. O sinteza, la nivel
general a acestor harti s-a realizat la scara 1:50.000 (ICPA, 1975),
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unitatile de teren separate pe aceasta harta fiind caracterizate printr-un
mare numar de indicatori care sunt stocati pe calculator (Tapalaga si
colab., 1997). Exista de asemenea stocata pe calculator in baza de date
PROFISOL informatia de teren si laborator privind cateva mii de profile de
sol (Canarache si colab., 1998; Vlad si colab., 1997). S-a realizat de ase-
menea o serie de harti de raionare sau microzonare, dintre care mentio-
nam microzonarea pedo-geoclimatica (Florea si colab., 1999), care
sintetizeaza intreaga informatie existenta. In prezent se desfasoara un
proiect de cercetare AGRAL care urmareste actualizarea acestei micro-
zonari, corelarea ei cu alte informatii existente gi reevaluarea pe aceasta
baza a suprafetelor afectate de diferite procese de degradare.

Pe baza hartilor mentionate, folosind in genere estimatii de tip
expert, au fost realizate harti ale excesului de umiditate (Florea si colab.,
1979), eroziunii solului (Florea si colab., 1976), coeficientilor de scurgere
standard (Vatau si colab, 1993a), erodabilititii solului (Vatau si colab.,
1993b), proceselor de degradare de natura antropica (Munteanu si colab.,
2000a), riscului de eroziune, alunecari, prabusiri gi inundatii (Munteanu gi
colab., 2000Db), la care se adauga unele harti aflate in manuscris la ICPA
(harta salinitatii, harta compactarii). In ceea ce priveste Tnsusirile hidrofi-
zice ale solului, s-au publicat harti pentru partea de sud a tarii, cea mai
interesata in lucrari de irigatie (Canarache, 1970), iar harti nepublicate
exista la ICPA pentru intreg teritoriul tarii.

Estimarea suprafetelor afectate de diferiti factori limitativi a caror re-
mediere necesita lucrari de imbunatatiri funciare a fost realizata in diferite
etape.

Folosind datele din sinteza ICPA (1975) mentionatd anterior s-au
publicat diferite astfel de estimari. Parichi si Oancea (1984) au evaluat
suprafetele ocupate de soluri nisipoase. Extinderea solurilor afectate de
exces de umiditate a fost estimata de Canarache (1979), iar mai detaliat
de Florea si colab. (1982). Pentru terenurile irigabile se poate mentiona
estimarea lui Canarache si colab. (1981), precum si cea a lui Canarache
si colab. (1986) in care se insista asupra factorilor restrictivi care afectea-
za, terenurile programate la acea data a fi irigate. O sinteza privind an-
samblul factorilor limitativi a fost publicatda de Canarache si Teaci (1980),
iar ulterior (Canarache, 1982) s-a realizat o corelare a diferitilor indicatori
tehnologici din hartile 1:50.000 elaboréndu-se conceptul de "indicator
tehnologic complex” si prezentandu-se estimarea suprafetelor respective.

in prezent estimarile mentionate, indeosebi ultima citata, sunt inclu-
se n actiunea de monitorizare a starii de calitate a solului (Rauta si colab.,
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1994; Dumitru si colab., 2000), actualizate anual, si astfel raportate
organelor de decizie gi publicate in anuarele statistice.

Estimarile actuale sunt fara indoiala incomplete, intrucat nu au avut
in vedere decat factorii naturali care afecteaza diferitele limitari ale
productivitatii solului. Nu sunt luati in consideratie factorii tehnici (surse de
apa, debusee de deversare, consumuri de energie si altele) si mai ales
factorii economici, respectiv raportul dintre costul lucrarilor de amenajare
si valoarea plusului de productie. Acest element este cu deosebire impor-
tant in conditiile n care, in mare parte, terenurile irigabile din Roménia au
ca sursa de apa Dunarea, uneori cu inaltimi mari de pompare. In ceea ce
priveste estimarea plusului de productie, este necesar a analiza in ce
masura cele obtinute in campurile experimentale se pot regasi in practica
agricola, precum si felul in care aceste plusuri variaza de la an la an. O
alta problema, uneori insuficient avuta in vedere, se refera la frecventa
necesitate de a executa pe acelasi teren mai multe tipuri de lucrari
hidroameliorative, indeosebi de irigatie dar si de drenaj, atat pentru a evita
degradarea ulterioara, a solului (de exemplu prin salinizare secundara) cat
si pentru a tine seama de specificul climatului nostru in care alterneaza
ani cu deficit si ani cu exces de umiditate. Atentia exagerata acordata
irigatiei in secvente de ani secetosi, si respectiv desecarii in secvente de
ani ploiosi, a condus adesea la ineficienta economica la nivel multianual a
lucrarilor executate.

Cercetari privind caracteristicile solurilor cu probleme de
ameliorare gi metodele de ameliorare a acestora

Agricultura traditionald din unele zone ale Romaniei au avut in
vedere probleme specifice de ameliorare a solului. Astfel, este cunoscuta
crearea agroteraselor pe terenurile in panta din Transilvania sau folosirea
araturilor in coame pe terenurile cu exces de umiditate de suprafata din
Campia Somesului si Depresiunea Fagarasului.

Cercetari in aceste domenii au existat inca din anii 30'. Ele au luat o
amploare deosebitd dupa infiintarea in cadrul Institutului de Cercetari
Agronomice al Romaniei a Sectiei de Pedologie Agricola (1952). A capatat
o larga utilizare termenul de "pedologie ameliorativa (Obrejanu si Maianu,
1966), ulterior discutat de Rauta si Stanga (1972).

In domeniul eroziunii solului prin apa, una din primele abordari ale
problemei revine lui lonescu-Sisesti (1925). Cercetari propriu-zise sunt
Thcepute de Staicu (1945), care a organizat primele parcele de scurgere la
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Valu lui Traian si Campia Turzii unde s-au masurat efectiv cantitatile de
apa scurse si cele de sol erodat. Aceste cercetari au fost continuate de
Motoc (1952), iar ulterior sub conducerea acestuia a fost constituita o
retea de parcele de scurgere. Pe aceasta baza a fost adaptata la
specificul conditiilor naturale si informatiei existente ecuatia Wischmeier
de calcul al pierderilor de sol (Motoc si Mircea, 2002) si s-au calculat
pierderile de sol la nivelul intregii tari (Motoc, 1983). In aceasta perioada,
si mai ales dupa infiintarea Statiunii Centrale de Cercetari de la Perieni -
Barlad (1950), s-a efectuat un volum amplu de cercetari privind solutiile
ingineresti, dar si cele referitoare la agrotehnica specifica terenurilor n
panta, pentru prevenirea si combaterea eroziunii. Rezultatele respective
au condus la elaborarea unor instructiuni de studii si proiectare (MAA-DIF,
1973) si a mai multor tratate de specialitate (Motoc si colab., 1975).

in ceea ce priveste eroziunea eoliana, sunt de mentionat cercetarile
lui Chirita si Balanica (1938) privind nisipurile din sudul Olteniei si necesi-
tatea protectiei lor prin impadurire. Probleme ale irigarii, nivelarii $i agro-
tehnicii solurilor nisipoase supuse eroziunii eoliene au fost cercetate
indeosebi la Statiunea Centrala de Cercetari pentru Cultura Plantelor pe
Nisipuri de la Dabuleni - Dolj (Banita si colab., 1981) si la Ferma Timbu-
resti a Universitatii din Craiova (Pop si colab., 1979). Este de mentionat
punctul de vedere contradictoriu al acestor doua colective de cercetare
privind problema nivelarii, contradictie care cere probabil a fi clarificata
prin eforturi comune. Cercetari propriu-zise privind eroziunea eoliana pe
nisipuri sunt relativ putine, efectuate la Carei - Bihor i in curs de
efectuare la Dabuleni - Dolj.

Este de mentionat ca, din punct de vedere tehnic $i economic o
buna parte din terenurile arabile cu soluri marginale, indeosebi cele
situate pe pante mai mari de 10 - 12%, dar gi altele, ar trebui reimpadurite
sau transformate in pajisti. Cercetarea pedologica a estimat suprafata
acestor terenuri, care se cer a fi trecut in conservare, la circa 2 milioane
de hectare. Reducerea suprafetei arabile a tarii in ultimii 10 - 12 ani este
in buna masura in acord cu aceasta cerinta obiectiva, iar legislatia recen-
ta care acorda facilitati procesului de reimpadurire este bine venita. O
solutie radicala in aceasta problema ridica insa pentru etapa actuala
probleme de ordin social $si macroeconomic

Tematica de irigatii a avut o deosebita dezvoltare, dar aceasta in
special in ceea ce priveste aspectele hidroameliorative si de agrofito-
tehnie. Printre cercetarile de gtiinta solului in acest domeniu sunt de men-
tionat cele efectuate in vase de vegetatie privind influenta starii de
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umiditate a solului (lonescu-Sisesti gi Valuta, 1936; Sandoiu si colab.,
1960) si a starii de compactare, umiditate gi aeratie (Canarache gi Thaler,
1962) asupra cregterii plantelor. S-au efectuat cercetari privind ascensiu-
nea capilara (Oanea), ale caror rezultate, corelate cu cele din campurile
experimentale de regim de irigatie, contribuie la calculul aportului freatic.
S-a introdus notiunea de sol freatic umed, neutilizata anterior in literatura
internationala (Cernescu gi Bucur, 1952), si ulterior s-au studiat in detaliu
aceste soluri (Florea, 1956; Florea si Asvadurov, 1973). A fost amplu
studiat in diferite zone pedoclimatice regimul de umiditate al solului, o
prima lucrare in aceasta problema fiind cea a lui Oanea (1957). Cerce-
tarile privind insusirile hidrofizice ale solului gi relatia lor cu problemele de
irigatie au fost prezentate anterior. S-au efectuat de asemenea ample
cercetari in campurile experimentale de lunga durata de la Fundulea,
Braila, Marculesti, Valu lui Traian, Draganesti - Teleorman cu privire la
modificarea Tnsugirilor solului sub influenta diferitelor regimuri de irigatie si
a diferitelor tehnici de udare (Canarache, 1987b). Florea si colab. (1977)
si Grigorescu si Florea (1977) au studiat, de asemenea in conditiile de la
Fundulea, efectul irigatiei cu apa provenita din raul Mostigtea asupra
salinitatii solului. Lup (1997) a analizat aspectele economice ale lucrarilor
de irigatie efectuate in Dobrogea, demonstrand ineficienta lor economica
Si hecesitatea unei reevaluari sub acest aspect a acestei probleme.

in problemele solurilor cu exces de umiditate, cercetéarile de stiinta
solului s-au concentrat indeosebi asupra excesului de umiditate de su-
prafata, pornindu-se de la constatarea rezultata din interpretarea hartilor
de sol ca acestea reprezinta ponderea cea mai mare in conditiile Roma-
niei. Au fost studiate, intre altele, aspecte privind desecarea crovurilor
(Stanga, 1978), diferitele tipuri de exces de umiditate de suprafata (Cana-
rache, 1987a), necesitatea combinarii drenajului inchis cu lucrari periodice
de afanare adanca specifica solurilor slab permeabile predominante in
tara (Colibasi si Colibasi, 1992) si modificarea insusirilor solului sub
influenta diferitelor solutii de drenaj (Moca si colab., 1989). A fost scos in
evidenta faptul ca in conditiile tarii noastre excesul periodic de umiditate
de suprafata este mai important decat cel privind excesul de umiditate de
adancime. Este de mentionat ca in urma conditiilor de precipitatii excesiv
abundente de la Tnceputul anilor '70 s-au proiectat si efectuat lucrari de
desecare pe terenuri pe care eficienta la nivel multianual a acestor lucrari
este discutabila. Tn zonele Indiguite din Lunca Dunarii s-au efectuat
numeroase cercetari privind caracteristicile acestor soluri si modificarea
lor in urma indiguirii, de exemplu in Insula Mare a Brailei (Piciu, 1999).
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Concluzia generala este cea a reducerii in primii ani dupa indiguire a
continutului initial foarte ridicat de humus si elemente nutritive accesibile,
probabila crestere intr-o perioada mai lunga a starii de compactare, dar
intensitatea redusa a altor procese de degradare. In ansamblu se con-
stata o productivitate ridicata a solurilor incluse in circuitul agricol prin
astfel de lucrari, argument esential pentru mentinerea, cu foarte putine
exceptii, a acestor lucrari in buna stare de functionare.

Cercetarile in domeniul solurilor saraturate si ameliorarii acestora
sunt printre cele mai vechi in domeniul solurilor slab productive (Saidel,
1937; lonescu-Sisesti, 1946). Ele au fost continuate de numerosi
cercetatori, in diferitele zone ale tarii unde exista astfel de soluri. Cercetari
amanuntite asupra repartitiei, clasificarii si Tnsusirilor acestor soluri au
efectuat Florea (1961) si alti cercetatori. Relatia dintre continutul de saruri
si cresterea plantelor au fost studiate intre altii de Bucur gi colab. (1956).
Florea si Vlad (1989) au studiat pe coloane de sol procesele de desalini-
zare. Cercetari ample, poate prea ample, privind ameliorarea solurilor
saraturate au fost efectuate in cAmpurile experimentale de la Socodor,
Rusetu, Lacul Sarat - Braila, Maxineni gi altele (Sandu, 1984; Nitu si
colab., 1985), fiind cu deosebire extinse odata cu profilarea statiunii de
cercetari de la Braila pe problema ameliorarii acestor soluri (1980).
Rezultatele obtinute arata posibilitatea principiala a transformarii terenu-
rilor respective in terenuri agricole. Ele arata totodata ca, cu foarte putine
exceptii, costurile lucrarilor ameliorative respective sunt foarte mari, iar
productivitatea solului ramane redusa, astfel incat punerea in practica a
solutiilor obtinute nu este de actualitate. Una din putinele exceptii se refe-
ra la ameliorarea solurilor salinizate prin amenajarea de orezarii, expe-
rimentata cu succes la campul din Polizesti (Maianu, 1984; Albescu si
Maniu, 1980).

Mult cercetata este problema riscului de salinizare secundara a
solurilor in urma introducerii irigatiei (Maianu, 1964). Odata cu extinderea
irigatiei, folosind in special experienta si indicatorii de risc preluati din
literatura americana si rusa, acest risc a fost apreciat ca deosebit de
accentuat. Ulterior, cercetarile efectuate au condus la concluzia ca
aceasta apreciere a fost exagerata, probabil datorita faptului ca ea s-a
bazat pe rezultate experimentale obtinute in California, respectiv in Asia
Centrala, zone cu conditii de sol gi mai ales de clima mult diferite fata de
cele din Romania. Florea (1976) a modificat de altfel diagrama Richards
de estimare a calitatii apei de irigatie, adaptand-o conditiilor locale. De
altfel, evolutia gradului de salinizare pe terenurile irigate in cei 30 - 40 de
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ani scursi de la realizarea amenajarilor respective (Grumeza si colab.,
1990) arata ca procesele de salinizare secundara sunt reduse. Raméane
totusi de vazut in ce masura aceasta concluzie optimista nu rezulta din
faptul ca udarile au fost in genere aplicate in aceasta perioada mult sub
necesitati.

O problema mai noua privind ameliorarea solului este cea a preve-
nirii poluarii si a reabilitarii terenurilor poluate. Cercetarile in acest dome-
niu, incepute in anii '70, au fost sintetizate de Rauta si Carstea (1983).
Cercetarile intreprinse, inclusiv cele continuate dupa aparitia acestui
tratat, au abordat poluarea cu pesticide, metale grele, fluor, produse
petroliere, izotopi radioactivi, deseuri urbane, deseuri zootehnice, precum
si probleme de degradare a terenurilor agricole prin ape uzate, lucrari
miniere, halde de diferite deseuri, lucrari de decopertare sau copertare a
terenului etc. Au fost studiate procesele respective, capacitatea de epu-
rare proprie solului (Dumitru, 1977), solutii indicate de prevenire si amelio-
rare si s-au publicat harti de vulnerabilitate la poluare (Florea si colab.,
1991). In mare masura, aceste solutii au caracter de lucrari de Tmbuna-
tatiri funciare, amenajarile si procedeele respective urmand a fi proiectate
si executate de specialistii respectivi.

In ultimii ani s-a introdus tehnica modelarii matematice (Simota,
1992), inclusiv pentru abordarea unor probleme privind dinamica apei i
substantelor dizolvate in apa solului, productivitatea diferitelor sisteme de
agricultura inclusiv a celor irigate si altele. Unele din aceste modele au
fost utilizate pentru studiul schimbarilor climatice, relatiilor acestora cu
problemele de sol si implicatiile privind tehnicile agricole (Simota si
Cojocaru, 1998).

Cercetarile din domeniul pedologiei ameliorative au condus la elabo-
rarea unui nou concept, acela de lucrare agropedoameliorativa. S-a avut
in vedere faptul ca in cazul solurilor afectate de diversi factori limitativi
executarea de amenajari hidroameliorative pe de o parte si aplicarea pe
terenurile amenajate a unei agrotehnici adecvate pe de alta parte nu
rezolva integral problema. S-au definit astfel o serie de lucrari interme-
diare intre cele de amenajare si cele de cultivare. Acestea necesita
cheltuieli si tehnici mai simple decat lucrarile hidroameliorative, dar mai
complexe decéat cele agrofitotehnice. Costurile respective pot fi acoperite
din cheltuielile curente de productie, fara a avea caracter de investitie.
Durata de eficienta a acestor lucrari este de ordinul a 4 - 7 ani, mai redusa
decéat cea a lucrarilor hidroameliorative, dar mai indelungata decét cea a
lucrarilor culturale. Lucrarile agropedoameliorative astfel definite se cer a

57



STIINTA SOLULUI nr. 1-2, 2003, vol. XXXVII

fi aplicate in strans complex cu cele hidroameliorative, si ca atare incluse
in proiectele respective, precum si cu tehnica curenta de cultura. Indruma-
torul publicat cu privire la aceste lucrari (ICPA, 1985) cuprinde 20 de lu-
crari: amendare, spalarea solurilor, afanarea adanca, fertilizarea ame-
liorativa, drenajul de suprafata, folosirea culturilor tolerante, executarea
lucrarilor agricole pe directii specifice in raport cu panta si altele.

Una din lucrarile agropedoameliorative care s-a bucurat de atentie
deosebita este cea de afanare adanca a solurilor cu orizont inferior tasat
si In general argilos, slab permeabil. A fost elaborat un indicator specific
pentru identificarea acestei caracteristici a solului, gradul de tasare
(Stanga, 1978), s-au clarificat aspecte privind mecanismul eficientei
acestor lucrari (Colibasi si colab., 1985), s-au efectuat numeroase expe-
riente de camp si s-a elaborat pe baza lor o tehnologie specifica (Colibasi
si colab., 1989).

Concluzii

Din aceasta scurta prezentare a rezultatelor obtinute de cercetarea
pedologica in probleme corelate cu cele de imbunatatiri funciare se poate
conchide ca ele au adus un aport important in practica hidroameliorativa
la nivelul tehnic si al sistemului decizional specific perioadei in care
aceste cercetari au fost efectuate. Continuarea acestor cercetari este fara
indoiald necesara, pe de o parte pentru a le mentine in acord cu evolutia
generala a tehnicii, dar de asemenea pentru a revedea unele concluzii ale
etapei anterioare si mai ales a le pune in acord cu noile structuri agrare si
cu principiile proprietatii si ale economiei de piata.
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SOIL CRITERIA FOR A SOIL COVER CONSISTENT
PARTITION AT A GLOBAL AND REGIOANL LEVEL*

FLOREA Nicolae
Research Institute for Soil Science
and Agrochemistry, Bucharest

Summary

Nowadays the grouping of soilscapes and soil regions in
higher territorial entities is done using geomorphic, litho-logical
and climatic criteria (FAO UNESCO, 1971; Soil Survey Manual,
1993, Georeferenced Soil Database for Europe, 1996).

It is proposed a system of hierarchical geographical units
(taxa) and the respective determination soil criteria for the
systematization of the various partition entities of soil cover (soil
continuum). These ones are presented further.

The soil thermal zone is defined by soil temperature regime
and intensity of solar radiation. Using the soil temperature regimes
{Soil Taxonomy, 1975), the following soil zones may be distin-
guished: pergellic, cryic, frigid, mesic, thermic and hyperthermic.

The soil domain is a part of the thermal soil zone defined
both by the configuration of the soil oover (that includes the
geomorphic configuration and lithological characteristics) and by
dominant soil or soils (and implicitly the soil moisture regime, the
annual pedorhythm and dominant substance circulation). For the
configuration (or ground surface form) of soil cover the following
categories are proposed at small scale: level, sloping and steep.
The dominant soils are determined by the one or two soils ren-
derend at high level of classification (order or suborder).

The soil domain is denominated by the two main characte-

*A summary of this paper was published in the volumes of the 17th World
Congress of Soil Science, 2002, Thailand, paper no. 282, Symposium no. 02.
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ristics, for instance: sloping domain of Luvisols, level domain of
Chernozems etc.

The soil region is defined by the parent material association
and concrete peculiarities of the assemblage of soil cover of the
different distinct parts of the soil domain. Each region gets a geo-
graphical name (regional or districtual).

The soil subregion is a subdivision of soil region based
especially on the quantitative elements.

The soilscape unit (elementary) corresponds, generally, to a
relative homogeneous geomorphic unit with unitary geological
evolution and functionality and it is characterized by different soil
combinations associated to different land forms and by various
soils (polipedons) that are components of soil combinations and
that correspond, generally, to different elements of land forms.

The maps with soil regions do not replace the soil maps or
soil combination maps at adequate scale, but they complete them.

Key words: soil cover partition, pedogeographical entities, soil
criteria

Introduction

It is known that in present the delimitation of the high pedogeogra-
phical units of different order of magnitude (soil zones, domains, regions
and other, including their subdivisions) is achieved especially based on
geological, geomorphological and/or climatic criteria (FAO- UNESCO,
1971; Soil Survey Manual, 1993; Georeferenced Soil Data Base for
Europe, 1996), because — of course — the lithology, the relief or topo-
graphy and climatic conditions are the main factors that determine the
nature of soils and the pattern of their distribution in territory. But these
territorial large units, represent pedogeographical units, are communities
or populations of soils, and they have to be defined and determined
(discriminated) using soil criteria. Consequently, the essential features of
soil cover should be selected and taken into account for the delimitation of
pedogeographical units. Of course, it is necessary to establish these
essential features of soil cover, their hierarchisation and then their
parameterization without breaking the link with the environmental factors
and pedogenetic processes, but on the contrary correlating them.

In order to cover this deficiency a system of hierarchical pedogeo-
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graphical units and the respective determination soil criteria are proposed
for the systematization of the various partition entities of soil cover (soil
continuum).

Soil entity and soilscape unit, a succinct history

The traditional meaning of soil was that of a natural medium for the
growth of plants covering land as a continuum (excepting bare rock or
areas of perpetual frost).

The concept of soil introduced by the Russian School, led by V.V.
Dokuchaiev (1983), was a revolutionary one and made Pedology possible
(Soil Survey Manual, 1951, Soil Taxonomy, 1975). According to this
concept, soils are conceived "to be independent natural bodies, each with
a unigue morphology resulting from the unique combination of climate,
living matter, earthy parent material, relief and age of land form” (Glinka,
1914, 1927, quoted in Soil Taxonomy, 1975 and Soil Survey Manual,
1993). Each soil is characterized by its morphology, as expressed by a
vertical section through the different horizons (named soil profile), which
allows the knowledge of the soil constituents and properties, as well as
the vertical soil organization (G. Munteanu-Murgoci, 1911). At that time
"the most important advance in pedology has been the recognition of the
soil profile as the unit of study” (G.W. Robinson, 1937), being an expres-
sion of the soil-forming processes.

According to C. F. Marbut (1935, quoted from Soil Survey Manual,
1993), the soil as "outer layer” of the Earth’s crust implies "a concept of
soil as continuum”. American pedologists (Soil Survey, 1951) consider the
soil as collection of natural bodies that occupy portions of Earth’s surface
capable of supporting plants. They make a difference between "soil” and
"a soil”; the "soil” is the collection of natural bodies on the Earth’s surface
(in the sense of soil continuum) and "a, soil” (in the sense of natural body)
is a component of the soil continuum that we classify (Soil Taxonomy,
1975). V. A. Kovda (1973) makes, also, a clear difference between soil
cover and soils as component parts.

Arnold (1990) shows that "the world’s knowledge of soil is primarily
based on examination of soil profiles in soil combinations (associations of
the basic units). The various approaches for defining and designating the
various kinds of combinations are not readily discussed and evaluated
throughout the world. That is a pity.”

The current definition according to Soil Survey Manual (1993) "refers
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to soil as a collection of natural bodies in the surface of the Earth, which
divides Marbut’s continuum into discrete defined parts that can be treated
as members of a population. The perspective of soil has changed from
one in which the whole was emphasized and its parts were loosely
defined to one in which the parts are sharply defined and the whole is an
organized collection of these parts”.

It results, consequently, that the concept and term of soil means
either the natural formation, relatively continuous, situated at the Earth’s
surface, in which components parts with diffuse limits can be conven-
tionally delimited, or the natural entities that represent distinct bodies (with
conventional limits) juxtaposed in territory forming different organized
collections of various complexities that constitute soil cover varying from a
place to another. The soil has to be studied from the two complementary
view points, both as individual and as collection ("population”). "Just as
different kinds of soils are commonly associated in a landscape, several
landscapes are commonly associated in still larger areas” (Soil Survey
Manual, 1993).

The soil maps (products of soil survey) show the distribution of
different soils in territory as natural elementary entities or soil combi-
nations. Generalizations of soil survey data were also made, either as
maps of soil zones or as maps of pedological regionalization. But, the
preoccupations concerning the manner of the association of soils in terri-
tory forming soilscape and other peculiarities of soil cover have developed
in the last decennia, without to arrive at a general concept; commonly, the
grouping of soils in larger areas was based on geomorphico-lithological
and climatic criteria.

Fridland (1972) has defined the soil combinations and maps with soll
combinations were published. The soil catena (Milne, 1935) and other soil
combinations (toposequences, chronosequences, soil spectra) were
described.

Fridland (1972) shows that, alongside the zonality-provinciality
criterion, used at the establishing regional unit set, the criterion of the soil
cover structure and soil combinations should be used for the definition of
the pedogeographical unit set too.

Glazovskaia (1973) underlined that soil combinations and pedogeo-
chemical sequences (catenas) represent pedogeographical units that
genetically link the soils of the upper and lower part of the relief (as a con-
sequences of the lateral circulation of substances due to the redistribution
of the heat and moisture).
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Huggett (1995, quoted by Smeck et al., 1983) suggested the utiliza-
tion of the functional three-dimensional units of soil systems, very impor-
tant in the case of modeling, either of a valley basin or soil landscape
system.

Florea (1983, 1987), considering the soil cover as a system with
different spatial organization levels, distinguished alongside the basic
pedogeographic units (polypedon and pedosocion) an immediately higher
organization level, a structural-functional unit of soilscape, named ele-
mentary soilscape or pediom. He also introduced the notion of pedological
(pedogeographical) assemblage for the whole characterization of the soil
cover of a certain large area by the soil cover configuration, nature and
proportion of component soils, pattern of soil distribution and heterogenity
of soil cover; this concept is useful for the delimitation and characterization
of soil geographical units of different levels, expressing the pattern of
spatial organization of soils at ground surface.

In the SOTER methodology (FAO, 1993) it is utilized the term of
terrain as a fragment of landscape. In ROMSOTER methodology
(Munteanu, in Heinicke et al., 1998), the basic soil units (STU, SMU) are
grouped in pedolandscape units (PLU) and these ones in physiographic
units (PGU), but defined by geologico-geomorphic criteria.

Recently (Georefenced...1998) the terms of soilscape and soil
region were introduced for a better understanding of the spatial variability
of soils and to provide tools for managing and rationalizing data on the
continent scale. The criteria for the geographical delimitation of these soil
spatial units are not necessarily soil variables but may be also related to
characteristics of soil forming factors: parent material, relief, vegetation,
climate and human influence.

Commonly, at higher spatial level, the soilscape units are grouped —
as mentioned above — in high geographical units discriminated on
geologico-geomorphic or physiographical criteria.

Florea recently proposed (2001) a sequence of hierarchical pedo-
geographical units, as collective communities of soils, based on pedolo-
gical criteria that are presented further in a better form.

Principles and basic ideas for a soil cover consistent partition

Two principles have been in view:
- All factors of the natural landscape "express themselves in ihe soil,
which is the final synthetic expression of the forces in the natural
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landscape working together, and by which the nature of the landscape can
be characterized better, more complete and more directly than by other
factor or combination of factors" (Kellogg, 1938);

- All soil cover entities (spatial geographical units) defined, delinea-
ted and denominated by proper (intrinsic) properties of the soil cover.

In fact the second principle is a consistent extension of the first
principle of the close relationships between soil and natural landscape, so
clear and beautiful exposed by Charles E. Kellogg long ago.

The following main ideas have been also in view:

» Consideration of the combined action of the exogenous factors ge-
nerally zonal distributed and the endogenous factors distributed
irrespective of zonality at the origin of the variation of soils and
soilscapes at the Earth’s surface;

» Consideration of the "soil bodies" as elements of a great collection
of soils (soil cover or pedosphere) organized in soil sub-collections
of different orders of organization (segments of soil continuum of
different levels), defined by the different soils proportion and
distribution pattern;

* Definition of an elementary spatial and functional soil unit, witch is
the elementary soil landscape, as the smallest unit of soilscape.
The soil landscape (or soilscape), in a generic sense, is defined as
a territory (terrain) formed of several soil combinations and even
nonsoils, constituting together a distinct entity in the environment
both physiographical and functional, with a certain bio-production
capacity and certain land-use capacity in the context of the
sustainable management of the soil (and other natural resources).
The elementary soil landscape is the smallest one that cannot be
subdivided. Having many variables with many classes, the soil
landscapes (soilscapes) require canstant efforts for typifying and
classification;

* Introduction and utilization of the idea (concept) that the soil and
relief are indissolubly bound in any ground surface (the relief as
"support” of soils and soil -and vegetation- as "protecting garment”
of the relief), under the name of pedodomain or pedoterrain (as
tandem soil-relief); according to this concept the attributes of the
surface of geomorphic unit (landforms) are in the same time
attributes of soil cover (and implicitly of soil communities of the
different large areas). The introduction of this concept has the
advantage of the soil units grouping according to the intensity
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processes controlled by base level (geomorphic processes
contributing also to the soil formation), of course induced climatic
at local and global level;

« Utilization of the soil temperature regime and soil moisture regime
that determine the annual pedorhithm of pedogenetic processes
as criterion of soil grouping in geographic units (entities) of high
level.

It is to underline that the soil does not be mixed with the soil profile.

The soil is a dinamically three-dimensional body that occupies an area at
Earth’s surface. This body has a succession of horizons (studied by mean
of soil profile). Although, it is three dimensional, it is represented on the
soil maps by polygons (therefore bidimensional), that are horizontal
projection of the geographical areas occupied of different soils (this
appears as a deficiency of the soil map).

Geographical partition units of soil cover and the criteria of their
discrimination

The set of hierarchical pedogeographical units for the segmentation
of the soil cover is presented in table 1, in which the criteria for determi-
nation are exposed too.

The pedothermal zone (soil thermal zone) is defined by the soil
temperature regime and intensity of solar radiation. Using the classes of
soil temperature regime (Soil Taxonomy, 1975, 1999) the following soil
thermal zones can be distinguished: pergelic, cryic, frigid, mesic, thermic
and hyperthermic soil thermal zones.

The soil domain is a part of the thermal soil zone defined both by
the configuration (nonuniformity) of the soil cover and relief (ground
surface configuration), and by dominant soil or soils {and implicitly by soil
moisture regime, the length of growing period of plants, the annual
pedorhythm of pedogenetic processes and dominant substance- water
included- circulation). For the configuration (or ground surface shape) of
the pedodomain three categories are proposed at small scale: level,
sloping and steep. The categories of dominant soil (s) are defined by the
one or two soils rendered at high level of classification (order or suborder).
The soil domain is denominated by the two main characteristics, for
instance: sloping domain of Luvisols, level domain of Chernozems, etc. (or
Luvisols sloping domain etc.)
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Table 1
The hierarchy of geographical partition units of the soil cover established on seil
criteria
Units of pedogeographical Defining criteria Remarks
partition
Continental pedogeographical units
Pedothermal zone Soil communtities having the same | In present the delimitation
(soil thermal zone) class of: can be made by atmosphere
- solar radiation yearly mean temperature and
- temperature regime temperature variation during

the year, and solar radiation

Soil domain The dominant soil (s) of the soil One can utilize for the soil
communities that correspond to domain delimitation the
large areas having the same class | annual pedéorhythm (a
of: synthesis of the temperature
- moisture regime and moisture regimes) and
- vegetation the irregularity categories of
- pedoterrain configuration | the relief (pedoterrain).

Soil region The dominant soils of the soil Generally it corresponds to
communities depending on the major geologico-geomorphic
groups of: units

- rocks or
-  parent materials
Regional pedogeographical units
Seil subregion {(county and | The dominant scil combinations | Generally it corresponds to
district) in the soil cover correlated with | geologico-geomorphic units
the: of medium level
- landforms and the
- parent material
associations

Elementary Pedolandscape
(“soilscape™”)

Paragenetic soil combinations
and “diagnostic’” soil combi-
nations. The characterization of

It corresponds to a geologico
- geomorphic unit of low
level or part of these one,

the soilscape is made taking into | relatively homogeneous, with
account the pedogeographical same genesis, functionality,
assemblage. and anthropic inluence
Local (elementary) soil units
Soil combination unit A simple combination of It corresponds to a simple
{Pedosocion) different soils (in the soil landform or to an association

association maps) of minor landforms.

Soil unit (polypedon) A soil specific to an uniform Homogeneous area (pedotop)

area (in the soil maps)

N.B. Excepting “pedothermal zone”, all the pedogeographical units are subdivided at least in level,
sloping and steep subunits, according to their ground surface (and soil cover) configuration.
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The soil region is defined, in the framework of the soil domain by
lithological characteristics and, naturally by the general peculiarities of the
assemblage of the soil cover. For each soil region, the geographical
names of the physiographic units that belong to that soil region can be
mentioned; in this way the region became unique.

The soil subregions (county and district) are subdivisions of soil
region based especially on the quantitative elements.

The soilscape unit (elementary soilscape) corresponds, generally, to
a relatively homogeneous geomorphic unit with unitary geological evolu-
tion and functionality and is characterized by different soil combinations
associated to different landforms (including also "diagnostic” soil com-
bination).

The other soil (geographical) units, namely soil combination unit
(pedosocion) and soil unit (polypedon) are basic elements of soil cover
that correspond to simple landforms or to elements of landforms. These
one are commonly presented on soil maps. (The maps with soil regions
and zones do not replace soil maps, but they complete them).

In the case of the continental (global) partition of soil cover, the soil
domain or soil region is commonly the last entity, but in the case of a
regional partition of soil cover the sail region is the major unit. In this last
case the soil geographical units are defined and characterized by more
detailed parameters used for units of high level (for example subzones
and provinces or more detailed classes of ground surface configuration,
etc.) and by other parameters as hypsometry, regional slope, etc., and the
dominant soils (and soil combinations) are presented at more detailed
level (great groop, subgroup, etc.) and on a quantitative base.

Otherwise, the characterization of the elementary soilscape and soill
regions can be made on the basis of their pedogeographical assemblage
that take into account, besides the non-uniformity of soil cover and relief
(pedoterrain), the kind of soils and their proportion, the pattern of soil
distribution and the complexity and heterogeneity of soil cover. The pedo-
geographical entities are defined by their horizontal (spatial) organization
(reflected by their soil cover assemblage), unlike "soil bodies” and pe-
dosocions that are defined by their vertical organization reflected by soil
profile (or pedon).

Partitioning soil cover
Delineating pedogeographical units of soil communities (partition
units of soil cover) can be achieved by descending way ("top to down”)
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suitable for the high level units or by ascending way ("bottom to up ")
convenient for the low level units starting from detailed soil maps; gene-
rally, the two ways are combined. Practically, the delineating pedogeogra-

phical units is obtained following this schema:

Delineating “top to down”:

First Delineation of areas with soils having the same tem- | Map with soil
step perature regime and receiving the same solar radiation thermal
zones
Second | Delineation of areas of soil cover within soil thermal | Map with soil
step zone with: domains
- the same configuration (soil-relief tandem) at small | (separated
scale at least: level, sloping, step or complex pedo- | according to
terrain (pedodomain); the three
- the same soil moisture regime and consequently criteria)
- the same dynamics of soil processes (the same
annual pedorhythms: cryoruptic, aridoruptic, aridocry-
oruptic, etc.)
- and implicitly the same dominant soil(s)
Third Delineation of the areas with the same parent material | Map with soil
step association(s) in the framework of the soil domain, and regions
implicitly with the same "alliance” of soils (classes, order,
groups or subgroups depending on the scale)
Delineating “bottom to up”:
First Grouping of soil bodies (elementary SMU-soil mapping | Map of soil
step units- in soil combinations or pedosocions, related to the | combinations
landforms (associations)
Second | Grouping of different soil combinations (pedosocions) in Map of
step territorial units with the same geological-geomorphologi- | elementary
cal evolution and the same present functionality (the sa- [ soilscapes
me ecological conditions), separately on different ground
surfaces configurations (pedoterrains or pedodomains
Third Grouping of elementary soilscapes in higher territorial | Map of soil
step (spatial) units (great soilcapes or soil subregions and | subregions
soil regions) taking into account the genetic and mutual and soil
relationships between soilscapes and between soil regions
cover and environment

Further, the soil regions are grouped in soil domains and soil thermal zones
according to the criteria above mentioned.
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Utility of the geographical partition of soil cover

Soil orders and suborders or major groupings of soils, defined at
world level, and their associations (combinations) represent the means by
which the distribution of the soils for the large areas is evinced. But these
kinds of soils, alongside their esseatial properties specific to each
taxonomic unit, have also some features induced by some differences of
environment conditions existing in the area occupied by the respective
soils; these ones influence in the same time the range of native or
cultivated plants and therefore the land use, with consequences of
practical avail. For this reason it is very useful a soil characterization not
only at general level (global, continental), but also at regional and local
level. Of course, the storage of the soil data should be organized
correspondingly.

The geographical partition at global and continental level underlines
the spatial differences and helps to the best definition of the land-use, to
the sustainable exploitation, to the hierarchy of objectives, etc. The regio-
nal level of partition emphasizes the spatial similarities and dissimilarities,
the vicinity aspects, the exchange relationships, etc. The local level of
partition reflects best the reality. The punctual relations among the
different elements at this local level represents the basis for the clarifying
relations and behavior at regional and continental level, because all
processes of exchange, transformation, translocation, renovation, etc.
take place at local level.

The global level mitigates in a certain extent the regional and local
levels, but does not "efface” the "personality of county or site”. The global
and regional problems are studied and planed at regional level, but they
have solutions based on investigations at local level.

The characterization of each soil domain, soil region, and elemen-
tary soilscape from the environment point of view and, especially climatic,
topographical, lithological, affords useful and specific information that
completes the soil information, absolutely necessary for any kind of an
adequate decision of sustainable land use and soil exploitation.

All these discussed aspects emphasize the study necessity of the
criteria of soil cover partition (soil regionalization) based on pedological
features even at high level (continental, global) correlated of course with
the environment factors but laying emphasize on the result of their action
upon soil cover which reflects very well the whole environmental ensem-
ble and its evolution.
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Conclusions

The soils form a more or less continuous cover in which one can
delimitate segments that represent geographically functional and systemic
and hierarchized entities that have limited and defined ranges in their
properties corresponding to the hierarchical level but also regional (and
local) features. It is useful and necessary to identify such pedogeogra-
phical entities (units), to classify and to describe them with their regional
peculiarities.

The proposed concept and methodology of soil cover partition in
pedogeographical units (entities) of different levels of spatial organization
represent a manner of unitary integration of the concept of soils as natural
bodies and that one of soil continuum at Earth’s surface as collections of
sails.

This methodology results in integration of soil and soil cover with the
natural and entropic factors and conditions in geographical units of
environment with specific functionality. It is in the same time consistently
pedogeographical.

The characterization of the different pedogeographical entities from
the temperature and moisture point of view supplies the lack of the
climatic criteria in the FAO and different European soil taxonomies.

The hierarchization of soil cover (pedogeographical) entities confers
many advantages from the informatics system point of view: adequate soll
and environment data storage, possibility that complex data to be viewed
at many levels of the hierarchy, efficient retrieving data. But is necessary
a proper (accurate) choice and ordering of the discriminating used criteria.

The question of mapping and classifying of spatial and functional
soilscape entities of various orders, as well as that of regional features,
became at present a challenge for soil survey, soil geography and soil
taxonomy.
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INFLUENTA CANTITATII $I CALITATI ARGILEI
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CERNISOLURI DIN CAMPIA ROMANA
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INFLUENCE OF THE CLAY QUANTITY AND QUALITY

ON THE SETTLING STATE OF SOME CERNISOLS
(MOLISOLS) FROM THE ROMANIAN PLAIN

SUMMARY

The paper is an attempt to quantify the influence of clay and
clay minerals contents on the physical settling state indeces of
some Cernisols (Molisols) from the Romanian Plain.

The established linear relationships between physical inde-
ces and clay content of five Molisols were direct for the bulk den-
sity and the compaction degree, and inverse for the total and air
porosity.

The identified clay minerals in the investigated soils were
smectite, illite, and kaolinite. The established relationships bet-
ween physical indeces and the content of main mineralogical com-
ponents of the clay were contrary. Thus, the smectite clay content
correlated, similar to the clay content, with the physical indeces
(directly with the bulk density and the compaction degree, and
indirectly with the porosity indeces), while, in the case of illite clay
content, these relations were contrary as compared to the smec-
tite clay content.

The established relationships at the colloidal level between
physical indeces and the two clay minerals were validated at soil
level only for the smectite minerals At this level, the values of the
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correlation coefficients for the relationships between physical
parameters and smectite soil content were higher than those
obtained between the same physical parameters and the clay
content, suggesting that these indicators appear more closely
related to the clay quality than to its quantity.

Key words: clay minerals, clay and clay minerals — soil physical
properties relationships

INTRODUCERE

Printre factorii care influenteaza starea de agezare a solului se
numara si argila ca fractiune granulometrica. Dovada cea mai elocventa a
influentei argilei o constituie faptul ca interpretarea corecta a valorilor den-
sitatii aparente si porozitatii totale, cei doi indicatori care exprima starea
de asezare a solului, nu este posibila fara a lua in considerare textura
solului.

Cercetari relativ recente au reliefat, prin stabilirea unor relatii
statistice Tntre parametrii fizici $i mineralogici, ca influenta argilei asupra
indicatorilor care exprima starea de asezare a solului se manifesta nu
numai din punct de vedere cantitativ ci si calitativ (Craciun si colab., 1996,
1997, 2002; Craciun, 2000).

Lucrarea prezenta constituie o noua dovada in acest sens, obtinuta
n contextul investigarii unor noi tipuri de sol. Ea se adauga, in acest fel,
unor raportari anterioare, alcatuind impreund cu acestea ceea ce am
putea numi, generic, "incercari de cuantificare a influentei argilei, atat sub
aspect cantitativ cat si calitativ, asupra unor insusiri ale solului”.

MATERIAL §I METODE

Au fost studiate, din punct de vedere mineralogic si fizic, un numar
de 36 de probe apartinand la 6 profile de sol reprezentand clasa cerniso-
lurilor. Cinci dintre acestea provenind de la Fundulea, Draganesti Vlasca,
Islaz, Videle, Vlagini sunt faeoziomuri, in timp ce al saselea (Marculegti)
apartine, ca tip, cernoziomurilor.

Compozitia mineralogica a fractiunilor argiloase din probele de sol a
fost stabilita prin metoda de difractie a razelor X, utilizandu-se intensitatile
reflexiilor bazale 001 caracteristice mineralelor argiloase identificate. De-
terminarile fizice, ale caror rezultate au fost extrase din Ghidul Conferintei
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SNRSS de la Bucuresti (1997) au fost efectuate dupa metodele utilizate
curent in laboratorul de fizica solului din ICPA*.

Pentru relatiile statistice au fost selectati o serie de parametri mine-
ralogici (continuturile mineralelor argiloase din fractiunea fina si din sol) si
fizici (continutul de argila, densitatea aparenta — DA, porozitatea totala —
PT, porozitatea de aeratie - PA, gradul de tasare — GT). Au fost incercate
mai multe tipuri de ecuatii (lineare, parabolice, logaritmice, exponentiale).

REZULTATE OBTINUTE $I DISCUTII

Sub aspect calitativ, intre profilele investigate nu se constata
deosebiri mineralogice le nivel coloidal, mineralele argiloase identificate in
toate situatiile fiind smectitul, illitul si caolinitul. Sub aspect cantitativ, insa,
sunt prezente diferente mineralogice intre profile, uneori chiar si intre
orizonturile aceluiagi profil.

In ceea ce priveste relatiile stabilite, trebuie sd mentionam faptul ca
cele mai bune rezultate au fost obtinute la folosirea ecuatiilor lineare, ai
caror coeficienti de corelatie au fost, in majoritatea cazurilor, foarte apro-
piati de cei oferiti de ecuatiile polinomiale. Din aceasta cauza, rezultatele
prezentate se rezuma la relatiile lineare.

Influenta continutului de argila asupra starii de agezare a solului

Relatiile stabilite intre indicatorii care exprima starea de agezare a
solului si continutul de argila sunt prezentate in figura 1. Dupa cum se
poate observa in aceasta figura, intre densitatea aparenta si continutul de
argila exista o relatie directa (figura 1A). Aceasta relatie apare surprinza-
toare, in contextul in care datele asupra valorilor medii ale densitatii apa-
rente pentru principalele tipuri de sol din Romania (adancimea 0-100 cm)
indica o tendinta de reducere a valorii acestui indice, de la solurile nisipoa-
se la cele argiloase (Canarache, 1990). Cu toate acestea, relatii asema-
natoare au mai fost raportate si la alte tipuri de sol din aceeasi zona geo-
grafica, cum sunt solurile brun roscate (Craciun, 1998) si solurile vertice si
vertisolurile (Craciun gi colab., 1996).

Datele existente arata ca porozitatea totala, indice sinonim cu
spatiul lacunar inregistreaza, in mare, o tendintd ascendenta o data cu
cresgterea continutului de argila din sol (Chirita, 1974, Canarache, 1990;

*Multumim si pe aceasta cale colegilor care au efectuat analizele fizice.
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Figura 1 Influenta continutului de argilé asupra indicatorilor care exprima starea
de asezare a solurilor studiate

Figure 1 Influence of the clay contents upon fhe physical indeces which express
the settling state of the investigated soils

Bucur si Lixandru,1997), cu toate ca aceasta caracteristica a solului, ca
sistem dispers, depinde mai mult de modul de aranjare a particulelor
solide decat de dimensiunea lor. Ca gi in cazul densitatii aparente, relatia
dintre porozitatea totala si continutul de argila (figura 1B) pare surprinza-
toare, desi privita prin prisma legaturii inverse dintre porozitate si den-
sitatea aparenta, aceasta relatie poate fi considerata normala. De altfel,
un tip de relatie asemanatoare a fost intalnit si la celelalte soluri din
Campia Romana, deja mentionate. Porozitatea de aeratie indica aceeasgi
tendinta de reducere o data cu cregterea continutului de argila (figura 1C),
valoarea coeficientului de corelatie fiind similarad cu cea obtinuta in cazul
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porozitatii totale. Demn de subliniat este faptul ca aceasta relatie este
conforma cu cele obtinute si la celelalte soluri din Campia Roméana,
anterior mentionate.

in figura 1D se prezinta relatia dintre gradul de tasare si continutul
de argila. Dupa cum se observa, valoarea acestui indice creste o data cu
cantitatea de argila din sol. De altfel, acest tip de relatie, intalnit si la alte
soluri, cum sunt solurile cenusii (Craciun si colab., 2002) sau solurile cu
caractere vertice (Craciun si colab., 1996) nu surprinde, deoarece conti-
nutul de argila este inclus in formula acestui indicator complex ca un
component al formulei porozitatii minim necesare (Canarache, 1990).
Aceasta explica gi valoarea cea mai ridicata a coeficientului de corelatie
obtinut in cazul acestui indice (r = 0,72).

Concluzionand asupra relatiilor argilei (sub aspect cantitativ) cu
indicatorii care exprima starea de asezare a solului, trebuie subliniat faptul
ca valoarea coeficientilor de corelatie indica relatii foarte semnificative, cu
exceptia gradului de tasare, unde legatura este distinct semnificativa.
Anumite aspecte legate de sensul acestor relatii care nu sunt conforme,
aparent, cu imaginea pe care ne-o ofera datele existente asupra relatiei
argila — densitate aparenta sau argila — porozitate totala ar putea fi atri-
buite unor caracteristici ale materialului parental al solurilor sau altor cau-
ze, in prezent obscure, justificand faptul ca semnificatia practica a valorilor
celor doi indicatori fizici este diferitd de la o categorie de soluri la alta sau
chiar de la un sol la altul, in functie de textura.

Influenta calitatii argilei asupra starii de agezare a solului

Notiunea de calitate a argilei implica compozitia ei mineralogica,
deoarece, indiferent ce caracteristici sau ce insusiri am folosi drept criterii
de definire a calitatii, acestea sunt legate de constituentii argilei, adica de
mineralele argiloase.

in figura 2a se prezinta relatiile dintre densitatea aparenta si compo-
nentele mineralogice ale argilei. Rezultate semnificative se obtin numai in
situatiile componentelor principale, smectitul si illitul, cazuri in care valorile
coeficientilor de corelatie sunt foarte apropiate, in pofida faptului ca
relatile se deosebesc (directe in cazul smectitului si inverse pentru illit).

Recalcularea continutului celor doua minerale argiloase la nivelul
solului aduce precizari suplimentare privind rolul componentelor argilei
(figura 2b). Astfel, rolul smectitului este confirmat, mai bine zis intarit, de

kK,

valoarea coeficientului de corelatie (0,72 ), in timp ce rolul illitului nu se
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Figura 2 Variatia densitatii aparente a solurilor studiate in functie de continutul de
minerale din argila (a) si din sol (b)

Figure 2 Variation of the bulk density of investigated soils, as function of the clay
(a) and soil (b) content of minerals
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confirma, rezultatele fiind nesemnificative. Interesant este faptul ca, in
aceleagi conditii, legatura dintre densitatea aparenta si continutul de
caolinit din sol devine semnificativa, datorita contributiei argilei.

In cazul porozitatii totale, situatia referitoare la componentele mine-
ralogice se mentine, cu deosebirile deja constatate in cazul continutului de
argila. Aceeasi asemanare in ceea ce priveste valorile coeficientilor de
corelatie gi a sensului contrar al relatiilor porozitatii totale cu cele doua
minerale argiloase principale, smectitul gi illitul, cu singura mentiune ca
situatiile sunt inversate, comparativ cu densitatea aparenta, la care se
adauga aceleagi rezultate nesemnificative pentru caolinit (figura 3a).

La nivelul solului, aceeasi confirmare si intarire a rolului smectitului,
cu mentiunea ca, de aceasta data, relatia lui cu porozitatea totala este
inversa. lllitul nu confirma nici de aceasta data, in timp ce caolinitul inre-
gistreaza o legatura asemanatoare smectitului, dar cu o semnificatie mai
redusa (figura 3b).

Porozitatea de aeratie ne ofera un tablou aproape identic cu cel al
porozitatii totale, atat la nivel coloidal (figura 4a) cat si la nivelul solului
(figura 4b). Ca si in cazul porozitatii totale, cand se ia in considerare con-
tinutul smectitului din sol, legatura cu porozitatea de aeratie devine mai
stransa (valoarea coeficientului de corelatie cregte). Singura exceptie o
constituie caolinitul, care nu permite obtinerea unor date semnificative nici
macar la nivelul solului.

In ceea ce priveste gradul de tasare, in figura 5a se observa ca
acesta se afla intr-o relatie directa cu continutul de smectit din argila si
inversa cu cel de illit. Aceeasi lipsa de semnificatie pentru legatura care
include caolinitul.

In mod similar celorlalti indicatori fizici, rolul smectitului este confir-
mat si intarit in cazul in care se considera participarea acestuia la nivelul
solului. Ca si in alte situatii anterioare, illitul nu confirma la nivelul solului,
iar caolinitul permite obtinerea unor rezultate semnificative la nivelul solu-
lui (figura 5b).

Rezumand observatiile facute asupra relatiilor argilei sub aspect ca-
litativ cu indicatorii care exprima starea de asezare a solului, retin atentia
mai multe aspecte. incepem cu nivelul coloidal:

 Judecand dupa valorile si semnificatiile coeficientilor de corelatie,

trebuie subliniat faptul ca, in pofida unei similitudini Th ceea ce pri-
veste gradul de semnificatie cu continutul de argila, in cazul con-
tinuturilor de minerale argiloase din argila se observa o tendinta de
reducere a valorilor acestor coeficienti. Aceasta tendinta este mai
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the clay (a) and soil (b) content of minerals

accentuata la porozitatea totala si gradul de tasare, afectand si
gradul de semnificatie.

* La nivelul fractiunii argiloase, rezultatele semnificative privind rela-
tile mentionate se obtin numai in cazul componentelor mineralo-
gice principale, smectitul si illitul (exceptie face gradul de tasare, la
care si caolinitul ofera astfel de date).

* Relatiile stabilite Tntre indicii fizici $i cele doua minerale principale
sunt contrare. Astfel, in cazul continutului de smectit relatile sunt
directe pentru densitatea aparenta si gradul de tasare si inverse
pentru cele doud forme de porozitate. In cazul illitului, legaturile
sunt contrare celor inregistrate la smectit. Singura exceptie in care
caolinitul da rezultate semnificative include relatia directa cu gradul
de tasare.

Continuand cu nivelul solului, la care incercarea de a stabili relatii
asemanatoare luand in considerare participarea mineralelor argiloase la
nivelul probei totale, impusa de considerente analitice (deteminarile fizice
se fac pe profile de sol si nu de argild) si statistice (necesitatea de a veri-
fica gi valida relatiile oferite de componentii argilei, la nivelul intregului), s-
a ajuns, de asemenea, la o serie de constatari la fel de interesante:

« In primul rand, trebuie subliniat efectul sinergic al argilei si smec-
titului asupra indicatorilor fizici relevat de valoarea gi semnificatia
mai ridicate ale coeficientilor de corelatie obtinuti la nivelul solului
comparativ cu aceiasi parametri obtinuti la nivelul coloidal al
solului. Tn cazul smectitului, datele obtinute la nivel coloidal sunt
confirmate in totalitate de cele pe care le ofera solul ca intreg.

» Spre deosebire de smectit, illitul ofera, la nivelul solului, o imagine
total diferita, in care rezultatele sunt nesemnificative, neconfirmand
relatiile stabilite la nivel coloidai. In acest context, ar fi posibil ca re-
latiile de la nivelul argilei, care sunt inverse fata de cele care includ
smectitul, sa fie datorate, intr-o oarecare masura, unui efect com-
pensatoriu legat de modul in care se fac interpretarile cantitative.

* Cu o singura exceptie (porozitatea de aeratie), in cazul caolinitului
se observa ca se poate stabili o relatie asemanatoare cu cea care
include smectitul, chiar daca semnificatia rezultatelor referitoare la
legatura cu indicii fizici este mult mai slaba. Pe de alta parte, nu
trebuie omis faptul ca neimplicarea caolinitului la nivel coloidal
este un fenomen obignuit, intalnit si la alte soluri, fiind atribuit, Tn
majoritatea cazurilor, continutului mic al acestui mineral in argila.
Cu singuranta ca relatia argila — indici fizici imbunatateste relatia
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* Rezultatele obtinute ne sugereaza ca atunci cand se iau in consi-
deratie relatiile la nivelul solului, legaturile stabilite intre unele com-
starea de asezare a solului, apar mai strdnse comparativ cu cele
stabilite intre aceeasi indicatori i continutul de argila. Cu alte cu-
vinte, n astfel de situatii indicatorii care exprima starea de asezare
a solului apar legati mai putenic de calitatea decat de cantitatea
argilei.

Datele obtinute referitoare la relatiile dintre mineralele argiloase si
indicatorii care exprima starea de asezare a solurilor cercetate demon-
streaza ca smectitul este mineralul cel mai activ in cadrul acestor relatii.
Mai mult, aceste rezultate indica o similitudine din punct de vedere al
influentei exercitate asupra indicilor fizici respectivi intre argila si smectit,
aspect subliniat si la alte soluri (Craciun, 2000).

Rolul cel mai activ jucat de argila in sol se datoreaza, in primul rand,
dimensiunii celei mai reduse a particulelor, care confera acestei fractiuni
granulometrice suprafata de reactie cea mai mare. Acest rol este insa re-
zultatul componentelor ei mineralogice, care au nu numai proprietati dis-
tincte, ci chiar si dimensiuni diferite ale cristalelor. n acest context, rolul
cel mai activ al smectitului in cadrul fractiunii fine este in concordanta cu
dimensiunile cele mai reduse pe care le poate atinge acest mineral argilos
si cu caracteristicile sale cristalochimice. Cu alte cuvinte, aceleasi consi-
derente texturale care explica rolul cel mai activ al argilei in ceea ce pri-
veste proprietatile fizice ale solului, justifica rolul cel mai activ, sub acelasi
aspect, pe care il au mineralele smectitice in cadrul fractiunii argiloase.
Dimensiunea cea mai redusa a particulelor, in comparatie cu celelalte
minerale argiloase, impreuna cu mobilitatea retelei acestor minerale, stau
la baza unor procese fizice de contractie-gonflare care determina modifi-
cari ale starii de asezare sau impachetare a particulelor si agregatelor de
sol, cu consecinte asupra geometriei si distributiei spatiului lacunar al so-
lului, precum si a reactiei acestuia la modificarile de volum pe care solul le
poate suferi in anumite conditii.

CONCLUZII

1. Fractiunea argiloasa a cernisolurilor studiate din Campia Romana
are drept componente mineralogice smectitul, illitul si caolinitul.
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agezare a solului si continutul de argila sunt directe in cazul
densitatii aparente si gradului de tasare gi inverse in cazul
porozitatii totale si de aeratie.

giloase din fractiunea fina sunt semnificative numai in cazul
componentelor principale, smectitul si illitul. Relatiile lineare dintre
indicii fizici i continutul de smectit din argila sunt similare celor
oferite de continutul de argila, in timp ce relatiile acelorasi indici
cu continutul de illit din argila sunt contrare.

4. Relatiile stabilite la nivel coloidal sunt validate la nivelul solului
(unde se iau in consideratie continuturile mineralelor argiloase din
sol) numai in cazul smectitului, subliniind rolul cel mai activ al
acestui mineral. La nivelul solului, valorile coeficientilor de core-
latie obtinute Tn cazul continutului de smectit sunt superioare
celor date de continutul de argila, sugerand faptul ca indicatorii
fizici care exprima starea de agezare a solurilor respective sunt
legati mai putenic de calitatea decat de cantitatea argilei.
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DISTRIBUTION OF TOTAL NICKEL IN OLTENIA
SOILS.

Gh. Gata, A. Mihailescu, Elena Bugeag
Research Institute for Soil Science
and Agrochemistry, Bucarest Romania

SUMMARY

A representative group were selected in such a way as to
involve samples of all horizons and the main soil types of Oltenia
soils.

The total nickel with a mean of 33.87 ppm is not uniformly
distributed in the sand, silt and clay fractions. Since the content
of these feactions highly correleted with the total nickel it is
possible to estimate the means of this element in these fractions
namely 13 ppm Ni, 50 ppm Ni and 53 ppm Ni respectively.

Due to the high correlations between the total nickel and the
total iron, aluminium, potassium and magnesium it may be inferred
that the nichel is especially invoved in micas, illite, smectite like
minerals and to a smaller extent in free sesquioxides.

The distribution into the soil profile is due to the inheritance
of the parent materials and to the tranlocation processes of the
clay and free sesquioxides.

Key words: total nickel, distribution in separates, nickel minerals,
Oltenia soils

Introduction

The distribution of some heavy metale in Oltenia soils was already
investigated, it was presented the map of their repartition in the soil ho-
rizons and also some pedogeochimical data on these soils (Mihailescu et
al. 1986).

The present paper is an atempt to define more accurately the
repartion of total nickel in the clay, silt and sand fractions and to estimate
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as far as possible soil minerals with a greater nickel content.

Materials and methods

309 soil samples were selected from all horizons and the main types
and subtypes of Oltenia soils (chernozems, phaeozems, luvisals,
vertisols, gleysols, arenosols, regosols, leptosols, fluvisols a.s.0.)

The particle size analyses were determined by Khaciaski method
(Motoc, 1964), the organic matter by Walkley Black method modified by
Gogoasa, (1959), pH electrochemically and total nickel content by acid
fusion and determination by atomic absorption (Tiganas, 1986).

The nickel content of the free sesquioxides was solubilized by
electrochemical reduction (Gata & Gata, 1964), the soluble organic form of
nichel by extraction with EDTA 0.01M-ammonium acetate 1n at pH 7
(Lacatusu et al. 1987) and the mineralogical composition of the clay
fractions by means of X-ray diffraction patterns (Gata, 1972).

Results and discussions

Nickel is an element of the iron group with a very marked lithofile
character. It is very widely distributed in ultrabasic igneous rocks as
silicates and in these stuctures replace magnesium due to its similar ionic
size 0.78 kX and its coordination state six. In nature the great quantities of
nickel are retained in the solid products of the alteration (Rankama &
Sahama, 1970).

Its abundance in the earth’s crust is estimated from 80 ppm (D.
Adriano, 1986) to 58 ppm (Fiedles and Roesler quoted by Lacatusu and
Ghelase, 1992) but its content may be from 5 ppm in the sandstones to
over 2500 ppm in argillaceous sediments and basic igneous rocks
(Rankama & Sahama, 1970).

The mean values of the total nickel in soils are quite variable in
literature. In his review D. Adriano (1986) shows that the regional means
varied from 20 ppm in Canada and U.S.A. soils to 28 ppm in Italy soils but
Vinogradov (1959) calculated a mean of 40 ppm for the earth’s nickel
soils.

In analysed Oltenia soils the mean is 33.87 ppm total nickel with the
values involved from 9 ppm Ni in the E (90-110 cm) horizon of an arenosol
at Bechet (Dolj) to 84.2 ppm Ni in the Bt (15-35 cm) horizon of a regosol at
Plopsor (Gorj).

Beside of the regional repartition in connection with the main
sources Danube, OIlt and the rivers which descent from Meridional
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Carpatian Mountains of Oltenia already investigated (Mihailescu et al,
1986), the distribution of the total nickel in the main soil types is different
(table 1).

Table 1
Pedogeochemical data on the nickel total

of the investigated Oltenia soils.
Nr | Mean | Standar | Variatio | Minim | Maxim | Interva
Seil . Value d n ppm pPpm 1
types ppm | deviatio | Coeffici ppm
n en%
Chernozem 23 37.01 517 13.97 30 52 22
Haplic 47 37.18 5.19 13.96 27 47 20
Phaeozem
Luvic 12 37.32 5.35 14.33 30.7 49 18.3
Phaeozem
Chromic 34 38.6 8.79 22.79 23 55 32
Luvisol
Luvisol 38 32.16 13.3 41.36 11.2 61 49.8
Albic Luvisol | 44 25.55 11.35 44.4 10.4 58 47.6
Eutric 26 31.91 20.06 62.88 9.2 84.2 75
Cambisol
and Regosol
Vertisol,gleys | 31 39.35 10.22 25.97 243 64.5 40,2
ol
Arenosol 22 19.05 5.76 30.25 9 29.2 20.2
Fluvisol 32 40 14.83 37.09 12 65.3 56.3
Total 30 33.87 12.67 37.41 9 84.2 75.2
9

Generally the smallest meam appears to the arenosols 19.05 ppm
Ni and the greatest to the fluvisols and heavy soils 40 ppm Ni and 39.35
ppm Ni respectively (table 1). This suggest that the fluvisols materials are
enriched in nickel during the water flow along the slopes or when their
parent material involve detritic materials from the mountain regions at
least in the north and central areas of Oltenia soils where are a high
content of nickel (The Gilort Valley at Ciocadia Gorj 60 ppm Ni or the
Amaradia Valley at Bucureasa 52 ppm Ni.

For the chernozem and phaeozem the meam are the same values
(37 ppm Ni) and for the mean of chromic luvisols a closely value (38.6
ppm Ni). Another luvisols present the values sensible smaller between 25
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and 32 ppm Ni. The statistical variation coefficients increase from 14% for
chernozems and phaeozems to 23% for chromic luvisols and over 40% for
another luvisols. The arenosols and heavy soils present the intermediate
values of 39% and 26% respectively. For eutric cambisols and regosols
was calculated the highest value of 63% so also shows the difference
between the maximum and minimum of 75 ppm Ni.

If the extreme means of the total nickel are those obtained for the
arenosols and heavy soils then its concentration is dependent on the
content of the clay fractions. It is quite just that these two quantities high
correlated (fig. 1) the best according to a power equation (R=0.702) and
even a linear one (R=0.662; F=239).

y = 8.0676x%4"%" y = 0.5228x + 17.702
R=0.702 =0.662

total Ni ppm

60 clay% 80

o Series1 = = = Linear === Power |

Fig.1.Relationship between the total nickel and the
concentration of the clay fractions in Oltenia soils.

In the same time the total nickel content correlates to the silt on
concentration to a polynomial relation (R=0.408) and an increasing linear
relation (R=0.310; F=32.7). The total nickel content is also high dependent
of the sand fraction concentration (fig. 2) according to a exponential
relation (R=0.634) or even a linear descendent relation (R=0.616; F=188).
It must be emphasized that for the clay and silt fractions the statistical
curves ary increasing but for the sand fractions this is descending. In other
words the sand fraction dilute the total nickel content in Oltenia soils by its
lower level of the nickel.

The high values of the correlation coefficients allow to estimate the
mean contents of the total nickel in clay, silt and sand fractions by the
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Fig.2.The total nickel content in relation to the sand
concentration in Oltenia soils.

extrapolation. For this reason the rezults 53 ppm Ni, 50 ppm Ni and 13
ppm Ni for clay, silt and sand fractions respectively must be verified by
means of the mean contents of these fractions. The results 33.48 ppm Ni
is very closely with the statistical mean 33.87 ppm Ni obtained for the
Oltenia soils and may be used as a mean values for the fractions.

It may be emphasized that the quantities of total nickel in clay and
silt fractions are approximately equal but four times than in the sand
fraction. Therefore nickel is so much more as the particle size is smaller.
Then total nickel is not uniformly distributed in Oltenia soils and suggest
that it is specially involved in the mineral structures probably of the
silicates and oxides.

Although reported the ironmagnesian minerals with a very high
concentration of nickel reach a low content in Rumanian soils (Ghid Conf.
Bucuresti, 1997) because the main minerals are quartz, feldspars, mica
and clay minerals (Gata, 1997).

The quartz and feldspars are not nickel (Rankama & Sahama, 1970)
and the total nickel appear to be involved in mica and clay mineral
structures.

In the investigated soils nickel is closely connected with iron (fig.3)
according to a power relation (R=0.749) and even a linear relation
(R=0.724; F=388) and shows that nickel is involved in iron minerals. The
main elements of the soils high correlated with the total nickel content in
the succesion iron (R=0.749), aluminium (R=0.685), potassium (R=0.590)

94

total Ni ppm

4 Feth 5

© Seriest = = = Linear Power

Fig.3.The nickel content as a function of the total iron
concentration in Oltenia soils.

and magnesium (R=0.532) with a significance level of 0.1% even for the
linear relation (fig. 4). These high correlation coefficients shows that nickel
is especially involved in the mineral structures with iron, aluminium, pota-
ssium and magnesium as micas, clay minerals and possible magnetite,
ilmenite and free sesquioxides of the Oltenia soils.

y = -27.779x° + 64.483x + 8.0539
y = 29.958x + 17.125

o  R=0559

100 - R=0.590
80 -
60 -
40 -
20 43

0

total Ni ppm

o Series! = = = Poly. = = = Linear |

Fig.4.Variation of the total nickel content with the total
potassium concentration in Oltenia soils.

In addition by means of a test of 162 soil samples were determined
the mineralogical composition of their clay fractions. Kaolinit do not corre-
lated with total nickel and generally it is in a little quantity in Oltenia soils
namely a few per cent. But the total nickel of the investigated soils high

95



STIINTA SOLULUI nr. 1-2, 2003, vol. XXXVII

correlated with illite and smectite like minerals (Craciun, 2000) accordind
to a power relation (R=0.633 and 0.708 respectively) and it make possible
the estimation of their mean contents in Oltenia soils namely 61 ppm Ni in
illite and 51 ppm Ni in smectite like minerals without to consider the
sesquioxie nickel.

The total nickel do not correlated with organic matter and suggest
that the organic forms of this element are small enough and there is a
discordance between chelate and total nickel probable due to the parent
materials of different sources. Some tests by means of a extraction with
EDTA-ammonium acetate shows values under 1% of the total nickel.
The sotubility of the soil nickel by some analytical sequences appear to be
limited and the forms water soluble, exchangeable or organic bond are
very small, apreciated under 0.1% (Adriano, 1986). The forms absorbed or
occludet by carbonates and free sesquioxides present intermediate values
of several per cent of total nickel but the residual forms are highest
content (80-95%).

Indeed the separation of the free sesquioxides by electrochemical
reduction of eleven Oltenia soils confirms that the nickel occluded in this
form is estimated in a range of 1-9 % of the nickel total with a mean of 4.7 %.

The total nickel content increase with the depth especially for the
luvisols and phaeozems due to the translocation of the clay and ses-
guioxides. Thus the ratios of nickel content of B and A horizins increase in
the same time with the ratios of the clay content of B and A horizons (fig.
5). In Oltenia soils these ratios are closely connected by a power relation

2 -
< a *
o 4 » Y
= 1,5 a .‘.’D‘“. L 7Y
[} 4 *
§ 1 Ai & <
S 05 N
Z
0 T T 1
0 1 2 clay B/A 3
¢ Ni B/A ONiB/Avert A NiB/Aaren |

Fig.5.Relationship between the ratios of the total nicke!
in B and A horizons and the ratios of the clay contents
in B and A horizons of Oltenia soils.
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(R=0.596) and even a linear one (R=0.551; F=13.07). The representative
points corresponding to the arenosols are situated at lower values and
those corresponding to vertisols are spreaded in the point cloud.

The distribution of these points shows that the moving of the nickel
takes place in the same time with the translocation of clay and sesqui-
oxides.It results that the rend soluble nickel by mineral alteration and soil
processes is in a great extend absorbed on the broken surfaces of the
minerals and then occluded into their structures. The dispersion of points
on the graph shows too a nickel inheritance from the parent materials of
the soils.

The solubility and plant availability of the nickel depends on several
properties of the soil as texture, exchange capacity, pH, organic matter,
chelating agents, free sesquioxides, calcium carbonate content, minera-
logic composition of the clay fractio a.s.o. But the total nickel content is
related to pH (fig. 6) by a parabolical curve (R=0.491) and even a linear
relation (R=0.474; F=88.8) and shows that acidified horizons have lower
guantities of total nickel (fig. 6). Otherwise the dispersion of the points on
the graph confirm the provenance of total nickel from difference sources
with different pH level which formed the deposits of parental materials.

y = -1.3447x + 23.335x - 59.639
R=0.491 y = 5.3131x - 0.9914
- 122 ] R=0.474
Q
2 60
g 40
2 207 BBk
0 " X T » T 1
4 6 8 pH 10
| o Seriest Poly. = = = Linear

Fig.6.Influence of pH on the total nicke! content of
Oltenia soils.

Summarily the total nickel of Oltenia soils with the mean of 33.87
ppm is involved mostly in micaceous minerals structures as mica, illite,
smectite like minerals (smectite and intergrade minerals), less occluded in
the free sesquioxides and a little quantity as another chemical forms.
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The distribution of the total nickel in the soil fractions is different and
its content increase from the sand fraction (13 ppm Ni) to silt (50 ppm Ni)
and clay fractions (53 ppm Ni).

It may estimate now the percentage of the total nickel in the sand,
silt and clay fractions namely 11 %, 43 % and 46 % respectively and also
23 % in illite 19 % in smectite like minerals about 4% in free sesquioxides
and under 1% as chelate forms.

Conclusions.

The group of the 309 analysed soil samples is statisticaly represen-
tative for the Oltenia soils since it involves the samples of all horizons and
of the main soil types from the whole region.

The mean of the total nickel in Oltenia soils is 33.87 ppm and it va-
ried from 19.05 ppm Ni in arenosoils to 39.35 ppm Ni and 40 ppm Ni in the
vertisols and fluvisols respectively.

The total nickel quantity high correlated with the sand, silt and clay
fraction contents and allow to estimate the nickel means of these frac-
tions: 13 ppm, 50 ppm and 53 ppm respectively, namely 11%. 43% and
46% of nickel total.

In the clay fraction the prevalent minerals illite and smectite like
minerals (smectite and intergrade minerals) high correlated with nickel
total and it was possible to estimate their contents 61 ppm and 51 ppm
respectively, namely 23 % and 19 %, under | % as chelate forms and
about 4% of the total nickel as sesquioxides.

The total nickel do not correlated with the organic matter and
suggest that a small quantity is bonded by chelating agents. Its content is
related to pH and shows a lower content in the acidified horizons due to
the translocation of the clay and free sesquioxides from A to B haorizons.

The total nickel highly correlated with total iron, aluminium, pota-
ssium and magnesium and suggest that it is involved into such mineral
structures. Since the iron magnesium minerals from the igneous roocks
are in a little concentration in Oltenia soils and the prevalent minerals are
guartz, feldspas, mica and clay minerals it is inferred that the greater
guantity of nickel total is prevalent invoved in micas, illite and smectite like
minerals and a smaller quantity in the free sesquioxides.

It results that the nickel brought with the parent materials remains in
solid alteration products and it is deposited in the hydrolized minerals and
it is concentrated in the clay fractions as clay minerals and less as free
sesquioxides.
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ORGANIZAREA CONSTITUENTILOR MINERALI Al
VERTISOLURILOR DIN INTERFLUVIUL
OLT — VEDEA

IOANA TAINA, Daniela RADUCU, |. SECELEANU*,
*Institutul de Cercetari pentru
Pedologie gi Agrochimie, Bucuresti

MINERAL CONSTITUENTS ORGANISATION OF THE
VERTISOLS FROM THE OLT — VEDEA INTERFLUVE

SUMMARY

The aim of this paper is to analyse the specific manner of
soil material organisation in Vertisols, pointing out the plasma
character, the predominant type of plasmic and elementary fabric
and the type of the structure. The main micromorphological
aspects of the material organisation in two Typical Vertisols and
one Slight Pseudogleyed Vertisol located on the Cotmeana Plat-
form and Boian Plane are presented. These soils are characte-
rised by several types of plasmic sepic fabric and a specific
variation of the matrix material from the A/B and By horizons due
to the gravitational movement of the fragments from the upper
horizons along the fissures open during the dry periods. A direct
correlation between the development of the sepic plasmic fabrics,
porphyropeptic elementary fabric, crack structure and the values
of the clay fraction can be noticed. A reverse correlation between
the development degree of the same aspects and the content of
the organic matter is observed as well.

Point count analysis in the Slight Pseudogleyed Vertisol, for
the estimation of the distribution of each type of plasma, plasmic
and elementary fabric and structure in the pedogenetical horizons
of the Vertisols have been carried out.

The repartition of plasma and skeleton along the profile
shows a surface contamination as well as a stratification of the
parent material.
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The increase of the content of clay-iron plasma and ferric
nodules in the A/Bwy, B1y and Bsy horizons can be related to a
present and a past manifestation of the pseudogleyzation process.
The decrease of the content of humic-iron-clay plasma in the Bsy
horizon can be considered an indication regarding the depth of
the pedoturbation process.

The correlation between the humic-iron-clay plasma, insepic
plasmic fabric and porfiropectic elementary fabric and between the
iron-clay plasma, mosepic, masepic and skelsepic plasmic fabric
and porfiropeptic elementary fabric is confirmed. A correlation
between the plasma richer in iron and the degree of development
of the vosepic plasmic fabric is noticed also.

Key words: soil micromorphology, soil micromorphometry, soil
organisation, Vertisols.

INTRODUCERE

Solul prezinta o organizare ierarhica, putand fi divizat in sisteme din
ce in ce mai mici, cu grade diverse de complexitate (Dijkerman, 1974).
Fiecare sistem sau subsistem este 0 asamblare de obiecte unificate prin
anumite forme de interactiune si interdependenta, in aga fel incat for-
meaza un tot, un intreg.

Micromorfologia solului are ca scop principal cercetarea la nivel
microscopic a organizarii constituentilor grosieri si fini ai solului (sche-
letului si plasmei), pornind de la natura acestora, aranjamentul spatial al
constituentilor fini in asamblaje plasmice, al celor grosieri si fini Tn asam-
blaje elementare si ajungand la elementele structurale si structura de
diferite tipuri.

Inca din anul 1962, Kubiena arata semnificatiile genetice ale trasa-
turilor micromorfologice, reliefand faptul ca elementele ce alcatuiesc
structura solului nu sunt statice, ci se formeaza si se modifica in raport cu
procesele specifice anumitor conditii bioclimatice. Prin cunoagterea struc-
turii unui anumit sol pot fi descifrate fenomenele si conditiile ce au deter-
minat formarea solului respectiv.

De altfel, in cazul anumitor soluri, structura este de fapt proprietatea
care sta la baza diferentierii orizonturilor. Aga sunt vertisolurile ale caror
orizonturi nu se deosebesc marcant prin alte caracteristici (Blokhuis,
1982). Procesele de baza in formarea structurii vertisolurilor sunt cele de
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gonflare-contractie (Wilding si Tessier, 1988). Aceste procese conduc pe
de o parte la formarea fetelor de alunecare datorita expansiunii masei
solului Tn timpul umectarii si pe de alta parte, la fenomenul de incorporare
continua n orizonturile inferioare a fragmentelor de material cazute de la
suprafata solului pe fisurile largi, deschise in timpul perioadelor de
uscaciune, mecanism aga-numit de "auto-inghitire” sau de pedoturbatie
(Ahmad, 1983).

Totodata, presiunea de incarcare si stresul de forfecare provocate
de procesele de gonflare — contractie determina orientarea preferentiala a
foitelor de argila din cadrul plasmei. Se stie ca in conditii plastice, foitele
se dispun perpendicular pe directia presiunii si paralel cu directia
forfecarii, pe aliniamente paralele in zone mai intinse sau mai restranse,
formand astfel diferite tipuri de asamblaje (Brewer, 1964) plasmice.

Din prezentarea acestor aspecte reiese faptul ca observatiile directe
la nivel micromorfologic asupra organizarii materialului de sol pot furniza
informatii importante pentru caracterizarea vertisolurilor si pentru stabilirea
modului de desfasurare a proceselor de formare a acestor soluri.

De-a lungul anilor, vertisolurile din tara noastra au fost analizate mi-
cromorfologic de catre Oprig (in Florea si colab., 1971; 1976), Ghitulescu
(1971) si Postolache (1985, 1986%). In scopul completarii analizei micro-
morfologice a vertisolurilor analizate — smolnitele din Campia Roméana de
la vest de Arges — Ghitulescu a efectuat si determinari micromorfometrice
pe sectiuni subtiri de sol, prezentand rezultatele sub forma de diagrame
ale repartitiei componentilor urmariti — schelet, plasma, goluri, neostriane,
feri-argilane, fragmente vegetale, neoscheletane, noduli feri-manganici,
noduli de calcit si calcitane.

Obiectivele lucrarii de fata sunt prezentarea comparativa si interpre-
tarea caracteristicilor micromorfologice ale organizarii materialului mineral
din orizonturile genetice ale unor vertisoluri situate in Campia Romana si
Piemontul Getic, in interfluviul Olt-Vedea, urmarindu-se diferentele ce apar
de la un profil de sol la altul in functie de proprietatile lor fizico-chimice.
Este evidentiata de asemenea, prin intermediul analizei micromorfo-
metrice, distributia pe verticala a diferitilor constituenti dintr-un vertisol si a
modului lor de organizare.

!Raport intern "Harta solurilor Romaniei, scara 1:200000”, Arhivele I.C.P.A.
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MATERIAL S| METODA

Au fost analizate micromorfologic trei profile de sol localizate in
interfluviul Olt - Vedea, considerate reprezentative pentru zona:
- Profilul 1 Mogosesti - vertisol tipic (Ap — A/B — B,y — B,y — B/Cy —
Ccay) situat pe Platforma Cotmeana, la o altitudine de 200 m;

- Profilul 2 Boianu - vertisol tipic (Ap — Aph —A/B — By — By — Bgy
— B/C) situat in Campia Boianului, la o altitudine de 140 m;

- Profilul 3 Potcoava - vertisol pseudogleizat slab (Ap; — Ap,h — Aps
— A/Byw — By — B,y — B3y — Cca; — Ccay) situat pe Campia Boia-
nului, la o altitudine de 170 m.

Aceste soluri s-au format pe un material parental constituit din depo-
zite argiloase predominant smectitice.

Sectiunile subtiri de sol (cu dimensiuni de 7/5 cm si grosime de 20-
30 mm) au fost confectionate? dupa metoda elaborata de Oprig in anul
1971, dezvoltata ulterior de Opris si Tatiana Postolache (Arhiva I.C.P.A.,
1973 - 1991).

Analiza micromorfologica a fost realizata la mezonivel, cu ajutorul
documatorului (la mariri de 9-24 x) si la micronivel cu microscopul
polarizant (la mariri de 25-480 x).

Terminologia micromorfologica utilizatda a fost adaptata dupa Ku-
biena (1938), Brewer (1964), Parfenova si Yarilova (1977) si Bullock si
colab. (1985).

In scopul ilustrarii ponderii fiecarei caracteristici micromorfologice a
orizonturilor genetice ale vertisolurilor, sectiunile subtiri din profilul 3 Pot-
coava au fost analizate micromorfometric semicantitativ, utilizand metoda
analizei in puncte (Underwood, 1970; Gahm, 1971). Pentru fiecare orizont
genetic al acestui profil au fost efectuate determinari in 540 de puncte, la
marirea de 75 x. Dupa Dorronsoro (1988), la acest numar de determinari,
erorile maxime probabile la un nivel de incredere de 95% sunt cuprinse
intre 5% pentru caracteristicile ce prezintd o pondere de peste 75% si
50% pentru caracteristicile cu o pondere sub 5%. Prin determinarile micro-
morfometrice au fost urmarite fractiunile de dimensiunea prafului, nisipului
si pietrisului din cadrul scheletului mineral, scheletul organic (fragmentele

2Sectiunile subtiri de sol au fost confectionate de tehnicianul M. Popa, in cadrul
Laboratorului de Micromorfologia solului din Institutul de Cercetari pentru Pedo-
logie si Agrochimie.
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REZULTATE $I DISCUTII
S-a urmarit caracterizarea organizarii materialului de sol din fiecare

orizont genetic al vertisolurilor analizate, in re

punere), diferitele tipuri de plasma, golurile (cuprinzand macrogolurile i
Analiza micromorfologica

mezogolurile cu dimensiuni de peste 30 mm) si tr
(nodulii si petele ferice, nodulii si peliculele carbonatoiluviale si peliculele

argiloiluviale). De asemenea, in cadrul matricei solului s-a facut o apre-

vegetale nedescompuse sau aflate intr-un stadiu incipient de descom-
ciere a tipurilor de asamblaje elementare si plasmice.
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Mogosesti si 42,5 - 44,4 % in P, Boianu. Totodata, orizontul A din profilele

asamblaje plasmice insepice-mosepice-schelsepice si silasepice. In pro-

(mosepice-masepice). In profilul P; Potcoava, asamblajul plasmic este

insepic-schelsepic-masepic, local mosepic in prima parte a orizontului,

sepice. In ambele profile, In incluziunile cu material mai argilos provenite

in humus (Ci=1,29 — 0,83 g/100 g sol), fata de cele din profilul P; Pot-

Plasma din orizontul A al profilului P; Mogosesti este organizata n
filul P, Boianu, asamblajele plasmice sunt silasepice si insepice-schel-
din orizonturile inferioare pot aparea asamblaje sepice mai dezvoltate

P, Mogosesti si P, Boianu se caracterizeaza prin continuturi mai ridicate
coava (C=0,96 — 0,67 g/100 g sol).

d si zone masepice-vosepice. Pe peretii

aran
fisurilor respective pot fi prezente si pelicule argiloiluviale subtiri, in curs

lungul fisurilor apa

mai jos, in

de integrare in matrice (Fig. 1). Se poate presupune ca asamblajele plas-
mice silasepice fie au rezultat prin procese de sedimentare, probabil de

naturd eoliana (mai ales in vertisolurile tipice, unde se remarca si o

valoare mai ridicata a continutului

de vertisolul slab

a

t

in praf fa

Lo

10
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pseudogleizat), fie au fost mostenite din materialul parental. Dupa Brewer
(1964), asamblajele plasmice insepice, ca de altfel si cele mosepice, sunt
mostenite din materialul parental. Asamblajele plasmice schelsepice,
masepice, vosepice sunt rezultatul presiunilor orientate care apar in cursul
procesului de umezire-uscare a materialului de sol.

La fel ca plasma si asamblajele plasmice sunt determinate de
continuturile in argila si materie organica. Asamblajele plasmice sepice (in
care se disting domenii de argila anizotrope, cu orientare preferentiala)
sunt mai dezvoltate Tn profilul P; Potcoava, unde se gasesc continuturile
cele mai mari in argila si cele mai scazute in humus. Aceasta se explica
prin cregterea gradului de orientare a domeniilor de argila, in absenta par-
ticulelor granulare de materie organica, oxihidroxizi ferici sau silt fin, fapt
reliefat de Burnham (1970) intr-un studiu privitor la micromorfologia sedi-
mentelor argiloase.

Se constata de asemenea si existenta unei legaturi cu compozitia
mineralogica a argilei din solurile studiate, profilul P3 Potcoava prezen-
tand cel mai mare continut in smectit (70%).

Scheletul solului este asemanator in orizontul A al celor trei profile
analizate, mentinandu-se relativ constant in ce privegte compozitia mine-
ralogica si granulometrica in toate orizonturile. Este alcatuit din granule de
marimea prafului si nisipului fin, cu contur subangular — subrotunijit; aceste
granule sunt reprezentate in ordinea frecventei prin: cuart, feldspati pla-
gioclazi, feldspati potasici (microclin), muscovit, hornblenda verde, biotit,
zircon, granat, apatit. in profilul P; Potcoava sunt prezente in plus frag-
mente de cuartit gi gist cuartitic de marimea nisipului.

Asamblajele elementare (aranjamentul plasmei, scheletului si golu-
rilor asociate) sunt: in orizontul A al profilului P; Mogosesti, porfiropeptic,
local intertextic, in profilul P, Boianu, plectoamictic-porfiropectic, local
intertextic, iar in orizontul A al profilulului P; Potcoava, porfiropectic-porfi-
ropeptic. In toate cele trei soluri sunt preponderente asamblajele elemen-
tare porfiropeptice sau porfiropectice care se caracterizeaza prin
cimentarea intr-o masa densa a granulelor de schelet acoperite sau nu de
pelicule. Aceste doua tipuri de asamblaje elementare se formeaza dupa
cum arata Kubiena (1938) in soluri si orizonturi bogate in material fin alca-
tuit preponderent din coloizi peptizati, asamblajul porfiropeptic indicand in
plus si 0 deplasare a acestora.

Structura orizontului A al profilului P, Mogosesti este poroasa, cu
elemente structurale izolate angulare — subangulare (fisurate orizontal). In
profilul P; Potcoava, structura este de asemenea poroasa cu elemente
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Fig. 1 Fig. 2
Fig. 1 Zona de inchidere a unei fisuri, cu pelicule argiloiluviale integrate n
matrice (a) si asamblaje plasmice vosepice-masepice (b). P3 Potcoava, orizontul
Ap, N+, 45x. Fig. 2. Matrice neuniformd, cu zone mai scheletice, cu plasma
argilo-humico-ferica, cu asamblaj plasmic silasepic (a) si zone mai argiloase, cu
asamblaj plasmic mosepic-schelsepic (b). Limita dintre aceste zone este ondulata
datorita presiunilor diferentiale exercitate in cursul gonflarii materialului de sol. P2
Boianu, orizontul A/B. N+, 45x.

izolate; pe langa fragmentele subangulare formate datorita lucrarilor
mecanice ale solului sunt prezente si agregate zoogene; de asemenea se
remarca zone poroase spongioase i zone cu o structura de fisurare; n
suborizontul Aph al acestui profil, pe fondul structurii masive caracteristice
apar pori izolati si fisuri; In partea inferioara a orizontului A predomina
structura de fisurare, alaturi de o structura poroasa. Fisurile sunt intre-
taiate, inclinate la unghiuri de aproximativ 45° fata de verticala. Profilul P,
Boianu prezinta la suprafata, o crusta structurala cu disjunctie texturala
moderata, cu pori veziculari si neregulati creati de aerul captiv, in care
sunt prinse si resturi vegetale. Sub crusta, solul prezinta o structura cu
elemente izolate, glomerulare si poliedrice subangulare si o structura
spongioasa; elementele mari sunt fisurate. In partea inferioara a orizon-
tului A se intalneste o structura cu fisuri intretaiate si, local, cu fisuri
circulare.

Aceste observatii sunt in concordanta cu concluziile lui Blokhuis
(1982) care arata ca la suprafata vertisolurilor, datorita existentei unei
porozitati mai mari, umectarea este omogena, iar stresul de forfecare nu
joaca un rol foarte important in formarea structurii. Ahmad (1983), de-
scriind fenomenul de "auto-mulcire” specific vertisolurilor, subliniaza ca
structura formata in orizonturile de suprafata atat timp cat solul este uscat
nu se mentine si in conditii de umezire. Formarea crustei din profilul P2
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Boianu a fost favorizata de actiunea agresiva a ploii asupra agregatelor
glomerulare mici de la suprafata solului, care a dus la colapsul acestora gi
la reorganizarea locala a materialului rezultat.

Orizontul A/B

Incepand din acest orizont, in toate cele trei soluri analizate se
observa o neuniformitate a materialului datorata miscarilor vertice (Fig. 2).
Pe fondul general al plasmei argilo-humico-ferice din vertisolurile tipice si
argilo-ferice din vertisolul pseudogleizat slab pot fi diferentiate zone mai
humice gi mai bogate in schelet, mai dezvoltate ca suprafata sau mai
restranse, deplasate din orizontul superior pe cale mecanica (Fig. 3) sau
zoogena. Este de remarcat faptul ca in profilul P; Mogosesti, plasma este
mai humica decéat in profilul P, Boianu.

Asamblajele plasmice sunt insepice-masepice-schelsepice in cele
doua vertisoluri tipice, in plus, in profilul P, Boianu aparand local asam-
blaje silasepice (Fig. 2). In profilul P3 Potcoava, fondul se caracterizeaza,
printr-un asamblaj plasmic mosepic-schelsepic, local vosepic-masepic;
zonele mai humice prezinta un asamblaj insepic si sunt delimitate de
asamblaje masepice-schelsepice-vosepice (Fig. 3); in zonele ferice,
asamblajele plasmice sunt insepice-schelsepice si clino-bimasepice.

Asamblajul elementar din orizontul A/B al vertisolurilor tipice (P,
Mogosesti si P, Boianu) este porfiropectic — porfiropeptic; local, in profilul
P, Boianu asamblajul elementar poate fi intertextic. In orizontul A/Byw din
vertisolul pseudogleizat (P; Potcoava) asamblajul elementar este
predominant porfiropeptic, iar in zonele cu material provenit din orizontul
superior, porfiropectic.

Observatiile micromorfologice referitoare la plasma si asamblajele
plasmice si elementare se coreleaza cu datele privitoare la continuturile n
argila si materie organica. Aspectul mai humic al plasmei din orizontul A/B
al profilului P; Mogosesti este reflectat de continutul mai ridicat in humus
(Ct=1,04 g/100 g sol). Totodata aici se remarca gi cel mai mare continut in
argila (53,4%) dintre toate profilele. Cel mai mic continut in argila se
gaseste n profilul P, Boianu (47,4%). Orizontul A/Byw al P; Potcoava se
caracterizeaza printr-un continut mai scazut in materie organica fata de
vertisolurile tipice (Ct=0,50 g/100 g sol).

Orizontul A/B prezinta o structura de fisurare, mai dezvoltata in
profilul P; Mogosesti (unde cantitatea de argila este cea mai ridicata); fisu-
rile din acest profil se intersecteaza la unghiuri de 45° — 90°, delimitand
elemente structurale poliedrice. Profilul P; Potcoava prezinta un fond mai
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masiv in care apar fisuri izolate $i zone cu structura poroasa, cu goluri
izolate.

Orizontul By

Plasma este argilo-ferica in toate profilele analizate. Pe acest fond
se delimiteaza net zone poligonale cu plasma mai humica, reprezentand
fragmente cazute din orizonturile superioare (Fig. 4); acestea sunt
inconjurate de argila orientata in asamblaje plasmice schelsepice, n
profilul P, Boianu fiind totodata fragmentate si deplasate pe distante
scurte. In toate profilele sunt prezente pete ferice, mai frecvente n profilul
P; Potcoava.

Fig. 3 Fig. 4

Fig. 3. Material neuniform: pe un fond cu plasma argilo-ferica, cu asamblaje plas-
mice mosepice-schelsepice (a) si vo-masepice (b), zone cu material mai putin
activ, mai bogat n schelet, cu plasma argilo-feri-humica si cu un asamblaj plas-
mic insepic (c). P3 Potcoava, orizontul A/Byw ; N+, 4x. Fig. 4. Fragment poligo-
nal, cu plasma argilo-feri- humica, intr-un material cu plasma argilo-ferica. Se
observa orientarea plasmei in asamblaje plasmice schelsepice in jurul fragmen-
tului mai humic (a). In partea de jos, un nodul feric inconjurat de un asamblaj
plasmic schelsepic (b), fotografiat partial. P3 Potcoava, orizontul Bzy. N+, 45x.

Asamblajele plasmice ale orizontului By reflecta manifestarea pre-
siunilor si tensiunilor cu diferite intensitati, in toate profilele predominand
asamblajele sepice: mosepice, schelsepice, masepice, clino-bimasepice,
vosepice, omnisepice, iar n profilul P, Mogosesti si lattisepice. In zonele
mai humice, asamblajele plasmice sunt similare cu cele din orizonturile
superioare (Fig. 4 si 5).

Brewer (1964), explicand geneza asamblajelor plasmice sepice ara-
ta ca presiunile ce apar in timpul gonflarii materialului de sol determina o
reorientare a domeniilor de argila, ca si a particulelor de argila din cadrul
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domeniilor. Reorientarea foitelor de argila se realizeaza de maniera fata -
fata, iar cea a domeniilor se produce pe aliniamente paralele. Astfel, in
cazul asocierii domeniilor de argila orientata cu granulele de schelet sau
cu nodulii gi concretiunile ferice rezultd asamblaje schelsepice. Prin
asocierea domeniilor de argila cu peretii fisurilor gi fetelor de alunecare se
formeaza asamblaje vosepice; acest tip de asamblaj insoteste intot-
deauna fetele de alunecare din vertisoluri. Daca reorientarea domeniilor
are loc in interiorul matricei, pe aliniamente paralele sau intersectate, iau
nastere asamblaje masepice si respectiv bimasepice. Brewer presupune
ca asamblajul lattisepic, definit ca o varietate a asamblajului bimasepic (cu
doua seturi de domenii scurte aciculare de argila, orientate in unghi
aproximativ drept) ar putea lua nastere prin migcari diferentiale de rotatie
si translocare a zonelor cu plasticitate diferitd din materialul de sol.

Asamblajele masepice sunt considerate in general un rezultat al
curgerii plastice (Blokhuis, 1982). Tn profilele P; Mogosesti si P; Potcoava
se remarca insa asamblaje masepice dezvoltate in prelungirea fisurilor
de-a lungul carora sunt prezente asamblaje vosepice; aceste asamblaje
masepice au luat nastere in acest caz prin inchiderea fisurilor gi
integrarea in matricea solului a plasmei organizate in asamblaje vosepice.
Astfel de asamblaje au mai fost descrise de De Vos si Virgo, 1969, citati
de Blokhuis si colab., 1988.

Dupa cum subliniaza si Wilding si Tessier (1988), asamblajele plas-
mice consemneaza "istoria” solului respectiv. Aceasta le confera calitatea

Fig. 5. Fisura formata in jurul unui granul de cuart, in zona asamblajului plasmic
schelsepic ce inconjoara granulul. Pl Mogosesti, orizontul B;y. N+, 70x. Fig. 6.
Pelicula de calcit micritic (a) pe peretele unui canal. In matrice se disting
microcristalele de calcit (b) a caror prezentd face ca asamblajul plasmic sa fie
cristic. P3 Potcoava, orizontul Cca, . N+, 120x.
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de criterii micromorfologice de incadrare a vertisolurilor la nivel de clasa
sau criterii de diferentiere intre tipurile si subtipurile vertice.

Comparand observatiile micromorfologice cu datele analizelor fizice
si chimice se constata, ca si in cazul orizonturilor de deasupra, ca gradul
de dezvoltare a asamblajelor plasmice sepice se coreleaza direct cu
continutul de argila gi invers cu cel de materie organica.

Conform analizei granulometrice, cele mai mari continuturi in argila
se intalnesc in orizontul B al profilului P; Mogosesti (53,4 — 57 %), cele
mai mici valori inregistrandu-se in P, Boianu. In cazul materiei organice,
valorile cele mai mici apar in vertisolul slab pseudogleizat (P; Potcoava),
iar cele mai ridicate in P, Boianu.

Asamblajele elementare sunt predominant porfiropeptice.

Predomina structura cu fisuri si cu goluri izolate, pe un fond mai mult
sau mai putin masiv. Fisurile sunt inclinate la 20 — 45° fata de orizontala.

Dupa cum se stie, presiunile care iau nastere in vertisoluri ca
urmare a gonflarii creeaza o structura specifica, cu oglinzi de alunecare
pe fetele oblice ale agregatelor de sol. Existenta fisurilor mai mari sau mai
mici depinde de aceste presiuni, de densitatea aparenta si de regimul
umiditatii (Ahmad, 1983).

Orizontul Cca

Au fost analizate orizonturile Cca din profilele P; Mogosesti si P;
Potcoava.

Plasma este argilo-feri-carbonatica in profilul P; Potcoava si argilo-
ferica in profilul P, Mogosesti. iIn P; Mogosesti, CaCO5 apare numai ca
neoformatiuni, sub forma de concretiuni $i noduli. Aceste aspecte sunt
reflectate si de analizele chimice, pH-ul fiind 8,06 in profilul P; Potcoava si
7,98 in P, Mogosesti.

Asamblajele plasmice sunt cristice, cu zone schelsepice si vose-
pice-masepice n profilul P; Potcoava si vosepice-masepice-schelsepice
in profilul P; Mogosesti. Prezenta asamblajelor sepice indica manifestarea
presiunilor orientate s$i in acest orizont. Asamblajul plasmic cristic se dato-
reaza prezentei incrustarilor plasmei cu calcit microcristalin (Fig. 6).

Asamblajele elementare sunt intertextice — mortarice gi plecto-
amictice in profilul P; Potcoava, iar in profilul P; Mogosesti, porfiropectice.
Aceste asamblaje plasmice si elementare indica faptul ca orizontul C al
profilulului de la Mogosesti este mai bogat in argila comparativ cu cel al
profilului de la Potcoava.

Structura se mentine asemanatoare cu cea din orizontul By, mai
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ales in profilul P; Mogosesti unde se remarca fisuri cu inclinari de 45 —
60° fata de orizontala, de-a lungul carora pot fi presati nodulii carbonatici,
ceea ce aratda ca miscarile vertice s-au produs si dupa levigarea si
depunerea CaCOs. In profilul P; Potcoava, structura este similara celei din
orizontul B numai in prima parte a orizontului C, mai jos devenind slab
poroasa, cu goluri mici izolate.

Analiza micromorfometrica

Prin analiza micromorfometrica a sectiunilor subtiri din profilul P;
Potcoava (vertisol pseudogleizat slab) s-a urmarit obtinerea unor date
semicantitative referitoare atat la distributia pe verticala a constituentilor
din vertisoluri, cat si la modul lor de organizare. Au fost efectuate deter-
minari privitoare la: proportia plasmei, a fractiunilor scheletului mineral —
granule de dimensiunea prafului, nisipului si pietrisului — si a scheletului
organic — fragmente de plante si radacini proaspete sau aflate intr-un
stadiu incipient de descompunere — (Fig. 7), compozitia plasmei (Fig. 8) si
organizarea sa in asamblaje plasmice (Fig. 9), organizarea scheletului si
plasmei in asamblaje elementare (Fig. 10), proportia diferitelor tipuri de
goluri din categoria macrogolurilor si mezogolurilor mai mari de 30 mm
(Fig. 11), precum si repartitia pe profil a trasaturilor pedologice (anume a
nodulilor ferici si carbonatici si a peliculelor argiloiluviale si carbonato-
iluviale — Fig. 12).

Dupa cum se poate remarca, materialul de sol din toate orizonturile
analizate este constituit predominant din plasma (Fig. 7), deci din particule
cu dimensiuni sub 2 mm. Pe tot profilul, scheletul mineral este alcatuit din
granule de dimensiunea prafului si nisipului, cu exceptia orizontului Cca,
in care o mica parte a granulelor de schelet pot atinge dimensiunea pie-
trisului. Neuniformitatile observate in cazul repartitiei pe profil a granulelor
de marimea prafului indica existenta unor stratificatii in cadrul materialului
parental al solului. Astfel, proportia usor mai ridicata a granulelor de praf
din orizonturile Ap si A/B reprezinta probabil un efect al contaminarii
eoliene a solului. Scaderea evidenta a proportiei granulelor de marimea
prafului, in paralel cu cresterea proportiei plasmei in suborizontul B,y se
datoreaza probabil nu atat manifestarii proceselor pedogenetice, céat exis-
tentei unei neuniformitati in materialul parental. Scheletul organic, consti-
tuit din fragmente vegetale si radacini relativ proaspete, arata o usoara
crestere procentuala la nivelul orizontului A/B in care de asemenea sunt
mai dezvoltate canalele, dupa cum se observa din determinarile referitoa-
re la tipurile de goluri (Fig. 11).
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Determinarile referitoare la tipurile de plasma (Fig. 8) evidentiaza la
nivelul orizontului A/Byw scaderea proportiei plasmei argilo-feri-humice si
cregterea proportiei plasmei argilo-ferice si feri-argiloase, probabil ca o
consecinta a procesului slab de pseudogleizare. In suborizontul B,y se
observa o imbogatire in plasma argilo-ferica, in detrimentul plasmei feri-
argiloase si argilo-feri-humice, marcand probabil o discontinuitate a mate-
rialului parental. Scaderea accentuata a proportiei plasmei argilo-feri-
humice in suborizontul B3y reflectd adancimea pana la care se desfa-
soara procesul de integrare in orizonturile inferioare a fragmentelor mai
humice cazute de la suprafata solului pe fisurile largi, dezvoltate pe
verticala profilului in perioadele uscate. Totodata, cresterea ponderii plas-
mei feri-argiloase din acest suborizont ar putea indica o stratificare in ca-
drul materialului parental, fapt reflectat de altfel si de o crestere a propor-
tiei granulelor de dimensiunea prafului din acest suborizont fata de cel de
deasupra. Aparitia plasmei argilo-feri-carbonatice marcheaza trecerea
catre orizontul Cca.

Din repartitia asamblajelor plasmice pe orizonturi (Fig. 9) se con-
stata ca exista o corelatie directa intre plasma de tip argilo-feri-humic gi
asamblajul insepic, precum si intre plasma de tip argilo-feric si asambla-
jele mosepice, masepice si schelsepice. Asamblajul plasmic vosepic este
mai dezvoltat in suborizonturile By si B3y unde de altfel sunt mai nume-
roase si fisurile (Fig. 11). Asamblajul omnisepic, prezent numai in subori-
zontul Bgy se afla in relatie directad cu plasma mai argiloasa, fiind probabil
mosgtenit din materialul parental. Asamblajul plasmic cristic, prezent in
orizontul Cca, este legat de prezenta plasmei argilo-feri-carbonatice.

Asamblajele elementare (Fig. 10) sunt determinate, la fel ca cele
plasmice, de tipul de plasma; astfel, asamblajul porfiropectic se coreleaza
cu plasma argilo-feri-humica, asamblajul porfiropeptic cu plasma argilo-fe-
rica si feri-argiloasa, iar asamblajul mortaric cu plasma argilo-feri-carbo-
natica. Totodata se observa ca asamblajul elementar porfiropectic prezinta
o dezvoltare similara cu cea a asamblajului plasmic insepic, iar asamblajul
elementar porfiropeptic cu celelalte asamblaje plasmice sepice.

Diferitele tipuri de goluri (Fig. 11) releva structura din fiecare orizont
al profilului, astfel: Tn orizontul Ap predomina golurile de Tmpachetare,
structura fiind poroasa, cu elemente izolate (de natura mecanica si mai rar
zoogena); in orizontul A/B, ca si in suborizontul B,y, proportia golurilor de
Tmpachetare scade vizibil, predomindnd canalele, structura dominanta
fiind poroasa, cu goluri izolate; in suborizontul B,y, proportia golurilor
scade, structura avand tendinta de a deveni masiva; in acest suborizont
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in care predomina plasma argilo-ferica, fisurile, desi preponderente fata
de celelalte tipuri de goluri, sunt intalnite relativ rar; ele delimiteaza de fapt
elementele structurale care datorita materialului mai argilos al acestui ori-
zont prezinta dimensiuni mai mari, ce pot depasi suprafata sectiunii subtiri;
fisurile ating cea mai mare frecventa in suborizontul Bzy, unde plasma feri-
argiloasa prezinta cea mai ridicata proportie pe profil; oxizii liberi de fier
reduc capacitatea de gonflare si de alunecare, dupa cum arata Blokhuis
(1982), fapt ce are drept consecinta probabil fisurarea mai puternica a
materialului; in orizontul Cca, predomina canalele fata de fisuri structura
devenind mai poroasa.

Dintre trasaturile pedologice intalnite Tn acest profil (Fig. 12), nodulii
si petele ferice se gasesc in proportie mai mare, mai ales in suborizontu-
rile B,y si By (9,6% si respectiv 9,1% din suprafata sectiunii subtiri de
sol). Desi nodulii sunt in cea mai mare parte mosteniti din materialul
parental, fapt dovedit de limitele lor in general nete fata de matrice si de
prezenta lor pe tot profilul, o parte dintre nodulii aflati in suborizontul By
sunt formati prin procesul actual de pseudogleizare. In orizonturile A/B si
By, sunt prezente pelicule iluviale argilo-ferice, in cantitate foarte mica
insa (0,4 % si 0,2% din suprafata sectiunii subtiri), ceea ce indica
manifestarea cu intensitate slaba a unui proces de mobilizare a plasmei
argilo-ferice. In orizontul Cca, procesul carbonatoiluvial este reflectat de
peliculele carbonatoiluviale si, intr-o oarecare masura, de nodulii carbona-
tici, formati in general prin depunerea cristalelor de calcit in pori.

CONCLUZII

Din descrierea comparativa micromorfologica a vertisolurilor analiza-
te reiese faptul ca aceste soluri se caracterizeaza prin dezvoltarea mai
accentuata a anumitor tipuri de asamblaje plasmice, ca si printr-o neomo-
genitate specifica a materialului din orizonturile A/B si By, determinata de
deplasarea gravitationala a fragmentelor de sol din orizonturile superioare
pe fisurile deschise in perioadele uscate. A fost evidentiata o corelatie
directa intre aspectele rezultate prin procesele de gonflare-contractie —
asamblajele plasmice sepice, asamblajele elementare, structura de
fisurare — si continutul in argila. De asemenea a fost remarcata o corelatie
inversa intre aceste aspecte si continuturile Tn materie organica.

Determinarile micromorfometrice, venind cu date semicantitative n
completarea analizei micromorfologice, aduc totodata o serie de informatii
suplimentare. Astfel, repartitia pe verticala a plasmei gi fractiunilor schele-
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tului mineral arata existenta unei contaminari de suprafata a solului, ca gi
a unor neuniformitati in materialul parental al vertisolului analizat.

Proportia mai ridicata a plasmei feri-argiloase si a nodulilor ferici
poate fi corelatda cu adancimea de manifestare a pseudogleizarii actuale
sau relicte.

Scaderea brusca a ponderii plasmei argilo-feri-humice poate fi con-
siderata o indicatie referitoare la adancimea pe care se produce procesul
de pedoturbatie.

Sunt confirmate corelatiile dintre plasma mai humica, asamblajul
plasmic insepic si asamblajul elementar porfiropectic pe de o parte si
dintre plasma mai argiloasa, asamblajele plasmice mosepice, masepice si
schelsepice si asamblajul elementar porfiropeptic pe de alta parte. in plus
este remarcata si o corelatie intre plasma ferica gi gradul de dezvoltare a
fisurilor si asamblajului plasmic vosepic.
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THE AGROCHEMICAL IMPROVEMENT OF SOILS IN
THE CONTEXT OF SUSTAINABLE AGRICULTURE

M. Rusu, Marilena Marghitas, Augusta Lujerdean,
I. Oroian, Laura Paulette

University of Agricultural Sciences and
Veterinary Medicine Cluj-Napoca

Abstract

The durable character of the agriculture from the standpoint
of fertility and agrochemical state of the soils is assumed to be
ensured under the conditions in which the dynamic of the humified
organic matter has at least or stationary character, if not an as-
cendant one and between the elements with a nutritive character,
the implication of phosphates is overwhelming in this context
considering the complex roles of this nutrient.

The ensurance of certain modification instalments of the mo-
bile phosphates on the account of some neocluss mineral forms
which already produce a stable enough supply expresses a
diferent behaviour between the soils, in what concerns their
evolution towards froms and combinations more and more stable
which function as a durable, potentially active supply for more
unstable forms of the phosphates.

This stable in time supply, expression of an "oldening”
process of the soil phosphates dynamically nourishes its mobile
and unstable forms which have already acquired the nutritive
significance of this elements for the plants.

Key words: phosphate fractionment, durable agriculture
Introduction
Previous researches of this group of scientists have remarked the

importance of the generation in time of certain neocluss mineral phospha-
te supplies, as more chemical stable forms of these compounds, able to
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durably nourish the unstable mineral forms, potentially accessible of the
phosphorus in the soil. (5), (6).

Within an interdependency relation with some essential attributes of
the soils (pH and other components which give measure to the adsorbtion
capacity-phosphatic retrograde), the application of soluble phosphates in
the water as phosphorus fertilizers concomitantly nourishes the mobile
forms (what develops in time is evolution) besides more stable forms,
initially measured through means of neocluss mineral phosphates (P-Al,
P-Fe, P-Ca).

These last supplies of the neocluss mineral phosphates accumu-
lated in time and which dispose of a real production and determination
potential of the unstable and bioavailable forms of the phosphorus in the
soil include this elemet between the compounds with a durable determi-
nation in the soil fertilization and in the agricultural systems.

In the predictable context of a sustainable agriculture if is impe-
riously useful that all the compensation possibilities of the phosphorus
consumption from the soil through means of crops should be exploited
obviously through the application of organic resources and mineral fertili-
zers containing phosphorus because otherwise the reduction of the mo-
bile phosphates contents from the soil under certain limit values (35-38
ppm -AL) endangers not only the durable character of the agricultural
systems but also the vegetal production which is thus restrained (1); (3); (4).

The present paper presents certain development and stabilization
ways and means of the mobile phosphate content from the soil by ensu-
ring a stability which is realized by the chalking-liming and the phospho-
rus-fertilization in the soil by formation and even developing of the neo-
cluss mineral forms of phosphates (as "a stable durable supply”) and
which nourishes the unstable and potentially accessible to the plants
forms.

Materials and Methode

From experiments with long and stationary application of the fertili-
zation (M. Rusu et al., 1976-1990; P. Kurtinecz 1989; I. Boeriu, P. Kurti-
necz et al. 1996; Maria Stefanescu, 1992) and of chalking-liming (P. Kurti-
necz, 1989) soil samples have been and analyzed from the standpoint of
the potentiometrical and of the phosphatic regime (fractionment of phos-
phates according to Chang-Jackson and mobile forms of phosphorus
according to Egner Riehm-Domingo). (2).
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Results, Discussion

a) The influence of certain agrochemical, phosphorus-fertilization
measure and of calcium chalking-liming upon the neocluss mineral
phosphates supplies.

Within the structure of native representation of the neocluss mineral
phosphate forms there is a great difference between the soils. The power-
fully acid soil from Livada (with a pH H,0=5,2) with relevant mobile - Al
guantities, has a sufficiently equilibrated representation of the neocluss
mineral phosphate forms. One may find here, as expeted, the most
important Al and Fe phosphate quantities. In exchange to that, in the soils
with a moderately-weakly acid-neutral reaction, the predominance of the

Table 1
The modification in time (15-35 years) of the neocluss mineral phosphates
from the soils, in accordance with the applied P,Os, doses (in ppm).

Fertilization Clayilluvial brown (15 years) (pH=5,8) Mollic alluvial (15 years)
Variants (P, =8 ppm) (pH=7.4) (P ;, =20 ppm)
KgP,0;/ha Bacainti-Alba Bacainti-Alba
P-Al P-Fe P-Ca 3P P-Al P-Fe P-Ca P

0 12 41 130 183 13 22 288 323
50 29 85 172 286 28 38 346 412
100 50 115 222 387 45 75 345 465
150 86 147 265 498 83 106 342 531
o 44 97 197 338 42 60 330 432

Modification 74 106 135 315 70 84 54 208

(growth)
Luvic Brown (35 years) (pH=5,2) Vertic clayilluvial chernozem(35
KgP,O,/ha (P 4. =5 ppm) years) (pH=6,3) (P ,, =30 ppm)
Livada-Satu Mare Turda-Clyj
P-Al P-Fe P-Ca 3P P-Al P-Fe P-Ca 3P

0 80 92 83 255 21 22 100 143
40 75 38 111 274 52 59 132 243
80 90 103 143 336 66 76 149 291
120 115 103 138 356 - 84 86 180 350
160 153 120 142 415 108 90 194 392
o 103 101 123 329 66 67 151 284

Modification 73 28 39 160 87 68 94 249

(growth)
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neocluss mineral forms is to be noticed into the category of the calcium-
phosphates.

The multiannual and stationary (systematical) phosphorus-fertilizers
application from the satiment of the concentrated superphosphate signi-
ficantly modifies the neocluss mineral phosphate form supplies (P-Al, P-
Fe, P-Ca). (Table 1).

In the soils moderately and powerfully acid (with a pH H,O < 5,8) the
growth of the neocluss mineral forms constantly happens on the account
of the phosphates connected to the Al and partially, unilaterally to those
connected to the Fe and Ca. The same conclusion may be drawn with
other types of soils (with a pH > 6,0), concerning, the application of the
superphosphate. Constantly, the most important quantitative modifications
(also percentually expressed) appear in the cases of the phosphates
connected to the Al and then to those connected to the Fe and Ca.

One may also appreciate that a more complete stability and a more
reduced dynamic occurs on the part of the phosphates connected to the
Ca.

Even if the acid soils (with a pH < 5,8) the P-nutrition is determinan-
tly sustained from accesible forms, resulted from the Al neocluss mineral
phosphates, the high constancy and stability of the calcium-phosphates
suggest the determinant implication of these elements into the phosphatic
nutrition on a very large scale of soils, considering the durable and stable
character of these forms.

By the calcium chalking-liming of the acid soils, the level and the
structute of the neocluss mineral forms are essentially modified. (Table 2).

Considering the essential pH modification (through calcium chalking-
liming and chalking-reliming) the neocluss evolution of the applied pho-
sphates is mainly observable in what concerns the calcium-phosphates
(P-Ca) which also obviously ensure the significant growt of the accessible
unstable forms, which are doubled as absolute values.

The application of calcium-phosphates (from the superphosphates)
considering the calcium chalking-liming and chalking-reliming with a pH
modification from the level powerfully, acid to the one weakly alkaline (pH
4.5 up to 7,8), ensures the modification of the structure and of the repre-
sentation of the phoshate specics towards the calcium forms which, under
the new improving conditions are at the base of the phosphorus nutrition.

b) The modification of the mobile phosphate forms through fertiliza-
tion.

The multiannual phosphorus application modifies the supply estate
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Table 2
The effect of the calcium chalking-liming and chalking-reliming of the

albic luvisoil (Livada-Satu Mare) upon the neocluss mineral phosphates

Cycles Analysis
Fertilization-
Chalking-
liming
Fertilization Chalking-liming | pH H,O P-AL Neocluss mineral  phosphates
40 years 5 cycles ppm | (ppm/% of ¥P)
CaCO, tha P-Al P-Fe P-Ca P
0 45 47
7518 45 o
52 35 13
P 5 6,9 75
70 l_li £9_ ﬂ 345
33 46 21
105 105 165
_—_ ——  — 375
10 78 8 |28 28 ma
> X 13 9
x 132 127 %4 353
37 36 27

with the mobile forms of this nutrient. Between the applied phosphorus
doses (kg P,Os/ha) and the level of the mobile phosphorus accumulation
(P-AL and DP ppm) there is a significant and determinant dependency
(Table 3):

Table 3
The dependency of the mobile phosphorus acumnulated in the soils (Y)
upon the level of the applied phosphate doses (X)

Nr. Soail Dependency equation Specification
St
1. Clayilluvial
Brown Y P,..=3,80+0,184X X=P, O ,kg/ha doses
(P-fertilization
15 years)
2. Mollic

Alluvial Y P, =13,3342,276X-0,036X *
(P-fertilization
15 years)
3. Brown
luvic Y P, =14,89+3,56X-0,017X*
(P-fertilization
35 years)

X=dosesP,0,*107*

X=doses P, 0, *10*
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The phosphorus accumulation in the soil as a consequence of the
fertilization is significant and it may be satisfactory described through first
and second degree equations in which the value of the accumulated
guantities is dependent upon the P,Og dose annually applied at the
surface unity. The instalments of the annual acumulations (DP, ppm/kg/ha)
show values which increase at the same time with the applied dose and
with the length of the P-fertilizer application, at least in the cases of the
soils with a high adsorbtion- retrograde capacity for the phosphates and
during limited periods of time (6).

The analysis of the annual instalments clearly shows that the
passing of a soil from an inferior phosphorus-supply category into superior
ones (good and very good) may be realized only by the correct and
multiannual phosphate application, in doses which effectively overpass
tbe phosphorus quantity taken out from the soils with the crops.

¢) The significance of the neocluss mineral phosphate supplies

The analytical data and experiments confirm the significant effect of
the neocluss mineral phosphates (P-Al, P-Fe, P-Ca) in what concerns the
determination of the phosphatic fertilization of the soils and especially in
dimensioning the mobile and bioavailable supplies of this element.

The specific existence in the soils of these phosphate forms and the
positive modification of these supplies favours the durable character of the
fertilization and that of an essential support in what concerns the plant

Table 4
The variation amplitude of certain agrochemical indicators of the soil,
connected to the phosphorus lack and the nitrical toxicity in the case of
the corn (HD 200, 6-8 leaves)

Profile * pH H;O P-AL Neocluss mineral phosphates
ppm
ppm

P-Al  P-Fe P-Ca >P
1 5,53 37,1 24 82 66 172
2 5,15 10,2 14 103 17 134
3 5,86 28,7 19 95 38 152
4 5,63 55 14 56 8§ 78
5 5,96 279 21 95 79 195
6 5,26 7.6 12 83 39 134
7 6,15 324 19 99 87 205
8 5,13 6,9 12 65 30 107

*) Profiles 2,4,6,8 with plants which present a lack of phosphorus and nitrical toxicity”
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nutrition. When impact situations occur, frequent in the case of the
phosphorus through the protanation of soil-solution by acid fertilizers, the
modest supplies of these phosphates and especially of those connected
to the "calcium” favours the occurance of certain estates of lack of pho-
sphorus, the nitrical toxicity and other similar negative nutritive processes.
(Table 4).

One may deduce from such situations the importance of the growth
through the P-fertilization of the neocluss mineral forms and implicitly out
of those, the growth of the mobile and assimilable forms. From the neo-
cluss mineral forms one may retain as being more dynamical those con-
nected to the Al and to the Fe and as being much more stable and with a
durable character, the forms connected to the Ca. Generally, these forms
are constantly and durably implied into the growth of the soil fertility.

Conclusions

1) The mineral forms of neocluss phosphates (P-Al, P-Fe, P-Ca) are
efficiently at the base of the stability and of the evolution of the
soil- fertility. The forms connected to the Al and to the Fe have a
larger mobility and those connected to the calcium a recognized
stability.

2) The systematic P-fertilization modifies generally and particularly
each of the neocluss mineral forms and quantitatively more the
ones connected to the Al.

3) The soil chalking-liming and chalking-reliming significantly modify
the evolution of the applied phosphates and one may also notice
structure and content modifications, favorable to those connected
to the Ca.

4) The neocluss phosphate forms are at the base of the soil fertility
evolution and at the one of the mobile phosphate forms. These
forms nourish the potentially accessible forms which can com-
pensate for the phosphorus consumption by crops and which
confer durability to its respective agrochemical context.
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SOIL COVER PARTITION OF EUROPE AND
ROMANIA TERRITORIES BASED ON SOIL
CRITERIA*

I. Piciu, N. Florea
Research Institute for Soil Science and
Agrochemistry, Bucharest

Abstract.

One tries a regionalization of the Europe and Romania terri-
tories using strictly soil criteria (exposed in an apart paper at this
Congress by one of the authors).

At level of the Europe continent were delineated 4 thermal
soil zones according to soil temperature regimes (cryic to pergelic,
frigid, mesic and thermic) and several soil domains determined by
the ground and soil cover form (level, sloping, steep) and domi-
nant major soil (s).

At level of a country, the case of Romania were delineated:
2 thermal soil zones with frigid to cryic (at high altitudes) and
mesic temperatute regime; 10 soil domains and 20 soil regions.
At level of an area, less extended, as in the case of Danube Delta
region, more detailed geographic soil entities were demarcated
including elementary soilscapes (constituted of soil combinations
or associations and simple soil units).

Key words: soil thermal zones, soil domains, soil regions, Eu-
rope, Romania, Danube Delta

Introduction

The soil cover of the continents can be represented on the soil maps
only in a very generalized form, either as dominant soils or as dominant

*A summary of this paper was published in the volumes of the 17th World
Congress of Soil Science, 2002, Thailand, paper no. 545, Symposium no. 02.
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soil associations (combinations).

These soils, represented on the soil maps, have, of course, essen-
tial properties specific to each taxonomic unit, namely diagnostic proper-
ties and associated features ranging between certain limits. But besides
these specific characteristics, each kind of soil has also some peculiar
features, more or less different from an area to other area of continents or
terrestrial globe, which can be of high importance from practical point of
view (land use, range of native or cultivated plants, etc.). That is why a
regional and even local characterization of soils and their environment is
necessary.

A hierarchical system of pedogeographical units for soil cover parti-
tion based on pedological criteria has been proposed by one of the aut-
hors in an apart paper at this volume. In this paper we apply this way of
soil cover regionalization (partition) at different levels (scales) for Europe,
Romania and a region of Romania (Danube Delta).

Soil cover partition of Europe

At this very small scale, only thermal soil zones and soil domains
(fig. 1 and table 1) were delineated. The following soil thermal zones there
are Europe: zone of soils with cryic to pergelic temperature regime (1),
zone soils with frigid temperature regime, subzones in cold (climatic) zone
() and temperate (climatic) zone (ll,), zone of soils with mesic
temperature regime, subzones in temperate (climatic) zone having annual
ruptic pedorhythm (lll;), annual pedorhythm continuous nonuniform (lll,)
or in mediterranean (climatic) zone having annual pedorhythm ruptic (Ill3)
and zone of soils with thermic temperature regime in mediterranean
(climatic) zone (1V).

For the definition and delineating soil thermal zones and soil do-
mains, the soil temperature regimes (Soil Taxonomy, 1975) and infor-
mation about Europe from FAO (1993), European soil Bureau (1998) and
Russian territory regionalizations (1962, 1984) were utilized.

The annual pedorhythm is an integration of the soil temperature and
moisture regimes and represents a general characterization of the
dynamics of the pedogenetic process that can be or not interrupted during
the year due to frozen — cryoruptic pedorhythm — or to drought — aridorup-
tic pedorhythm — or due both — aridocryoruptic pedorhythm (Florea, 1996).

In each soil thermal zone or subzone, several soil domains (between
2 and 20) were separated: in total 54. One find that the most frequent soil
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domain are those of Podzols, Luvisols, Cambisols and Leptosols (this one
only steep domain).

300 ml
25 450 km

150

Soil cover partition of Romania

0
0

In the case of a country, Romania, at a less small scale, the soil
regions were been also delineated. In Romania there are 2 soil thermal
zone: Il, subzone ll; and Ill, subzone lll; (see Table 1). The soil regions
discriminated in the framework of the two subzones are presented in the
map of Fig.2 and the Table 2 (that reprezents the legend of the map). The
soil regions were deliniated taking into account as criteria also the
association of rocks or parent materials and associated soil(s) or the
dominant soil (Florea et al, 1989).

The map represents a detailing of the soil domains at soil region
level, but in the same time a more accurate delineation of the soil cover
units. The map scale also allowed the delimitation of some new soil
domains and regions (that could not be delineated at continental scale).

In total 20 soil regions were distinguished (Fig. 2 and Table 2).
Within the steep soil regions some intramountainous depressions were
shown on the map in order to draw attention to the great difference of soil
cover.

Soil cover partition of the Danube Delta

In the Fig. 3 it is presented an example of pedogeographic partition
of the soil cover of a soil region, namely the region nr. 20 from Romania,
level region of Gleysols, Histosols and Arenosols associated with
Fluviosols, belonging the zone of soils with mesic temperature regime,
subzone IlI1. This region corresponds to Danube Delta.

The following subunits were delineated at this scale in this soil
region: 2 soil subregions characterized by dominant, codominant and
subsidiary soils and in the framework of each subregion, 5-7 elementary
soilscapes (in total 12) characterized by specific soil combinations (Fig. 3
and Table 3).

It is to underline that both soil subregions and elementary soilsca-
pes can be much different - by dominant soils — from the pedogeographi-
cal unit of superior rank, as one can see from the Table 3.

Soil and soil cover changes due to socio-economical activities, con-
sequence of the long term land use, industrial and mining activities,
drainage, irrigation and other land improvement works, etc., represent
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Table 1 o g
=z T 5
The Thermal Zones and Main Soils Domains of Europa g g5 2
1 Zone of soils with cryic to pergelic temperature regime 7)) 5 S S s
(in climatic boreal zone) having annally cryoruptic pedorhythm Zs5 5 £ :
1. Cryosols level domain 5. Histosols level domain <O ¢ £g 2
2. Podzols level domain 6. Andosols sloping domain =@ ; £ §
. . . o == €
3. Podzols sloping domain 7. Leptosols steep domain | g 58 §
4. Podzols steep domain - (L.s . 55 £
1l Zone of soils with frigid temperature regime & - sz £
1} Subzone of soils with frigid temperature regime z 0 53 AN
(in climatic cold zone) having annually cryoruptic pedorhythm (@] % 0
8. Podzols level domain 15. Lavisols level to sloping domain N o | é - —~ :
9. Podzols level to sloping domain . 16. Luvisols sloping domain - -~ il
10. Podzols sloping domain 17. Phacozems level domain ox < &é\"' -
11. Podzols steep domain 18. Gleysols level domain U?
12. Podzoluvisols level domain 19. Histosols level domain o~
13. Podzoluvisols sloping domain 20. Leptosols steep domain _Eﬁ

14. Luvisols level domain
1I; Subzone of soils with frigid (to cryic in high mountains) temperature regime
(in climatic temperaie zone) having annually cryoruptic pedorhythm
21. Cambisols steep to sloping domain 22. Leptosols steep domain
111 Zone of soils with mesic temperature regime
Il Subzone of soils with mesic temperature regime (in climatic temperate zone) having annual pedorhythms
cryoruptic (23-27) or aridocryoruptic (28-35)

23. Podzol level domain 30. Chernozems sloping domain
24. Luvisols level to sloping domain 31. Kastanozems level domain
25. Luvisols sloping domain 32. Calcisols level domain

26. Cambisols sloping domain 33. Vertisols level domain

27. Cambisols steep to sloping domain 34. Arenosols level domain

28. Phaeozems level to sloping domain 35. Fluvisols level domain

29. Chernozems level to sloping domain
111> Subzone of soils with mesic temperature regime (in climatic temperate zone) having annual pedorhvthm
continuous nonuniform

36. Podzols level domain 40. Cambisols sloping to steep domain
37. Luvisols level domain 41. Leptosols sloping to level domain
38. Cambisols level to sloping domain 42. Leptosols steep domain

39. Cambisols sloping domain
II; Subzone of soils with mesic temperature regime (in climatic mediterranean zone) having annual
pedorhythm aridoruptic or aridocryoruptic

43. Luvisols sloping domain 46. Calcisols sloping domain
44. Cambisols sloping domain 47. Fluvisols level domain
45. Cambisols steep domain 48. Leptosols steep domain
1V Zone of soils with thermic temperature regime (in climatic mediterranean zone) having annually
aridoruptic pedorhythm
49. Podzols level to sloping domain 52. Vertisols level domain
50. Acrisols level to sloping domain 53. Cambisols sloping domain
51. Calcisols level to sloping domain 54. Leptosols steep domain
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Table 2
Soil thermal zones, soil domains and regions of Romania

STIINTA SOLULUI nr. 1-2, 2003, vol. XXXVII

11;. Zone of soils with frigid to cryic temperature regime

Cambisols (steep) domains

. Steep region of Cambisols and Podzols developed from: | igneous and metamorphic rocks, and consolidated clastic sedimentary °
Tocks €

21 -2 Steep region of Cambisols and Podzols developed from: | consolidated clastic sedimentary rocks and metamorphic rocks E’_g

21 3 Steep region of Cambisols, Andosols and Podzols | igneous (predominant volcanic), metamorphic and consolidated clastic Y-}
developed from: sedimentary rocks _E

I11;. Zone of soils with mesic temperature regime 1
Cambisols (steep) domain . |

21

4

Steep region of Cambisols and Luvisols developed from:

igneous and metamorphic rocks and consolidated clastic sedimentary
rocks

Fluvial
Delta

Fig.3

Luvisols (steep to level) domuains
s Stoep region of Luvisols, Cambisols and Regosols | various tertiary Sedimentary rocks
developed from:
25 -6 Sloping to steep region of Luvisols, Cambisols, Regosols | various terttary sedimentary rocks and fluvial deposits
and Fluvisols developed from:
25 -7 Sloping region of Luvisols, Phacozems and (locally) | various tertiary sodimentary rocks, covered partially with loess
Vertisols developed from:
25 -8 Sloping region of Luvisols and Fhvisols developed from: | various tertiary sedimemtary rocks, covered partially with loess and
fluvial deposits
-9 Level region of Luvisols and Phaeozems associated with | fluvial deposits, predominant loam and clay
Gleysols and Fluvisols developed from:
-10 Level region of Luvisols and Fluvisols associated | eolian deposits (oess), clay deposits (lacustrian) and fluvial deposits
(locally) with Vertisols formed from:
Phaeozems (sloping to level) domains
-11 Sloping region of Phacozems and Luvisols associated | various tertiary sedimentary rocks, covered partially with loess and
locally with Regosols developed from: fiuvial deposits
ST Sloping region of Phaeozems and Luvisols associsted | colian deposits (loess), leriary sedimentary rocks, and fluvial deposits
locally with Fluvisols developed from:
-13 Sloping region of Phacozems, Leptosols and Luvisols | eolian deposits, mesozcic sedimentary rocks, and igneous and
developed from: metamorphic rocks
28 -l Level region of Phaeozems, Fluvisols and Gleysols | fluvial deposits (predominant loam and clay) and eolian deposits (foess
formed from: and sand)
Chernozems (sloping to level) domains
29 .15 Sloping region of Chernozems, Greyzems and (locally) | various tertiary sedimentary rocks, covered partially with loess
Regosols, developed from:
% 16 Tevel region of Chemnocems and Fluvisols associated | eolian deposts (loess and sand)
focally with Arenosols, formed from:
% 17 Level region of Chernozems and Kastanozems associsted | locss deposits with local occurence of limestone, greenschists and other
{ocally with Regosols, developed from consolidated rocks or of sand deposits
Flwvisols and Gleysols (level) domains
-18 Level region of Fluvisols, Gleysols and Solonetz, formed | fluvial deposits (predontinant loam and clay)
from:
-19 Leve! region of Fluvisols, Gleysols associated locally with | recent fhuvial deposits, locally eolian sands (dune sands)
Arenosols, formed from:
3 -2 Lewel region of Gleysols, Histosols and Arenosols | recent fluvio-lacustrian and fluvial deposits and eolian sands (dune
associated with Fluvisols, developed from: sands)

(‘ The numbers of this column represent the number of soil domain of Table 1 and Fig. 1 (Europe)
The numbers of this column represent the number of soil region of Romania, Fig. 2 with

- Soil domains and regions separated at this scale)
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Table 3

Subunits of the level soil region 20 (Danube Deltii;Level Regions of Gleysols,

Histosols and Arenosols)

Soilscape (Ss) Soil combination® Land forms Geographical
denomination
20 — a Subregion of Gleysols, Histosols and Fluvisols formed from recent
fluvio-lacustrine deposits (Fluvial Danube Delta)
1 Ss. of Fluvisols FL,, FL,, GC, (T) Riverine levels Ceatal Tulcea
2 Ss. of Fluvisols, saline phasc FL;, FL,, (GC)) Riverine levels, flat | Pardina-Titaru
(emerged soils) areas, depressions
(former lake bottoms)
3 Ss. of Kastanozems KS,, KS;, 8G, Loess plain Chilia field
4 | Ss. of Gleysols GC, L Low riverine levels | Maliuc
A and transitional areas
5 | Ssof Gleysolsand Histosols | 5/1 | GC), GCy, (Ty) _ E Chilia
Depressionary
512 1 GGy, GGy, (Ty, L) areas S Gorgova lake
6 Ss. of Gleysols and Histosols GC, L, (T) Depressionary ~ areas | Fortuna
and Limnosols and shatlow lakes
7 | Ss. of Histosols 7 [T, LU(GCy) Low lying Matita
m {T,L, GG depression areas Gorgova-Isac
73 | Ty, GG S Caraorman
20 - b Subregion of Arenosols, Histosols and Gleysols formed from eolian sands and
fluvio-lacustrine and fluvial deposits (Fluvio-marine Danube Delta)
8 Ss. of Arcnosols and sands 81 | N, N, PS;lPS,a, 8C, Half fixed dunes, fixed | N Letca
duncs and
8/2 | Ny, Ny, PS;, SCs interdune arcas Caraorman
central part
9 Ss. of Arenosols 9/1 PS4, PSs, PS5, (T)) Low dunes and S Letea
972 | PSy, (GCy) interdune arcas Caraorman
periphery part
10 | Ss. of Arcnosols, saline phase PS;, My, Ty, SCy Low dunes and large | Sirdturile |
interdune areas, and i
low lying depressionary :
areas :
11 | Ss. of Gleysols and Fluvisols, GCy, GGy, FLy Low riverine levels and | Popina '
saline phase transitional areas
12 | Ss. of Histosols T, L, GC; (N,, PS, | Low lying | SE Sulina
SC,) depressionary areas

* Simbols of soils according to Soil Map of the Danube Delta (Munteanu, Curelariu, 1995)
labeled on the map; indices 1, 2...4 represent different soil combinations of the dominant
soil, generalized on the basis of the mentioned soil map.
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also a criteria for spatial unit delineation especially in the case of lower
units (soilscapes, subregions).

In the Table 3 there are specified also the soil combinations of each
soilscape, as well as the correspondent land forms and local geographical
denomination (the pedogeographical unit becoming unique in this way).

Although not in an apart map, the soil combinations are shown,
clearly distributed, on the map (Fig. 3) and marked by their symbols.

Conclusions

The three maps represent an illustrative example of segmentation
(regionalization) of the soil cover based on pedological criteria.

The delineated pedogeographical units become more and more less
heterogeneous as the map scale becomes larger and the lower pedogeo-
graphical units — soil regions and subregions, soilscapes — can be repre-
sented.

Besides the characterization of each soil as natural body and re-
source at any level of regionalization, it has to be added a characterization
of soil cover as spatial unit, as pedogeographical assemblage, at least for
the soil regions and subregions and soilscapes. This caracterization takes
into account: nature of soils and their features and fertility, spatial distri-
bution of soils (soils pattern), relationships among soils, relationships
between soils and natural (environmental) factors, anthropic influences.

This characterization, as far as possible quantitatively, should be
make facile the evaluation of the optimum land-use, productive potential,
risks of soil degradation or vulnerability and the ways of prevention of
these risks, aspects which can get proper solutions only in the framework
of pedogeographical units.
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MEDIUL NATURAL, CADRU STRUCTURAL sl
FUNCTIONAL IN DEFINIREA FACTORILOR EDAFICI
IN VESTUL ROMANIEI

THE NATURAL ENVIRONMENT, THE STRUCTURAL
AND FUNCTIONAL BACKGROUND IN DEFINING
THE WEST ROMANIA EDAPHIC FACTORS

D. Tarau?, I. Borza?, Irina Tarau®, H. Vliad! D. Dologa?', T. Jurcut?
10SPA Arad, 2USAMVB Timigoara, > OSPA Timigoara, * OSPA Bihor

Abstract

The case study took into consideration a surface of 3251477
ha, 2112990 ha being represented by agricultural lands from
Bihor, Arad, Timis and Caras Severin counties. The data regards
the following:

- main factors and soil genesis conditions (parent material
geomorphology, geology and lithology, hydrography etc).

- main cosmic and atmospheric factors analyses (tempera-
ture, rainfall, etc) and their distribution in the studied aria;

- soil resources inventory with soil main types and associa-
tions presentation referring to the agricultural and sivicultural
surface of the studied aria

- the edaphic factors role in biological and agricultural factors
development

- soil deterioration and risk factors evolution or that of eco-
logical conditions evolution and preventing measurements.

The importance of the study is even greater if we take into
consideration that 90% of the studied area is represented by the
rural artia and 65% by the agricultural area, aspect which shows
that the overall towns development depend in great part by the
agricultural and siviluctural activities.

The presented aspects have as background the data from
OSPA archive (Timisoara, Arad and Oradea), data that represents
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50 years of pedological and agrochemical studies and researches,
and data from the monitoring system organiyed by ICPA Bu-
charest.

The geographic and physical conditions common for the four
counties of west Romania brought to a diversity of soil charac-
teristics, here being met almost all types of Romanian soils.

Although the natural ecological potential of this area is good
the soil quality is not very satisfying due to the activity of limiting
and restrictive factors.

Key words: environment, background, ecology, limiting,
clime, edaphic, social.

Introducere

Localizarea gi definirea in spatiul terestru a fiecarei portiuni de teren
stabilindu-i totodata o identitate topografica inregistrabila cu date de latitu-
dine, longitudine, altitudine, inclinatie, forma de relief, suprafata etc., ca-
racterizata morfologic si genetic, are un rol insemnat in determinarea con-
ditiilor ecologice care concura la realizarea mediului in care plantele cresc
si dau recolte, respectiv a vocatiei unei anumite portiuni de teren pentru
anumite utilitati (agricole, silvice, social-economice etc).

Formate in conditii naturale foarte variate, solurile difera foarte mult
ca insusgiri si fertilitate, respectiv capacitatea lor de a sustine cresterea
plantelor (cultivate sau spontane) si formarea productiilor agricole si
forestiere de la 0 zona la alta.

Cunoagterea particularitatilor specifice si a insugirilor naturale sau
modificate antropic ale pamantului, ca principal mijloc de productie si
partial ca produs al activitatii omenesti, are un rol important in utilizarea
rationala a unui anumit teritoriu, practica demonstrand ca pentru a
functiona marea sau mica exploatatie agricola conditia primordiala consta
in cunoasterea si organizarea corespunzatoare a pamantului.

Pornind de la aceste considerente, autorii incearca sa prezinte in
lucrarea de fata, pe baza de date extrase din tematici de cercetare
stiintifica desfasurata pe parcursul mai multor ani, precum si pe baza unui
volum impresionant de date acumulat in arhiva OSPA (Timigoara, Arad si
Oradea) in cei peste 50 de ani de studii si cercetari pedologice si agro-
chimice, informatii completate cu date din cadrul sistemului de monitoring
organizat de I.C.P.A. Bucuresti, cateva aspecte referitoare la starea de
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calitate a solurilor si la evolutia principalilor factori ce concura la realizarea
acesteia.

Materialul si metoda de cercetare

Problematica abordata se refera la o suprafata de 3.251.477 ha, din
care 2.112.990 ha terenuri agricole (tab. 1), situata in vestul Roméaniei, re-
prezentand un numar 328 teritorii cadastrale, apartinand judetelor: Bihor,
Arad, Timis si Caras-Severin (reprezentand, in mare doua provincii isto-
rice Banatul si Crigsana).

Cercetarea conditiilor ecopedologice, ordonarea si prelucrarea
datelor, au fost facute in conformitate cu “Metodologia Elaborarii Studiilor
Pedologice” (vol. I, II, 1ll), elaborata de I.C.P.A. Bucuresti in anul 1987 si
“Sistemul Romén de Taxonomie a Solurilor (SRTS — 2003)".

Tabelul 1
Structura suprafetelor pentru principalele categorii de folosinta

Specificare Arabil | Pasune { Fanete | Vii | Livezi | Agricol | Paduri | Alte Total
BIHOR (ha) 303097] 1384321 42698i 5174] 10051] 499452| 194835 60140f 754427
Y% 40.18] 1835 5,66 0,68 1,33] 66,20 2583 7.97 100
% 60,09 2772 8,35 1.03 2.01] 100,00 - - -
ARAD (ha) 3483241 128102] 25293 3814 5987} 511520f 212182{ 51707 775409
% 4492 1652 3.26 0.49 0.77] 65.96] 2737 6.67 100
% 68.09] 2504 495 0.75 1.171 100.00 - - -
TIMIS (ha ) 530215] 129231] 29279] 43131 9326 702398! 109017 58250| 869665
% 6097 1486 337 0,49 1.07] R0.76] 1254 6.70 100
Y% 75.49] 1840 4.17 0.61 1.33} 100.00 - - -
Caras Severin (ha) | 127445] 182836 75990} 1095| 12192} 399620 409864 42492| 851976
% 1496 2146 8.92 0.13 1.43] 4691] 4811 4.98 100
% 31811 45751 1901 0.28 3.05] 100.00 - - -

TOTAL ( ha) 130908 | 578601] 173356] 14396] 375561211299 | 925898] 212589{325147
% 40,261 17.80 5.33 0.44 1.16] 6499 2848 6.53 100
% 61.95f 2738 3,21 0,68 1,78 100 - - -

Rezultate si discutii

Parte distincta a teritoriului Roméaniei din punct de vedere geomor-
fologic si al invelisului de soluri, marea unitate fizico-geografica Banato-
Crisana, care a suferit in decursul a trei secole de interventii hidro-pedo-
ameliorative semnificative pentru evolutia sa ulterioara, reprezintd un
areal de interes major pentru cercetarea pedologica moderna, singura in
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masura sa fundamenteze tehnico-gtiintific cele mai corespunzatoare
masuri de producere a biomasei vegetale intr-o dinamica optimizata si
riguros corelata cu exigentele de protectie a mediului inconjurator.

Factorii naturali determinanfi gi definitorii ai calitafii terenurilor.

Prin pozitia sa geografica, teritoriul, luat in consideratie, situat in
mijlocul emisferei nordice intre 44°27%- 47°351 |atitudine nordica si 20°15?
— 22°52! longitudine estica, prezintd o mare diversitate a conditiilor
ecologice, determinate de marea variabilitate a tuturor factorilor (cosmico-
atmosferice si telurico-edafici) care concura la realizarea mediului in care
plantele cresc si dau recolte.

Relieful, privit in ansamblul sdu se caracterizeaza printr-o mare
complexitate de forme morfologice, de la lunci si vechi delte (cu hume-
roase cursuri relicte si altitudini de cca 86 m) la cAmpii semidrenante
(suprapuse marilor conuri de imprastiere asezate pe un areal subsident i
altitudini de 88-100 m), cAmpii piemontane (cu depozite aluvio-proluviale
sau eoliene), podisuri si piemonturi, dealuri Tnhalte, depresiuni sub sau
intramontane precum si munti cu altitudini de pana la 2291 m (Vf. Gugu
din Muntii Godeanu) cu structuri geologice si evolutii paleogeografice
legate de geneza in timp si spatiu a partii de vest a tarii. Astfel eveni-
mentele tectonice au condus la franjurarea muntilor pe aliniamentele unor
falii si grabene, fenomene conturate tot mai accentuat de permanenta
subsidenta a zonelor din partea centrala a Depresiunii Panonice.

Pe aceasta secventa, cu o diferenta de nivel de aproape 2200 m,
relieful din vestul Romaniei (Banat-Crisana), se desfasoara sub forma
unui grandios si armonios amfiteatru, deschis spre vest, supus unei
transformari permanente atat sub influenta factorilor naturali, cat mai ales
sub influenta omului care I-a modificat intr-o masura mai semnificativa
decat in celelalte regiuni geografice ale Romaniei.

Geologic, relieful perimetrului cercetat se sprijina pe un fundament
carpatic, format din roci cristaline paleozoice si mezozoice cufundate in
tortonian, mai accentuat in partile centrale si mai putin in cele periferice,
fragmentat pe directii diferite; dupa un sistem de falii care aproape se
intretaie perpendicular.

Aceste fragmentari au creat zone de minima rezistenta, iar balansul
blocurilor astfel faliate, amplificat de o serie de evenimente tectonice, au
determinat Thaintari sau retrageri ale domeniului marin (Thetys) sau
lacustru (Panonic).
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Retragerea lacului Panonic a lasat in urma o vasta arie inmlastinata
si insalubra (Fr. Griselini, 1779) care s-a mentionat pana spre sfarsitul
secolului al XVlll-lea, perioada in care mai persistau (Gh. Rogobete si
colab., 1985) in zona peste 877.600 ha da mlastini alimentata periodic de
numeroasele brate care se desprindeau din raurile care tranzitau zona.
Crig, Mures, Bega, Timig, Barzava, Caras si afluentii acestora, ape ce
ldsau Tn amonte terase sau inecau in aval vechile soluri in propriile
aluviuni, generand in final un mozaic de formatiuni geomorfologice si de
soluri.

Prin urmare la complexitatea ecopedologica a teritoriului luat in con-
siderare a contribuit in buna masura geologia si litologia care prin forma-
tiunile foarte diverse din punct de vedere geochimic, de la cele eruptive gi
cristaline din zona montana, la luturile, argilele gi gresiile piemonturilor,
pana la formatiunile loessoide din campii si depozitele fluviolacustre din
lunci reprezinta elemente esentiale pentru definirea mediului de viata al
plantelor.

Refeaua hidrografica, reprezentata de rauri, lacuri, precum si dintr-
un complex sistem de canale pentru desecare i irigatii, care-gi organi-
zeaza bazinele la sud si nord de Mures, apartine bazinului Dunarii, fiind
afluenti directi ai Tisei (Crig, Aranca, Bega) sau ai Dunarii (Timig, Caras,
Nera, Cerna) si isi aduna apele in exclusivitate de pe teritoriul luat in
considerare, fiind legate de regiunea montana si submontana prin faptul
ca aici isi au obarsia gi tot aici sunt definite particularitatile proceselor
specifice scurgerilor lichide. Singurele cursuri cu ape alohtone fiind
Muresul.

Din punct de vedere climatic, teritoriul luat in consideratie se carac-
terizeaza prin existenta unui climat temperat continental, cu influente
oceanice si submediteraneene.

Asezarea tinutului in calea maselor de aer umed din vest si
existenta ramei muntoase in partea de est determina o crestere a cantitatii
anuale de precipitatii de la vest la est. Astfel, in partea vestica se inre-
gistreaza in medie intre 500-600 mm (in ultimii ani Thregistrandu-se frec-
vent valori sub 500 mm), urménd ca izohieta de 700 mm sa contureze
Dealurile Vestice (D. Oradiei, D. Tasadului, D. Codru-Moma, D. Cuiedului,
D. Lipovei, D. Fagetului, D. Poganigului, D. Doclinului, etc.), crescand apoi
treptat cu altitudinea ajungand la 1650 mm la Stana de Vale, conturandu-
se 0 anumita zonalitate altitudinala, pana la cca 1600-1800 mm altitudine,
dupa care se constata o descrestere (la statia Tarcu cu o altitudine de
2190 m, inregistrandu-se 1116 mm). In cadrul climatului general se
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diferentiaza, astfel, altitudinal, urmatoarele topoclimate:
« de munte cu temperaturi medii anuale de la — 2°C la 7°C si preci-
pitatii medii anuale de 1000-1400 mm,;
« de deal cu temperaturi medii anuale cuprinse intre 8-10°C si preci-
pitatii medii anuale de 700-800 mm;
« de campie cu temperaturi medii anuale de 10-11°C si precipitatii
medii anuale de 500-600 mm;

In cadrul acestor topoclimate se deosebesc urméatoarele sectoare:

* nordic, cu un climat in general mai rece si mai umed decét in sud

e central, cu ierni moderate si veri calduroase

* sudic (sau banatean) ce se gaseste frecvent sub influenta cicloni-

lor si maselor de aer din M. Mediterana si M. Adriatica.

Caracterizarea specifica climatului vestic o reprezinta in general
volumul relativ mare de precipitatii datorita circulatiei vestice gi nord-
vestice purtatoare de aer oceanic incarcat cu vapori de apa si prezenta in
depresiunile golf a unor microclimate de adapost care atenueaza extre-
mele valorilor termice, iar in sud favorizeaza manifestarea influentelor
mediteraneene.

Vegetatia spatiului cercetat este puternic influentata de o frecventa
si indelungata interventie antropica, semnalata, arheologic, din perioada
preromana, activitate care a avut ca efect o puternica fragmentare a vege-
tatiei naturale si inlocuirea acesteia pe spatii largi cu vegetatie secundara
constituitd din culturi gi pajisti (exploatate ca fanete sau pasuni). Ca
urmare, vegetatia naturala ce reflecta conditiile naturale ale spatiului luat
in consideratie este reconstituitd pe baza fragmentelor ce se mai rega-
sesc in prezent (in portiunile nemodificate antropic) sau prin corelarea
unor date pedologice cu cele arheologice, solul prin capacitatea sa de
“adaptare” continua la schimbarile naturale sau antropice care au loc in
conditile de mediu, Tinregistreaza si “memoreaza” (prin anumite
caracteristici) principale etape de evolutie.

Astfel, Al Borza (1943) urmarind repartitia padurilor din spatiul “Ba-
nato-Crisan” pe baza analizelor sporopolenice, prezinta aceste provincii
istorice la debutul mileniului I, ca pe o intinsa “arie de mlastini” acoperita
cu o vegetatie specifica hidrofila si paduri de Quercineae in portiunile
drenate, cu pasuni si fanete pe formele mai inalte din interfluviile Mures-
Crig, Mures-Timis si zone cultivate in campiile inalte. Zonele premontane
si montane fiind acoperite aproape in totalitate cu paduri.

Prin urmare vegetatia naturala este etajata in stransa legatura cu
etajarea reliefului, climatului si a solurilor constituindu-se in mari unitati de
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vegetatie si numeroase asociatii (pajisti si tufariguri alpine, tufariguri sud-
carpatice de jneapani si sméardar, paduri mezofile de rasinoase, paduri
mezofile de foioase cu rasinoase, paduri mezoxeroterme de specii
foioase, paduri mezohigrofile de lunca, pajisti stepice de campie etc.), cu
particularitati locale care se etaleaza din zona alpina spre cea de campie
(N. Donita si colab. 1998, I. Coste 2003), vegetatia secundara istalandu-
se in locul vegetatiei primare, fiind reprezentata prin culturi agricole sau
fanete si pasuni.

Marea diversitate structurala si economico-sociala este determinata
in cea mai mare parte de actuala distributie a formelor de relief, fapt
oglindit si in repartitia terenurilor din cadrul spatiului cercetat (tab. 2) fapt
ce-i confera arealului “Banato-Crigsan” o caracteristica specifica.

Se remarca ponderea ridicata a terenurilor arabile de 61,95% din
suprafata agricola, respectiv 40,26% din suprafata spatiului cercetat (tab.
2), din care 54,6% sunt situate Tn campiile de subsidenta si lunci, 25,3% in
campiile piemontane, 18,5% in zonele deluroase si 1,5% in zona
montana.

in ceea ce priveste ponderea suprafetelor agricole si arabile pe
judete (tab. 1) datele difera foarte mult, astfel in judetul Timis suprafetele
agricole detin 80,76% iar cele arabile 60,97% (75,49% din suprafata
agricola) in judetul Bihor 66,20%, respectiv 40,18% (60,09% din agricol)
iar in judetul Arad 65,96%, respectiv 44,92% (68,09%). In fapt aceste
judete beneficiaza de conditii pedoclimatice favorabile dezvoltarii unor
exploatatii agricole cu profil cerealier sau mixt.

In judetul Caras-Severin terenurile agricole ocupa doar 46,91%, iar
cele arabile 14,96% (31,89% din suprafata agricola), conditiile pedoclima-
tice fiind mai putin favorabile plantelor din cultura mare.

Pajistile reprezinta 23,13% din cadrul teritoriului cercetat, din care
26,80% sunt situate in campiile de subsudenta, 10,80% din campiile
Tnalte, 35,40% in zona deluroasa si 26,00% in zona montana (tab. 1).

In privinta ponderii suprafetelor cu pajisti pe judete se detaseaza
judetul Carag-Severin cu 30,38% din care 21,46% pasuni, 8,92% fanete,
urmat in ordine de judetele: Bihor cu 24,01%, din care 18,35% pasuni,
5,66% fanete, Arad cu 19,78%, din care 16,52% pasuni, 3,26% fanete si
Timis cu 18,23% din care 14,86% pasuni, 3,37% fanete (tab. 1).

Plantatiile de vii gi livezi reprezinta doar 1,60% din cadrul spatiului
cercetat, respectiv 0,44% vii si 1,16% livezi.

Fondul forestier, alcatuit din paduri cuprinse in amenajamente silvice $i
alte terenuri cu vegetatie forestiera, reprezinta 28,48% din spatiul cercetat.
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Fata de medie se detageaza judetul Caras-Severin cu 48,11% si
judetul Timig cu doar 12,54% (tab. 1).

Daca comparam aceste date cu situatia din tari central europene
precum Germania sau Austria in care padurile ocupa 35-37%, cu toate ca
densitatea populatiei este mult mai mare, rezulta ca spatiul cercetat pre-
zinta o structura dezechilibrata a folosintei terenurilor prin aceea ca pro-
portia terenurilor arabile este prea mare in raport cu insusirile de care
dispune spatiul fizico-geografic mentionat.

In stransd corelatie cu varietatea factorilor geomorfologici ce
determina existenta unor unitati de relief diversificate, a celor geolitologici
ce conduc la o mare diversitate de materiale parentale si a rocilor pe care
evolueaza solurilor si a celor climatici la nivel de macro si microclimat sau
a celor hidrologici si edafici, precum si a diverselor interventii antropice, a
rezultat o numeroasa populatie de soluri avand caracteristici specifice
(inrudite sau total diferite, intre ele), in continua evolutie.

Potrivit Sistemului Roméan de Taxonomie a Solurilor (SRTS 2003) in
spatiul cercetat, desemnat de arealul judetelor Bihor, Arad, Timig si Caras-
Severin, au fost identificate 11 clase de soluri; 23 tipuri cu separarea a
107 subtipuri si 300 unitati de sol si a numeroase unitati detaliate, care se
deosebesc distinct prin proprietatile lor, capacitatea productiva si masurile
de mentinere si sporire a fertilitatii (fig. 1, tab. 3).

Conditiile de sol (morfologice, fizico-chimice gi hridrofizice)
determinante ale fertilitafii.

Intre factorii si conditiile telurico-edafice, determinante ale capacitatii
de productie a terenurilor, conditiile de sol reprezintd o componenta ma-
jora, cu manifestari multiple, atat in ceea ce priveste insusirile proprii cat si
a celui de “depozitar” al influentei celorlalti factori de mediu, inregistrate la
un moment dat intr-un anumit loc, ele fiind mai stabile in timp si mai usor
de inregistrat si studiat (chiar la nivelul actual de dotare al unitatilor de
profil, mai putin performante fata de alte ramuri ale economiei nationale
sub aspectul eficientei lor ecologice).

Pentru determinarea relatiilor complexe ce se stabilesc intre dife-
ritele insusiri ale solului au fost intreprinse, atat in tara noastra cat si in
plan mondial, numeroase cercetari ce au elucidat o seama de cauzalitai
reciproce servind astfel la definirea categoriilor taxonomice de soluri, atat
sub aspect generic cat si al insugirilor fundamentale in raport cu aspectul
diferentiat al acestora in ceea ce priveste productivitatea terenurilor gi
favorabilitatea pentru plantele cultivate sau spontane.
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Dintre insusirile morfologice, chimice, fizice si hidrofizice care influ-
enteaza direct gsi mediul de viata al fitocenozelor gi care au rol determinant
asupra altor proprietati ale solului, utilizate in prezent de scoala pedolo-
gica, din tara noastra, mentionam: gleizarea, stagnogleizarea, salinizarea,
sodizarea, continutul de CaCO3, rezerva de humus si continutul in
principalii nutrienti (N, P, K), textura, porozitatea, volumul edafic util si
permeabilitatea.

Starea de gleizare

Rezultanta a regimului hidric al solului influentat freatic, starea de
gleizare este luata in considerare la separarea tipurilo si subtipurilor gleice
cat gi a varietatilor de sol (gleizate) determinand totodata favorabilitati
diferite pentru anumite plante cultivate sau spontane.

In raport cu intensitatea gleizarii si adancimea la care aceasta apare
au fost definite clase de gleizare, in functie de care in spatiul cercetat
intélnim urmatoarele clase si grade de gleizare mentionate in figura 2.
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Fig. 2 Repartizare terenurilor agricole in raport
cu starea de gleizare (% din suprafaté)

Starea de pseudogleizare sau stagnogleizare

Rezultanta a regimului hidric predominant stagnant, starea de stag-
nogleizare in cadrul spatiului cercetat in clase gi gradele de stagnoglei-
zare este data in fig. 3.

Reactia solului, exprima in bund masura modalitatile in care se
petrec principalele procese biochimice din sol si conditiile reale de creste-
re si dezvoltare a plantelor cultivate sau a celor din biocenozele naturale;
prezinta in cadrul spatiului cercetat situatiile specificate in fig. 4.
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Fig. 3. Repartizarea terenurilor agricole in raport
cu starea de stagnogleizare (% din suprafata)

i 60 - .
50 |- : - | ‘I:IBIHDRE
o mARAD |
20 : | Iil::"lllmls |
10 o . |OCARAS |
o | m:i[l[II

sub 5,10- 5.81- 6.81- 7.21- peste
500 580 680 720 B840 840

Fig. 4. Stare de calitate a terenurilor agricole in raport cu
reactia (pH), % din suprafatd

Continutul Tn humus (respectiv in materie organica) definegte starea
de fertilitate a solurilor care difera atat in functie de conditiile climatice cat
si de intregul complex al factorilor pedogenetici, in cadrul spatiului cerce-
tat intdlnindu-se o mare diversitate, de la soluri in care acesta prezinta va-
lori extrem de mici, la soluri ce prezinta valori mari (fog. 5).

Indicele de N ar putea fi folosit Tn definirea insugirilor chimice esen-
tiale ale solului, respectiv starea de calitate a solului; prezinta in cadrul
spatiului cercetat valori apropiate continutului de humus (fig. 6). Majorita-
tea solurilor avand saturatia in baze apropiata de 100%.
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Fig. 5. Starea de calitate a terenurilor agricole
in raport cu starea de asigurare cu humus, (% din suprafata)
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Figura 6. Starea de calitate a terenurilor agricole
in raport cu valoarea indicelui de azot (IN), % din suprafatd

Confinutul solului in fosfor (P,05) si potasiu (K,0), prezinta situatii
diferite.

In ceea ce priveste starea de aprovizionare cu fosfor mobil a solu-
rilor din spatiul cercetat aceasta este legat de dispunerea areala variata a
materialelor parentale, respectiv de continutul in fosfor al acestora.

Din situatia intocmita pe baza cartarilor agrochimice se constata o
pondere deosebit de mare a solurilor cu o aprovizionare deficitara n
fosfor mobil (64,1%) inferioara nivelului de 30-35 ppm PAL considerat ca
prag de satisfacere a cerintelor in fosfor ale plantelor de cultura si deci o
nevoie mare de ingrataminte pe baza de fosfor.
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intre cele patru judete se constata diferentieri mari, ponderea supra-
fetelor cu soluri foarte slab si slab aprovizionate fiind de 52,8% in judetul
Carag-Severin 43,9% in judetul Arad, 41,5% in judetul Bihor si de 21,1%
in judetul Timis (fig. 7). Explicatiile unei asemenea stari de fapt constau nu
doar din sistemul de agricultura practicat in cele patru judete ci mai
degraba de caracteristicile naturale ale teritoriului luat in consideratie, cu
0 pondere mai insemnata a zonelor de deal si munte in judetele Caras-
Severin, Bihor si Arad in raport cu o pondere mai mare a zonelor de cam-
pie din judetul Timig, fapt sustinut si de datele rezultate din monitoringul
calitatii solurilor din Romania cu referire la aprovizionarea cu fosfor.
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Fig. 7 Situatia calitati terenurilor agricole cu privire
la nivelul de aprovizionare cu fostor (P20s), % din suprafata

Starea de aprovizionare cu potasiu (K,0), reprezinta valori ce arata
ca aceasta se afla in situatii mai bune in comparatie cu nivelele de
aprovizionare a solurilor cu fosfor. Din datele existente, rezultad ca 59,46
din terenuri prezinta o aprovizionare buna si foarte buna (Timis 77,63%,
Arad 54,70%, Bihor 49,00%, Caras-Severin 46,64%), 33,96% prezinta o
aprovizionare mijlocie gi doar 6,58% o0 aprovizionare slaba (fig. 8).

Acest fapt se datoreste proceselor de pedogeneza, solurile din zona
evoluand in cea mai mare parte pe materiale parentale cu un continut
apreciabil in potasiu si cu o valoare ridicata a sumei cationilor bazici.
Astfel, solurile din campia de subsidenta si din campia piemontana, in
marea lor majoritate prezinta o aprovizionare buna si foarte buna. Nu
acelasi lucru se poate spune si despre solurile din zona colinara si
piemontana, unde, cu toate rezervele ridicate pe care le prezinta stratul
litologic, au fost identificate ihca de la primele cicluri de cartare agrochimi-
ca, suprafete insemnate ocupate de soluri slab aprovizionate.
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Fig. 8 Situatia calitétii terenurilor agricole cu privire la nivelul de
aprovizionare cu potasiu (K;0), % din suprafati
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Fig. 9. Repartitia terenurilor agricole in raport
cu textura in sectiunea de control, (% din suprafati)
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Fig. 10. Repartitia terenurilor agricole in raport
cu textura in primii 20 cm, (%o din suprafafa)
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Textura solului, ca insugire fizica de mare stabilitate, prezinta in
cadrul spatiului cercetat o mare variabilitate atat in sectiunea de control
(fig. 9) cat si la suprafata terenului (Fig. 10).

Porozitatea prezinta in cadrul spatiului cercetat o variabilitate mare,
de la soluri poroase la soluri cu porozitate foarte mica (fig. 11).
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Fig. 11. Situatia calitafii terenurilor agricole referitoare la
porozitatea totald (pentru stratul 0-75 ¢cm), % din suprafata

Marea diversitate a conditiilor naturale din spatiul luat in considerare
aga cum au fost ele prezentate in randurile de fata, creeaza la randu-i o
mare variabilitate a capacitatii de productie a terenurilor agricole, pentru
diferite plante cultivate sau spontane.

Determinarea capacitatii de productie a terenurilor ca si fundamenta-
rea tehnologiilor de ameliorare si a celor culturale curente impune la ran-
du-i o cunoastere in detaliu a ofertei ecologice, definita generic ca totalita-
tea factorilor energetici de o variatd complexitate structurala necesara
genezei, dezvoltarii si mentinerii unor sisteme abiotice si biotice, pentru
realizarea unui echilibru armonios intre ameliorarea solurilor si amelio-
rarea plantelor si protectia lor.

Astfel pentru cunoasterea in detaliu a celor 300 de unitati de teren
(T.E.O.), respectiv de caracterizare ecopedologica a terenurilor in vederea
stabilirii capacitatii de productie a acestora, s-a avut in vedere faptul ca
intreaga activitate de crestere si producere a masei vegetale se des-
fasoara sub influenta factorilor de vegetatie si a conditiilor de mediu
nemodificate sau modificate antropic, in diferite grade, in functie de
capacitatea, mereu crescanda, a omului de a le schimba.

Actuala sinteza a fost realizata prin prelucrarea si ordonarea datelor
obtinute in baza studiilor gi cercetarilor intreprinse in intervalul 1975-1997
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de catre specialisti ai O.S.P.A. Timigoara, concretizate in “Harta solurilor
din Banat” reactualizata in 1999 gi 2003 cu noile studii din zona mentio-
nata, precum si cu noi elemente din studiile pedologice referitoare la
judetele Arad si Bihor, fiind incluse totodata elemente si date din siturile
agricole si forestiere ale sistemului national de monitoring (organizat de
I.C.P.A. Bucuregti).

Fiecare din cele 300 unitati de teren identificate in cadrul spatiului
cercetat au fost caracterizate conform Metodologiei Elaborarii Studiilor
Pedologice (vol. 1, 11, 11I), folosind cei 23 indicatori de bonitare, indicatori ce
reprezinta caractere si insusiri mai importante, mai semnificative, mai pre-
cise si mai usor masurabile, care se gasesc de obicei in lucrarile de studii
si cercetari pedologice teritoriale (elaborate de O.S.P.A. Timisoara, Arad,
Oradea, dupa 1987).

Pornind de la conceptul metodologiei devenita clasica in Romania
(D. Teaci, 1966, 1970, 1980, I.C.P.A. Bucuresti 1987) si utilizand un pro-
gram de calcul conventional in limbaj Pascal (adaptat dupa un program
SPED 1, elaborat de D. Treta, D. Tarau si colab. 1987) organizat pe trei
niveluri ce cuprind: multimile de valori posibile pe intervale de manifestare
ale fiecarei din cei 23 de indicatori, cat si interactiunile dintre acestea,
valorile reale de caracterizare a insusirilor naturale si a celor induse
antropic, a fiecaruia, dintre cele 300 de teritorii ecologice, ale spatiului
cercetat, si evidenta suprafetelor pentru fiecare din teritoriile caracterizate
au fost obtinute note de bonitare (de la 1 la 100) pentru intregul teritoriu
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Fig. 12. Repartitia terenurilor agricole pe clase de
pretabilitate pentru categoria de folosinta
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cercetat si pentru fiecare tip de sol (identificat si caracterizat), atat pentru
principalele categorii de folosinta, céat si pentru principalele culturi agricole,
stabilindu-se astfel gradul de pretabilitate pentru o anumita folosinta sau
de favorabilitate pentru o anumita cultura. Distributia terenurilor agricole
grupata pe 5 clase de pretabilitate sau favorabilitate pentru cele 4 judete
este redata in figurile 12, 13, 14, 15, 16, 17, 18, 19, 20.

&0
ﬁ ' [mBH|
. |mAR
- |om
10 l : | [ocs
o I IR |

1 2 3 4 5

Fig. 13 Repartitia terenurilor agricole pe clase
de pretabilitate pentru categoria de folosinti
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Fig. 14.Repartifia terenurilor agricole pe clase
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Fig. 17 Repartitia terenurilor arabile pe clase
de favorabilitate pentru cultura
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Concluzii

Conditiile fizico-geografice specifice celor patru judete din vestul
Romaniei au determinat formarea unor soluri cu Tnsusiri extrem de diver-
se, de la cele nisipoase la cele extrem argiloase, de la cele alcaline la cele
puternic acide, de la soluri sarace in humus si celelalte elemente fertili-
zante, la soluri bine echilibrate sub toate aspectele.

In conditiile unui potential ecologic natural aparent bun situatia ge-
nerald a calitatii solurilor din spatiul cercetat este totusi nesatisfacatoare,
intrucat majoritatea solurilor sunt afectate de existenta unuia s-au a mai
multor factori limitativi sau restrictivi.

in general, distributia folosintelor este in concordantd cu natura
conditiilor pedoclimatice, prezentand pe ansamblul spatiului cercetat o
structura a folosintelor echilibrata, dar modul de utilizare al trenurilor nu
este intotdeauna cel mai potrivit gospodaririi durabile a fondului funciar.

Se remarca ponderea mare a terenurilor folosite in agricultura de
64,99% (poate chiar exagerata in judetul Timig de 80,76%) si indeosebi a
celor arabile de 40,26% (75,49% in judetul Timig), cultivate in majoritate
cu cereale, plante tehnice, legume si furaje, culturi cu nevoi ridicate fata
de asigurarea cu fosfor a solurilor.

Intrucat continutul de fosfor este legat nemijlocit de natura solului,
zona de Vest remarcandu-se printr-o mare diversitate a tipurilor de sol,
asa cum rezulta din sinteza studiilor pedologice (tab. 3) consideram utila
prezentarea ponderii acestora din suprafata agricola, astfel ca 29,60%
sunt soluri din clasa LUVISOLURILOR, 24,48% a CERNISOLURILOR,
13,95% a PROTISOLURILOR, 10,53% a CAMBISOLURILOR, 7,75% a
PELISOLURILOR, 4,07% a SALSODISOLURILOR, 4,04% a HIDRISO-
LURILOR, 3,69% a ANTRISOLURILOR, 0,33% a SPODISOLURILOR si
0,05% a HISTISOLURILOR.

Aprovizionarea cu fosfor mobil a solurilor este influentata negativ si
de o serie de procese de degradare a solurilor frecvent intalnite in cadrul
spatiului cercetat, precum: acidifierea moderat-excesiva (33,28%), saratu-
rare moderat excesiva (7,54%), compactare secundara si primara mo-
derat puternica (71,98%), excesul de umiditate freatic si de suprafata,
puternic gi excesiv (35,73%) etc.

In consecinta sinteza cartarilor agrochimice referitoare la aprovizio-
narea cu fosfor mobil a solurilor din cele patru judete din Vestul Romaniei
arata o pondere mare a nivelurilor de asigurare suboptima (30-35 ppm
PAL) cu fosfor a plantelor cultivate: 44,4% din terenurile agricole avand o
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aprovizionare foarte slaba si slaba, 25,5% o aprovizionare mijlocie si doar
19,9% o aprovizionare buna si 10,2% foarte buna.

De asemenea operatiunile de cartare, bonitare, evaluare si monito-
ring ale starii de calitate a solurilor au scos in evidenta faptul ca factorii
limitativi sau restrictivi mentionati, in randurile de fata, actioneaza in
aceeagi masura si asupra suprafetelor cu pajisti astfel incat acestea, desi
sunt raspandite de la cAmpie pana in zona alpina, ocupand 23,13% din
suprafata spatiului cercetat si 35,59% din suprafata agricola a acestora,
ele nu pot asigura necesarul de furaje nici calitativ, dar nici cantitativ, chiar
in situatia in care noua structura de proprietate ce s-a configurat dupa
1991, a condus la o scadere dramatica a efectivelor de animale.

Din observatiile recent culese din teren se constata ca suprafetele
mentionate (aflate in diferite stadii de degradare) cunosc o extindere ingri-
joratoare, odata cu trecerea timpului intinse suprafete aflandu-se de la an
la an intr-un stadiu avansat de degradare si devalidare.

Din enumerarea succinta (dar cuprinzatoare) a principalelor carac-
teristici fizico-geografice si edafice ale solurilor din Vestul Romaniei,
rezulta necesitatea unor interventii cu masuri pedohidroameliorative sau
culturale cerute de la caz la caz:

» masuri de corectie a reactiei acide prin amendare calcica periodica

sau a celei alcaline prin gipsare;

« imbunatatirea conditiilor de nutritie a plantelor prin fertilizari ame-
liorative;

* asigurarea unui regim aerohidric optim prin lucrari de prevenire si
combatere a excesului de umiditate (canale, santuri, rigole, drenuri
etc) sau, dupa caz, a tendintelor de aridizare (irigatii, perdele de
protectie, culturi adecvate);

* prevenirea si combaterea alunecarilor si eroziunii solurilor (valuri
de paméant, canale de coasta, brazde, perdele antierozionale);

* aplicarea unor tehnologii de lucrare a solului care sa evite destruc-
turarea acestora gi formarea hardpanului;

* cregterea gradului de protectie a ariilor protejate prin organizarea
unor zone tampon in jurul acestora, dar mai ales prin organizarea
unor perimetre ameliorative, revizuirea si modernizarea celor exi-
stente;

* protectia biodiversitatii prin introducerea schemelor agro-ambien-
tale, experimentate in ferme pilot cu privire la aplicarea unui ma-
nagement agricol adecvat conditilor ecopedologice specifice unui
anumit loc, la un anumit moment etc.
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Pe fondul acestei realitati, cartarile pedologice si agrochimice, exe-
cutate de catre oficiile pentru studiile pedologice si agrochimice, teritoriale,
sub indrumarea tehnico-gtiintifica a I.C.P.A. Bucuresti, ofera date cu privire
la evolutia starii de calitate a solurilor cu privire la: reactie, ori de asigurare
cu humus, azot, fosfor, potasiu gi alte elemente nutritive etc, motivatii sufi-
ciente pentru justificarea necesitatii de reactuaalizare a acestora, in con-
ditiile actuale ale disfunctionalitatilor generate de avatarurile social-econo-
mice ale prelungitei tranzitii inspre economia de piata, fenomene care
restrang an de an activitatea profesionala in domeniu cét si pe cea de
cultivare a pamantului.

In acest sens guvernul si organismele sale abilitate au datoria sa
promoveze, in mod constient, programe de protectie, conservare, ame-
liorare si utilizare judicioasa a resurselor de sol prin asigurarea fondurilor
necesare realizarii acestora, impunandu-se nominalizarea expusa a
destinatiilor ca o componenta a principiului director al intregii dezvoltari,
social-economice, in stransa interrelatie dintre resursele de sol si
valorificarea lor in raport cu cerintele societatii si necesitatile unei dez-
voltari durabile ale agriculturii.
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CONSIDERATII PRIVIND BONITAREA CADASTRALA
A TERENURILOR AGRICOLE Sl BAZA DE DATE A

CADASTRULUI CALITATIV AGRICOL

CONSIDERATIONS ON THE AGRICULTURAL LAND
CADASTRAL EVALUATION AND THE DATABASE OF
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THE AGRICULTURAL QUALITATIVE CADASTRE

Virgil VLAD
Institutul de Cercetari pentru
Pedologie si Agrochimie — Bucuresti

SUMMARY

Agricultural Qualitative Cadastre is a definite part of Agricul-
tural Cadastre that should provide a great variety of information:
data requested by the Economic Part of the General Cadastre
(mainly, data for taxation), data for other public decisions (e.g.
land use change, land subsidies, exchange/ compensation/ reim-
bursement values, land reclamation projects, soil amelioration pro-
jects, other land use planning projects — including land amalga-
mations, litigious problem solving, environmental impact etc.) and
data for some private decisions (e.g. land rent, bank loans, diffe-
rent reference values etc.).

At present, cadastral evaluation of agricultural land parcel
only provides five “land quality classes”, much insufficient for pre-
sent needs. The paper proposes an extended meaning of cada-
stral evaluation, which is defined by a set of specific evaluation
indicators: current and ideal-potential land suitability indices (for
26 crops and 4 land use categories), land capability classes (for
4 land use categories), land reclamation capability classes (for
irrigation, drainage control and erosion control), site assessment
index, perennial vegetation evaluation index (for pastures, hay-
fields, vineyards and orchards), a set of economic evaluation
indicators for present land use of parcel — taking into account a
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defined reference sustainable crop technology (reference net
margin, reference land rent, reference operation profit, taxation
value, economic value, reference value, patrimonial value and
value as removed land from agricultural use), risk evaluation index
(for land use output variability), sustainability (durability) evaluation
index, social evaluation index and a overall evaluation index of
parcel.

Corresponding to the defined uses of the agricultural quali-
tative cadastre and to the defined cadastral evaluation, a set of
agricultural land evaluation models (necessary for determination
of the evaluation indicators — adapted for Romanian conditions —
are identified in literature.The input data of these models define
the content of the database of the agricultural qualitative cadastre.
For establishing the data to be stored in the database, some prin-
ciples are given: numerical codes, measured/estimated values in-
stead of classes of values, redundant data for alternative appli-
cation of models according to different available data, (pedo) tran-
sfer functions for deriving new/missing data, monthly climatic pri-
mary/input data, primary/input data characterising five soil layers
(horizons), data accuracy indicator etc.

Hierarchical nested structures of land spatial units are defi-
ned as basic elements/entities of the database: administrative
district — administrative subdistrict (commune) — soil survey work
— parcel — subparcel; pedo-geo-climatic microzone — climatically
homogenous area (ACO, new concept) — soil unit (US) — ecolo-
gically homogenours territory (TEO) — TEO area — subparcel;
complex US (soil association) — simple US; complex TEO (three
types) — simple TEO; US — US area — TEO area — soil profile
identification number (link to the morphological/analytical soil
profile database). Finally, the relational structure of the database
entities is given.

Key words: agricultural cadastre, agricultural qualitative cadastre,
land evaluation, agricultural land cadastral evaluation, agricultural
cadastre database.

Cadastrul Calitativ Agricol
Legislatia roméana actuala din domeniul cadastrului opereaza cu Ca-

dastrul General si cu cadastre de specialitate, fiecare avand o parte
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tehnica, a parte economica si o parte juridica. Cadastrul General asam-
bleaza si integreaza datele furnizate de cadastrele de specialitate.

Cadastrul Agricol este cadastrul de specialitate din domeniul agri-
culturii i in aceasta calitate trebuie sa asigure “evidenta si inventarierea
sistematica a bunurilor imobile, sub aspect tehnic, juridic si economic, cu
respectarea... datelor de baza din Cadastrul General privind suprafata,
categoria de folosinta si proprietarul”, precum gi alte informatii “pentru
satisfacerea nevoilor proprii” din domeniul agriculturii (***, 1996). Infor-
matiile Cadastrului Agricol sunt accesibile celor interesati — persoane
fizice si juridice (***, 2001a). Aceste principii stau, de asemenea, si la baza
cadastrului agricol al altor tari. De exemplu, in Germania cadastrul agricol
a fost definit astfel incat sa foloseasca unui numar cat mai mare de
scopuri practice si stiintifice, pe de o parte, iar pe de alta parte, sa poata
fi valabil pe cat mai lungi perioade in viitor (Miclea, 1995).

Conform celor anterioare si tinand cont de reglementarile in vigoare
(***, 1996, 2001a,b; MAAP, 2001), Cadastrul Agricol se compune din Ca-
dastrul Cantitativ (Tehnic) Agricol, Cadastrul Juridic Agricol si Cadastrul
Economic Agricol, precum si dintr-o parte auxiliard, pe care o numim Ca-
dastrul Calitativ Agricol. Cadastrul Economic Agricol contine elementele
necesare stabilirii valorii economice a terenului la nivel de categorie de
folosinta, respectiv clasa de calitate a parcelei cadastrale pentru folosinta
actuala ca indicator global (sintetic) al valorii economice, precum si alte
elemente economice necesare calculului valorii economice a parcelei
cadastrale, necesare impunerii contribualilor. Cadastrul Calitativ Agricol
trebuie s& asigure informafiile pentru Cadastrul Economic Agricol, precum
si celelalte cerinte “pentru satisfacerea nevoilor proprii” din domeniul
agriculturii, care nu intrd in specificul celorlalte pérti ale Cadastrului
General.

Raportul dintre bazele de date principiale implicate de Cadastrul Ge-
neral si de Cadastrul Agricol sunt prezentate schematic in Figura 1. Nece-
sitatea delimitarii si individualizarii Cadastrului Calitativ Agricol, precum si
a structurarii informatiilor implicate de Cadastrul Agricol agsa cum a fost
prezentata mai sus si in Figura 1 rezulta din aplicarea principiului locali-
zarii colectarii si utilizarii datelor din bazele de date (ICI, 1983, 1987). Le-
gatura dintre diferitele baze de date implicate este asigurata prin referinta
comuna constituita de numarul (codul) parcelei/subparcelei cadastrale.
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Baza de Date a Cadastrului General
Baza de Date a Cadastrului Agricol

Baza de Date a Cadastrului
Cantitativ (Tehnic) Agricol

Baza
) de Date a
Baza de Date a Cadastrului .
Juridic Agricol Cadastrului
& Calitativ
Agricol

Baza de Date a Cadastrului
Economic Agricol

Figura 1. Relatiile dintre bazele de date ale Cadastrului General i
Cadastrului Agricol

Utilizarile cadastrului calitativ agricol

Nevoile proprii agriculturii gi ale Cadastrului General la care trebuie
sa raspunda Cadastrului Calitativ Agricol sunt multiple, variate si
complexe:

- Furnizarea datelor cerute de Cadastrul General, respectiv de Ca-
dastrul Economic Agricol; sprijin pentru aplicarea legislatiei (im-
pozite/taxe etc);

- Furnizarea de suport pentru decizii ale unor institutii publice in pro-
bleme de teren agricol: schimbarea folosintei — inclusiv scoaterea
din circuitul agricol, concesionari, despagubiri, echivalari, stabilirea
valorii de patrimoniu, litigii etc.;

- Furnizarea de suport pentru proiecte/planificari de interes public si
privat la diferite niveluri teritoriale si administrative: fundamentarea
strategiilor, elaborarea legislatiei si reglementarilor, fundamentarea
si proiectarea lucrarilor de imbunatatiri funciare sau agropedoame-
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liorative, studii de impact asupra mediului, organizarea teritoriului
agricol — inclusiv comasarea parcelelor etc. (Vlad, 2001a);

- Furnizarea unor servicii in domeniul public sau privat: fundamen-
tarea valorii arendei, evaluari in scopul acordarii de credite, fun-
damentarea unor valori de referinta pentru diferite scopuri etc.

Bonitarea cadastrala

In prezent, bonitarea cadastrald consta din clasificarea terenurilor in
5 clase de calitate, stabilite pe baza notelor de bonitare naturala determi-
nate cu metoda ICPA (1987). Evident, aceasta evaluare numai in 5 clase
de calitate incadreaza in aceeasgi clasa terenuri ce pot diferi cu 20% din
potentialul celui mai bun teren, ceea ce conduce de multe ori la decizii cu
erori ne-neglijabile si la taxari foarte inechitabile. Pe de alta parte, clasi-
ficarea parcelelor numai dupa productivitatea fizica (nota de bonitare) nu
raspunde nevoilor principale ale cadastrului si anume de apreciere a
performantelor economice, fapt subliniat de toate lucrarile de specialitate
(Hartia, 1966, 1990; Teaci, 1980; Pana si colab., 1994; Miclea, 1995; Mi-
haila si colab., 1995; Rossiter, 1995; Jurcut, 1998; Stefan, 1998; Boha-
teret, 1999; Vlad si colab., 2000; Canarache, 2001).

Avand in vedere cele de mai sus, precum gi multiplele utilizari ale
cadastrului calitativ agricol, respectiv multiplele aspecte ale evaludarii tere-
nurilor agricole (Vlad, 2000, 2001a), apreciem ca pentru nevoile cada-
strale sunt necesare si alte evaluari ale parcelelor cadastrale decat
evaluarea in 5 clase de calitate. Mai mult, chiar si 0 nota de bonitare mai
precisd, ea singurd nu este semnificativa pentru toate scopurile de interes
public si privat la care trebuie s& rdspunda un cadastru agricol. Pe de alta
parte, bonitarea cadastrala nu se mai face manual ci cu ajutorul tehnolo-
giei informatiei si, In acest caz, practic aceeasi cheltuiala de timp gi bani
intervine indiferent de numarul indicatorilor determinati.

In consecinta, propunem ca o parcela cadastralad sa fie evaluata
printr-un set de note evaluare/bonitare care sa poata fi folosite — una
sau alta sau mai multe impreuna — potrivit unor scopuri specifice, conform
unor proceduri precise prevazute in normative aprobate:

1) Notele de bonitare curenta a productivitatii parcelei (KPc) pentru

26 de culturi i folosinte gi pentru 4 categorii de folosinta agricola,
conform modelului ICPA (1987) extins (Vlad, 2001a);

2) Notele de bonitare potentate ideal pentru aceleasi culturi si folo-

sinte determinate cu modelul ICPA (1987) extins (Vlad, 2001a);
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3) Clasele de pretabilitate la cele patru categorii principale de folo-
sinta agricola (arabil, vii, pomi si pasuni/fanete) si la irigatie, pre-
cum si clasele de cerinte de amenajare pentru combaterea exce-
sului de umiditate si pentru prevenirea si combaterea eroziunii so-
lului (ICPA, 1987);

4) Nota de evaluare a amplasamentului parcelei (KA) (Vlad, 2001b);

5) Nota de evaluare a vegetatiei perene (pentru pasuni, fanete, vii si
livezi);

6) Urmatorii indicatori de evaluare economica — pentru categoria de
folosinta actuala a parcelei, in conditii curente gi la tehnologia de
cultura durabila, pentru arabil considerandu-se structura de cul-
turi specifica grupei de agroecosisteme in care se afla terenul
(Vlad, 2001a): Venitul net de referintd (Vn), Renta funciara de
referinta, Profitul de exploatare de referinta, Valoarea impozabila
a terenului, Valoarea economica a terenului, Valoarea de referinta
a terenului, Valoarea de patrimoniu a terenului si Valoarea de
scoatere din circuitul agricol a terenului;

7) Riscul global de variabilitate a rezultatelor utilizarii terenului (KR),
n aceleasi conditii ca pentru indicatorii economici (Vlad, 2001a);

8) Nota de evaluare globala a durabilitatii pripriu-zise a utilizarii tere-
nului (KD), In aceleasi conditii ca pentru indicatorii economici
(Vlad, 2001a, 2002);

9) Nota de favorabilitate sociala a terenului (KS), in aceleasgi conditii
ca pentru indicatorii economici (Vlad, 2001a);

10) Nota (globala) de bonitare cadastrala a parcelei (KC) definita
de un model implementat printr-o metoda de decizie multicriteria-
la multiatribut:

KC =f (KP¢ ypr KA, 0 VN, 1, KR, o, KD, (0. KS, o) [%]

unde KP. este nota de bonitare curenta a productivitatii parcelei in
aceleagi conditii ca pentru indicatorii economici, iar gkP, gKA, gvn, KR,
oKD, gKS sunt ponderi date prin model.

Consideram ca media notelor de bonitare a productivitatii pentru
cele cinci categorii de folosinta agricole, folosita uneori ca nota globala de
bonitare a unui teren pentru folosinta agricola, nu este semnificativa,
notele pentru categoriile de folosinte nefiind echivalente intre ele din toate
punctele de vedere si mai ales din punct de vedere economic, asa cum
am aratat.
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Valorile indicatorilor economici, riscul de variabilitate a rezultatelor
utilizarii si notei de favorabilitate sociala sunt dependente de contextul
economico-social care, mai ales in perioada actuala in Roméania, este
destul de dinamic. De aceea, acesti indicatori trebuie actualizati periodic
prin calibrari ale parametrilor economici si tehnologici. Se propune pentru
aceasta procedura avansata de Miclea (1995) dupa cea folosita in Ger-
mania (Miclea, 1995) si pe baza Legii Cadastrului din 1933 din Romania.
Metoda se foloseste si in multe alte tari, ca de exemplu in SUA (Murray,
1965) si presupune generalizarea rezultatelor economice obtinute pe
parcele model teritoriale cu ajutorul notelor de bonitare ale productivitatii i
amplasamentului, precum si 0 organizare institutionald corespunzatoare
(comisie de bonitare cadastrala nationala, comisii judetene si comisii co-
munale cu participarea reprezentantilor administratiei gi proprietarilor, pre-
cum si a specialigtilor in bonitarea terenurilor).

Continutul Bazei de Date a Cadastrului Calitativ Agricol (BDCQA)

Avand in vedere cele anterioare, Baza de Date a Cadastrului Cali-
tativ Agricol trebuie sa asigure datele necesare modelelor de evaluare
implicate in rezolvarea problemelor prezentate. Dintre aceste modele cele
mai importante sunt:

- Modelul pentru bonitarea productivitatii terenurilor agricole la scara

mare (ICPA, 1987; Vlad, 2001a);

- Modelele pentru evaluarea pretabilitatii la arabil, pomicultura, viti-
cultura, pajisti si irigatie, precum si pentru elaborarea de re-
comandari privind cerintele de lucrari de Tmbunatatiri funciare gi
lucrari agro-pedo-ameliorative (ICPA, 1987);

- Modelul pentru evaluarea amplasamentului parcelei (Vlad, 2001a);

- Modelele de evaluare a vegetatiei perene — pajisti si plantatii po-
micole si viticole (Tarau, 1998; ICPA/OSPA/IEA, 2001);

- Modelele de evaluare economico-sociala, a durabilitatii utilizarii te-
renurilor si a riscurilor de variabilitate a rezultatelor utilizarii (Vlad,
2001a);

- Alte modele de baza (ca de exemplu modelele de simulare a for-
marii recoltelor SIBIL/RoIMPEL, Wofost-6, DSSAT-3, STICS-4),
care s-au dovedit a fi foarte utile pentru o serie de studii si
prognoze de mare interes gi care, in consecinta, vor fi utilizate in
viitorul imediat.

Datele de intrare ale acestor modele sunt constituite de caracteris-
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ticile de baza ale terenurilor agricole la nivel de unitate de sol/teren gi
parceld cadastrald (scara 1:10.000 sau mai mare) obtinute Tn principal
prin studiile pedologice curente (ICPA, 1987).

Analiza modelelor avute in vedere, precum si a datelor lor de intrare
a condus la stabilirea unor principii de definire a continutului Bazei de
Date a Cadastrului Calitativ Agricol (Vlad, 2001a, c):

- Utilizarea pe cat posibil a variantelor de codificare numerica pentru
valorile indicatorilor de sol/teren (ceea ce conduce la reducerea
erorilor gi la eficienta de prelucrare/stocare).

- Utilizarea (unde este posibil) a datelor valorice in loc de clase de
valori (se permite astfel refolosirea lor in cazul modificarii mode-
lelor, precum si in mai multe modele/metodologii existente sau
care vor aparea in viitor si, de asemenea, se permite eliminarea
muncii “manuale” si a riscurilor de eroare la incadrarea in clase).

- Includerea unor date redundante pentru asigurarea unor alterna-
tive de aplicare a modelelor in functie de datele disponibile.

- Utilizarea functiilor de (pedo-)transfer pentru determinarea tuturor
datelor derivate posibile, precum si utilizarea datelor pe orizonturi
si a datelor climatice lunare (acestea permit marirea acuratetei
evaluarilor, precum si minimizarea numarului datelor primare ce
trebuie pregatite (cartate) de catre pedolog si eliminarea muncii
“manuale” si a riscurilor de eroare la calcule/estimari).

- In seturile de date stocate in baza de date se prevad in primul rand
datele primare obtinute la cartarea pe teren si in urma analizelor
fizice si chimice ale probelor de sol, dar gi unele date derivate
automat prin functii de (pedo)transfer, care se considera ca au o
utilizare gi importanta mai mare.

- Utilizarea a maximum cinci orizonturi/straturi de sol pe o sectiune
standard de 150 cm, aceasta corespunzand unui compromis optim
intre costurile de cartare gi exigentele acceptabile principalelor
modele de simulare a proceselor din sistemul sol-planta-
atmosfera. Datele pe orizonturi permit calcularea automata a unor
indicatori/caracteristici pe diferite sectiuni de control ale profilului
de sol, conform cerintelor diferitelor modele de evaluare care tre-
buie aplicate.

- Introducerea unui indicator al gradului de acuratefe a datelor la ni-
vel de Tnregistrare si tip date.
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Structura principiala a bazei de date a cadastrului calitativ agricol

in vederea gestionarii ca baza de date, informatiile necesare cada-
strului calitativ agricol au fost organizate (distribuite) Th mai multe structuri
ierarhice spatiale (teritoriale), care sunt sugerate in Figura 2.

Utilizand conceptele structurarii de tip “obiect”, se disting urmatoa-
rele ierarhii spatiale strict “incuibarite” (un obiect se include complet in
cel din nivelul imediat superior), care contin entitati (“obiecte”) ce pastrea-
za (mostenesc), dupa caz, proprietatile entitatilor din nivelurile superioare:

1) Judet (Jud) — Comuna (Com) — Lucrare (Lucr) — Parcela (Par) —

Subareal Parcela (Spar);
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(1) : USs/i = arealul “i” al US-ului “s”
(2) : TEOVj = arealul “” al TEO-ului “t”

Figura 2. Structuri ierarhice spatiale tipice in baza de date a cadastrului
calitativ agricol
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2) Microzona pedo-geo-climatica (MzPC) — Areal climatic omogen
(ACO) — Unitate de sol (US) — Unitate de teren (Unitate de
pedotop sau Teritoriu ecologic omogen — TEO) — Areal TEO
(ATEO) — Subareal Parcela (Spar);

3) Judet — ACO;

4) US complex (USC) — US simplu (US);

5) TEO complex (TEOC) — TEO simplu (TEO);

6) Unitate de Sol (US) — Areal US (AUS) — Areal TEO (ATEO).

Tipul de baza de date avut in vedere este tipul relational. Urmare
analizei tipurilor de date gestionate si a relatiilor dintre acestea, precum i
a modului de obtinere/colectare a datelor, baza de date a fost structurata
in 14 tabele principale, prezentate schematic in Figura 3 impreuna cu
relatiile principale dintre ele.

Principalele decizii de structurare a datelor, considerate a fi cele mai
adecvate exploatarii (utilizarii) in practica a bazei de date sunt:

- Informatiile bazei de date sunt gestionate la nivel de comuna si la
nivel de Lucrare (Lucr) de cartare pe teren din cadrul unui studiu
pedologic, lucrare care se poate referi la intregul teritoriu al unei
comune sau numai la o parte din acesta (ex: proprietate, ex-
ploatatie etc).

- Principalele date climatice se dau la nivelul unui Areal Climatic
Omogen (ACO) — o zona contigua spatial considerata omogena
(cu o variatie spatiala acceptabila) din punctul de vedere al
caracteristicilor climatice prevazute si al utilizarii acestora pentru
bonitarea terenurilor si evaluarea pretabilitatii lor la diferite tipuri de
utilizari la scara mare. ACO este uni-areal si nu se definesc ACO
complexe. Un ACO se cuprinde in intregime intr-un areal (“delimi-
tare”) de Microzona Pedo-geoClimatica (MzPC), care se defi-
neste conform Florea si colab. (1999). intr-o prima aproximatie,
pentru definirea ACO-urilor se pot folosi arealele (“delimitarile”)
precizate la nivel de unitate geomorfologica ih aceasta microzo-
nare pedo-geo-climatica a Romaniei. Pentru utilizari mai preten-
tioase este necesar insa sa se delimiteze mai multe ACO intr-un
areal (“delimitare”) de microzona pedo-geoclimatica. Datele clima-
tice se definesc prin valori medii multianuale (min. 30 ani). Datele
lunare (Acol. dat) au fost considerate necesare pentru a creste
acuratetea unor solutii la diferite probleme. Unele date climatice
derivate se determina prin functii de transfer la nivel de unitate de
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teren (TEO). Dintre acestea, cele lunare sunt stocate in tabela
Teol. dat.

- Restul datelor de caracterizare a terenului sunt distribuite pe doua
niveluri — US si TEO. In nivelul US sunt date de caracterizare a
solului, precum si unele date care nu sunt strict de caracterizare a
solului, dar care prin natura lor se refera la caracteristici ce se
manifesta relativ omogen sistematic pe acelasi areal ca si solul.
Acest din urma fapt contribuie la un compromis optim intre
numarul de US-uri si numarul de TEO-uri si la minimizarea
volumului de informatii manipulate cu privire la acestea. Evident,
toate datele privind orizonturile de sol sunt la nivel de US. Pentru
fiecare US sau TEO se pot defini mai multe areale.

- Se are in vedere structurarea in US-uri complexe si in trei tipuri
de TEO-uri complexe, ceea ce permite acoperirea cu o buna acu-
ratete a situatiilor complexe posibile din teren:

1) un areal de TEO “pseudo-complex” apartine unui US com-
plex, care este format dintr-o structura de US-uri simple cu
caracteristici distincte dar nedelimitate pe harta;

2) un areal de TEO “complex-simplu” apartine unui US simplu
si este format dintr-o structura de TEO-uri simple cu carac-
teristici distincte dar nedelimitate pe harta;

3) un areal de TEO “complex-dublu” este format dintr-o struc-
tura de TEO-uri pseudo-complexe cu caracteristici distincte
dar nedelimitate pe hartda (TEO-urile pseudo-complexe
apartin fiecare unui alt US complex, care, la randul lui, este
format dintr-o structura de US-uri simple cu caracteristici
distincte dar nedelimitate pe harta);

Se considera suficiente maximum patru US-uri simple intr-un US
complex si maximum patru TEO-uri simple, respectiv pseudo-complexe,
intr-un TEO complex.

- Se considera ca o parcela cadastrala (Par) poate contine maxi-
mum noua subareale-parcela (SPar) de TEO-uri simple sau com-
plexe distincte, care sunt specificate prin suprafata lor in parcela.
De asemenea, se da suprafata parcelei cadastrale (SupPar), care
fiind cea obtinuta din cadastrul cantitativ (fiind, deci, cea mai de
incredere suprafata) se foloseste ca referinta pentru calculul ce-
lorlalte suprafete de interes; Este prevazuta legatura cu informatiile
privind proprietarul (Cadastrul General) — in vederea simplificarii
aplicatiilor bazei de date de la acest nivel.
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- Legatura cu baza de date a profilelor de sol (PROFISOL) se rea-
lizeaza prin codul profilului de sol in comuna (Prf), care este
localizat Tn arealul TEO-ului caruia 1i apartine prin tabela Prf.dat.

Concluzii

1) Cadastrul calitativ agricol este necesar pentru asigurarea infor-
matiilor necesare cadastrului economic agricol, precum gi rezolvarii unei
multitudini de probleme de interes public si privat privind terenurile
agricole;

2) Indeplinirea sarcinilor cadastrului calitativ agricol impune apli-
carea unui set larg de modele de evaluare (bonitare) a terenurilor agricole,
bonitarea cadastrala trebuind sa cuprindd evaluarea unui set larg de
indicatori/note de bonitare; S-au propus noua tipuri de indicatori partiali i
0 nota globala de bonitare a parcelei;

3) Baza de date a cadastrului calitativ agricol trebuie sa contina da-
tele necesare aplicarii principalelor modele de evaluare/prelucrare nece-
sare;

4) Valorile indicatorilor economici, ale riscului de variabilitate a rezul-
tatelor utilizarii si ale notei de favorabilitate sociala sunt relativ dinamice,
fiind necesara actualizarea lor periodica cu ajutorul unor parcele model si
a unei organizari institutionale adecvate;

5) Pentru optimizarea utilizarii bazei de date a cadastrului calitativ
agricol s-au propus principii de definire a datelor de stocat, o structura
ierarhica de unitati spatiale (teritoriale) — entitati ale bazei de date, precum
si 0 structurare a acesteia,;

6) In cadrul sistemului informatic geografic al cadastrului este nece-
sara integrarea si a straturilor de date digitale specifice cadastrului cali-
tativ agricol.
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WORKSHOPUL

REABILITAREA SOLURILOR POLUATE

In vara anului 1999 s-a desfasurat la Braila, in cadrul pro-
iectului TCP/ROM/8822, un workshop international organizat de
Divizia de dezvoltare TEREN si APA a FAO, in colaborare cu
Institutul de Cercetari pentru Pedologie si Agrochimie, Ministerul
Agriculturii si Alimentatiei si Academia de S$tiinte Agricole si
Silvice.

Participantii la aceasta intalnire de lucru si-au exprimat acor-
dul asupra creerii une noi retele pentru protectia solului in tarile
din zonele centrala si estica ale Europei (ProSoil in CEEC Net-
work).

La aceasta manifestare au participat delegatii din partea
tarilor membre ale retelei noi create (Bulgaria, R. Ceha, Estonia,
Letonia, Lituania, Polonia, Romania, R. Slovaca, Ucraina) carora
li s-au adaugat reprezentanti ai unor tari cu statut de membri aso-
ciati (Canada, Marea Britanie, S.U.A.).

In acest numar, revista Stiinta Solului publica intr-o forméa
succinta materialele care au fost prezentate (in limba engleza) la
acest workshop.

Preface

The greatest challenge for the coming decades lies in the fact that
many production environments are unstable and degrading. Land degra-
dation is proceeding so fast that unless policies and approaches change,
many countries will not be able to achieve sustainable agriculture in the
foreseeable future. Soil pollution is one of the processes of land degrada-
tion. While soil toxicity may be a relatively minor problem at present, it is
likely to become of increasing importance in future years. Environmental
policies regarding air and water quality were well developed before soil
protection became an important issue, possibly because effects of soil
pollution are far less clearly visible. Present concern about adverse effects
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of point-source and dispersed pollution is related to the negative effects
on crop quality and quantity, and ultimately on human health and
biodiversity. Nearly one billion ha of vegetated land in developing coun-
tries, and 1965 million ha of agriculture land worldwide are degraded, of
which 22 million ha are chemically polluted. However, the soil pollution
problem includes not only chemical pollution but is also associated with
human-induced acidification, salinization, loss of organic matter, decrease
in soil biological diversity, physical degradation and erosion by water and
wind. It is therefore imperative from the point of view of both environmen-
tal consideration and production requirements to develop a better regional
collaboration to respond successfully to this threat.

In this context, the Network on Protected Soil in Central and Eastern
European Countries (Pro-Soil in CEEC Network) has been established.
This Newsletter, as one of the activities of the Network, is a landmark on
the way to coordinated activities, covering both studies and actual utiliza-
tion of polluted soil. It should lead to better cooperation and exchange of
experiences.

Contributions from other countries and regions confronted with the
problems of soil degradation are encouraged and welcomed.

Introduction

Soils having concentrations of potentially toxic chemicals that signifi-
cantly exceed natural background values are considered contaminated
soils. This does not necessarily imply toxic effects on human health or
environmental degradation. Soils are considered polluted if one or more
chemicals exceed ecotoxicity relevant concentrations. Soil pollution can
be defined as the accumulative adverse effect of chemicals on the various
processes in the soil leading to soil degradation. Soil pollution can result
in toxicity to biota (plants, animals, microbial activity), accumulation of
toxic concentrations of pollutants in food plants, decrease in soil biological
diversity, loss of organic matter and physical degradation.

Estimates of areas of land affected by specific types of human-in-
duced soil degradation for the world have been produced by the Interna-
tional Soil Reference and Information Centre (ISRIC) under the aegis of
UNEP, and in collaboration with FAO (World Map of Status of Human-In-
duced Soil Degradation at a scale of 1:10 M), and known as GLASOD. It
identifies 4 degrees of degradation (light, moderate, strong and extreme).
Five types of human intervention were identified as resulting in soil degra-
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dation: deforestation and removal of natural vegetation (579 million ha),
overgrazing of vegetation by livestock (679 million ha), improper manage-
ment of agricultural land (552 million ha), over- exploitation of vegetative
cover by domestic use (133 million ha), and industrial activities leading to
chemical pollution (22 million ha).

However, the soil pollution problems identified include not only
chemical pollution (excessive application of nutrients, e.g. fertilizers, pes-
ticides, herbicides, heavy metals, etc.) but are also associated with hu-
man-induced acidification, salinization (excess of salts at toxic level to
plants), loss of organic matter, decrease in soil biological diversity, physi-
cal degradation, and erosion by water and wind. However, it should be
noted that the last four (loss of organic matter ...) are consequences of
pollution rather than forms of pollution. In Central and Eastern European
countries, the estimates of the actual extent of degraded and polluted land
and of areas at risk, remain open to improvement as well as to the need to
harmonize procedures of measurement and threshold levels used. Some
countries in Europe have started systematic recording, monitoring and
clean-up programmes of contaminated sites based on established recla-
mation methodologies, the implementation of which is often constrained
by financial, legal and technical factors. For example, in Romania, the
Research Institute for Soil Science, Agrochemistry and Environmental
Protection, Academy of Agricultural and Forest Sciences, Ministry of Agri-
culture and Food has recently carried out a study on the National Soil
Quality Monitoring System. In fact, improved data on the extent of soil
degradation and pollution, on establishment of monitoring networks to as-
sess the effectiveness of measures that have been put in place, are seen
as a pre-requisite to any further coordinated approaches to soil protection
in the whole of Europe.

Therefore, the FAO Land and Water Development Division (AGL), in
collaboration with the Research Institute for Soil Science, Agrochemistry
and Environmental Protection, Academy of Agricultural and Forest Sci-
ences, Ministry of Agriculture and Food, Romania, as one of the activities
of the FAO Project TCP/ROM/8822 on Rehabilitation of Polluted Soils in
Romania, organized a Mid Term International Workshop, held in Braila,
Romania, 12-16 July 1999.

During the discussions of the Workshop, the participants agreed to
create a new Network on Protected Soils in the Central and Eastern Euro-
pean Countries Pro-Soils in CEEC Network and considered the Workshop
as the First Meeting of the members of the Network. At the time of the
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Workshop, there were six members of the Network: Bulgaria, Czech Re-
public, Lithuania, Poland, Romania and Slovak Republic and associate
members were: Canada, United Kingdom and the USA. Now nine coun-
tries are members of the Network as a result of the new participation of
Estonia, Latvia and Ukraine. (Full details of the Coordinators and Partici-
pating National Institutes are on page 211).

The objectives associated with the formulation of the Network

are to:

» Disseminate information as well as foster improved coordination
among scientists and extension staff within the Regional countries
on issues related to soil pollution.

* Assess the extent of soil pollution and promote soil management
options.

» Exchange ideas, experiences and technologies as well as assist in
policy and project formulation related to soil pollution control and
land productivity improvement.

» Publicize the Network activities and findings through the media,
such as newsletters, Internet, workshops, radio and various publi-
cations.

» Source funding for various activities of the Network.

* Promote applied research programmes in participating countries
on management of polluted soils.

First Meeting of the Network and Objectives

The immediate objectives of the workshop were:

» To determine the performance of the mentioned project and give
the opportunity to exchange information and experiences with
other collaborating scientists from neighbouring countries and in-
ternational consultants on physical, chemical and biological pollu-
tion.

» To strengthen cooperation between neighbouring countries of the
Central and Eastern European Sub-Region, in the field of rehabili-
tation and management of polluted soils.

* Analyse and synthesize available information in the participating
countries on the extent and causes of soil pollution and their impact.

* Highlight successful experience(s) on cost-effective, low-risk meth-
ods for cleansing and rehabilitation of polluted agricultural land, in
order that land be used appropriately for environmentally-safe and
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contamination-free agricultural production in the Sub-Region.
* Identify priority areas, programmes and follow-up action for en-
hancing productivity of polluted soils in support of food security.

Attendance

The Mid-Term International Workshop was attended by Senior Soil
Scientists from six countries of the Subregional Office for Central and
Eastern Europe (SEUR): Bulgaria, Czech Republic, Lithuania, Poland,
Romania and Slovak Republic. Officials from FAO Headquarters and FAO
Consultants from Canada, United Kingdom and the USA also participated
in the Workshop. A total of 24 participants attended throughout the dura-
tion of this Mid-Term International Workshop.

Opening of the Mid-Term International Workshop

On Monday, 12 July 1999, after registration of the participants, the
Opening Session took place at the Central Research Station for the Ame-
lioration of Salt Affected Soils at Braila, Academy of Agriculture and For-
estry Sciences, with a brief introduction by Dr. Christian Hera (Head of
Department, Academy of Agriculture and Forestry Sciences) and Dr.
Mihail Dumitru [Director of the Research Institute for Soil Science and
Agrochemistry (RISSA) and National Project Director (TCP/ROM/8822)].
They stressed the importance of the subject — Management of Polluted
Soils — of this International Workshop for Romania and neighbouring East-
ern and Central European countries. A short presentation by Dr. Vasile
Surianu, Director of the Research Station in Braila followed, with informa-
tion on the Research Station, its mandate, the work accomplished since
its establishment in 1964, mainly to improve agriculture production of salt
affected soils in the region. Dr. A. Mashali, Technical Officer, FAO Head-
guarters, Rome, gave the last opening address and expressed the recent
interest of FAO in the area of soil pollution and related subjects within the
framework of combating Global Land Degradation.

Presentation of Papers

The papers presented were in five categories:

A) An overview of the objectives of the Workshop/Introduction to
Project TCP/ROM/8822: "Rehabilitation and Management Prac-
tices of Polluted Soils.

B) Country papers of participating countries from Eastern and Cen-
tral Europe Subregion (Romania, Bulgaria, Czech Republic,
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Lithuania, Poland and Slovak Republic) on Rehabilitation and
management of polluted soils: Extent, present use and manage-
ment practices applied to rehabilitate and manage polluted soils
for safe crop production for human consumption.

C) Presentation of the results from the Project’s (TCP/ROM/8822)
five pilot farms as one of the major activities of the project. The
five pilot farms were selected to introduce, test and demonstrate
the required integrated approaches for efficient management and
cost-effective, low-risk methods for cleansing polluted land for
wider adoption by small scale farmers, in order that land be used
appropriately for environmentally-safe and contamination-free
agricultural production in the country. The five pilot experimental
demonstration farms were selected to represent different types of
pollution, i.e. surface oil pollution (in Pitesti), salt affected soils
(Braila), animal and municipal wastes (Pitesti), mining activities
(Targu Jiu) and industrial pollution — heavy metals (Copsa Mica).
The demonstration areas on the farms varied in size to a maxi-
mum of about 8 ha. Each area included a plot treated in a man-
ner that, on the basis of past research by RISSA, was expected
to yield optimum results, taking into account not only technical
factors but treatment costs. Other plots were included to demon-
strate the effects of individual treatment variables and combina-
tions of variables. Data from the different plots will be used to
technically compare the effect of each treatment (management
practices) and for the economic evaluation of these management
techniques.

D) Presentation of reports on pesticide pollution, fertilizer pollution
and the role of agricultural extension in the field of soil pollution in
Romania.

E) Technical papers by International Consultants from Canada, the
United Kingdom and the USA on:

- Pollution and Agriculture in the United Kingdom
- Biological Process for Remediation of Contamination in Soils in
the USA
- Processes of Soil Pollution and Management with Reference to
Experience in Canada.
The papers presented reflected the international interest on polluted
soils and their management in Central and East Europe. Summaries of
each of these papers are given below.
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Other Business

One day (15 July) was devoted to field visits and on-site discus-
sions. The field visits included facilities of the Braila Research Station for
Amelioration of Salt Affected Soils; its activities on amelioration of salt af-
fected soils at Maxineni and other production programmes; sub-station for
Rice Production at Polizesti; salt-affected areas in the four surrounding
counties affected by salinity problems (Stancuta, Calmatui, Polizesti and
Braila); and Project TCP/ROM/8822 field demonstration pilot farm on man-
agement of salt-affected soils, as one type of chemically polluted soil.

The TCP/ROM/8822 demonstration farm (10 ha) in salt-affected
soils, selected in the experimental farm of the Station, introduced, tested
and demonstrated the required integrated approach for efficient manage-
ment and cost-effective, low risk methods for improving productivity of
salt-affected soils for wider adoption by small farmers. The pilot demon-
stration farm is divided by ridges into subplots. One plot was treated as
integrated management [i.e. package of required techniques including tile
drainage at 20 and 40 cm spacings + deep loosening (45 cm) + chemical
amendment (phosphogypsum according to the requirement) + leaching (ir-
rigation management) + tillage for land preparation + organic matter + best
recommended mineral fertilizer + mulching]. The other subplots were
treated by the same integrated management practices but without one
treatment in each subplot, i.e. minus one technique. Data from these dif-
ferent subplots will be used to technically compare the effects of each
treatment and for the economic evaluation of these management tech-
nigues. During the visit the participants had comprehensive discussions to
classify and identify production constraints of the soils in the selected pi-
lot farms of the TCP/ROM/8822 Project and to share views and experi-
ence to select the required follow-up management techniques for the next
experimental and demonstration work. They noted the variations of differ-
ent treatments with the clear effect of the integrated approach on enhanc-
ing crop production (maize, sunflower, sorghum and Sudan grass). The
participants also visited the Great Island of Braila and its different irrigation
schemes including the irrigation pumping station (Authority for Land Rec-
lamation in Braila covers 64 irrigation schemes), as well as the seed
breeding and production programmes of the Research Station for Amelio-
ration of Salt-affected Soils in Braila.
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Country Reports from Members of the Network.

Bulgaria
By D. Stoichev

The total area of Bulgaria is 11.1 million ha, of which 35 percent is
woodland. The agricultural land area is 6.2 million ha of which 70 percent
is arable land with average 0.5 ha per capita. According to the most recent
data (January 2000) the total area, which is technically equipped for irriga-
tion is estimated to be 0.62 million ha of which only 5 — 10 percent has
actually been irrigated in the last few years. Climate conditions in the
country are favourable for the cultivation of a large number of cereals, fod-
der and industrial crops, vegetables, permanent crops and berries. The
demand of foodstuffs in the country is covered mainly by the national ag-
ricultural sector with a significant potential for export of high quality animal
and crop production.

Although, the intensive industrialization of the country started in the
1960s, soil pollution became an issue later than in the more developed
European countries. However, the studies of many Bulgarian scientists
indicated at the beginning of the 70s that ferrous and non-ferrous enter-
prises are a potential source of soil pollution with heavy metals and other
toxic compounds. The data from long-term soil surveys showed that about
70 settlements and surrounding agricultural and forestlands are polluted to
some extent with different heavy metals. The total area of polluted land is
about 22 000 ha, of which about 90 percent is affected by heavy metals.
According to the official data, the polluted land amounts to less than 0.5
per cent of arable land in the country. It is concluded that soil pollution
could not affect significantly overall national food production but it does
have great economic and social impacts in affected areas. In the most
polluted spot, town of Srednogorie, aerosol emissions from the copper
smelter led to the pollution of 4000 ha, that is 9.4 percent of the total area
of the region. According to the existing law such lands could be only re-
turned to original owners after complete rehabilitation.

The available information shows that in Bulgaria there is a long-term
experience in registration of the sources, the type, the rate and the extent
of soil pollution. There are enough legal instruments regulating rehabilita-
tion and management of the polluted lands. The main scientific research
activities concerning soil pollution and remediation technologies develop-
ment have been held in the N. Poushkarov Institute of Soil Science and
Agroecology in Sofia. The applied technologies are directed mainly to the
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amelioration of anthropogenically- acidified soils. The development of the
technologies for remediation of the soils polluted with radionuclides and oil
products are still in an initial phase but are significantly progressive.

Czech Republic
By Josef Kozak

The total agricultural land of the Czech Republic consists of 4.3 mil-
lion ha, of which arable land is 3.1 million ha. The extent of irrigated area
is almost negligible (about 3 percent). Approximately 25 percent of the
agricultural land is drained. Approximately 28 percent of the agricultural
land is severely endangered by water erosion and the other 19 percent is
extremely endangered by wind erosion. Major crops are cereals, espe-
cially wheat and barley, and oil-seed rape, sugar beet, potatoes, some
technical crops, fruits and vegetables. The principal constraints of agricul-
tural production are climatic, soil conditions in the upper laying regions
and economic environment during the transition period before becoming a
member of the European Union.

Main soil pollutants are risk elements and persistent organic xeno-
biotics, mainly of anthropogenic origin. However, the pollution is rather lim-
ited to certain regions and point contamination prevails. The most endan-
gered areas by both groups of pollutants are Northern Bohemia (thermal
power plants, chemical industry), Northern Moravia (heavy industry),
Prague and its surroundings (emissions from transportation), and
Fluvisols in the alluvia of big rivers (Elbe, Morava) flooded with waters
polluted by industrial and municipal wastes. Figure 1 shows the relative
number of soil samples with risk elements content exceeding maximum
tolerable values. Arsenic, Cd, Ni, Pb and Cr are of highest concern, how-
ever, only in the case of Cd the limit values are exceeded on more than 1
percent of the total agricultural land. In the case of organic pollutants, at-
tention has been paid to mono- and polyaromatic hydrocarbons, chlori-
nated hydrocarbons (PCB, HCB, DDT and their metabolites), styren, and
petroleum hydrocarbons, recently also PCDD and PCDF. However, recent
data showed that the limit values are rarely exceeded; mainly it is in
Fluvisols and in some northern parts of Bohemia and Moravia. The risk
represented by the pollutants depends on soil vulnerability. Another prob-
lem is soil acidification in the mountainous areas, caused by both anthro-
pogenic impacts and natural development.

There are several institutions dealing with soil pollution. The State
Institute for Agricultural Supervision and Testing carries a broad monitoring
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of soil pollution covering the whole country. The Research Institute for Soil
and Water Conservation in Prague — Zbraslav focuses on the monitoring
of the most threatened areas. It also prepares new system of limit values
and works on remediation of the polluted soils. The Research Institute of
Crop Production in Prague — Ruzyne monitors the emissions of sulphur
oxides, it also studies the effects of soil pollution on soil ecological func-
tions. The Czech University of Agriculture applies GIS on the data of soil
monitoring and provides for example maps of soil vulnerability, distribution
coefficients of pesticides etc., using pedotransfer functions. It also studies
some areas of severe heavy metal pollution and deals with mathematical
modelling of the behaviour of pollutants in soil. Other involved institutions
include the Research Institute for Forest and Game Management, the In-
stitute for Economic Management of Forest, the State Amelioration Admin-
istration, Mendel University of Agriculture and Forestry in Brno, South Bo-
hemian University in Ceske Budejovice, and others.

Lithuania
By V.V. BUIVYDAITE

Lithuania is situated on the eastern coast of the Baltic Sea and cov-
ers an area of 6.5 million ha. Latvia borders the country to the north, Bela-
russ and Poland to the east and the south and Kaliningrad Oblast of the
Russian Federation to the southwest. The country is divided into adminis-
trative units: 10 counties, 44 districts and 12 municipalities. Total number
of inhabitants is 3 704 800, of which 32 percent are living in rural areas.
Population density is 56.7 per square km. Total agricultural land in Lithua-
nia is 3.5 million ha, of which private ownership is about 1.6 million ha.

Mayjor production constraints in the country are land conditions (phy-
siography, land humidity, etc), acidification and low fertility. One-third of
agricultural land is in hilly regions and some are not suitable for production
of most agricultural crops. About 15 percent of soils are under accelerated
acidification processes and require permanent or temporary liming.. Major
cropping system in the country is crop rotation: barley with perennial
grasses, perennial grasses of the 1st year, perennial grasses of the 2nd
year, winter crops and earthling up crops. The monoculture system is
used comparatively rarely in small plots.

According to the State Monitoring Data of 1993-1997, heavy metals
in 0-20 cm layer of soil were (average): chrome — 10.7, cadmium — 0.46,
lead — 11.9, nickel — 9.9, copper — 6.9, zinc — 28.5, iron — 8209 mg per kg
of soil. According to the data of the State Plant Protection Agency, in 1998
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Lithuanian agriculture used about 1565 tons of pesticides of which herbi-
cides are 1135 tons (72.5 percent), fungicides — 12.5 percent, insecticides
— 1.9 percent and the rest of other type of chemicals. In the last decade,
the use of pesticides greatly fluctuated. Since 1991 when Land Reform
started, use of pesticides gradually decreased until 1994 and then started
to increase again, especially in 1996-1997. For example in 1998, the area
treated by herbicides was 1.1 million ha compared to 1.0 million ha in
1997. The State Environmental monitoring data showed that high concen-
trations of pesticides occurred only in small scattered areas like Simasin.
However from the analysis of many soils, herbicide were over limits only in
one sample and significant amount of insecticides like DDT and others
were found in very few soil samples.

According to the State Environmental Report and analysis of soil
pollution, about 1 percent of the country is polluted by different pollutants,
i.e. oil products, heavy metals, etc., mainly in the former Soviet Army mili-
tary bases and polygons. These lands are of major concern of local and
regional authorities for their rehabilitation and cleaning. Oil products pol-
lute soil in some areas: cleaning technologies are recently under develop-
ment.

Basic soil research in Lithuania shows that concentrations of heavy
metals in places reasonably distant from the bigger towns do not exceed
the Maximum Allowable Concentration (MAC). The concentrations are
greater in the heavier soils than in similarly fertilized soils with lighter tex-
ture. Generally, concentrations of different heavy metals are 2-3 times
greater in clay loam and clayey soils than in sandy soils mainly of Cr, Pb,
Ni, Cu and Zn.

Poland
By Tomasz STUCZYNSKI

The transition from a centrally planned economy to a market
economy striving to join the European Union brought a number of chal-
lenges for rural communities and the agricultural sector. Agriculture pro-
vides a relatively small contribution to Gross National Product at 6 per-
cent, but the impact of agriculture on the country’s economy is much
stronger than reflected by statistical data. This is associated with the fact
that the majority of Poland’s food demand is met by local agricultural pro-
duction. Moreover, agriculture and other activities in rural areas provide
income and subsistence for nearly 30 percent of the Polish population.
The area of agricultural land in Poland is 18.5 million ha which is 14 per-

187



STIINTA SOLULUI nr. 1-2, 2003, vol. XXXVII

cent of all agricultural land in the European Union. There are two million
farms operating in Poland, however, land productivity is low due to the
sandy texture of sixty percent of soils, the poor water retention, and high
acidity.

Recent study, based on analyses of 45 000 samples, has indicated
that cadmium in soils of Poland ranges from 0.01 to 49.73 mg per kg of
soil. The expected range, however, derived by eliminating 5 percent of
extreme values, is 0.1-0.48 mg per kg of soil. The average concentration
of copper, nickel, lead and zinc in soils of Poland are 6.6, 6.4, 13.8 and
32.7 mg per kg respectively. Soil and water polluted with pesticides are lo-
calized in storage and disposal areas and do not occur on regular agricul-
tural land, since the application rates used are very small.

Soil contamination with petrochemicals occurs around oil refineries,
gas stations, pumping stations, and pipelines. It is estimated that 0.1-0.25
percent of oil products used enters the environment. There are extensive
areas of former soviet military bases with underground storage tanks con-
taining large amounts of fuels. The overall former use of such sites led to
contamination of soil and ground water with fuel residues. It should be
emphasized that the total area of land contaminated by military bases
comes to no more than a few thousands hectares.

Agriculture in industrial areas such as Silesia is not very productive
in terms of cultivated areas and the amount of food produced, and con-
sumption of food grown in this area may be a dietary risk. This is particu-
larly true with vegetables grown in private gardens.

Soil protection and remediation are of vital importance for both the
environment and agriculture. This is especially pronounced in densely
populated and/or industrial areas where special strategies are undertaken
for the reclamation of degraded soils. One treatment technique is related
to the application of sludges to arable soils as well as for the remediation
of contaminated soils. The phytoremediation concept was tested within
the framework of collaborative research involving the Institute of Ecology
of Industrial Areas (IETU), Florida State University (FSU), and Phytotech
Inc., USA. The main objective of this project was to implement phytoreme-
diation at a full scale and to document the cost and efficiency of this tech-
nology. The tested technology was originally used for lead removal from
polluted soils. As the soils in Katowice region are highly contaminated with
various elements, it was important to make other elements extractable
and available for phytoextraction process. Bioremediation of asphalt con-
taminated soils was studied in an incubation experiment by forced aera-
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tion with periodical water flushing in nutrient amended system.

Validation of biosolid used for reclamation of wastelands is a pilot
project established in a shutdown site of a Huta Warynski smelting plant.
The revegetation of such wastes is a challenging task for reasons of phy-
totoxicity and was designed to evaluate the impact of sludge and lime ap-
plication rates on vegetation.

Extensive reclamation work by lime application was conducted in
Jeziorko, Grzybow and Lubaczow which is an area affected by Europe’s
largest sulfur strip mining operation. Emission of elemental sulfur dust is
the main degradation factor leading to strong soil acidification as reflected
in pH ranging from 1.5 to 2.5. Extensive monitoring of soil pH was con-
ducted on over 6000 ha of surrounding agricultural land. Incorporation of
lime into the upper soil layers is an important part of the reclamation tech-
nology. Bioremediation of soil contaminated with fuel residues was con-
ducted at the former soviet military base in Kluczewo. Contaminated soil
was piled and inoculated with bacterial strains active in degradation of
petrochemical compounds.

A legal framework for environmental protection has already been
established in Poland. Environment Protection and Management Law is
the most important act regulating all aspects of using and protecting natu-
ral resources. There is a specific act regulating protection of agricultural
and forest soils. The soil protection act regulates all aspects of responsi-
bility for protection and rehabilitation of soils. Three groups of issues are
regulated: rules creating a formal background for soil protection, reclama-
tion and rehabilitation of degraded soils, and improving quality of agricul-
tural and forest soils. Entities responsible for soil pollution and degradation
must compensate farmers for their production loss caused by industrial
activity. Varying standards have been proposed for classifying soils con-
taminated with metals and for the corresponding land use. These values
are usually established based on ecological risk assessment and safety
for metal exposure to humans associated with the consumption of crop
products. Extension services in contaminated area are trained to provide
competent assistance to farmers using scientific information and guide-
lines about how to change the crop structure into industrial crops or other
uses such as biomass production for fuel.

The Ministry of Agriculture and Food Economy has contracted Re-
gional Agro- Chemical Laboratories (OSCHR) to conduct measurements
of heavy metals and sulfur in soils and crops. The data obtained was com-
piled and interpreted by the Institute of Soils Science and Plant Cultivation
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(IUNG). In addition to this extensive survey, IUNG was contracted by the
Ministry of the Environmental Protection to set up sites for continuous
monitoring of chemical properties of arable soils. This soil monitoring
project evaluates the time course of arable soil property changes as mea-
sured at 216 monitoring sites. The results are used to evaluate the extent
of changes of the environmental quality of soils, farming practices, indus-
try and other human impacts.

Romania
By Mihail DUMITRU

Romania has a total land area of 23.8 million ha, of which 9.9 million
ha of arable and permanent crops. There are 0.65 ha agricultural land and
0.41 ha arable land per inhabitant. Agricultural land capability classifica-
tions show that only 2.8 percent (411 000 ha) are class I, with very few
limitations; 24.7 percent (3 656 000 ha) class IlI, with few limitations; 20.8
percent (3 082 000 ha) class lll, with some limitations; 24.4 percent (3 613
000 ha) class IV, with severe limitations and 27.3 percent (4 034 000 ha)
class V, with very severe limitations. In the last seven years significant
changes of land use occurred: decrease of agricultural area especially of
the arable crops with 768 978 ha and increase of grassland with 392 301
ha, vineyards with 20 879 ha and unproductive lands with 124 064 ha.

About 12 million ha of the agricultural land, of which 7.5 million ha
arable lands, are affected by one or more limitations, such as frequent
drought (7 100 000 ha), periodic waterlogging (3 781 000 ha), water soil
erosion (6 300 000 ha including 702 000 ha landslides), wind soil erosion
(378 000 ha), soil salinity (614 000 ha), moderate and strong acidity (3
352 000 ha), low and very low humus content (7 178 000 ha), low and
very low available phosphorus content (6 246 000 ha), low total nitrogen
content (4 812 000 ha), low available potassium content (694 000 ha),
zinc deficiency (1 500 000 ha), chemical soil pollution (900 000 ha), pollu-
tion with oil and brine (50 000 ha), disturbance by various works (15 000
ha) and soil covering by solid wastes (18 000 ha).

Irrigation schemes were developed on 3,2 million ha, but by return-
ing the irrigated land to former landowners under non- controlled condi-
tions of agriculture, those lands have been abandoned, so that in 2000,
the year most severely affected by drought, only about 200 000 ha were
irrigated. Soil erosion control works were developed on 2.3 million ha but
also such works have been abandoned and largely destroyed after the
application of Land Law N0.18/1991. While the agricultural contribution to
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gross domestic product remained approximately the same, i.e. 19.9 per-
cent in 1996, the budget share for Romanian agriculture continuously de-
creased i.e. 13.4 percent in 1992 to 8.6 percent at the end of 1996. 45.1
percent of the total Romanian population (22.6 million) are in the rural
area. The agricultural active population consisted of 3.3 million persons
(34.6 percent, of which 51.3 percent women). By the application of Land
Law No0.18/1991, 10 693 577 ha of agricultural land were returned, up to a
maximum 10 ha per family, to former owners. The present structure of the
land ownership is represented by 71 percent with less than 3 ha per fam-
ily, 18 percent with 3-5 ha per family, and 11 percent with more than 5 ha
per family, with only subsistence agriculture possible (60 % of agriculture
areas). This has a negative effect on agricultural trade balance sheets,
imports exceeding exports by twice the amount. Decreased average
yields were recorded for all crops. At the same time, the areas cultivated
with maize, wheat and sunflower increased, and those cultivated with soy-
beans, peas, and alfalfa decreased. The soil cover of Romania is domi-
nated by Chernozems and Phaeozems (27.6%), Luvisols (25.5%) and
Cambisols (19.5%). The analysis of climate functions in the last century
reveals a progressive heating of atmosphere and a decreasing in pre-
cipitation which became a limiting factor of growing, developing and pro-
ductivity of field crops, orchards, vineyards, grasslands and forests. There
is a tendency to decrease the consumption of pesticides and mineral fer-
tilizers in Romania.

Soil pollution in Romania is the result of the rapid growth in the post
war period of industrial activities in inappropriate locations, increased en-
ergy consumption, as well as massive reliance on the use of chemicals
and fertilizers promoted by large-scale agricultural production strategies.
After the December 1989 uprising and as a result of the application of the
Land Law No. 18/1991, over 40 million parcels of land were created and
pollution was exacerbated by the difficult economic predicament of small
farmers, lack of technical assistance required to restore contaminated
land, the absence of reliable ecological norms and standards and lack of
understanding and monitoring of environmental impacts. The result was
severe damage to the production capacity of soils, which in turn progres-
sively decreased agricultural production, lowered the incomes of small
farmers, and increased the number of abandoned farms. Phytoremedia-
tion was used for rehabilitation of soils polluted with heavy metals and
petroleum. For rehabilitation of polluted soils with heavy metals, liming,
manure, zeolitic tuff, bentonite and mineral fertilizers are applied. Liming,
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manure and bentonite were the most efficient in controlling the availability
of heavy metals to plants. Pollution with 0.5% petroleum decreased the
maize yield by 36%, while pollution with 1% petroleum reduced the maize
yield by 57%. Liming, deep loosening, fertilization with high rates (organic
and mineral), determined a significant increase of the microbial activity
and reduced, after a year, the petroleum level to 0.2% as compared to the
1% (initial content). For amelioration of salt-affected soils, drainage sys-
tem (20 and 40 m apart), deep ploughing, irrigation management, organic
and chemical fertilizers, mulching and gypsum application were used. For
reclamation of sterile dumps resulting from surface mining, land was cov-
ered with 30-40 cm fertile soils, chemical and organic fertilizers and plant
covers (maize, sorghum, sunflower, winter wheat, pea, and mixture of bar-
ley or oats with a leguminous plant).

Within the framework of the Ministry of Agriculture Food and For-
estry there is a special department dealing with environmental protection
(soil degradation included) that is responsible for harmonizing the Roma-
nian environmental legislation with EU policies. The department is closely
involved in cooperation with the Research Institute for Soil Science and
Agrochemistry to prepare and submit to the Romanian Government the
"Law of soil protection, rehabilitation and sustainable use”.

Up to now, in Romania, "The Law of Environment” and a related
"Ministry of Environment Protection Ordinance” provide the trigger thresh-
olds, intervention values and maximum allowable limits for soil loading
with organic and inorganic compounds in order to establish legal indica-
tors and parameters for environmental impact assessments.

Slovak Republic
By Jozef KOBZA

The total area of Slovakia is 4.9 million ha. Agriculture faces various
natural and socio- economical constraints. Varied geology and relief cre-
ate very different conditions: lowlands 28.3%, basins 16.5% and moun-
tains 55.2%. Agricultural land consists of 1.5 million ha of arable land, 0.84
million ha of grassland, 19 000 ha of orchards, 78 000 ha of gardens, 1
000 ha of hop-gardens and 29 000 ha of vineyard, totalling 2.45 million ha
of agricultural land in Slovakia and a total area of 1.99 million ha forest
land.

It is mountainous country, especially in the central and eastern part
with 352 296 ha of agricultural soils situated inside National Parks and
Wildlife Preserves. About 189 500 ha of agricultural land are used under
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specific regimes of water protection, 448 000 ha are drained and 315 000
ha are under irrigation (sprinkler irrigation).

The main agricultural crops are winter wheat, spring barley, maize,
sugar beet, potatoes, vegetables, leguminous plants and vineyards. At
present fertilization level is about 40-50 kg NPK per ha. Ten years ago it
was 220 kg NPK per ha.

Soil pollution is a special problem in Slovakia. A specific feature of
Slovakia is the occurrence of pedogeochemical anomalies mostly in
mountainous regions. The content of pollutants in these anomalies is often
high (significantly over the valid hygienic limits for Slovakia). It is natural
long-term soil pollution. The problem of this type of soil pollution resides in
the question of how to cultivate such strongly polluted soils because the
remediation of these soils is often not effective (the whole soil profile is
polluted).

The second main type of soil pollution is anthropogenic impact. In-
dustry, agriculture, municipal waste materials, etc. have significant influ-
ence on the increase of soil pollution. The third type is the mixture of both
previous problems. In this case the content of pollutants is often the high-
est (for example industrial zones situated in regions with pedogeoche-
mical anomalies occurrence). This problem is very significant in eastern
Slovakia (Central SpiS region). There are approximately 30 000 ha of
strongly polluted soils (about 1.2% of agricultural land).

The problem of soil pollution (anthropogenic and geogenic) is per-
manently monitored by the national soil monitoring system which has
been running since 1993. The coordinator of this system is the Soil Sci-
ence and Conservation Research Institute in Bratislava. The statistically
significant change in the degree of soil pollution has not been determined
during the measured period.

Authorized organizations for the measuring and control of polluted
soils in Slovakia are the Soil Science and Conservation Research Institute
in Bratislava and the Central Testing and Checking Institute of Agriculture
in Bratislava (global and crash monitoring, creation of hygienic limits and
control system).

Ministry of Land Management of Slovakia, together with the Soil Sci-
ence and Conservation Research Institute in Bratislava published the Co-
dex for Soil Conservation in 1996. It is the list of legislative norms con-
cerning soil conservation including land and soil pollution.

The future concern for soil pollution in Slovakia includes:

- level of hygienic limits and their update with relation to EU coun-
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tries;

- inorganic and organic soil pollution and the most effective required
remediation techniques;

- anthropogenic and geogenic forms of soil pollution — their distinc-
tion and related required remediation techniques.

Technical Papers from Associated Members of the Network

Canada
Processes of Soil Pollution and Management with Reference to
Experience in Canada
By Ahmet R. Mermut

The paper discusses the soil physical, chemical, and biological char-
acteristics that influence the movement and the fate of pollutants in soils
and summarizes the status of pollutants in Canadian soils. Complete un-
derstanding of the factors that influence the movement is required for the
development of methods for the rehabilitation of polluted soils. Research
so far suggests that pesticides contamination is not a serious problem in
Canadian soils. Non-pesticides organic contaminants cause little contami-
nation. Heavy metals are the greatest concern that enter the soil by com-
mercial fertilizers, sewage sludge, manure application, and atmospheric
deposition. Sewage sludge application appears to be beneficial to the sail,
provided that the heavy metal contents are low.

England
Pollution and Agriculture in the United Kingdom
By Michael A. Smith

Like most countries the United Kingdom (UK) has agricultural etc.
land affected by chemical contamination (i.e. chemicals introduced by hu-
man activity) arising from industrial activities, deposition of wastes such as
sewage sludge, over use of agro- chemicals, and flooding by contami-
nated river waters. In addition, there are parts of the country where el-
evated concentrations of potentially harmful substances (PHSs) occur
naturally. Although these natural and man-made areas with elevated con-
centrations of PHSs may be of some local significance, they are not of
importance within the overall context of large scale farming etc. production
in the United Kingdom. UK policy with regard to contaminated land has
largely been directed towards the recycling of urban land, although new
legislation (Part IIA of the Environmental Protection Act 1990) has recently
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been introduced requiring the identification and remediation of "problem”
sites that pose immediate threats to human health or the environment.
Because of the emphasis in the UK on recycling urban sites ("brownfield
sites”) most of the guidance available (e.g. on investigation, assessment,
remediation) has been written with this type of land in mind. There is, how-
ever, some limited guidance relating specifically to agricultural land af-
fected by metalliferous mining wastes (ICRCL 70/90, Department of the
Environment, London, 1990).

In addition to a policy regarding contaminated sites dating back over
twenty years, the United Kingdom has a long tradition of reclamation of
"derelict land”. This was traditionally viewed as land that because of its
physically degraded condition could not be put to beneficial use without
extensive work. Under programmes to reclaim derelict land, very large ar-
eas affected by coal mining, metalliferous mining and industrial waste dis-
posal have been restored to agriculture and other uses. Some of this der-
elict land is contaminated as well as physically degraded.

There have been a few particularly noteworthy instances of contami-
nation and/or dereliction in the UK which merit attention for the lessons
that can be learnt from them - in particular the Lower Swansea Valley and
Shipham (a village affected by high cadmium concentrations) although in
neither case was agricultural land the primary concern. Of particular con-
cern in recent years, however, has been dioxin contamination around a
number of industrial plants which in at least one case resulted in milk be-
ing declared as unfit for human consumption (http://www.maff.gov.uk/food/
infsheet/1997/n0134/134bols.htm). Sheep farming in some highland areas
is still affected by Chernobyl fallout. The most widespread potential envi-
ronmental effects are those arising from acid rain deposition.

Although the United Kingdom has policies regarding "contaminated
land” it does not at present have a soil protection policy. However, The
Royal Commission on Environmental Pollution (RCEP - a permanent inde-
pendent non-government organization) published a report in 1996 on
"sustainable use of soil” and this is expected to result in the development
of such policies in the future. The Ministry of Agriculture, Fisheries and
Food MAFF) published a Code of Good Agricultural Practice for the Pro-
tection of Soil in 1993 (HMSO, London, 1993). Extensive information is
available on all aspects of agriculture and the environment at: - http://
open.gov.uk/ and at the following sites:

Department of the Environment, Transport and the Regions

Environment Agency
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Ministry of Agriculture Fisheries and Food
Royal Commission on Environmental Pollution
Scottish Environmental Protection Agency
Institute of Arable Crops Research, Rothamsted
Soil Survey and Land Research Centre, Silsoe

U.S.A
Biological Processes Affecting Contaminant Fate and Transport
By lan L. Pepper

As a result of accidental spills and deliberate human activities over
the past several decades, organic and inorganic contaminants have accu-
mulated in both soil and water, all over the world. Clean up of these con-
taminated sites has proven to be difficult, expensive and time consuming.
Given these difficulties, biological remediation is an attractive option, since
it can be performed in situ and therefore tends to be cost effective. How-
ever, harnessing microbial activity is not without its challenges, and many
environmental factors must be controlled or even altered to enhance the
efficiency of bioremediation. The fate of pollutants in soil and water is gov-
erned by physical, chemical and biological factors. Of these, biological
factors are critical in the bioremediation of organic contaminants, and are
also influential in the fate of inorganic contaminants. Biodegradation is the
process that describes the mechanism by which microbes degrade or-
ganic compounds. If degradation occurs completely to carbon dioxide, the
process is known as mineralization. The major factors affecting biodegra-
dation include oxygen, organic matter content, nitrogen availability and
contaminant bioavailability. In addition, microbes with appropriate biode-
grative genes must also be present in the environmental sample or micro-
bes must be added to the sample-a process known as bioaugmentation.

http://www.detr.gov.uk

http://www.environment-agency.gov.uk

http://maff.gov.uk

http://rcep.org.uk

http://sepa.org.uk

http://www.bbsrc.ac.uk/rothamsted.html

http://www.silsoe.cranfield.ac.uk

However despite these limitations, biological processes are critical
to contaminate fate and transport.

In the paper four case studies involving bioremediation are pre-
sented. The first study discusses the use of biofiltration as a means of re-
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moving petroleum hydrocarbon vapors arising from a leaking underground
storage tank. The second study evaluates the use of dual bioaugmenta-
tion as a method to enhance remediation of a soil co-contaminated with a
metal and an organic. In the third study, the successful reuse of biosolids
generated from municipal waste is documented. Here biosolids are ap-
plied to agricultural land, and following biodegradation of the biosolids,
plant nutrients are released for crop uptake. Pinally, perhaps the most fa-
mous case study involving bioremedation is presented in case study num-
ber four. Here the Exxon Valdez story is told in which 33 000 tons of crude
oil were spilled in the Prince William Sound, Alaska. This spill was cleaned
up through the use of enhanced biodegradation with the application of
essential macronutrients. However, although bioremediation was consid-
ered successful, today, more than 10 years after, weathered oil can still be
found at dozens of sites in the Prince William Sound even hundreds of
miles from the spill site. In each of these case studies, different method-
ologies as aspects of bioremedation technologies are evaluated. Grouped
together, the case sudies highlight the potential benefits to be gained
through the understanding of biological processes that affect contaminant
fate and transport.

Project FAO TCP/ROM/8822,
Rehabilitation of Polluted Soils In Romania
By Mihail Dumitru and Amin Mashali

The project started July 1998 and its activities include:

I. Collection and interpretation of information on soil quality in Roma-

nia that led to the preparation of the following reports:

a) An atlas "Soil Quality Monitoring in Romania” including 24 maps
and an explanatory text presenting the data obtained within the
framework of the national network of | level (16 km x 16 km grid)
with a view to: land use; soil class and type; textures, clay and
organic matter in topsoil; compaction, saturated hydraulic conduc-
tivity, water stability of soil macro- aggregates in 0 — 25 cm and 25
— 35 cm layers of soil; average content of organic matter, avail-
able phosphorus and potassium in 0 — 50 cm layer; soil pollution
types; total content of Cu, Pb, Zn, Cd, Co, Ni, Mn, Cr, SO, F,
DDT, HCH in topsoil;

b) Quality assessment of soils in Romania and their conservation
measures;

c¢) Soil pollution with fluorine;
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d) Pollution with petroleum and brine of soils in Romania;

e) Research concerning the effects of some agricultural practices

upon soil physical status;

f) Impact of thermoelectric power plants on environment. Reculti-

vation of ash spoil dumps (400 pp.);

g) Reclamation of disturbed land by surface mining in the Oltenia

coal region;

II. Development of four demonstration pilot farms for:

- rehabilitation of salt-affected soils;

- rehabilitation of soils polluted with petroleum and brine;

- rehabilitation of soils polluted with heavy metals in Copsa Mica;

- recultivation of lands degraded by surface mining.

lll. Selection of the most adequate methods for chemical analysis of
polluted soils and training the laboratory staff

IV. Training the experts involved in agricultural extension and the
farmers with lands in the polluted zones.

V. Dissemination of technical information to farmers enabling them to
apply the recommended technologies.

VI. Development of research unit for further research operation in
this direction and for solving the problems regarding the rehabilitation of
polluted sails.

The FAO demonstration farm for rehabilitation of salt-affected soils is
located in the eastern part of the Romanian Plain, in the Lacul Sarat de-
pression, within the Farm No. 5 of the Braila Agricultural Research Central
Station for Salt-Affected Soil Reclamation. The applied ameliorative mea-
sures consist of:

- Horizontal drainage (non-drained, 20 m and 40 m apart);

- Deep soil loosing (0.5 m);

- Ameliorative irrigation and organic fertilization (60 tons ha™*
manure);

- Chemical fertilization (N1,0);

- Paraploughing (without turning the furrow);

- Normal ploughing, mulching and gypsum application (6 tons
ha™ phosphogypsum).

The suitable climatic conditions determined that all the four crops
(Maize, Sunflower, Sorghum and Sudan grass) provided corresponding
yields. The best results were obtained with the treatments 20 m drainage
spaces and organic fertilizers. Paraploughing provided high yield in-
creases as compared to normal ploughing.

198

STIINTA SOLULUI nr. 1-2, 2003, vol. XXXVII

The demonstration pilot farm for rehabilitation of oil polluted soils
was developed on the Albota-Arges Albic Luvisol polluted with 1% petro-
leum in the first 10 cm of soil.

The treatments included:

- Liming (non-limed and 6 tons ha™! CaCOy);

- Deep loosening (40 — 50 cm deep and 75 cm apart);

- Organic fertilization (non-fertilized, 150 tons ha™ and 300
tons ha™! manure);

- Mineral fertilization (NgPoKg, N10oP100K100, N2goP100K100 @nd
N200P200K100)-

The test plant was maize (Turda 200 hybrid). The results showed
that the deep loosening without liming did not provide yield increases. The
best yield results were obtained by application of a rate of 300 tons ha™!
manure. Concerning the mineral fertilizer treatments, the best results were
provided by the treatment receiving N,goP100K100, @nd the lowest results
were provided by the treatment receiving NygoP200K100- The highest effi-
ciency in soil depollution was obtained by application of 300 tons ha™*
manure that decreased the soil petroleum content to 53 percent of the
control (treatment without manure application). The increase of mineral
fertilizer rate stimulated the petroleum breakdown, the lowest petroleum
guantity being detected in the treatment receiving the highest mineral fer-
tilizer rate (N,goP200K100)- The deep loosening did not influence petroleum
breakdown, while it stimulated the increase of soil fungi population. The
soil bacteria population increased as the manure rate increased. The high-
est number of fungi was detected in the treatments receiving 150 tons ha~
! manure. The harmonization of C:N ratio and the supply of available nu-
trients (NPK) determined the increase of bacteria and fungi population, as
a result of mineral fertilization, maximum being reached with N,ggP200K100
treatment. The bacteria number in the N,ggP20K 100 treatment was almost
similar with that in N1ggP 100K 100 treatment, and the fungi number was less
than in control (non- fertilized treatment). The best yield results, obtained
under the conditions of liming with 6 tons ha™* CaCOg, and also in the
treatment receiving 300 tons ha™! manure that provided also the highest
efficiency of petroleum breakdown. The liming and mineral fertilization in-
creased the bacteria population that stimulated the petroleum breakdown.

In conclusion to rehabilitate petroleum polluted soils it is necessary:

- To avoid waterlogging conditions;
- To carry out adequate tillage for tearing the petroleum film,
permitting the soil aeration, mixing the unpolluted soil with
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polluted soil, reducing petroleum concentration in soil, stimu-
lating the microorganism activity, etc.;

- Soil liming (to stimulate the increase of bacteria population
proportion as compared to fungi population);

- To ensure the needed available plant nutrients for develop-
ment of plants and soil micro-organisms;

- To ensure, on long term, high rates of macro- and micro-nu-
trients in soil;

- To apply high organic fertilization rates (to biologically acti-
vate the soil);

- To apply high mineral fertilization rates;

- To ensure a balanced C: N ratio, etc.

The liming, ploughing, and application of organic and mineral fertiliz-
ers stimulated not only the increase of bacteria and fungi population, but
also their taxonomic varieties. The bacterial community was represented,
on the frequency order, by the following bacterial genera and species:
Bacillus sp. (B. megaterium, B. cereus, B. circulans, B. globiformis), Pseu-
domonas sp. and numerous Actinomycetes. Species of the Pseudomonas
lemonieri and Pseudomonas aurantiaca are indicators of higher ecological
conditions, their presence demonstrating a high qualitative improvement.
After a year by liming and organic and mineral fertilization, the petroleum
concentration in soil cultivated with maize was reduced below 0.2%, so
that the soil can be considered rehabilitated.

The demonstration pilot farm for rehabilitation of heavy metal pol-
luted soils was developed in Copsa Mica. The test plant was maize.

In order to reduce the translocation of heavy metals from soil into
plants, the following measures were applied:

- Saoil liming to reduce the mobility of heavy metals and their
phytotoxic effect, to stimulate bacteria development and to
ensure soil buffering capacity;

- Organic fertilization to stimulate the plant development, fixa-
tion of heavy metals by organo-mineral bindings and soil bio-
logical activity;

- Application of bentonite and zeolitic tuff to increase the soil
cation exchange capacity, fixation of heavy metals and
stimulation of plant development;

- Mineral fertilization, especially phosphorus, to stimulate the
plant development, immobilize heavy metals and decrease
their translocation into plants.
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Liming showed significant influence on increasing maize yield, and
decreasing soluble content of Cd, Cu, Pb and Zn in soil and accumulation
level of these heavy metals in maize leaf. So it may be appreciated that
liming ensures fixation of heavy metals in soil (Cd, Cu, Pb, Zn), decreases
their translocation into maize leaves and increases the yield. Such effects
occurred even in a soil with pH 8.1.

The organic fertilization decreased the content of Cu, Pb and Zn
soluble form in soil (extracted in NH,NO3). Statistically significant de-
creases of Cd, Cu, Zn and Pb content in plants due to the fertilization
were not observed. The results also showed statistically significant in-
creases of maize yield under the influence of treatments with bentonite
and zeolitic tuff. These treatments significantly increased the pH and de-
creased the content of Cd, Cu, Pb and Zn soluble forms in soil, but the
modification of the heavy metal concentration in maize leaves were not
statistically significant.

The demonstration farm for recultivation of sterile dumps resulting
from surface mining were carried out on the Cicani dumps (for a land cov-
ered with 30-40 cm fertile soil) and the Garla dump (without fertile soil cov-
ering). The study had in view 10 plants: Lolium perenne, alfalfa, Lotus
corniculatus, winter wheat, maize, soybean, pea, mixture of barley or oats
with a leguminous plant, sunflower and sorghum. Three fertilization levels
were applied: NgPoKg, N1goPgoKeo @and NygoP160K120. The results showed:

- Yield increase with all crops as the fertilization rate increases;

- Very low yields with controls;

- In the case of NjgoPgoKgo rate the yield increases were: 60
percent (Lolium perenne), 30 percent (alfalfa), 19 percent
(Lotus corniculatus), 171 percent (winter wheat), 550 percent
(maize), 50 percent (soybean), 58 percent (pea), 117 percent
(mixture of barley or oats with a leguminous plant), 83 per-
cent (sunflower) and 118 percent (sorghum);

- High yield increases were obtained by applying high rates of
fertilizers (NogoP160K120);

- The highest yield increases were obtained with maize, sor-
ghum, sunflower, winter wheat, pea and mixture of barley or
oats with a leguminous plant, and the lowest yield increases
were obtained with alfalfa and Lotus corniculatus;

- Alfalfa provides better yield results than Lotus corniculatus
and Lolium perenne;

- The highest vegetal matter is provided by the mixture of bar-
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ley or oats with a leguminous plant that also provides the
highest number of nutrition units per hectare;

- If the number of nutrition units obtained with non-fertilized
winter wheat is taken as a reference term, the most important
yield increases were obtained with alfalfa, mixture of barley
or oats with a leguminous plant md Lotus corniculatus fol-
lowed by winter wheat, maize, pea, Lolium perenne, sun-
flower, sorghum and soybean.

For present very drought year, these crops could be recommended.
But there is also the opinion that these dumps could be mainly used as a
forage source. Under such a land use, soil erosion can be better con-
trolled and the conditions for improving the physical, chemical and biologi-
cal parameters can be ensured. The reduced fertility level of the non-cov-
ered dumps requires high fertilization rates. This is the explanation that, in
all the cases, the highest yield was obtained when the highest fertilization
rate was applied.

Technical Reports Presented by National Consultants from
Romania.

Pollution due to Fertilizers and Pesticides.
By Radu Lacatusu, Mihail Dumitru, Beatrice Kovacsovics, Doina
Plaxienco, lon Risnoveanu, Mihaela Lungu and Daniela Mihalache
Annual researches carried out, for three years in each of the two
vegetable growing areas, Vidra and Branesti-Islaz, located south and east
of Bucharest, highlighted an obvious soil, water and vegetables pollution
with nitrates and organochlorinated insecticides (HCH and DDT). Chaotic
administration actions and non-controlled application rates of mineral and
organic fertilizers and organochlorinated insecticides determined the aver-
age accumulation of nitrate contents which exceeded by 61% and 20%
the normal content values in the soils of Branesti-Islaz and Vidra areas,
respectively. The average HCH and DDT residues level, as compared to
the maximum allowable limit value (0.1 mg-kg™) was 3.4 times higher in
the soils of Vidra area and over 5 times in the soils of Branesti-Islaz areas.
The average nitrates and organochlorine insecticides contents of the
ground water in both areas was up to 11.5 times (27 times higher for HCH
and 3.2 times higher for DDT). The vegetables (dill, lovage, lettuce, cab-
bage) grown on polluted soils mainly irrigated with ground water loaded
with such pollutants, accumulated nitrates and organochlorinated insecti-
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cides up to content levels exceeding maximum allowable limits with up to
105% for nitrates and up to 8.8 times for the a-HCH +b-HCH amount.

Pollution with Petroleum and Brine in Romanian Soils
By Mihai Toti, Mihail Dumitru, Dumitru Marian Motelica, Vasile
Capitanu, Maria Dracea, Carolina Constantin and Constantin Craciun
The authors presented the main types of soils pollution in Romania
taking into account both the nature of the pollutant and the direction of its
movement in the soil. Accordingly, the following types were identified: pol-
lution with oil residues, pollution with salty water and mixed pollution. Con-
cerning the pollutant’'s movement in the soil, descendent pollution, ascen-
dent pollution and both types of movement were considered. A classifica-
tion of soil and ground water pollution in terms of loading with oil residues
is presented. The areas affected by pollution with oil and brine covered a
total of 50 100 ha, of which 96.6 % represent oil derricks and 3.4% gas
derricks. The polluted area is like a mosaic around the derricks, and stack
of extraction around the distillation equipment as well as along transporta-
tion pipes. The oil extraction derricks directly pollute an area of approxi-
mately 3441 ha with oil and salty water or mixed. Mixed pollution occupies
the largest area of the territory polluted by extraction derricks (63.3 % of
the area polluted by gas derricks and 64.3 % of the area polluted by oil
derricks). The degree of soil loaded with oil and brine vary from very slight
to very heavy; the largest area is presented by the heavy pollution (42.0
%) in the case of oil (hydrocarbons) pollution and by moderated pollution
(33.0 %) in the case of mixed pollution.

Soil Physical Degradation Processes Related to Agricultural
Practices, Inhereted Properties and Some Measures to Recover
By Klisabeta Dumitru and Roxana Enache

The paper presented the methodology in defining and assessing
changes in soil structure under the influnce of different agricultural prac-
tices, and how physical degradation processes in the ploughed layer can
be identified. The factors, causes and possible restorative measures were
also discussed. A few case studies have been performed under various
conditions mainly from long-term experiments to illustrate the conse-
guences of the intensive aleatory traffic on soil surface, and the effect of
the irrigation regime, the use of mineral amendments like phosphogypsum
and lime and the reduced tillage on flat and slope land, upon different soil
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properties particulary the physical state.

Research on Chemical Behaviour of Fluorine in Calcareous Soils
with Special Reference to Soils Around the Navodari Fertilizer
Factory
By Eugenia Gament and Dumitru Mihail

Investigations regarding the chemical behaviour of fluorine under the
conditions of calcareous soil within the area affected by the emissions
from the Navodari Fertilizer Factory were carried out. Most of the studied
soils are characterized by an incipient to slight pollution with total fluorine,
while the soluble fluorine content is only with 1-3 mg-kg™ over the normal
content. The data obtained by analyzing soil samples collected from sev-
eral zones in Romania reveal the tendency of the soluble fluorine to have
higher values at pH<5.5 and pH>7.0, the last being a particular case of
soils around the Navodari Fertilizer Factory, where the presence of Ca?*
ions indicates the possibility of CaF, precipitation. In the case of these
calcareous soils, the pH influence on fluorine solubility is insignificant,
hence the Ca?" ions from CaCOg, has the primordial importance. In spite
of the low soluble fluorine content in soil, the analyzed plants presented
higher fluorine contents.

Aspects Concerning Soil Pollution with Heavy Metals Within Copsa
Mica Area
By Nicoleta Vrinceanu, Dumitru Marian Motelica and Mihail Dumitru
Soil pollution with heavy metal in Romania is mainly due to the ac-
tivities concerning the non-ferrous ore metallurgy. For instance, around
the most important factory for processing the non-ferrous ores, Copsa
Mica, the area with soil affected hy heavy metal pollution is about 180 000
ha. The obsolete technologies and the lack of filtering means for the chim-
neys caused: a continuous degradation of agricultural and forest lands by
decrease of the pH with 1-2 units, a decrease of nutrients contents, mainly
phosphorus, inhibition of microbiological activity, increase of heavy metal
mobility with noxious effects on vegetation and human health. Research
carried out within the area affected by emissions released from Copsa
Mica industrial platform, pointed out that translocation in plant of heavy
metal (zinc, lead, cadmium and cooper) can be reduced by liming, organic
fertilization and by applying bentonite and zeolitical tuff
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Environmental Impact of Thermoelectrical Power Station Using Coal
and Recultivation of Ash Dump in Romania
By Vasile Capitanu, Mihail Dumitru, Mihai Toti, Daniela Raducu,
Constantin Craciun, Daniela Popa, Claudia Balaceanu, Victor Vaida
and Traian Conel

Electric power is one of the most frequently used forms of energy,
which is the basis of all activities of a human society in our time. Burning
coals in the furnaces of thermoelectric power plants has the effect of re-
leasing large of gaseous pollutants (CO, CO,, SO,, NO,), heavy metals
and ash. The research studies for pollution carried out in the area of the
main coal using thermoelectric power plants indicated the existence of a
strong influence of the pollutant emissions on soils content in heavy met-
als. Amount industrial wastes ash has an important role, taking into ac-
count that 0.15-0.6 t ash come out of every ton of burnt coal. Romania
was and still is one of the major producers of ash in the world, because of
burning an inferior quality coal and outsize the energetic system. There
are 25 thermoelectric power plants that use coal in Romania, distributed in
17 counties. The plants are usually placed in the area of mining exploita-
tions or in strongly industrialized areas. Because of ash storage in spoil
banks, 2630.3 ha of land were taken out of the agricultural circuit.
Recultivation of the ash spoil is a motivated need in Romania, because
these depositions occupy very large areas and no significant changes
may be foreseen regarding the rehabilitation of these solid wastes in the
near future. Recultivation of the ash spoil banks represents a complex of
technological and biological measures meant to stop the process of defla-
tion and to finally turn a large deposition at surface, which was a severe
source of pollution for envirnment into a new space, capable to sustain
plant development. The most important is the forest recultivation and ag-
ricultural recultivation. For the forest recultivation, there are several spe-
cies recommended, that usually grow in a natural way on the old spoil
banks: Speckled alder, Black alder, Salix ceprea, Sloe tree, Sea buck-
thorn. The locust tree, the pine, the sycamore maple or the red oak may
also give good results. The agricultural recultivation implies a serious se-
lection of those graminaceae and leguminous species that may have
ameliorative effects on the upper layer of the ash and that may be culti-
vated under the specific climatic conditions for each spoil bank.
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Agriculture Extension Activities in the Field of Rehabilitation and
Management of Polluted Soils in Romania within FAO Project TCP/
ROM/8822
By Sorin Liviu Stefanescu

As a growing recognition for the support need of strengthening agri-
cultural extension activities in countries facing transition, the FAO Project
"Rehabilitation of Polluted Soils in Romania” included within main objec-
tives several targets increasing functionality linkages between research,
specialists and farmers. Due to high level of expertise in the field of soil
pollution, the goals of extension activities are presented, grounding the
internal strategy of extension initiatives implementation. In brief, the activi-
ties implemented and several problems encountered as well as improve-
ment suggestions for reshaping ongoing extension activities are reported.

Conclusions

a) Based on the papers presented and discussions, it was clear that
soil pollution is a problem in Eastern and Central Europe with dif-
ferent extent and severity in the countries of the Subregion.

b) The policy on the management of polluted soils in the subregion
is not effective. Farmers in the subregion should be made aware
of this problem.

c) Both researchers and extensionists are handicapped by the short-
age of funds and other resources to enable them to work on the
problem of polluted soils.

Recommendations

In the light of the discussions, the Workshop participating countries
agreed on the following recommendations:

a) For the Project TCP/ROM/8822

1) To avoid leaving the demonstration of rehabilitation technologies
of polluted soils to the mercy of the weather at planting time and during
the cropping season, and to test the effect of such technologies on differ-
ent crops or procedures in successive years, it is recommended that the
demonstration sites be maintained for at least three years and preferably
longer to achieve the full objective of the project, and that the effect of
possible atypical weather conditions or other changes can be discounted
in subsequent years.

2) Since the project is intended to demonstrate the application of
proven research findings under field conditions in order to encourage
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good management practices by farmers, it is recommended that this ob-
jective should be clear in any written reports and that documentation from
the pilot demonstration sites should be consistent with this objective, i.e.
classical scientific reports are not necessarily the best output from the work.

3) In a follow-up, experimental- demonstration work to the design of
the layout and data processing, should make the obtained results com-
paratively easy for evaluation (statistically, technically and economically),
and to be presented in photographs and pictorial/graphical shape, taking
into account the practical and financial limitations.

4) Because of non-uniformity and variations in soil properties, some
replication of treatments should have benefits in helping to establish the
extent of variation of performance that might be observed irrespective of
differences in treatments. It is particularly important to establish firmly the
baseline/central value (zero treatments) against which all other results are
to be measured. Also repetition of the same treatments and demonstration
farms should be extended to other areas for farmer awareness.

5) As the range of chemical analyses planned (cadmium, copper,
lead and. zinc) is limited and other possible contaminants could be signifi-
cant to plant, animal and human health, the range of analyses for different
heavy metals should be extended. For example, there is often agrochemi-
cal association of arsenic with heavy metals such as lead and zinc, and
then it may be present in emissions from the nearby industrial plants. Also
a total heterotrophic plate count from each biologically treated soil should
be carried out (the microbial activity is an indication of the general health
of the sail.

6) Metal uptake and tolerance of plants to different pollutants vary
between species (maize, wheat) and also between varieties (cultivars).
Therefore, it could be profitable to demonstrate this effect (between differ-
ent species to include also some vegetables such as cabbage, beans,
potatoes, which most farmers are growing as well as different cultivars of
the same crop) either in the field or through smaller scale studies.

7) Biological equipment in the laboratories at RISSA should be up-
graded, for example, a Lamina flow hood should be purchased to ensure
the capability for aseptic techniques. All methods of analyses, however,
should be appropriate and standardized with the rest of the European
Community.

8) Results of the field trials should be relayed directly to both local
farmers and state government officials. In the latter case, the negative im-
pact of severe soil pollution on human health and welfare, particularly in
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hot spots should be emphasized. In addition, it should be pointed out that
in some local areas, effective remediation of contaminated soils would be
impossible unless the source of pollution is contained.

9) To fill the gap in information, research in polluted soils should be
strengthened to include other aspects such as studying the effect of the
amount of organic matter (essentially the C:N ratio) on microbial activity
(the optimum C:N ratio should be approximately 10 to 20: 1 for maximum
microbial activity and measuring the level of bacterial activity which should
give an indication of the general health of the soll, etc.

10) The parameters to be selected to evaluate the success of the
soil pollution rehabilitation programme depend on the goals to be
achieved. According to the project conditions and objectives, the most im-
portant parameters are those that can show the remediation effect on crop
production, environmentally-safe and contamination-free agricultural pro-
duction and cleansing polluted land (the effect would depend on type of
plant and soil), and that can be used to increase awareness of the deci-
sion makers of the seriousness of, and solutions to, the problem of soil
pollution. These parameters should include crop production, chemical,
physical and biological changes in soil properties, the cost effectiveness
and low-risk of the rehabilitation programme and the residual effects of the
treatments.

b) General Recommendations for the

Subregion SEUR

1. Strengthening of research programmes on different aspects of
polluted soils and requesting, through Workshop_participants, the authori-
ties of various related ministries in their countries to give full support and
funds for coordinating research in terms of equipment, tools, staff, etc.
This should include design and implementation of programmes to create
national awareness on the use, rehabilitation and management of polluted
soils particularly in hot spots.

2. Strengthening technical research, dissemination of information
and experiences and development efforts in soil rehabilitation of polluted
soils in participating countries through the established Network (Pro Soil in
CEEC) and stimulate coordination work between different national and in-
ternational organizations in the field of polluted soils and their rehabilita-
tion and management. In addition to possible support from FAO to the
Network, it is recommended that all efforts should be encouraged to ex-
plore possible financial support from other international agencies such as
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UNEP, European Union, etc. or bilateral support to strengthen the Network
activities and extend it to cover other countries in the Subregion having
problems of soil pollution.

3) As more than one authority or institute in each participating coun-
try is concerned and has related activities, data, maps, reports, research
and development programmes, special institutional arrangements may be
made to allow effective cooperation at country level. It is up to the country
(participating institutes in the Network) to decide on formation of such ar-
rangements.

4. Romania should serve as the focal point for inter-country ex-
change of data and information within the established Pro Soils Network
activities on rehabilitation and environmentally safe, sound utilization of
polluted soils. This should include inter-country visits and training within
participating countries to share knowledge and experience.

5) Standardization of accurate and reliable methods of physical,
chemical and biological analysis of polluted soils. Methods of soil and wa-
ter sampling and analysis in participating countries should be standard-
ized for better comparison of results and available data. In this context, it
would be useful for the Network participating countries to initiate joint com-
parative studies of commonly used soil and water analytical procedures in
contact with ISO. The international dimension of these standard methods
and procedures will allow across border comparison and exchange of in-
formation.

6) Clear definitions are necessary for slight, medium and strong pol-
lution as perception of these terms as well as "permissible levels” may
vary between countries. In the absence of such uniform criteria the inter-
pretation of severe pollution may not be the same in different’ countries,
complicating boundary correlation between countries (absence of reliable
ecological norms and standards). In this regard, the question may be
raised as to the priority of rehabilitation programmes of polluted soils (low
or highly polluted soils should start first). However, the decision should
depend on integrated studies including all factors involved such as social
and economic conditions, farmer’s condition and involvement, legislation
aspects, inputs and requirements available, rate of pollution, cost in-
volved, political aspects, etc. Sometimes, despite technical and economic
difficulties, the necessary efforts should be made in areas with limited al-
ternative sources of income to the farmer except his polluted soil, rather
than to abandon them or curtail their use.

7) Some countries in Europe have started systematic recording,
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monitoring and clean-up programmes of contaminated sites based on es-
tablished reclamation methodologies, the implementation of which is often
constrained by financial, legal and technical factors. In fact, improved data
on the extent of soil pollution, and establishment of monitoring system to
assess the effectiveness of measures that have been put in place and to
monitor changes in soil properties related to soil pollution are seen as a
pre-requisite to any further coordinated approaches to soil protection in
the whole of Europe.

8) The planning of new activities which could pollute soil or ground-
water should include all necessary preventive measures at the pollution
source.

9) There is a need to improve communications between different
groups working on similar topics. Thus government awareness in partici-
pating countries should be increased through newsletters, publications
and enhanced communications. Production of a simple pamphlet on pollu-
tion and its extent, impacts on soil, health, environment and socio-eco-
nomic conditions could be useful to increase awareness of policy makers
and civil servants of the governments of participating countries. In addi-
tion, there is the important role of education of the younger generation
(schools and universities), to be made aware of environmental matters in-
cluding protection of soils, as soil is not seen as deserving protection from
pollution by many authorities. In this regard, universities should be encour-
aged to orient part of their education programme on soils to focus some
courses on different aspects of soil pollution and to try to benefit from the
practical experience of scientists and specialists working in relevant au-
thorities or institutes as lecturers.

10) Transmission of information and technologies requires a hierar-
chy of "transfer bodies”: farmers-farmer associations-extension workers-
researchers-engineers-scientists; making possible mutual understanding,
common language, and permanent contact. To neglect one or more of
these information transmission stations (because, for example, visually
high cost) is neither rational nor efficient. Farmers should become active
participants in the development of an appropriate management system
and should become the main originators of technical solutions appropriate
to their environmental problems.

11) Since rehabilitation of polluted soils requires a combination of
agronomic and management practices depending on a careful definition of
the requirements, it is recommended that the effect of integrated manage-
ment approaches should be technically tested and economically evalu-
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ated under different conditions (soil type, hydrological, socio-economic,
etc.). Information on results should be disseminated between participating
countries (for example, results from the TCP/ROM/8822 FAO Project in
Romania).

12) Independent evaluation and verification of technologies and uni-
form data collection are needed for effective technology transfer. However,
cost comparisons between countries are difficult and lead to the choice of
different technologies to address similar problems. Further information
sharing among countries is needed to determine the long-term effective-
ness of any suggested remediation technologies.

13) Scientific understanding of processes is essential to avoid form-
ing harmful end- or by-products, to ensure process optimization, to avoid
unwanted transfer of contaminants to other media and to understand the
limits of technical performance. Therefore, field-scale studies aimed at
understanding phenomena such as transport of contaminants and natural
attenuation are needed.

Participating Countries, Institutions and Coordinators of the
Network

BULGARIA

DIMITRAR Alexov Stoichev

"N. Poushkarov” Institute of Soil Science and Agroecology, 7 Shosse
Bankya Str., 1080, Sofia-Bulgaria, P.O.: Box 1369

Phone: + 359 2 247693

Fax: +359 2 248937

e-mail: 035@www.infotel.bg

CZECK REPUBLIC

KOZAK Josef

Czech University of Agriculture, Prague 6-Suchdol, 16521 Czech Repub-
lic

Phone: +420220921642

Fax: +420220921644

e-mail: kozac@af.czu.cz
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ESTONIA

REINTAM Loit

Institute of Soil Science and Agrochemistry, Estonian Agricultural Univer-
sity, Viljandi Road, Eerika, EE 2400 Tartu

Phone: +372 7 425075

Fax: +372 7 425071

LATVIA

KARKLINS A.

Latvia University of Agriculture, Dept. of Soil Sciences and Agrochemistry,
2 Liela Street, LV-3001 Jegava

Phone: + 371 302 7878

Fax: + 371 302 7238

e-mail: karklins@inta. cs. llu. Iv

LITHUANIA
BUIVYDAITE Vanda Valeria
Department of Soil Science and Agrochemistry - Faculty of Agronomy,
Lithuanian University of Agriculture
Kaunas-Akademija, LT-4324 Kaunas, Lithuania
Phone: +370-7-296712
Fax: +370-7-296531
e-mail: vanda@nora. lzua. It

POLAND,

STUCZYNSKI Tomasz

Institute of Soil Science and Plant Cultivation, Czortoryskich 8, 24-100
Pulawy Poland

Phone: +48 81 886 3421 ex. 311

Fax: +48 81 886 4547

e-mail: ts@IUNG.PULAWY.PL

ROMANIA

The Focal Point of the Network

DUMITRU Mihail

Research Institute for Soil Science and Agrochemistry-Bucharest, Bd.
Marasti 61, 71331, Sect. 1, Bucharest-Romania

Phone: +40-1-2229442

Fax: +40-1-2225979
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e-mail: mdumitru@icpa.ro

SLOVAK REPUBLIC

KOBZA Jozef

Soil Science and Conservation Research Institute - Research Station,
97405 Banska Bystrica, Mladeznicka 36, Bratislava- Slovakia

Phone: +420 2 20921642

Fax: +420 2 20921644

e-mail: vupu@isternet.sk

UKRAINE

MEDVEDEV V.V.

Institute for Soil Science and Agrochemistry Research, 74 Chaikovsky
street 4 Kharkov, 310024

Phone: + 380 572 470531

Fax: + 380 572 478563

e-mail: medvedev@issar.kharkov.ua

Associated Members

CANADA

MERMUT Ahmet

University of Saskatchewan, Department of Soil Science, Saskatoon
SASK, S7N 5A8

Phone: +1 306-966-6839

Fax: +1 306-966-6881

e-mail: mermut@sask.usask.ca

UNITED KINGDOM

SMITH Mike

MA Smith Environmental Consultancy

68 Bridgewater Road, Berkhamted Hertfordhire HP4 1JB, United Kingdom
Phone: +44-1442-871500

Fax: +44-1442-870152

e-mail: michael.a. smith@btinternet.com

U.S.A.
PEPPER lan
The University of Arizona,Water Quality Center, 429 Shantz Bldg. #38,
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Tucson, AZ 85721

Phone: +520-621-7234

Fax: +520-621-1647

e-mail: ipepper@ag.arizona.edu

LAND AND WATER DEVELOPMENT DIVISION (AGL) FAO HEAD-
QUARTERS ROME. ITALY

MASHALI Amin

Viale delle Termi di Caracalla, 00100 Rome

Phone: +39-06-57053418

Fax: + 39-06-57056275

e-mail: Amin.Mashali@fao.org

BASED ON CONTRIBUTIONS FROM

COORDINATORS OF THE NATIONAL INSTITUTES MEMBERS OF THE
NETWORK MENTIONED ABOVE. THIS ISSUE OF THE NEWSLETTER
HAS BEEN PREPARED AND EDITED BY A.M.MASHALI, AGLL, FAO.
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RECENZII

PODGORIILE sl VINURILE ROMANIEI
(Coordonatori: V.D. Cotea, N. Barbu)

Tratatul cu titlul enuntat mai sus, de 604 pagini, publicat recent
(2000), de catre Editura Academiei Romane, este elaborat de un colectiv
de autori alcatuit din V. D. Cotea, N. Barbu, C. C. Grigorescu si V.V. Cotea,
toti distingi si renumiti specialisti in domeniul lor de activitate, cei mai
indreptatiti sa sintetizeze intr-o lucrare impunatoare, o vasta literatura
referitoare la potentialul viti-vinicol al Romaniei.

Importanta, utilitatea si actualitatea acestui tratat, constau pe de o
parte in caracterizarea cuprinzatoare si adusa la zi a tuturor podgoriilor
din tara, iar pe de alta parte in conceptia integrata, sistemica, de prezen-
tare a fondului bogat de date astfel structurat, incat imbina aspectele isto-
rice, geografice, ecologice, traditionale, soiurile de vita si particularitatile
vinurilor, din care reiese specificul fiecarei podgorii si prestigiul ei national
si international. Prin aceasta complexa si coerenta abordare, tratatul rea-
lizat reprezinta nu numai o sinteza care inmanuncheaza realizarile unei
etape de studiu, ci un document stiintific care deschide drumul a noi
cercetari.

Tratatul incepe cu o judicioasa grupare teritoriala a viticulturii in
Romania, in zone si regiuni viticole, redate intr-o hartd anexa in culori,
bazata atat pe criteriul fizico-geografic cat si cel antropogeografic, dandu-
se prioritate, in mod firesc, primului deoarece conditiile fizico-geografice
asigura permanenta si stabilitatea vocatiei viti-vinicole gi imprima specifi-
cul regional. Au fost deosebite 3 zone viticole (intracarpatica, pericarpatica
si danubiano-pontica) si 10 regiuni viticole in interiorul celor 3 zone. in
cadrul fiecarei regiuni au fost delimitate podgorii, ca unitate viticola
naturala si traditionala, care “personalizeaza” produsele viti-vinicole ce se
obtin ca urmare a conditiilor lor specifice de clima, sol si relief, a soiurilor
cultivate si tehnologiilor aplicate.

In cadrul podgoriilor se diferentiaza centre viticole prin specificul
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local natural-ecologic si tehnologic, iar in cadrul acestora, plaiul viticol ca
unitate elementara, relativ omogena ecologic si viti-vinicol, din care se
obtin produse cu aceleasi caracteristici specifice.

Unitatea viticolda de baza, care este detaliat caracterizata, este
podgoria. Cele 39 de podgorii din cuprinsul tarii, majoritatea cu renume
din timpuri stravechi, sunt prezentate sistematic, grupate pe cele 9 regiuni
viticole din cele 3 zone viticole mentionate (in a 10-a regiune, Campia
Roméana, neconturandu-se podgorii distincte, au fost descrise cele 10
centre viticole identificate). Desigur, atat zonele cat si regiunile sunt
caracterizate complex, dar la modul general, accentul in caracterizare
punandu-se pe podgorie.

In caracterizarea fiecarei podgorii se incepe cu un istoric foarte
cuprinzator si instructiv ale carei inceputuri se pierd uneori in negura
vremurilor gi cu mentionarea medaliilor obtinute de vinuri, se continua cu
pozitia geografica a podgoriei, a centrelor viticole si cailor de comunicatie,
notate si intr-o harta, dupa care se prezinta in mod desavarsit cadrul
natural; se arata substratul litologic, relieful, reteaua hidrografica, climatul,
vegetatia zonala si solurile cu insusirile favorabile, sau mai putin favo-
rabile pentru viticultura, insistandu-se mai ales asupra conditiilor climatice
si de sol de care depind productia de struguri i calitatea vinurilor.

Mai departe, sunt prezentate soiurile de vita de vie cultivate si vinu-
rile care se produc cu particularitatile lor, scotandu-se in evidenta calitatea
lor, intr-o maniera ispititoare la degustare. Caracterizarea podgoriei se
ihcheie cu o prezentare a specificului viti-vinicol al podgoriei respective, a
importantei ei nationale si prestigiului international; se arata de asemenea,
aportul adus de statiunile de cercetare gi productie viti-vinicola la dezvol-
tarea podgoriei i sunt mentionati specialistii regionali care au contribuit,
prin munca si pasiunea lor la modernizarea viticulturii si la ridicarea
calitatii vinurilor.

Acest tratat de mare amploare si valoare in viticultura romaneasca,
constituie o lucrare fundamentala, de referinta in acest domeniu. Reali-
zarea lui a fost posibila, asa cum remarca nsisi autorii, prin colaborarea si
conlucrarea a diferiti specialisti printre care gi un reputat geograf si pedo-
log, eminentul profesor dr. N. Barbu, care a contribuit hotarator la eviden-
tierea legaturilor complexe dintre viticultura si cadrul natural gi solul in
mod special, de altfel, aspectul de fundamentare geografic-ecologic
diferentiaza acest tratat de alte lucrari similare.

Este de remarcat in tratat foarte documentata si instructiva prezen-
tare a istoriei fiecarei podgorii, precum si numeroasele fotografii de
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castele, crame, muzee, medalii etc., care fac placuta si atragatoare lectu-
ra tratatului chiar pentru nespecialisti. Citind-o iti dai seama ca via si vinul
au jucat un rol important in viata comunitatilor si ca istoria viticulturii gi
vinurilor se impleteste Th mod organic cu istoria, nu numai a neamului ci gi
cu cea a stramosilor care au trait pe meleagurile tarii.

De asemenea, prezentarea calitatii vinurilor, din diferite podgorii,
este facuta intr-un stil incantator si convingator, incat “iti lasa gura apa” gi
te imbie la degustare sau la visare si scrierea unor versuri ca in cazul
meu:

De bei vin, licoare fing,
De origine divina,
Energie simfi in vine
Siincredere in tine.

Sau,
S4& prefuim vinul c&-i nobil aliment
Si, bdut cu méasura, condiment si medicament
Excelent de eficient, sau chiar stimulent
Pentru idei si creafie de mare talent si rafinament.
Dar peste mé&surd baut, fii prudent,
Céci aparent fara nici un argument sau avertisment
Din om coerent devii tulburent sau violent,
Ori te schimbi intr-unul reticent, insolent sau somnolent.

O evidentiere speciala trebuie adresata Editurii Academiei Romane
pentru realizarea grafica de inalt nivel calitativ a acestui tratat.

In lunga mea activitate de pedolog, am cutreierat numeroase
podgorii si am cunoscut produsele acestora, dar abia acum dupa lectura
acestei carti am inteles adevarata valoare a podgoriilor i importanta lor in
viata locuitorilor. Acest fapt mi-a dat cutezanta prezentarii gi comentarii ei.
O recomand nu numai specialistilor ci si publicului larg, pentru ca ea este
nu numai un tratat de stricta specialitate, ci si o carte de cultura generala,
cu aspecte importante din istoria i viata poporului roman.

N. Florea,
Membru al A.S.A.S.
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ANIVERSARI

LA A 70-A ANIVERSARE A ZILEI DE NASTERE A
UNUI PRAHOVEAN DE MARCA - PROF. DR. DOC.
CRISTIAN HERA

“Prahova este un teritoriu cu numeroase frumuseti si bogatii naturale
si totodata leaganul unei pleiade de oameni de stiinta, de litere, de poeti,
de artigti dintre care mentionam:

Acad. Romulus Cristescu — matematician;

Acad. Radu Dimitrescu — geolog;

Acad. Mihai Draganescu — tehnologia informatiei, Pregedintele
Academiei Roméane (1990-1994);

Acad. Eugen Jebeleanu — poet;

Acad. Nichita Stanescu — poet;

Acad. Octav Mayer — matematician;

Acad. Petre Negulescu — filozof;

Acad. Stefan Nicolau — medic;

Acad. Grigore Tocilescu — istoric, arheolog;

Acad. lulian Vacarel — economist;

Acad. Andrei Radulescu — jurist si istoric, presedinte al Academiei
Romaéane — 1945-1948; nascut la Chiojdeanca.

De asemenea, La Chiojdeanca, la 25 mai 1933 s-a nascut si Acad.
Eugen Simion, actualul Presedinte al Academiei Romane.

Tot in 1933, la 18 decembrie, se naste la Ploiesti in casa invatato-
rilor Maria si Dumitru Hera, Actualul Presedinte al Academiei de $tiinte
Agricole si Silvice, Cristian Hera, care a mostenit de la tatal sau puterea
de munca, disciplina muncii, simtul ordinii, iar de la mama sa cinste, se-
veritate fata de sine, simtul dreptatii, corectitudinea, chibzuinta in cheltuieli
si dragostea de tara.

Dupa studii elementare si liceale facute la Ploiesti si Bucuresti, n
1952 se inscrie la facultatea de Agronomie din Bucuresti, iar dupa un an
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isi continua studiile la Facultatea de Pedologie si Agrochimie de la
Moscova.

Intors in tara in 1957 este numit cercetator la Statiunea experimen-
tala de la Tiganesti-lifov, de unde la solicitarea profesorului D. Davidescu,
este transferat la laboratorul de ingrataminte din centrala I.C.A.R., unde a
lucrat pana in 1962, la inceput la un program de cercetari experimentale
in casa de vegetatie, conduse de ing. Eugenia Davidescu si ulterior si la
cercetari experimentale in camp, de la statiunile din teritoriu.

In 1962 se transfera la Institutul de Cercetari pentru Cereale si
Plante Tehnice Fundulea, jud. Calarasi, unde a lucrat pana in 1991, ca
cercetator, sef de laborator, sef de sectie, director sgtiintific (1970-1987),
director general (1982-1991). in perioada 1991-1997 a ocupat prin
concurs postul de sef al Departamentului de Cercetari privind fertilizarea
solurilor, nutritia plantelor, irigatii $i productie vegetala, din cadrul Agentiei
Internationale de Energie Atomica de la Viena.

In perioada 1958-1968, a fost cadru didactic in colectivul Catedrei
de Agrochimie, de la Institutul Agronomic — Bucuresti. Dupa intoarcerea
de la Viena, Tn 1997-1998 a fost profesor de Agrochimie la Facultatea de
Horticultura din Bucuresti.

In cadrul activitatii desfasurate in cei 46 de ani de cand a intrat in
productie (1957-2003) a participat activ la cercetari experimentale in
camp, in laborator, in publicistica, in administrarea si indrumarea activitatii
de cercetare stiintifica, a avut o activitate complexa.

Cercetarile agrochimice se refera in principal la: perfectionarea
metodelor de analiza a solului, cu privire la continutul in azot, fosfor,
potasiu, microelemente, diagnosticarea cauzelor diferitelor stari de nutritie
si remedierea lor; cercetarea experimentala a ingrasamintelor lichide cu
azot, inclusiv amoniu anhidru; cercetari experimentale cu izotopi stabili
15N, si radioactivi 32P; fixarea biologica a azotului.

Meritd mentionat aportul deosebit al d-lui Cristian Hera, la organiza-
rea, incepand din anul 1966, a unor experiente stationare, de lunga durata
cu Tngrataminte chimice gi organice, la inceput in rotatia grau-porumb,
ulterior modificate in rotatie de cinci ani, la 14 statiuni experimentale, cu
conditii ecologice diferite si care se afla acum in al 37-lea an a caror
rezultate au permis stabilirea a numeroase date teoretice si practice.

Rezultatele activitatii de cercetare stiintifica intreprinse de d-nul prof.
dr. doc. C. Hera, impreuna cu colaboratorii sunt consemnate in 20 de tra-
tate si monografii, 240 articole stiintifice publicate in reviste de speciali-
tate, dintre care 76 au fost sustinute la reuniuni stiintifice internationale.
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Pentru activitatea de cercetare stiintifica si publicarea acestora, a
fost ales Tn 1995 membru corespondent al Academiei Romane, in anul
1969 ca membru al Academiei de S$tiinte Agricole si Silvice, iar in 2001 ca
Presedinte al Academiei de Stiinte Agricole si Silvice, iar din 1996 ca
Presedinte al Centrului International de Tngrataminte Chimice cu sediul la
Viena. Este membru activ al Societatii Internationale de Stiinta Solului n
cadrul careia a indeplinit functile alese de secretar al Comisiei a IV-a
(Fertilitatea Solului gi Nutritia Plantelor) in perioada 1960-1964 si
presedinte al acestei comisii In perioada 1974-1978; reales si pentru
perioada 1978-1982.

A fost decorat cu Ordinul Pentru Merit.

La aniversarea celor 70 de ani a zilei de nastere si pentru activitatea
depusa in slujba stiintei agricole, il felicitam si 1i dorim multa sanatate,
fericire, belgug, prosperitate si la multi ani.

Acad. David Davidescu
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REMEMBER

PROFESORUL DR. DOC. POMPEI LIVIU MURESANU, INITIATOR
AL STUDIILOR DE AGROCHIMIA $I BIOCHIMIA SOLURILOR DIN
PARTEA DE VEST A ROMANIEI

Din galeria marilor personalitati care au initiat i dezvoltat studiile
asupra solurilor din partea de vest a Romaniei, alaturi de academicianul
Irimie Staicu si profesorul Cristache V. Oprea, face parte si profesorul
Pompei Liviu Muresanu, cu toate ca numele sau nu este mentionat in
lucrarile stiintifice si in recenziile din buletinele informative ale S.N.R.S.S.
din ultimii ani. Tn scopul remedierii acestei lacune, am considerat necesar
a readuce in memoria celor care i-au fost studenti, discipoli sau
colaboratori ca si de a-i face cunoscute tinerilor cercetatori de astazi din
domeniul pedologiei si agrochimiei contributiile sale stiintifice.

S-a nascut la 2 august 1907 in comuna Rus, judetul Salaj, ca fiu al
invatatorului Muresan Pompei si a sotiei acestuia Susana, nascuta Pop. A
ramas orfan de tata la 8 ani in 1915 in urma primului rézboi mondial, si de
mama la 15 ani in 1922.

A urmat scoala primara in comuna natald Rus si a terminat-o n
Gherla. Liceul I-a inceput in Dej si I-a terminat tot in Gherla, bacalaureatul
sustinandu-l in 1926 in Cluj.

In 1926 s-a inscris la Universitatea din Cluj, Facultatea de Stiinte,
Sectia de Chimie, unde dupa absolvirea anului | a intrat prin concurs la
Institutul Chimic Militar, atunci infiintat pe langa Universitatea din Cluj.

A obtinut licenta in chimie in 1930 cu mentiunea “foarte bine”, fiind
sef de promotie si in continuare doctoratul in chimie, tot la Cluj, in 1933,
deasemeni cu mentiunea “foarte bine”, cu o teza privind obtinerea yperitei
din materii prime indigene.

Dupa sustinerea doctoratului, Pompei Muresanu este angajat ca
ofiter militar in Laboratorul de Studii si Experiente al Serviciului de Aparare
contra gazelor din Bucuresti, devenit mai tarziu Directia Chimica Militara,
unde desfagoara cercetari asupra substantelor agresive si fumigene.

in 1935 este trimis in Polonia la Radom, intr-o comisie de receptie a
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materialelor de protectie contra gazelor (masti de gaze), unde lucreaza in
diferite uzine gi laboratoare la receptia materiilor prime si controlul
produselor fabricate, privind rezistenta la gaze si coloizi.

In 1936 contribuie la montarea Fabricei de Material de Protectie din
Bucuresti-Obor, unde infiinteaza si organizeaza Laboratorul de controlul
fabricatiei, infiintand si o sectie de cercetari.

In anul 1937 se caséatoreste cu Carmen Millea, licentiata, doctor n
drept si studenta la Institutul de Arta, sectia Regie de teatru din Cluj.

in acelagi an este trimis in Franta pentru specializare la Scoala de
Pulberi si Explozivi din Paris, unde si sotia sa Tsi continua studiile la
Scoala de arte a muzeului Louvre.

In 1939 este rechemat in tard din cauza izbucnirii razboiului i
functioneaza la Directia Chimica Militara, Biroul Pulberi, pana in februarie
1941, cand demisioneaza din armata si se angajeaza in calitate de
chimist la Societatea de petrol “Unirea” din Cluj, unde functioneaza ca gef
de depozit, fiind mobilizat pe loc. intre timp, ocupa prin concurs in
februarie 1946 postul de asistent, iar din februarie 1947 pe cel de sef de
lucrari la Catedra de Chimie a Facultatii de Agronomie din Cluj, condusa
de profesorul Cornel Bodea, alaturi de care incepe sistematic studii de
biochimie vegetala asupra descompunerii biochimice a celulozei in sol.

Alte studii efectuate de Pompei Muresanu in aceasta perioada
privesc actiunea stimulanta a acidului benzoic, a vitaminelor, a factorilor
de crestere, ca si a pigmentilor vegetali asupra descompunerii celulozei in
sol, descompunerea biochimica a hexozelor, biozelor si a glucozizilor in
functie de pH-ul solului, descompunerea biochimica a aminoacizilor gi a
substantelor proteice in sol, activarea procesului de amonificare in sol sub
actiunea vitaminelor si a factorilor de cregtere, aglomerarea fortata a
zaharului Tn tulpinile sorgului zaharat (in colaborare cu C. Bodea) si
studiul unor indicatori colorati pentru dozarea azotului prin metoda acidului
boric (in colaborare cu H. Slusanchi).

intre 1946 si 1954 a cumulat si functia de sef de laborator la
Laboratorul de Igiena din Cluj. Tot la Cluj a lucrat in calitate de colaborator
extern al Colectivului Agronomic al filialei Academiei R.P.R., la studiul
solurilor si pasunilor din Muntii Apuseni.

In anul 1950 Pompei Muresanu este chemat de profesorul Coriolan
Dragulescu, decanul Facultatii de Chimie Industriala a Institutului Politeh-
nic din Timigoara pentru a preda in calitate de conferentiar cursurile de
Tehnologia Azotului si a ingratamintelor Minerale si pe cel de Tehnologia
Acizilor, Bazelor si Sarurilor la aceiasi Facultate.
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Din 1951, Pompei Muresanu a fost transferat ca profesor de Chimie
biologica si de Agrochimie la Facultatea de Agronomie a Institutului
Agronomic din Timisoara, iar din iunie 1951 a fost incadrat si ca cercetator
stiintific principal | si sef de sector in cadrul Colectivului agronomic al
Bazei de Cercetari a Academiei R.P.R. din Timisoara, coordonat de
profesorul Cristache V. Oprea, pentru studiul si cartarea solurilor din vestul
tarii, unde a functionat pana la 1 ianuarie 1960, cand s-a desfiintat labo-
ratorul.

In colaborare cu profesorii Chistache Oprea si Irimie Staicu, profe-
sorul Pompei Muresanu efectueaza ample studii privind cunoasterea si
cercetarea solurilor gi a conditiilor istorico-naturale de geneza si evolutie a
acestora in vestul tarii i in zona de interfluviu Mureg-Bega.

Impreuna cu colaboratorii desciplinei de Biochimie si ai altor discipli-
ne cerceteaza efectul varului si al ingrasamintelor aplicate pe solurile pod-
zolice asupra cantitatii si calitatii productiei si a variatiei macroelementelor
minerale Tn sol si plante in cadrul asolamentului trifoi-grau-porumb.

Alte studii ale sale privesc natura si raportul cationilor fixati Tn
complexul adsorbtiv la tipurile de sol din regiune, dinamica azotului oxidat
in diferite tipuri de sol din vestul tarii, prin adaptarea unei metode de
dozare a nitritilor si nitratilor; caracterizarea saraturilor din vestul tarii dupa
Na mobil; dinamica humusului si a insusirilor fizico-chimice a componen-
telor humusului la tipuri genetice de sol, cu privire speciala asupra cerno-
ziomurilor si a lacovigtilor; studiul capacitatii de tamponare la principalele
tipuri de sol din campia de vest a tarii; cunoasterea continutului n
microelemente — Cu, Co si Zn accesibile plantelor pe tipuri caracteristice
de sol; actiunea stimulatorilor de cregtere asupra unor procese biochimice
din sol; cercetari comparative asupra cernoziomului ciocolatiu din campia
dunareana si campia de vest a Romaniei si altele.

Dar paralel cu ascensiunea sa profesionala, anii grei ai represiunii
regimului comunist s-au abatut si asupra familiei profesorului Muresanu.
In mai 1951, sotia sa, a carui tata, avocatul Aurel Millea, fost membru al
partidului “Unirea Agrara” si apoi al celui condus de Averescu si proprietar
al unei ferme model de 60 ha, fiind de doua ori deportat, a fost si dansa
ridicatd de organele securitatii de stat, iar dupa trei luni de detentie a fost
deportata la canalul Dunarea-Marea Neagra pana in 1953. Ca urmare a
acestor evenimente, D-na Carmen Muresanu s-a imbolnavit si nu a mai
putut profesa.

Si asuprs profesorului Muresanu, care ca om s-a distins printr-un
caracter deosebit de integru si corect, de o Tnalta tinuta morala, profe-
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sionala, didactica si stiintifica si cu o vasta cultura, organele de trista
amintire au exercitat nenumarate presiuni, gicane si amenintari, vizand fie
indepartarea sa de la catedra, fie atragerea sa in politica, fapt pe care
Domnia sa |-a refuzat, agsa cum in 1948, la Cluj refuzase si renuntarea la
religia sa stramoseasca greco-catolica si condamnarea la moarte a lui
luliu Maniu, stiind ce compromisuri i s-au fi cerut.

De aceea, a preferat a parasi tara la inceputul anului 1970, stabilin-
du-se in Germania, la Saarbrucken, unde traiau si rudele sotiei sale. Fiind
nsa la 64 de ani, nu a mai putut activa in domeniul sau de specialitate.

Tn 1981 s-a stabilit la Freiburg, unde si-a trait ultimii ani, trecand la
cele vesnice la 14 noiembrie 2000, la varsta de 93 de ani.

Consider ca este de datoria noastra a-i pastra vie memoria si de a
face cunoscute tinerelor generatii de cercetatori munca, omenia, precum
si contributiile Tnaintasilor la dezvoltarea $tiintei solului din tara noastra.

Prof. dr. ing. A. Contrea

Universitatea de Stiinte Agricole
si Medicina Veterinara a Banatului, Timigoara
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IN MEMORIAM

Dr. Doc. Zenoviu Borlan
(1933-2003)

A trecut in nefiintd una dintre cele mai
de seama si distinse personalitati ale agro-
chimiei moderne, specialist de Tnalta tinuta si
probitate profesionala si morala, prof. dr. do-
cent in stiinte Zenoviu BORLAN, MEMBRU
TITULAR AL Academiei de Stiinte Agricole si
Silvice, “Gheorghe lonescu Sisesti” membru
titular al Academiei Oamenilor de Stiinfa din
Romania.

Nascut la 4 februarie 1933 la Borlesti, jud. Satu Mare, porneste, din
1952, pe drumul nesfargit al cautarii din domeniul stiintei solului si nutritiei
plantelor, drum pe care l-a “scotocit” si I-a valorificat ca nimeni altul. Am
avut sansa de a-i fi coleg de an si de grupa la Facultatea de Agronomie
si Pedologie a Academiei K.A. Timiriazev de la Moscova s$i marea sansa
de a fi alaturi si impreuna timp de 50 de ani, pe tot parcursul carierei
profesionale.

Cunoscandu-| atat de bine, afirm fara retinere, ca bunul si distinsul
meu coleg si prieten a dominat prin profunzime, profesionalism, con-
stiinciozitate, perseverenta, seriozitate gi nelinigte, intreaga noastra
generatie. Fire iscoditoare, doritor de cunoastere a adevarului, nu a
renuntat nici o clipa la ideea “lucrului bine facut”.

Totdeauna a fost dominat de “neastampar”, de “neliniste”, de dorinta
de a se apropia cat mai mult posibil de perfectiune. A fost incontestabil
seful promofiei noastre, cunoscut si recunoscut de catre toti colegi,
indiferent daca acegtia erau rusi, ucrainieni, unguri, cehi, bulgari sau
poloneji. A absolvit facultatea cu distinctie, cu calificativul excelent si cu
recomandarea de a lucra in cercetare. De atunci, din timpul studentiei,
pastrez nealterat respectul, stima si considerafiunea pentru cel care a
fost studentul, cercetatorul si omul Zenoviu BORLAN, exemplu demn

225



STIINTA SOLULUI nr. 1-2, 2003, vol. XXXVII

de urmat de generatiile de ieri, de astazi si de maine.

n cei 50 de ani in care am fost impreuna, in care am lucrat si cola-
borat impreuna, desi uneori in institutii diferite, am avut nenumarate dez-
bateri, “impartasiri”, dispute profesionale, unele aprinse si contradictorii,
dar de despartit ne-a despartit numai trecerea sa nedreapta in
nefiinta.

Pentru realizarile sale profesionale avea nevoie de un climat linistit,
de linigte spirituala. Climatul acesta |-a avut cu prisosinta din partea
familiei, a sotiei sale, cercetatoarea Aurelia Ghidia, a copiilor sai Liliana gi
Adrian, acum gi ei ingineri de Tnalta tinuta profesionala. Copiii I-au inze-
strat cu trei nepoti, Andrei, Rodica si Tudor, pe care i-a iubit pana la
sfarsitul vietii sale.

Activitatea stiintifica a inceput-o la Institutul de Cercetéari Horti-Vitico-
le Baneasa/Bucuresti, apoi la Stafiunea de Cercetdri Horticole Stefanesti/
Arges, si timp de noua ani, la Institutul de Cercetdri pentru Cereale gi
Plante Tehnice Fundulea/Calarasi, ca sef al Laboratorului de Metodologie
Agrochimica.

In 1972, odata cu infiintarea Institutului de Cercetdri pentru Pedo-
logie si Agrochimie, dr. doc. in stiinte Zenoviu BORLAN a fost numit sef
al Laboratorului de Agrochimie al institutului nou creat, calitatea in care a
functionat pana in anul 2000, cand s-a pensionat.

In toate unitatile de cercetare in care a activat, personal l-am consi-
derat ca un cercetator cu valoare de simbol. Nu a facut nici un rabat la
probitatea stiintifica si nu a precupetit nici un effort pentru realizarea
obiectivelor propuse spre rezolvare, obiective care aveau de cele mai
multe ori un pronuntat caracter de originalitate i inovare.

Studiile privind chimia solului, plantelor, ingratamintelor si amen-
damentelor au fost cele carora le-a dedicat o viata. “O VIATA PENTRU O
IDEE”. Pasiunea pentru ingratamintele foliare, a fost concretizata prin
formularea si omologarea unui bogat sortiment, pe cat de util pentru
agricultura Romaniei, pe atat de competitiv cu cele mai bune sortimente
realizate pe plan mondial. Investigatiile sale referitoare la cunoagterea
dinamicii elementelor nutritive din sol si plante, a modificarii insusirilor
agrochimice ale solurilor ca urmare a aplicarii ingratamintelor in
experientele de lunga durata, au condus la obtinerea unor rezultate de
exceptie.

Performantele sale profesionale de exceptie au fost apreciate de
toti colaboratorii. In fiecare loc de munca a creat o adevérata gcoala.
Cercetatorii din domeniul gtiintei solului din horticultura, cereale, plante
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tehnice si furajere, precum si toti specialistii din Oficiile Judetene de Pedo-
logie si Agrochimie au fost si sunt recunoscatori fata de prestigioasele
realizari stiintifice ale marelui disparut. Putine sunt publicatiile din
domeniu care sa nu aiba ca material bibliografic, lucrarile dr. doc.
Zenoviu BORLAN.

Numele sau a patruns de mult timp si in lumea specialistilor din
afara hotarelor tarii. A desfagurat o prestigioasa activitate in Iran, unde a
infiintat un laborator de Agrochimie la Rasht si unde a facut studii agro-
chimice performante in zona de influenta a acestui laborator. A fost
prezenta activa la diferitele consfatuiri, simpozioane i congrese
internationale, a participat la programe de cercetari cu izotopi, orga-
nizate de Agentia Internationala de Energie Atomica de la Viena.

Colaborarea benefica, de o viata, cu distinsul si bunul meu prieteni
si coleg Zenoviu BORLAN, cu care am impartasit generatiilor de ieri, de
azi si de maine, prin lucrarile noastre, cunostintele si rezultatele unei
munci asidue de peste 45 de ani, a reprezentat i reprezinta un simt al
datoriei indeplinite si nu voi precupeti nici un effort, ca impreuna cu cei
care l-au apreciat si l-au stimat, sa facem ca memoria sa sa raméana la
Tnalta cota care i se cuvine.

Zenoviu BORLAN a plecat dintre noi. Ne-a parasit, a lasat o
zestre gtiinfifica de o inestimabila valoare, dar i un mare gol ce nu
poate fi inlocuit.

Prof. univ. dr. doc. Cristian HERA
Presedintele Academiei de
Stiinte Agricole si Silvice

“Gh. lonescu Sisesti”

227



STIINTA SOLULUI nr. 1-2, 2003, vol. XXXVII

Prof. univ. dr. ing. GHEORGHE
LUPASCU
(1947-2003)

La 17 mai 2003 s-a stins neasteptat din
viata profesorul universitar, doctor inginer
GHEORGHE LUPASCU, membru de frunte
al Societatii Nationale Roméane de $tiinta So-
lului si fost presedinte executiv al acesteia,
prestigios cadru didactic al Universitatii “Al. 1.
Cuza” din lasi, fost sef al catedrei de Geo-
grafie fizica si al Departamentului de Geo-
grafie din aceasta universitate, personalitate
distincta a pedologiei roméanesti.

GHEORGHE LUPASCU s-a nascut la 25 ianuarie 1947 in comuna
Tifesti, jud. Vrancea. Dupa absolvirea liceului din Panciu, in 1964, in pe-
rioada 1965-1970 a urmat cursurile Facultatii de Bilogie-Geologie-Geo-
grafie, sectia de Geografie, a Universitatii “Al. I. Cuza” din lagi. Mai tarziu,
intre 1977-1981 a urmat cursurile celei de-a doua facultati, de Horticultura,
din cadrul Institutului Agronomic “lon lonescu de la Brad”, devenind astfel
si inginer horticol.

Dupa ce a functionat un an ca profesor de geografie la $coala
generala nr. 1 din Galati, intre 1971 si 1977, GHEORGHE LUPASCU a
lucrat in calitate de cercetator geograf la Statiunea de Cercetari “Stejarul”
Pangarati-Neamt, iar in urmatorii 11 ani, ca cercetator in cadrul Centrului
de Cercetari Bilogice din lasi. Apropierea de Departamentul de Geografie
a realizat-o in perioada 1988-1990 cand lucreaza ca cercetator in cadrul
Colectivului de Cercetare de la Universitatea “Al. I. Cuza” lasi. A urmat,
apoi, circa un deceniu de afirmare puternica, stiintifica si didactica, cand
GHEORGHE LUPASCU reuseste sa devina atat, cercetator principal | cat
si profesor universitar. Astfel, In 1990 il gasim ca cercetator principal IIl. Tn
1991 sustine teza de doctorat intitulata: “Depresiunea Crac&u-Bistrifa, stu-
diu pedogeografic”, care ii va deschide ascensiunea: cercetator principal
II1'in 1992, cercetétor principal | in 1995, conferenfiar universitar, prin con-
curs, la Facultatea de Geografie si Geologie in 1995, profesor universitar,
prin concurs, la Facultatea de Geografie si Geologie in 1998 si conducéator
de doctorat in domeniul stiintelor naturale in anul 2000.

Incepand cu anul universitar 1994-1995 a predat cursul de Geogra-
fia solurilor lumii cu elemente de pedologie la specializarea Geografie,
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desi inca din 1990 tinea prelegeri de ecopodologie la specializarea
Ecologie a Facultatii de Bilogie gi intre anii 1993-1996 a functionat si ca
profesor asociat al Universitatii Agronomice “lon lonescu de la Brad”, din
lasi, predand cursul de Pedologie generala.

Pana in anul 2003, profesorul universitar dr. ing. GHEORGHE
LUPASCU a indeplinit si functiile de gef al Catedrei de Geografie fizica si
sef al Departamentului de Geografie.

Viata profesorului GHEORGHE LUPASCU a reprezentat un zbucium
continuu intre adevar gi neadevar atat in stiinta cat si in viata de zi cu zi,
luptand pentru intronarea maretiei adevarului gi a faptelor marete care sa
dureze peste timp.

Inzestrat cu o minte agera si mereu treaza, cu o ambitie, cutezanta
si tenacitate iesite din comun, cu o vocatie si pasiune de cercetator
“infometat” de stiinta dar si cu o pregatire profesionala complexa gi foarte
serioasa, profesorul dr. ing. GHEORGHE LUPASCU si-a inchinat, in
totalitate, viata unei munci de cercetare si didactice, fara menajamente, de
nalta eficienta si calitate, apreciata in tara si strainatate.

Astfel, In activitatea de cercetare a coordonat si lucrat efectiv la
rezolvarea a 102 teme gtiinfifice, din care 78 au fost contracte stiintifice,
abordand numeroase probleme din domeniul Geografiei fizice, Stiintei
solului, Geomorfologiei, Ecologiei etc. Datoritd complexitatii problemelor
stiintifice pe care le-a ridicat cunoasterea inveligului de sol, n activitatea
depusa s-a bazat pe o larga colaborare cu specialisti din alte domenii de
activitate cum ar fi: ecologia, biologia vegetala, chimia, informatica, agro-
nomia, stiintele economice etc. Din multitudinea problemelor abordate in
cercetarea stiintifica s-ar putea mentiona contributia valoroasa in dome-
niul stiintei solului, geomorfologiei, geografiei fizice si ecologiei, indeosebi
al tipologiei, sistematicii si caracterizarii solurilor, al cartarii invelisului de
sol in diferite regiuni, al degradarii inveligului de sol, al rolului functional al
solului in ecosistemele terestre, al influentei activitati omului asupra
mediului, al bonitarii terenurilor agricole, al influentei lucrarilor ameliorative
asupra invelisului de sol, al evolutiei reliefului in Subcarpati si in Podigul
Moldovei, al regionarii pedogeografice si al peisajelor geografice, al po-
luarii unor soluri si multe altele.

Toate aceste cercetari gi rezultate stiintifice au fost inserate in 147
de lucrari gtiintifice publicate in tara si strainatate.

La acestea am mai putea adauga colaborarea la intocmirea a patru
harti pedologice scara 1:200 000 (foile Suceava, R&d&uti, Piatra Neam{ gi
1996 si colaborarea, in calitate de redactor responsabil la editarea a 5
volume din: “Factori si procese pedogenetice din zona temperatad”.
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Incepand din anul 1992, a initiat, organizat si participat la cele 12 editii
ale Sesiunii Stiintifice cu participare internationala “Factori gi procese pe-
dogenetice din zona temperatd”, organizata de Academia Roméana, Filia-
la lagi si Universitatea “Al. I. Cuza”, fiecare editie, cu o tematica stiintifica
diferita si o aplicatie practica adecvata tematicii, fiind o adevarata reusita.

In perioada 1996-2003 a coordonat aparitia a 8 numere a revistei
Geosol, in care studentii i masteranzii au publicat 62 de articole stiintifice
si diferite materiale de informare privitoare la resursele de sol.

Incepand cu anul universitar 1999-2000 a finfiintat si coordonat
masteratul de stiinta solului in care sunt angrenati, in prezent, numeroase
cadre didactice de specialitate din Universitatea “Al. . Cuza”, Centrul de
Cercetari Biologice lagi, Universitatea Tehnica “Gh. Asachi” lasi, Universi-
tatea Agronomica “lon lonescu de la Brad” lasi.

Contactul cu pedologia mondiala |-a facut si prin participarea la 8
conferinte, simpozioane gi congrese internationale, de la Lille (1994),
Grenoble (1996), Chisinau (1995-1997), Montpellier (1998), Budapesta
(2001), Orleans (2002) si Bangkok (2002) — ultimul fiind Congresul
Mondial de $tiinta Solului, unde i-au fost acceptate 3 comunicari stiintifice.

In anul 1998 Academia Romana i-a acordat premiul “Gheorghe Mun-
teanu Murgoci” pentru teza de doctorat “Depresiunea Crac&u-Bistrifa,
studiu pedogeografic”.

Pentru studenti s-a straduit sa editeze o serie de cursuri si caiete de
lucrari practice, singur sau in colaborare cu colegii din lasi, Chiginau, Su-
ceava, Bucuresti, Timigoara, precum: Vegetatia Romaniei, Caiet de lucrari
practice de pedologie, Pajistile din Bucovina, Caiet de lucrari practice de
geografia solurilor, Pedologie generala, Geografia solurilor lumii cu
elemente de pedologie generala, Geografia fizica generala.

De o deosebita utilitate pentru intreaga colectivitate de pedologi i
pedogeografi sunt Dictionarul de $tiinta si ecologia solului si Bibliografia
pedologica romaneasca.

Departamentul de Geografie de la lasi, in cadrul caruia prof. dr. ing.
GHEORGHE LUPASCU a functionat in calitate de cadru didactic, sef de
catedra si sef de departament, vine cu 0 propunerea ca in viitor, presti-
gioasa sesiune stiintifica intitulatd “Factori si procese pedogenetice din
zona temperatd”, inchinata pedologiei sa-i poarte numele, ca un omagiu i
un semn de recunostintad pentru intreaga sa activitate, efectuata cu pa-
siune si daruire in slujba dezvoltarii geografiei roméanesti in general si a
pedologiei gi stiintei solului in special.

Prof. univ. dr. Vasile Nimigeanu
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