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PARTICULARITATILE STRUCTURII TAXONOMICE SI ALE ECOBIOMORFELOR
ALGELOR EDAFICE DIN VEGETATIA DE STEPA DUPA O PERIOADA
DE PASTRARE INDELUNGATA iN STARE DE ANHIDROBIOZA

Victor SALARU, Victor MELNIC

Catedra Ecologie, Botanica si Silvicultura

The paper presents the results obtained in the years 2000- 2002 of analysis of edaphic algal communities and their
life forms witch were contained in soil samples collected in the steppe vegetation in the years 1894-1987 and were kept
in laboratory able to desiccation. There was a determinate taxonomic structure of communities of algae and the life
forms with germination capacity after a desiccation period of 15-18 years.

Introducere

Algele edafice joacd un rol incontestabil in procesele pedogenetice ale solului, n sporirea fertilitatii si
protejarii lui impotriva eroziunilor acvatice. Este bine cunoscut faptul ca algele, indiferent de apartenenta lor
taxonomica, contribuie la imbogatirea solului cu cele mai diverse substante organice, mentinand nivelul
natural al humusului atat de necesar pentru dezvoltarea plantelor superioare. Totodata, algele, constituind una
dintre principalele verigi in cadrul lanturilor trofice, sunt bogate in substante proteice, pigmenti, aminoacizi,
imunostimulatori si in alte substante biologic active. Reducerea diversitatii speciilor de alge se soldeaza cu
pierderi considerabile nu doar de resurse de materie prima pentru diverse ramuri ale economiei, dar si de
material genetic acumulat pe parcursul mai multor milioane de ani de evolutie. Din aceste considerente, prob-
lemele legate de pastrarea indelungata a culturilor de alge in sol uscat in conditii de laborator §i mentinerea
vitalitatii lor cu reactivarea ulterioara a functiilor in cazul conditiilor favorabile sunt de o importantd majora.

In conformitate cu cele mentionate, scopul investigatiilor rezida in studierea efectului pastrarii indelungate a
probelor de sol in conditii de laborator asupra componentei algoflorei edafice din vegetatia de stepa.

Material si metode

In calitate de material de cercetare au servit probele de sol colectate in anii 1984-1987 in vegetatia de
stepa. Analiza lor a avut loc 1n aceeasi perioada conform metodelor aplicate in algologia edafica [1-7]. Solul
ramas in aceleasi pachete din hartie dura de tip ,,Craft ”, in care a fost colectat, a fost depozitat in dulapuri
speciale pentru pastrare nelimitatd. Probele au fost pastrate la temperatura si umiditatea camerei timp de
15-18 ani, perioada dupa care, in 2000-2002, solul a fost transferat in conditii favorabile si studiat dupa
aceleasi metode care au fost aplicate in cazul primei analize.

Au fost utilizate culturile cu lamele de sticld din vasele ,,Petri” crescute in conditii de laborator. Metoda
respectiva nu este complicata si se caracterizeaza prin faptul ca conditiile in care se dezvolta algele se apropie
maximal de cele naturale. Aceasta metoda consta in faptul ca solul, dupa o pastrare indelungata, se introduce
in vasele ,,Petri”, dupa care este umezit cu apa distilata, apoi vasele se expun la lumina. Pe suprafata solului
din vasele Petri, in acelasi timp cu umezirea lui §i expunerea la lumind, se introduc 7 lamele de sticld cu
dimensiunile de 18x18 mm 1n prealabil sterilizate cu respectarea urmatoarelor conditii: a) suprafata solului
nu trebuie sd fie indesitd si complet nivelatd; b) lamelele nu trebuie presate puternic pe suprafata solului,
pentru a nu veni in contact cu solul cu toatd suprafata lor; c) solul era umezit periodic cu apa distilata. Analiza
lamelelor la microscop Incepe cu ziua a 5-a — a 6-a si continua peste fiecare 5-6 zile In decurs de o luna.

In acelasi timp, in laborator se insamantau, din fiecare proba colectata, culturi pe mediile lichide. In acest
scop erau folosite mediile nutritive Bristol (in modificarea lui M.M. Gollerbah), Cnop, Prat si Fidgerald. in
calitate de culturd martor se folosea cultura care era umezita cu apa distilatd. Mediile nutritive se introduceau
in cantitate de 60-70 ml in baloane preventiv sterilizate cu volum corespunzator de 100 ml. Solul uscat in
conditii de laborator se miruntea insistent, se amesteca si se impartea in patru parti egale. Dupa aceasta, cu o
lingurita sterilizata, preventiv trecutd prin flacara spirtierei, se luau portii nu prea mari de sol din patru puncte
ale fiecarei parti si se introduceau 1n baloane cu mediul lichid. Baloanele se inchideau cu dopuri sterile con-
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fectionate din vata si tifon trecute preventiv si ele prin flacara spirtierei. Fiecare proba de sol se insaménta in
trei repetari. Dupa introducerea solului in mediu lichid baloanele atent se agitau, fard a umezi dopul din vata,
si se expuneau la lumina. Evidentierea speciilor de alge din culturile acvatice incepea de la 3-5 sdptaimani
dupa insaméntare, dupa care se mai analizau inca de 2-3 ori cu un interval de o luni si jumatate de fiecare
data. In procesul evidentierii la microscop a speciilor de alge se analizau preparate de pe peretii vasului, de la
fundul lui, din grosimea stratului de mediu si de pe suprafata lui.

Rezultate si discutii

Fitocenozele de stepa ca tip de vegetatie zonald au ocupat candva teritorii largi si erau reprezentate, in
partea de nord a Moldovei — prin stepa de graminee cu tufa bogata din punct de vedere floristic, §i in cea de
sud — prin stepa de negara cu paiusi. Speciile dominante de plante sunt Stipa capillata L., S. lessingiana Trin.
et Rupr., Festuca valesiaca Scheich. et Gaudin. Printre speciile insotitoare sunt intdlnite plante ca Salvia
nutans L., Achillea setaceae Waldst. et Kit., Euphorbia glareosa Pall. ex Bieb., Linum tenuifolium L., Linosyris
villosa (L.) DC. s.a.

Analiza solului colectat in fitocenozele de stepa si pastrat timp de 15-18 ani in conditii de laborator ne-a
permis sd stabilim prezenta a 19 specii de alge din 9 familii, 15 genuri: Cyanophyta — 9, Xanthpohyta — 5,
Chlorophyta — 5 (Fig.1). Acestea constituie aproximativ 44% din numarul initial de specii prezente in solul
vegetatiei de stepa in perioada anilor 1984-1987. In releveele de sol proaspit colectate numarul speciilor era
de 2 ori si ceva mai mare decat cel stabilit de noi. Initial, comunitatea de alge edafice reunea 43 specii §i varietati
de alge din 13 familii, 25 genuri: Cyanophyta — 19, Xanthophyta — 9, Chlorophyta — 10, Bacillariophyta —
5 specii (Fig.1).
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Fig.1. Structura taxonomica a comunititilor de alge edafice in vegetatie de stepa.

Un rol important in structura comunitatilor de alge edafice in solurile ocupate cu vegetatie de stepa revine
cianofitelor, care de cele mai dese ori reunesc 44-48% din numarul total de specii evidentiate. Cele mai diverse
in specii sunt familiile Oscillatoriaceae — 4 specii, Nostocaceae si Schizothrichaceae — cu cate 2 specii fiecare
si genurile Phormidium — 4 specii, Nostoc — 2 specii. Cate o specie revine familiei Rivulariaceae si genurilor
Calothrix, Schizothrix si Microcoleus. Cel mai des intalnite specii au fost Nostoc linckia, Schizothrix lar-
dacea f. diplosifon cu coeficientul de raspandire 75%, Nostoc punctiforme, Calothrix marchica, Microcoleus
vaginatus — cu cate 50% fiecare. O frecventd mai joasa a fost stabilitd pentru speciile Phormidium jadinianum,
Ph. foveolarum, Ph. fragile, Ph. tenue, al ciror coeficient de raspandire a fost de 25%. In comparatie cu anii
1984-1987, diversitatea cianofitelor s-a micsorat de 2 ori, din cauza reducerii, in primul rand, a numarului de
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forme filamentoase care apartin ecobiomorfei ,,P” (Fig.2.). Din lista speciilor complet dispar speciile genurilor

Oscillatoria si Cylindropermum. Se micsoreaza diversitatea speciilor genului Phormidium.
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Fig.2. Numarul ecobiomorfelor evidentiate 1n anii 1984-1987 si 2000-2002

in vegetatia de stepa.

Un rol aproximativ egal in formarea comunitatilor algale din solurile ocupate de stepd revine algelor verzi
si xantofite. Majoritatea lor sunt reprezentanti ai familiilor Pleurochloridacea din filumul Xanthophyta si
Chlorococcaceae din clorofite. Toate acestea specii, cu exceptia speciei Gongrosira leptothricha, apartin
formelor monocelulare din ecobiomorfele ,,Ch” si ,,X”, care la fel ca si speciile grupei ecologice ,,P”, includ
cate 21% din numarul algelor evidentiate.(Fig.3).
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Fig.3. Continutul, in %, al ecobiomorfelor din numarul total

de specii evidentiate 1n anii 1984-1987 si 2000-2002 in vegetatia de stepa.
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Toate genurile de alge verzi si xantofite sunt reprezentate printr-o singura specie, cel mai des intalnite
fiind Pleurochloris commutata, Chloridella simplex, Pseudopleurococcus botryoides, cu coeficientul de ras-
pandire de 50% fiecare. Mai rar sunt prezente speciile Botrydiopsis eriensis, Vischeria stelata, Chloropedia
incrustans, Dyctiococcus pseudovarians, Chlorella vulgaris, Gongrosira leptothricha, fiecare cu un coeficient
de raspandire de 25%. Complet dispar reprezentantii genurilor Botryochloris, Gloeobotrys, Chlorobotrys din
xantofite si ai genurilor Ulothrix, Klebsormidium din clorofite. Aceste specii se referd la forme coloniale ale
familiilor Botryochloridaceae, Gloeobotrydaceae sau la forme filamentoase din familia Ulothrichaceae.

Din cele 5 specii de alge bacilariofite evidentiate in anii 1984-1987, in 2000-2002 nu a fost prezenta nici
una din ele.

Concluzii

in probele de sol proaspit colectate numirul speciilor era de 2 ori si ceva mai mare decét cel stabilit de noi.

Un rol important in structura comunitatilor de alge edafice in solurile ocupate cu vegetatie de stepa revine
cianofitelor, care de cele mai dese ori reunesc 44-48% din numarul total de specii evidentiate.

in comparatie cu anii 1984-1987, diversitatea cianofitelor s-a micsorat de 2 ori, cauza fiind reducerea, in
primul rdnd, a numarului de forme filamentoase care apartin ecobiomorfei ,,P”.

Un rol aproximativ egal in formarea comunitatilor algale din solurile ocupate de stepa revine algelor verzi
si xantofite care, 1n afard de o specie, apartin formelor monocelulare din ecobiomorfele ,,Ch” si ,,X”.

Toate genurile de alge verzi si xantofite sunt reprezentate printr-o singura specie.
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CAPACITATEA ANTIOXIDANTA A PREPARATELOR DE FICOCIANINA
OBTINUTE iN BAZA BIOMASEI DE SPIRULINA iIMBOGATITE CU GERMANIU

Valentina BULIMAGA, Svetlana DJUR, Maria PISOV, Liudmila RUDI *, Valeriu RUDIC"

LCS ,, Ficobiotehnologie”
“Institutul de Microbiologie si Biotehnologie al ASM

The optimal time to harvest spirulina biomass for phycocyanin extraction was established. The phycocyanin yield
and purity depend on used extracting solution, recording the maximum values for 1% CaCl, solution in 10% alcohol.
The testing for antioxidant activity of phycocyanin preparations by ABTS" was carried out for both: preparations obtained
from spirulina biomass grown on Zarrouk medium, as well as those obtained from biomass cultivated on medium
enriched with germanium. The antioxidant activity of containing germanium phycocyanin preparations was the highest.

Introducere

Studiile privind nutritia umana au scos 1n evidenta ca un continut redus de antioxidanti in alimente duce la
stresul oxidativ, In cazul caruia are loc producerea necontrolatd de radicali liberi, care cauzeaza denaturarea
proteinelor, lipidelor si acizilor nucleici. Stresul oxidativ este semnificativ in geneza multor patologii [1-2] —
de la cancer si pana la maladii cardiovasculare si degenerative. In ultimii ani, pentru contracararea efectului
nefast al radicalilor liberi asupra organismului este propusa utilizarea bioditivelor alimentare cu efect anti-
oxidant. Antioxidantii au capacitatea de a neutraliza radicalii liberi. Activitatea antioxidantd a inceput sa fie
subiectul unor cercetari intensive datorita necesititilor mereu crescande ale industriei alimentare si farmace-
utice 1n utilizarea unor compusi bioactivi naturali anticancerigeni si anti-aging, ceea ce demonstreaza bene-
ficiile apreciabile ale antioxidantilor pentru sandtate [3]. Substantele antioxidative obtinute din astfel de surse
naturale, ca semintele oleagenoase, grane, boboase, legume, fructe si al., au fost studiate mai profund.

In ultimii ani atentia cercettorilor este orientata tot mai frecvent spre explorarea antioxidantilor din ciano-
bacterii si microalge. Unele studii au demonstrat ca atat spirulina, cat si extractele obtinute din spirulind pot
inhiba unele maladii de cancer la oameni i animale si contribuie la fortificarea sistemului imun. Un compo-
nent valoros al extractelor apoase obtinute din spirulina sunt ficobiliproteinele.

Ficobiliproteinele sunt proteine-pigmenti bine solubile in ap4, intens colorate in albastru, care au in com-
ponenta lor catene pirolice deschise, legate covalent cu resturile de cisteind ale catenelor polipeptidice si care
sunt pigmenti fotosintetici suplimentari la cianobacterii. Conform datelor din liteartura, ficocianina obtinuta
din cianobacterii, inclusiv din Spirulina spp., poseda proprietati antioxidante datoritd prezentei in compo-
nenta sa a gruparilor tetrapirolice, similare cu bilirubina, bine cunoscutd ca un anihilator eficient de diverse
specii reactive [4-7]. Potentialul antioxidant al ficocianinei a fost evaluat si de alti cercetdtori, utilizand ca
surse de ficocianind unele specii de cianobacterii marine, astfel ca Lyngbya si Phormidium spp., precum si
Spirulina sp. Autorii propun si mecanismul posibil al actiunii antioxidante a ficocianinei asupra radicalilor de
hidroxil si peroxil, care se datoreaza prezentei in cromoforul numit ficocianobilind a legaturilor conjugate [5].

In scopul de a proteja organismul de consecintele stresului oxidativ, o cale eficienta poate fi imbunatitirea
nutritiei antioxidante. Cercetarile stiintifice efectuate in aceasta directie au demonstrat ca actiunea sinergetica
a unui spectru larg de antioxidanti este mai semnificativd, comparativ cu actiunea unui singur antioxidant.
Antioxidantii din sursele naturale au o bioaccesibilitate mai 1nalta si au o eficientd protectiva mai majorata
comparativ cu antioxidantii sintetici, inclusiv un efect anticancer pronuntat [8].

Conform datelor obtinute la studiul in vitro, efectuat de cercetatorii chinezi, Se-ficocianina obtinutd din
biomasa de spirulind imbogétita cu seleniu manifesta o actiune antioxidativa inaltd si ea s-a dovedit a fi un
agent puternic antiproliferativ asupra celulelor de melanoma umana A375 si adenocarcinomd MCF-7 la ficat
uman [9].

S-a stabilit, de asemenea, ca si compusii organici ai germaniului au manifestat o capacitate anticancerigena
inalta la tratarea unor tumori, insa acesti compusi in unele cazuri pot avea si efecte adverse asupra organismului.
Substituirea compusilor organici ai germaniului sintetizati pe cale chimicd cu preparate naturale, obtinute in
baza biomasei de spirulind, ce contine germaniu organic legat cu componentii bioactivi, inclusiv cu ficocianina,
prezinta interes atat din punct de vedere teoretic, cat si aplicativ.
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Reiesind din cele expuse, prezintd interes largirea spectrului de preparate antioxidante cu actiune anti-
cancerigend si antibacteriana, ce au In componenta lor ficocianind cu continut de alte elemente, cum ar fi
germaniul. Scopul lucrérii a constituit In obtinerea preparatelor de ficocianind din biomasa Tmbogétitd cu
germaniu §i in determinarea activitatii lor antioxidante.

Material si metode

Obtinerea biomasei de spirulindg. Pentru a obtine biomasa de spirulind utilizatd ca sursa de ficocianina a
fost efectuata cultivarea cianobacteriei CNMN-CB-11 pe mediul modificat Zarrouk [10] in decurs de 10 zile,
la iluminarea de 2500-3500 Ix, la temperatura de 30°C. Biomasa de spirulind imbogatitd cu germaniu si,
respectiv, cu germaniu §i seleniu a fost obtinuta la cultivarea spirulinei in aceleasi conditii, dar cu suplimen-
tarea la mediul de nutritie in a 3-a zi de cultivare a GeS, In concentratie de 10-15 mg/l. La a 10-a zi de
cultivare biomasa a fost filtrata si spalatd cu 2-3 volume de sol., 1,5% acetat de amoniu, suspendati in apa
(20 mg/ml) si supusa congeldrii-decongelarii repetate pentru distrugerea peretilor celulari.

Determinarea germaniului a fost efectuatd prin reactia spectrofotometrica cu fenilfluoron [11] in proba
de biomasa supusa mineralizarii prealabile.

Determinarea cantitatii de ficocianind a fost efectuatd dupa A.Bennett si L.Bogorad [12], utilizadnd for-
mula de calcul: Phyc (mg/ml)= (Eg;¢-0,434E¢s)/5,34

Metoda de determinare a activititii antioxidante cu radicalul cationic ABTS" Activitatea antioxidanti
a extractelor a fost determinatd prin metoda de decolorare a radicalului cationic ABTS+ (2,2 azinobis
3-ethylbenzothiazoline-6-sulfonic acid) elaboratd de Re si al. [13]. ABTS+ a fost generat prin oxidarea
ABTS cu persulfat de potasiu. ABTS in concentratie de 7 mM si persulfatul de potasiu (2,45 mM) au fost
dizolvati in apa deionizatd. Amestecul reactant se lasa la temperatura camerei pentru 12-16 ore la intuneric
pana la utilizare. Din solutia de ABTS+ stoc se dilueaza cu etanol pana la absorbanta 0,700 + 0,020 la 734 nm.
Apoi 1ml solutie diluatd de ABTS+ se amesteca cu 10 mcl de proba testatd (1,0 mg/ml) si dupa 6 min. se
masoara absorbanta la 734 nm. Procentul de inhibitie a absorbantei se calculeaza conform ecuatiei:

% Inhlbltle = (AbSt=0 - AbSt=60 min)/AbSt=0 . 100,

unde: Abs—omin este valoarea extinctiei solutiei de ABTS+ si Absi—g min €ste valoarea extinctiei solutiei ABTS+
dupa 6 min. incubare cu probele.
Toate determinarile au fost efectuate in 3 repetitii.

Rezultate si discutii

Cercetarea actiunii antioxidante a ficocianinei din biomasa de spirulind este precedata de extragerea si
fractionarea ei de alti componenti. Conform unor date din literatura, s-a stabilit ca randamentul ficocianinei
extrase dupa dezintegrarea biomasei suspendate in lichid cultural este mai diminuat in comparatie cu extra-
gerea din biomasa suspendatd in H,O [14]. Aceste rezultate indica la faptul ca prezenta sarurilor ar putea
influenta asupra randamentului si purititii ficocianinei extrase din biomasi. In aceasta ordine de idei, a pre-
zentat interes studiul influentei demineralizarii biomasei obtinute asupra cantitatii si calitatii ficocianinei.
Demineralizarea a fost efectuatd prin spalarea biomasei cu solutie de 1,5% acetat de amoniu si H,O in raport
de 1:2.

Conform rezultatelor cercetarilor efectuate anterior, s-a stabilit ca puritatea si randamentul ficocianinei
depinde de solventul utilizat pentru extragerea ei [15-16]. Pentru a stabili influenta sarurilor restante in
biomasa de spirulind asupra puritdtii §i randamentului ficocianinei, au fost determinati acesti parametri
pentru ficocianina obtinutda din biomasa nedemineralizata si cea demineralizata la extragere cu apa, solutie
alcoolica de 10%, solutie apoasd de 1% CaCl, si solutie 1% CacCl, in alcool de 10%. Rezultatele obtinute
(Tab.1) demonstreaza ca atat randamentul ficocianinei, cat §i puritatea ei sunt mai majorate la extragerea din
biomasa supusa 1n prealabil demineralizarii. Un randament inalt (23,9-24,8%) se observa pentru toate extrac-
tele, indiferent de extragentul utilizat, insa cu inregistrarea unei valori maxime a puritatii (Agze/Azs0 =2,70)
la extragerea ficocianinei cu solutie de 1% CaCl, in alcool de 10%.

10



Seria “Stiinte reale si ale naturii”

Biologie ISSN 1814-3237

Tabelul 1
Influenta demineralizirii biomasei spirulinei asupra puritatii si randamentului ficocianinei
la extragerea ei din biomasa cultivata in conditii industriale

Proba de extract examinata Cantitatea de Randamentul Puritatea ficocianinei
ficocianind, mg/probd ficocianinei, % (A620/A280)
Din biomasa nedemineralizata:
a) apos 2,68+0,10 13,4+0,5 1,07+0,04
b) alcoolic (10%) 2,92+0,10 14,6+0,5 1,24+0,05
¢) apos (1% CaCl,) 3,48+0,12 17,4+0,7 1,70+0,05
d) alcoolic (10%) cu 1% CaCl, 3,46+0,12 17,3£0,7 2,25+0,07
Din biomasa demineralizata:
a) apos 4,94+0,19 24,7+1,0 1,75+0,05
b) alcoolic (10%) 4,96+0,20 24,8+0,9 1,80+0,05
¢) apos (1% CaCl2) 4,78+0,18 23,9+0,9 2,08+0,06
d) alcoolic (10%) cu 1% CaCl, 4,92+0,18 24,6+1,1 2,70+0,08

In scopul stabilirii termenului optim de colectare a biomasei, care asigura valori maxime ale randamen-
tului si puritatii ficocianinei extrase din biomasa, spirulina a fost supusa cultivarii in decurs de 7, 10 si 15 zile.
Conform rezultatelor obtinute (Tab.2), termenul optim de recoltare a spirulinei ca sursa de ficocianina este la
a 10-a zi de cultivare. Totusi, comparand extractul de ficocianina apos si cel alcoolic cu 1% CaCl,, s-a
stabilit ca randamentul si puritatea ficocianinei sunt mai majorate, respectiv, de cca 1,1 si 1,3 ori la extra-
gerea cu solutie de 1% CacCl, 1n alcool de 10%, indiferent de termenul de recoltare a spirulinei.

Tabelul 2

Influenta termenului de cultivare a spirulinei asupra puritatii si randamentului ficocianinei
la extragerea ei din biomasa cu H,O si solutie de 1% CaCl, in alcool de 10%

Termenul Biomasa Caracteristica extractului de ficocianind
de de Cantitatea, mg/proba Randamentul, % Puritatea (Agz0/Azso)
cultivare a | spiruling, alcoolic alcoolic alcoolic
spirulinei mg/ml apos cu CaCl, apos cu CaCl, apos cu CaCl,
7 zile 18,5+0,7 3,40+0,1 3,83+0,1 18,32+0,7 20,72+1,1 1,70+0,05 2,20+0,1
10 zile 20,0+0,8 3,91+0,1 4,33+0,1 19,54+0,8 21,60£1,2 1,96+0,06 2,46+0,1
15 zile 20,9+0,8 4,10+0,1 4,24+0,1 19,6+0,7 21,20+1,1 1,80+0,06 2,32+0,1

Preparatele de ficocianind obtinute cu diversi solventi din biomasa cultivata in decurs de 10 zile in conditii
standard si cele obtinute din biomasa Imbogititd cu germaniu au fost supuse testarii pentru a stabili capaci-
tatea lor antioxidanti prin metoda ABTS". Rezultatele sunt prezentate in Tabelul 3 .

Tabelul 3

Capacitatea antioxidanta a preparatelor partial purificate de ficocianini, obtinute din biomasa
de spirulini, determinati prin metoda ABTS" (Abs 734 nm)

Proba analizata C};ggg:;zlﬁg/;n :7733 j((e?)zp_) % inhibitie
Preparate de ficocianind obtinute din biomasa de spirulind cultivata pe mediul Zarrouk
1. Extract apos 0 0,122+0,005 17,43+0,67
2. Extract cu sol. apoasa 1% CacCl, 0 0,095+0,005 13,57+0,38
3. Extract cu sol. 1% CaCl, in 10% alcool 0 0,101+0,005 14,43+0,52
Preparate de ficocianind obtinute din biomasa de spirulind imbogatita cu germaniu
1. Extract apos 0,80+0,02 0,143+0,007 20,43+0,78
2. Extract cu sol. apoasd 1% CacCl, 1,14+0,04 0,145+0,007 20,71+0,81
3. Extract cu s0l.1% CaCl, in 10% alcool 1,14+0,04 0,146+0,007 20,86+0,67
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Datele obtinute demonstreaza ci toate preparatele testate posedid capacitate antioxidantd fati de ABTS".
Studiul comparativ al capacitatii antioxidante a extractelor de ficocianina a scos in evidenta valori mai inalte
ale gradului de inhibitie 1n cazul extractelor obtinute din biomasa Imbogatitd cu germaniu (20,43-20,86%),
comparativ cu valorile evaluate pentru ficocianina extrasd din biomasa cultivata in conditii standard (13,57-
17,43%). Continutul de germaniu in preparatele de ficocianina este cuprins in limitele 0,8-1,11 mg/g de
ficocianina.

Conform unor autori, actiunea antioxidantd a ficocianinei asupra radicalilor de hidroxil si peroxil se dato-
reazd prezentei in ficocianobilind (catena tetrapirolicd) a legaturilor conjugate [5]. Nu poate fi exclus si apor-
tul la acest proces a unor resturi aminoacide din catena polipeptidica [17]. A fost demonstrat ca extractul
apos, bogat in ficocianina, obtinut din alga albastra-verzuie Aphanizomenon flos-aquae, are abilitatea de a
proteja eritrocitele normale umane de deteriorarea oxidativa in vitro. Au loc schimbari spectrale ale ficocia-
ninei induse cu AAPH - (2,2'-azobis(2-amidino-propan) dihidroclorid) sau cu CaCl,. Incubarea extractului cu
agenti oxidanti duce la o diminuare semnificativad a absorbantei la 620 nm si la disparitia rapida a coloratiei
albastre.

Valori mai inalte ale % de inhibitie, atestate in extractele de ficocianina obtinute din biomasa Imbogatita
cu germaniu, se pot datora prezentei in componenta lor a germaniului organic, care poate fi un antioxidant
potential [18]. Efecte similare au fost observate si in studiul efectuat de cercetatorii chinezi privind activitatea
antioxidantd si antiproliferativa a ficocianinei purificate ce continea seleniu (Se-PC), obtinute din Spirulina
platensis Imbogdtita cu seleniu [9]. Activitatea antioxidantd a Se-PC a fost evaluata prin 4 metode: ABTS,
DPPH, de anihilare a anionului superoxid si de himoliza a eritrocitelor. Rezultatele au scos 1n evidenta ca
Se-PC manifestd o activitate antioxidanta mai puternicd, comparativ cu ficocianina, in anihilarea radicalilor
liberi.

Putem concluziona ca toate preparatele de ficocianina testate poseda activitate antioxidanta la determinare
prin metoda ABTS", insd cu o prevalare a activititii antioxidante a preparatelor de ficocianini imbogitite cu
germaniu (% de inhibitie — 20,43-20,86). Biomasa de spirulina imbogatitd cu germaniu poate fi utilizata in
calitate de sursa de Ge-ficocianind cu proprietiti antioxidante si alte efecte curative. Termenul optim de recol-
tare a spirulinei pentru extragerea ficocianinei este de 10 zile. Extragentul care asigura un randament si o puri-
tate nalta este solutia de 1% CaCl, 1n alcool de 10%.

Concluzii

1. A fost stabilit cé etapa de demineralizare a biomasei de spirulina contribuie la majorarea puritatii i a
randamentului ficocianinei extrase cu diversi solventi. Termenul optim de cultivare a spirulinei pentru extra-
gerea ficocianinei este de 10 zile. Extractia ficocianinei cu solutie de 1% CaCl, in 10% alcool asigura un
randament (24,6%) si o puritate maxima a ficocianinei (Ago/Az80=2,6).

2. Preparatele de ficocianind manifestd capacitate antioxidantd semnificativad la determinare prin reactia
cu ABTS", % de inhibitie prevaland in probele de ficocianind obtinutd din biomasa imbogititd cu germaniu
fata de ficocianina obtinuta din biomasa standard.
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YPOXKAM U YPOKANHBIE KAYECTBA CEMSIH IIITEHUIIBI

Anopeit BABHI[KHH

bomanuueckuii cao, e. Tupacnono

A fost studiata actiunea umiditatii si a nutritiei minerale asupra productivitatii plantelor si calitatii rodniciei seminte-
lor la graul dur Harkovskaia 46. Rezultatele experimentelor au demonstrat ca dozele majorate de Ingrasdminte minerale
influenteaza productivitatea, in timp ce calitatea rodniciei semintelor nu depinde de dozele ingrasamintelor. Spre deose-
bire de factorul sus-numit, umiditatea solului modifica evident calitatea rodniciei semintelor. In conditiile deficitului de
apa din sol semintele reproduse poseda o calitate joasa a rodniciei. Astfel, productivitatea si calitatea rodniciei semintelor
sunt indici independenti si au o natura diferita.

In a field experiment with durum wheat the effect soil humidity and mineral nutrition on yield and yielding capacity
of seeds was studied. The results of investigation showed that high doses of fertilizers is mainly to have a impact on
yield, while the yielding capacity thus obtained seeds does not depend on them. In contrast to former the main factor
modifying the quality of seeds is the level of soil moisture. Under the conditions of the water deficit of soil the seeds were
reproduced with low yielding quality. Thus, yield and yielding capacity of seeds obtained by such way are independent
parameters and have a different nature.

Beenenue

[loTeHumanbHass ypoXKaitHOCTh MIIICHHIIBI OTpEAENSeTCS ¢ TeHEeTHYECKOW OCHOBOW M peau3yercs B
pa3IMYHON CTENEeHW B 3aBUCUMOCTH OT arpO3KOJIOTMUECKHX YCJIOBHMH €€ BbIpAIllMBAaHUSA, CPEIU KOTOPBIX
peraroliee 3HaYeHNE UMEIOT YCIOBUS MUHEPAJIbHOI'O MUTAHU, ceBa U yOopku. B pesynbTare B arpoHOMHH
HAKOIMJIOCh TPOMAIHOC YHCIIO MyONMKaui 1o 3Toi Tematuke. [Ipu 3TOM H3araroTCst YaCTHBIC CBEACHUS,
Kacaroliecss KOHKPETHO B3SATOr0 copTa. UTo KacaeTcss OOHIMX 3aKOHOMEPHOCTEHW MOJMYYEHHSI BBICOKOTO
ypo’Kast 3epHa, TO JI0 CHX TIOp 3TOT BOIPOC HE BBHISCHEH.

Kpome renetmueckoil OCHOBBI COpTa, B MpakTU4YeckoM 3emienennu Oonee 100 meT M3BECTHO U TO, YTO
yposkail TakKe B 3HAUNTEJIbHOM CTENEHH 3aBUCHUT OT arpO3KOJOTHYECKUX YCIOBUHN PENpOAYKIIMHA CEMEHHOTO
MaTepuala, MoJ BIUSHHUEM KOTOPBIX MEHSIOTCA ypoxkaiiHble kadyecTBa cemsaH (YKC). DtoT Bompoc emie
OoJiee 3amyTaH U J0 CHX IOpP HaXOIWTCS B TYNHKE, U B HACTOSIIEE BpeMs Jake He HalJEeHbI ONTHMaJIbHbBIE
YCIIOBUS PETIPOIYKIINH CEMEHHOT'0 MaTepraia ¢ BRICOKUMH YPOXKaHBIMHI KauecTBaMu ceMsiH. Bech rpoma-
HBIIi 00BbEM JTaHHBIX, MMOJYYEHHBIX JI0 CHX TIOP 32 BECh MEPHOJ CYIIECTBOBAHUS ATOW MPOOIEMBI, SBISAETCS
coOpaHreM OecNopSIOYHBIX W MallOyOeIUTENbHBIX IKCIEPUMEHTOB U, B OCHOBHOM, COCTOWT W3 MHEHHIA,
npennonoxenuit [1]. UmeroTes Takxke u nceBnoHayyHble (haHTa3uu o GopMe CKIagoK KOKHUIIBI MIEpUKapIia,
MTOKPHIBAIOIICH BO3IYIIHYIO KaMepy Haj 3apoplieM, kak onpeaenutens YKC [2], npu 3ToM UrHOpHpyeTcs
TOT (paKT, YTO OCHOBHOM (hakTop m3meHeHuss Y KC npoucxoaut moj BIUSHUEM arpoOKINMaTHUYECKUX (DaKTOpPOB
PEIPOAYKIINU CEMSH.

Uro kacaeTcsl MCCIEeNOBaHUN 3apyOeKHBIX aBTOPOB, TO HEOOXOAMMO MPHHITH BO BHUMAaHHE TO, YTO B
LenTpansHoii EBporie 1 Ha ceBepoaMepUKaHCKOM KOHTHHEHTe He HaOromaercs nedunrTa MOYBEHHOW BIIard
Y, B IEJIOM, TIPOIECC 3eMIIEICTHS TIPOXOJHUT B ONarONPUATHBIX arpO3KOJIOTHIECKUX YCIoBHsIX. CoBpeMeHHas
arpoTexHHKa, O0mre aTMOC(EPHBIX 0CaIKOB M BHOCUMBIX MHHEPAJIbHBIX YAOOpPEHUIl CO3MA0T Kak ceMeHa
¢ BbicokuMH YK, Tak M BBICOKMI BBIXOJI BaJlOBOTO ypoykas 3epHa. M3 eBpomnencKux CTpaH, B HEKOTOPOH
CTENEHU MOA00HBIX MOJIIOBE U CTEMHOW 30HE YKpauHbl, MTamus HaXOAWTCS B arpO3KOJOTHYECKON 30HE
neduInTa MOYBEHHOW BIIard, M TaM M3BeCTHO m3MeHeHrne YK ceMsH, HO Ipupojia U MIPUYHHA 3TOTO SBJICHUS
oCTaeTcs HeBBIACHEHHOH [3].

[IpoBenenue Takux McciaeqoBaHUH TpeOyeT rpoOMaiHbIX (PUHAHCOBBIX 3aTpar, BO3MOXHBIX TOJIBKO MPHU
roCcy/IapcTBEHHOM (PMHAHCHPOBaHHWH HAa MPHOOPETEHHE W HCIIOIBb30BaHUE CIIOKHOW CENTbCKOXO03IHCTBEHHON
TE€XHHUKH B OOIIMPHBIX TOJIEBBIX OIBITAaX, a TAKXKE COBPEMEHHOTO JIA0OPaTOPHOTO HAYYHOTO 0O0OPYIOBaHUS
JUI TIpOBeNieHUsT (PU3HOIOT0-OMOXUMUYECKUX HCCIEOBaHNH, YTO ObIIO0 BO3MOXHBIM B ObiBiieM CCCP.
Pe3ynbTaTel HaUX WCCIIEAOBAHMA OCBEIICHBI B CEPUU paHee OMyOIMKOBAaHHBIX padoT [4-10].

B nannoit paboTe moaBoAATCs OCHOBHBIE UTOTM Oonee 30-7TETHUX MCCIIEIOBAHUN M UX MOCIEXyromen
KOMITBIOTEPHOI 00pabOTKHU M AenaeTcs BBIBOJ O TJIaBHOM (paKTOpPE B arpOIKOJIOTHUECKUX YCIOBHIX BO3JIE-
JIBIBAHUS MIIICHUIIBI, MeHsomeM ec YK.
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MaTtepuaJj U MeTOJbI HCCIeTOBAHUSA

[TosieBbIC OMBITHI IO U3YYECHUIO YPOKAs 3e€pHA MIICHHUIIBI POBOJAMIKUCH B OKOJOTMYECKUX YCIOBHSX Jehu-
[IATa TTOYBEHHOM BJIATH CTEITHOM 30HBI OmeccKoi 00JIacTH Ha TBEPIOU SPOBOH MMITICHUIE XapbhbKOBCKas 46
mpu 13 BapmaHTax ypoBHEH M COYETaHHN MUHEPANTbHOTO MHUTAHUSA W TPEX PEeXUMax BIAXHOCTH MOYBHI,
CO3/1aBaeMbIX MIEPEIBIKHOMN T0XKIEBATBHOM ycTaHOBKOH. [loydeHHbIe ceMeHa UCTIBITHIBAINCH Ha UX ypOXKaid-
HBbIE Ka4eCTBa BHIPAIIMBAHUEM IIICHHIBI 0e3 YI00peHNs, TTOCiIe TapOBOTO MPEIIeCTBEHHIKA, ITPH eCTEeCT-
BEHHOM YPOBHE YBJIQKHEHHS ITOYBHI 33 CUET aTMOC(epHBIX ocaakoB. [lomydeHHbie pe3yipTaTel 00padaTsi-
BaJIMCh CTAaTUCTUYECKH U 3aTeM 1o nakeTy HopMpacn B mporpamme DKclesl peKOHCTPYHUPOBAIHUCH 0000IIIeH-
HbI€ KPHUBBIE HOPMAIILHOTO pacupezeneHus. bonee moapoOHO yCcIoBHS SKCIIEPUMEHTA JaHbl B 0oJiee paHHUX
myosmkanusax [4-10], B KOTOPBIX ITOKa3aHO, 9TO ypoka 1 YK ceMsH MIIeHUITBI UIMEIOT Pa3HyIo IPUPOLTY.

Pe3yabTaThl U UX 00Cy:KIeHHe
st moHMMaHus, ¢ TIEPBOTO B3TIIAJA, PA3IUYHMiA B TIABHBIX YCIOBHUSAX IOJYYSHHS BBICOKOTO YpOXKas
3epHa, [0 CPABHEHHIO C BEICOKHMH YPOXKaiTHBIMU Ka4eCTBAMH CEMSH, BHaJaje pacCMOTPUM PUCYHKH 1 1 2.

YacToTHoe pacnpegerieHve ypoxas neHuUbl Nod BrMsiHiEM
MUHeparnbHbIX yaobpeHnin 1 BraXkHOCTEN MoYBbI

0,16
—o— Bbe3 normea

. 0,12 ——75% B
5 ——90% MNB
g 0,08
I

0,04

0

Ypoxan, u/ra

Puc.1. Biouszue MHUHEPAJIBHOT'O ITUTAHUA U BJIAXXHOCTH IMTOYBEI HA paCIpEACICHUC BETNYUHBI ypomafmocm NMIICHUIBI.

UacToTHOe pacnpegeneHue ypO)KaVIHbIX KayeCTB CEMAH MnieHnubl noa
BIMAHNEM MUHeparbHbIX y,u,o6peHvu7| N BMa)HOCTEN NOYBLI

0,5

oa | /)

0,3 ?( \ AN /0\ —o— be3 nonvea
ol A WA NV A W =t
o / & /5 \A/ \ ——90% IMNB
NN N

3

YacToTa

YpoxarHble Ka4ecTBa CeMSIH, L/ra

Puc.2. Biusane BnaxkHOCTElH MOYBBI 1 MEHHEPAIILHOTO IINTAHUS HA ypOXKalHbIE KauecTBa CEMSH IIICHUIIBL.
W3 HUX BHIHO, YTO TJIaBHBIN (haKTOp BapHallMM NAHHBIX ypo’kas 3epHa — 3TO YPOBHHM M COYETaHUS
MUHEpaIbHBIX YAOOPEHUH, B TO BpeMsl KaK BIQKHOCTh MOYBHI ITOYTH HE BIUSET HAa CPETHIOID YPOXKAHHOCTH

10 BCEMY aHcaMOJIIo yc.]'[OBPIfI OIIbITA.
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W3 puc. 1 BuAHO, YTO BIAXXHOCTH MOYBHI HE BIUSAET HAa CPEAHUN ypoxkail 3epHa, a JHIIb TOJIBKO PacIIM-
psAeT pa3Max W3MEHYMBOCTH BEIMYMHBI YpO)Kas KaK B CTOPOHY MEHBIIEro, Tak M 0dipiiero ypoxas. [lpu
BBIpAIlMBaHUU IIIIEHHUIIBI Ha BHICOKUI YPOBEHb YPOXKas 3€pHa HEOOXOIMMO HCIIOJIb30BaTh T€ YPOBHU MHUHE-
paNBHBIX yIOOPEHHIA, KOTOPBIE P BHICOKOM BIAYKHOCTH MOYBBI CIBUTAIOT YPOXKAHHOCTD B IIPaBYIO CTOPOHY
KPUBOH 4acTOTHI pacipezenenus ypoxkae. OJHAKO IPU 3TOM OYEBHIEH TOT (PAaKT, UYTO BBICOKAs BIAKHOCTh
[IOYBHI ITPHU HecOaNaHCUPOBAHHOM yIOOpEHHH WM 0e3 Hero Tak e 3aKOHOMEPHO NMPHUBOAMT K CIABUTY KPUBOU
pacrpenencHus BI€BO WM K aJICHUIO YPOBHS ypOXKas.

['maBHBIE yCIOBUS PENpoOAyKLIMH CEMSH ¢ BEICOKUMH YK U BanoBoro cbopa yposkasi 3epHa COBEpIICHHO,
0JIHaKO, MMPOTHUBOMOJIOXKHBI. | TaBHOE B IEPBOM CiIy4ae — 3TO YPOBEHb BIAKHOCTU MOYBHI (pHC. 2), a peKUMBbI
MUHEpAIBHOTO IHTaHMS, KaK BTOPOCTENCHHBIC (aKTOPbI, HAXOIATCS BHYTPU JAMANa30Ha HM3MEHYHMBOCTH
ypokaiiHbIX kadecTB. Ilocie W3/10’KeHUS TIIaBHBIX UTOIOB MHOTOJIETHEH pabOThl MO M3YYEHHUIO ypoXKas U
YPO’KalHBIX KaueCTB CEeMsIH MIIEHHLIBI, TETIEPh y>Ke MOKHO OoJiee 1eTaIbHO MOAPOOHO pacCMOTPETh OCOOCH-
HOCTH BIIUSIHHSA TJIABHBIX (DAKTOPOB HA ypOiKai, IPEICTABICHHBIX Ha PHC. 3, U3 KOTOPOTO BHIHBI TPH Xapak-
TEpHBIE OTBETHBIE PEAKILMK PACTECHUI IIIEHUIIBI HA BO3pacTaHUE YPOBHS BJIAKHOCTH MO4BHI. [lepBblil T —
9TO CHWKEHUE YPOXKasl IPY MOBBIIICHUN BIAXXHOCTHU, YTO XapaKTEPHO IIPU BBIPAILIMBAHUH IIICHULB B OTCYT-
crBue ynoopenuit — NOPOKO, u BapuaHT mpu craHzapTHOM yaoOpeHun ¢ orcytcTBueM azoTa — NOP60K60.
OTH codeTaHrsi MUHEPAJILHOTO UTAaHUS HEXENaTeNbHbI, 100, KOHTPOJIUPYS YPOBEHb BHECEHHBIX yIOOpEHUH,
MBI HE MOKE€M KOHTPOJIHMPOBATh YPOBEHb BIAXXHOCTH IIOYBBI OT aTMOC(HEPHBIX OCAJKOB U IPHU JIOKATHUBOM
JeTe MOJIyYUM CHIDKCHHE ypoxkasi. BTopoli TuI peakiun — 3To HeKOTopasi CTaOMIBHOCTh yPOXKast IPU BapHaluu
ypoBHs BiaxxHoctu mouBsl: N30P30K30, N30P60K 60, N6OP60K60, N6OP60K 90, N6OPOK 60, N6OP60K90.

[Ipu 3THX BapWaHTax yIOOpEHHI MOXXHO TONYYUTh NPENCKa3yeMblld ypokail, KOTOpPBIH HEOOXOIMMO
cllaTh 3aKa34MKy, KOTAa JIMIIHEE 36pHO HE UMEET MOTpeOuTeNs U ero XpaHuTth Herne. Hakonen, Tpetuil Tun
OTBETHOH peakIMu — 3TO OTBET Ha BBICOKHH YPOBEHb a30THOTO YIOOpEHHS, CO31aBacMbli BapHaHTaMU
N90P90K 90, N9OP60K 60, N60OP90K60. 1 B HekoTopoit ctenenn NO6OP60KO 3a cyer aHTaroHusMa Mexmy
KaJIUeBBIM U a30THBIM MTUTAHUEM IIICHUIIBI.

BrusiHue MynHepanbHbIX yaoOpeHnin 1 BRaxkHOCTEN
MOYBbI Ha YpOXKan NLLeHULbI

28,5

—o— NOPOKO
—o— N30P30K30
—— N60PGB0OK60
—=— N90P90K90
—e— NOP60K60
—— N30P60K60
—+— N90PG60K60
NG6OP60K0
—— N60P60K30
—O— N60P60K90
—— N60POK60
—o— N60P30K60

1 2 3  _a_ N6OP90K60
BrnaHocTb noyBbl

u/ra

Puc.3. Bimsane ypoBHEH 1 cOUETaHNH MUHEPAIBHBIX YIOOPEHUH MPH TPeX PEKUMAaX BIAYKHOCTU OB
Ha yposkail 3epHa MIICHUIBL. BapuaHTHI BIQYKHOCTH TOYBHL: | — AepUIINT MOYBEHHOH BIIaTd IIPU €CTECTBEHHOM
YBIIXXHEHUH OT JTOXKAEBBIX 0caAKoB (0e3 mommBa); 2 — onTuMalbHas BIaKHOCT T0uBHI 75% [1I1B;

3 — u30BITOYHAS BIaXHOCTh ouBbI 90% I1I1B.

HaKOHeH, HCO6XOI[I/IMO JACTaJIbHO PAaCCMOTPETH U OCTaBIIMECA MCHEC CYHICCTBCHHEIC I10 CBOCH 3HAYNMOCTH

(bakTOpBI HEKOTOPOTO BIMSHUS MUHEPAJIHHOTO MATAHUS Ha YpOXKaiiHbIe KayecTBa ceMsH. | TaBHBIN, onpee-
nstommid (aKTOp BIMSIHHA HA YPOXKaifHBIE KadecTBa CEMSH OBLI PacCMOTpPEH BBINIE — 3TO ONTHMAaJbHBINA
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YpOBEHb BIAKHOCTHU IOYBHI, YTO HEOJAHOKPATHO MOTYEPKUBAIOCH, KOTOPHIM siBistercss 75% III1B. Ilpu 3na-
YUTENEHOM pPa3pacTaHUM KOPHEBOHW CHCTEMBI B MOYBE BO3HHMKACT NEPHUUUT KHCIOPOAA, YTO B HEKOTOPOH
CTEIEeHU JIUMUTUPYET ypoBeHb YK ceMsH.

OTOT NeUIUT KUCIOPOa YaCTUYHO KOMIIEHCHpYeTcs u30biTkoM (docdopa B go3e 90 kr/ra TeM, 4To B
cogerannu N6OP9OK60 oH ycmimBaeT SHepreTHIeCKUii OOMEH B KIIETKaxX, CHHTE3 MaKpodprudeckux docdop-
HBIX coeluHeHni u renepaniio AT® B TKaHAX KOpHEH B YaCTHYHO aHA’POOHBIX YCIOBHSX, YEM yCHUINBAET
ypOBEHb OOMEHHBIX MPOIIECCOB M, B KOHEYHOM HMTOTe, YpoBeHb YK ceMsiH, GOopMHUpYyeMbIX Ha MaTepUHCKHX
pacTeHHAx MuieHUnbl. IToT 3QdexT PochOpHBIX COCTUHEHUH MPOSIBISETCS NPU ONTHMAIBHOM M MaKCH-
MaJbHOM YBJIQ)KHEHUH ITOYBHI.

BnusHWe Bna>xHoOCTW NOYBLI U MWHEPRaNEHOro
NUTaHWA Ha 'y’pGHEﬁHble KaveCTBa

CPOPMUPOBaHHBIX CEMAH —x— NOPOKO
—o— N30P30K30
—o— NB60P60K60
—&— NOOPO0KEe0
—¢— NOP60K&0
—=— N30P60K60
—— NOOPBOKE0
—+— NB60P60KO
—=— NBOPB0OK30
—— NB0P60KS0
—— NB60POK&0
—— NBOP30K60
—=— NB60P90K60

ceMSAH, Lra

YpokanHble KkavyecTBa

9!5 : 1 1

1 2 3
Bna:;HocTb NOYBLI

Puc.4. Biusiaue pesxuMa BIaXKHOCTH TTOYBEI M COYETAHIH MUHEPATBHBIX YI0OpeHHH
Ha (hOpMHUPOBAHNE CEMSH C BEICOKMMH YPOXKaHBIMHI Ka4e€CTBAMH.
O0603Ha4eHNUs BIAYKHOCTEH MTOYBHI, KaK Ha puc. 3.

B ycnoBusix nedunuta mouBeHHON Biaru HanOosiee BRICOKHE YpOXKaiHble KauecTBa ceMaH (hopMHUpYIOTCS
Ha N30P30K30 ypoBHE MHHEpaIbHBIX yAOOpeHHHA W cHHeprmueckwii 3gdekt docdopa He mposBIsETCS.
OcranbHble ypoBHU ynoOpeHuil HeappekTuBHEL. VX neiicTBUE B OCHOBHOM HAIIpaBJICHO Ha YCHJICHHE Ha-
KOIJICHHUs1 OeJKa B 3epHE MILIEHUIBI, KOTOPOE OCYIICCTBIACTCS 3a CUET YCHICHHS CHHTE3a HU3KOMHUTATEINb-
HOTO U, B HEKOTOPOH CTENEHH, TOKCUYHOTO JUIS JKEJIy JOYHO-KHUILIEYHOTO TPAKTA YeJIOBEKa CIIMPTOPACTBOPHU-
Moro Oesika riMaanHa. Y CHIICHHE CHHTE3a 3TOro Oellka sIBISETCS MOKa3aTesieM BOJHOIO CTpecca W MO3TOMY
[JIMAJMH MOYKHO OTHECTH K BOIOIC(HHUIMTHBIM CTpeccoBbIM OeikaM (water deficit stress protein - WDSP).
Otcrona n30BITOYHOE MUHEPAIFHOE MUTAaHKE NPH 3aCyXe BBI3BIBAET CTPECC IO BOAHOMY OOMEHY, YTO CIIO-
coOcTByeT (POPMHUPOBAHHIO BEICOKOOETKOBBIX ceMsH ¢ Hu3kumu YK [11-13].

Wrak, B pe3ynbraTe MPOBEACHHON paOOTHI MOXKHO CAENaTh BBIBOJABI O PA3IHMYHON MPHUPOJE ypoxkas U
YKC nmenunsl. Beicokuit ypokail 3epHa MIIEHUIBI CO3[aeTCs BBICOKUM W COATaHCUPOBAaHHBIM YPOBHEM
MUHEpaTBHOTO MUTAHUS MIPHU CPelHEM ypOBHE BiakHOCTH MouBHL. Bricokne YKC dopmupyrorcs mytem ux
PENPOAYKIIUK TIPU ONTUMAILHOW BIAQKHOCTH TMOYBHI http://apropomagazin.md/ u modtu He 3aBUCAT OT
YPOBHSI MUHEPAJIBHOTO MUTAHUSI CEMEHHOT'O I10CEBA, 32 UCKII0UYEHHEM HeOOJIBIIOro emle 100aBOYHOro MOo-
Boimenns: YKC 3a cuer BHECEHHS MOBBIMIEHHBIX 103 (ocdopa B YCIOBUAX ONTUMAIBHOTO H MaKCUMAaIbHOTO
YBIQ)KHEHUSI TOYBBI.
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CULTIVAREA ALGEI NOSTOC FLAGELLIFORME PE MEDII OBTINUTE PE BAZA
DESEURILOR DE LA COMPLEXELE ZOOTEHNICE

Sergiu DOBROJAN, Cristina GORBATENCO, Galina DOBROJAN, Irina STRATULAT

Catedra Ecologie, Botanica si Silvicultura

Les déchets des oiseaux, des porcs et du bétail peuvent étre utilises pour cultiver 1’algue Nostoc flageliforme et
obtenir une biomasse algale moins chére. Comme résultat, on peut obtenir I’algue Nostoc flageliforme dans un milieu de
5% (11.285) g/l), et la plus faible dans un milieu d’un pourcent (5.714 g/l). Les meilleures valeurs de la vitesse de
reproduction se voient dans un milieu de 5% le 10-iéme jour (0.203 jours ), tandis que la plus faible, dans un milieu
d’un pourcent le 15-iéme jour (0.10 jours ™).

Introducere

Este bine cunoscut faptul ca toate complexele zootehnice din Republica Moldova poseda in proprietate
suprafete de terenuri destul de mici, ceea ce nu permite o gestionare rationald a deseurilor, solide si lichide,
parvenite in rezultatul functionarii. Aceste deseuri pot avea un impact negativ asupra resurselor acvatice locale,
deoarece contin poluanti in cantitati destul de Tnalte; deci, ele trebuie gestionate corect si rational. Astfel, aceste
cantitati majore de deseuri animaliere pot fi reciclate, prin utilizarea lor ca sursa nutritiva la cresterea algelor,
obtinand profit mult mai nalt ca, de exemplu, in cazul folosirii lor pe terenurile agricole ca Ingrasamant organic.
In afard de aceasta, algele au capacitatea de epurare a acestor ape reziduale, caracterizata prin asimilarea unor
indici chimici si prin producerea, pe contul acestora, a unei mari cantitati de biomasa algald, cu un continut
biochimic valoros, care ulterior poate fi utilizat n agricultura, farmaceutica etc. [1]. Printre speciile de alge
care pot fi cultivate pe medii alcatuite din deseurile lichide sau solide de la complexele zootehnice se numara si
Nostoc flagelliforme. Unele cercetdri [2] atestd cd biomasa algei Nostoc flagelliforme cultivate pe ape
reziduale prezintd o sursd bogata de substante biologic active, printre care: proteine — 20,80%, lipide — 5,57%
si glucide — 11,24%. De aceea, cultivarea algei Nostoc flagelliforme pe medii nutritive compuse din ape
reziduale de la complexele zootehnice, in scopul obtinerii biomasei algale si epurarii acestora, prezintd un
interes deosebit pentru cercetare si implementare in practica.

Astfel, ne-am propus drept scop utilizarea deseurilor solide de la unele complexe zootehnice, ca mediu
nutritiv, pentru cultivarea algei Nostoc flagelliforme, in vederea obtinerii biomasei algale, si cercetarea parti-
cularitatilor ei fiziologice.

Material si metode

Cercetarile au fost efectuate in cadrul LCS ,,Algologie” utilizand tulpina algei Nostoc flagelliforme
(Berk.et Curt.) Elenk., care a fost selectatd in cultura algologic pura de catre colaboratorii laboratorului. Alga
a fost cultivata pe mediu de culturd compus din deseuri solide de la complexele zootehnice. Volumul initial
al mediilor de cultivare constituia 200 ml, la care s-a inoculat alga cu doza de 0,5 g/l. Mediul de cultivare s-a
obtinut astfel: fecalele de la porcine, bovine si pasari, pastrate in frigider timp de jumatate de an (cate 130 g/l
de fiecare tip) au fost dizolvate cu apa distilata in raport de 1:5, prin agitare permanentd. Fractia lichida a fost
separatd de cea solida prin filtrare, efectuatd in mai multe etape (utilizand tifonul, hartia de filtru, hartia cu
lenta albastra) si diluata cu apa distilatd pana la concentratiile de 1%, 5% si 10%. Experientele au fost efectuate
in conditii de laborator la temperatura de 28,5+1,02°C si iluminarea continud de 1800-2400 lucsi, in trei repetari.
Determinarea productivititii algale s-a efectuat conform metodei filtrelor uscate, utilizand urmatoarea formula
de calcul: (B-A)x5 (g/l), unde A — greutatea filtrului spalat si uscat; B — greutatea filtrului cu biomasa uscat
si ricit pana la temperatura camerei; 5 — coeficientul de recalculare pentru 1 litru de suspensie algalad [3].
Viteza de crestere a populatiei algei Nostoc flagelliforme (Berk.et Curt.) Elenk. a fost determinatad conform
procedeului propus de C.[[x. [lept [4], iar viteza de reproducere a algei a fost determinatd dupa criteriul
stabilit de K.M. XaiinoBa [5]. Analiza continutului chimic al mediului de cultura a fost efectuata conform
metodologiei de specialitate [6]. Calculul statistic al rezultatelor a fost stabilit utilizand programa STATISTICA — 6,
cu determinarea mediei aritmetice (M) si a erorii standarde (m).
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Rezultate si discutii

Apele reziduale contin cantitati semnificative de N, P, K, Na, Ca etc., care constituie o sursa incontestabila
pentru cresterea algelor. Pe 1anga aceasta, ele prezintd o problema majora de mediu, contribuind la poluarea
solului si apelor, de aceea trebuiesc gestionate prin valorificare.

Analiza chimicd a mediului de cultivare denotd cd pH-ul mediilor este situat intre valorile 7,15-7,66.
Azotul amoniacal diferd in functie de concentratie: la 1% — 16,99+1,09 mg/l, la 5% —84,95+5.45 mg/l si la
10% — 169,9+£10,9 mg/1. Nitratii la fel se gasesc in cantitatii mai mari in mediile cu concentratie mai inalta:
la concentratia de 10% — 1,25+0,11 mg/1, la cea de 5% — 0,62+0,0 mg/1, iar la cea de 1% doar 0,12+0,01 mg/1.
Ortofosfatii se situeaza in limitele de 15,47-1,54 mg/l, in mediile de 1-10%. Hidrogenocarbonatii, duritatea si
reziduul fix descresc odatd cu reducerea concentratiei mediului (Tab.1).

Tabelul 1
Continutul chimic al mediului utilizat la cultivarea algei Nostoc flagelliforme
Indicii analizati
Concentratia pH NH,", NO; ", PO,”, HCO;, Reziduu fix,
mg/1 mg/l mg/1 mg/l mg/1
Mzm M+m M+m M+m M+m M+m
1% 7,15+0,25 16,99+1,03 0,12+0,01 1,54+0,16 32,025+1,52 | 43,666+1,852
5% 7,32+£0,27 | 84,95+£5,25 | 0,62+0,06 7,73£0,80 | 160,125+7,62 | 218,3+£9,26
10% 7,66+0,31 169,9+10,9 1,25+0,11 15,47+1,70 | 320,25+15,25 | 436,66+18,52

Astfel, conform rezultatelor analizelor chimice ale apelor reziduale, putem constata ca atat concentratia de 1%,
cat si cea de 10% sunt benefice pentru cultivarea algei Nostoc flagelliforme. Concentratiile mai mari de 10%
nu au fost utilizate ca mediu de culturd, deoarece contribuie la obtinerea unei cantitati reduse de biomasa.
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Fig.1. Productivitatea algei Nostoc flagelliforme cultivate pe ape reziduale.

Rezultatele investigatiilor efectuate atestd ca pe parcursul desfasurarii experientei pana la a 10-a zi s-a
observat o crestere considerabild a biomasei in toate probele, in special In cazul probei cu concentratia de
10% — 8,14+0,4 g/1, pentru concentratia de 5% s-a obtinut o productivitate de 7,71+0,32 g/l, pe cand pentru
1% — de doar 4,28+0,20 g/1. incepand cu a 10-a zi si pana la finele experientei (15 zile) s-a inregistrat o
crestere mai lentd a biomasei algale: in cazul mediului de 1% se observa o crestere cu 1,42 g/1, pentru mediul
de 5% — cu 3,143 g/l, iar in cazul mediului de 10% biomasa a diminuat cu 0,428 g/l. Aceasta se explicad prin
faptul ca In mediile de cultivare cu adaos de ape reziduale la finele experientei a inceput procesul de epuizare
a substantelor nutritive, necesare cresterii si dezvoltarii algei Nostoc flagelliforme.
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Rezultatele obtinute denota ca viteza de crestere se mareste pana la a 10-a zi, in toate probele: in varianta
de 1% atingea valoarea de 0,378 zile 1 in cea de 5% — 0,764 zile ', iar in proba de 10% — 0,721 zile 'I(Tab.2).
La a 15-a zi valorile vitezei de crestere diminueaza in cazul tuturor mediilor, ceea ce indica ca are loc initierea
fazei stationare de crestere.

Tabelul 2
Viteza de crestere a populatiei algei Nostoc flagelliforme cultivate pe ape reziduale (zile ™)
Zilele de analizi Concentratia mediului
1% 5% 10%
as-a 0,032 0,048 0,111
a 10-a 0,378 0,764 0,721
al5-a 0,342 0,710 0,452

Un alt indice fiziologic, ce permite stabilirea dinamicii dezvoltarii algei Nostoc flagelliforme cultivate pe ape
reziduale, este viteza de reproducere care indica intensitatea reproducerii realizata prin cresterea biomasei (Tab.3).

Tabelul 3
Viteza de reproducere a algei Nostoc flagelliforme cultivate pe medii cu adaos de ape reziduale (zile ™)
Concentratia mediului
Zilele de analiza
1% 5% 10%
as-a 0,08 0,114 0,184
a 10-a 0,11 0,203 0,193
als-a 0,10 0,166 0,124

Viteza de reproducere a algei Nostoc flagelliforme diferd in functie de perioada analizatd si de
concentratia mediului de cultura utilizat. In cazul probei de 1% observam ca de la a 5-a la a 10-a zi are loc o
crestere cu 0,03, iar de la a 10-a la a 15-a zi se reduce cu 0,01. Pentru proba de 5% la fel este caracteristica
marirea valorilor vitezei de reproducere de la a 5-a la a 10-a zi cu 0,089, pe cand de la a 10-a la a 15-a zi are
loc o diminuare cu 0,037; in cazul probei de 10%, de la a 5-a la a 10-a zi are loc o majorare cu 0,009, iar de
la a 10-a pand la a 15-a zi a experientei viteza de reproducere a scazut cu 0,069.

10

8 1 —] T

6 — — — -

4 u ] | 1 =3 1%
W 5%

) || - | - O 10%

0

primazi  aS5-azi al0-azi alS-azi

zilele de analiza
Fig.2. Modificarile pH-ului mediilor de cultura la cultivarea algei Nostoc flagelliforme.
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Analizand modificérile pH-ului, observam ca valorile acestuia variazd in dependentd de ziua experientei
si de la o concentratie la alta. In prima zi media pH-ului este de 7,37. Incepand cu ziua a 5-a, pH-ul creste
considerabil, in special in proba cu concentratia de 1% (9,15), pentru 5% — 8,40, iar in mediul de 10% — 8,05
(ceea ce denotd ci alga s-a acomodat la aceste medii si are loc dividerea celulelor). insa, pani la finele
experientei (la a 15-a zi), pH-ul se micsoreaza. De exemplu, in proba de 10% pH-ul era 8,30, in proba de
5% — 9,37, iar in proba de 1% — 9,16, ceea ce se asociaza cu viteza de reproducere (unde practic se respecta
aceeasi legitate).

Concluzii

Apa reziduald copmusd din combinatia a trei tipuri de deseuri (cu concentratia de pana la 10%) poate fi
utilizatd la cultivarea algei Nostoc flagelliforme. Cea mai inaltd cantitate de biomasa obtinem 1n cazul cultivarii
algei Nostoc flagelliforme pe mediul de 5% (11,28 g/1), iar cea mai mica pe mediul de 1% (5,71 g/l). Viteza
de crestere a populatiei si de reproducere a algei creste pana la a 10-a zi, dupa care are loc o descrestere, ceea
ce era caracteristic si pentru pH-ul mediului de cultivare.
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UTILIZAREA MEDIULUI DE CULTURA DREW LA CULTIVAREA
ALGEI AZOTFIXATOARE ANABAENOPSIS SP.

Sergiu DOBROJAN, Irina STRATULAT, Galina DOBROJAN, Tudor POPESCU, Corina NEGARA

Catedra Ecologie, Botanica si Silvicultura

The cultivation of algae Anabaenopsis sp. on Drew medium is efficient for maintaining in laboratory condition, can
obtain a maximal biomass of 1,04+0,05 g/l in 11-12 days. Growth phases for algaec Anabaenopsis sp cultured on Drew
medium is: one day for lag phase, one day — log phase, 7 days — exponential phase and one day stationary. The higher
specific growth speed is in log phase, and for exponential is 0.010+0,004 days™.

Introducere

La moment, se cunosc mai multe medii de cultura utilizate la cultivarea algelor. Mediile de cultivare se
selecteaza in functie de specificul cultivarii si scopul experimentului. Pentru cultivarea algelor in scopul obti-
nerii biomasei se utilizeaza mediile lichide, care permit studierea caracteristicilor fiziologice, morfologice,
citologice, biochimice etc. [1]. Un rol deosebit atat in natura, cat si in viata omului au algele cianofite, care,
de fapt, sunt cultivate mai frecvent in scopuri industriale si stiintifice. Unii reprezentanti ai increngaturii
Cyanophyta au capacitatea de a fixa azotul in sol, fapt care sporeste mult interesul pentru cultivarea lor. Pentru
obtinerea biomasei de alge cianofite azotfixatoare se utilizeaza mai multe medii de culturd, cum ar fi de exemplu:
Bristol; Gusev, Telitcenco, Fedorov nr.1-2; Fogga; Beneche; Drew etc., care insa difera in functie de specia
algald [2]. Din mediile sus-mentionate, cel mai ieftin si usor de preparat este mediul Drew, deoarece este
compus din patru saruri care nu depasesc cantitatea de 0,2 g/l, dar care nu asigurd insa obtinerea biomasei
algale in cantitati mari. Mediul Drew este utilizat atit pentru cultivarea algelor in scopul obtinerii biomasei,
cat si la studierea calitativa si cantitativa a algoflorei unor soluri [3,4]. Rezultatele unor cercetari atestd ca
mediul de culturd Drew poate fi utilizat la cultivarea algei Anabaenopsis sp., Insa caracteristicile fiziologice
care indica cresterea biomasei lipsesc [5]. Un interes major fata de cultivarea algei Anabaenopsis sp. se
exprimd prin continutul chimic valoros. Unele cercetdri aratd ca tulpina algei Anabaenopsis sp. (Albufera),
cultivate pe mediul de culturd Arnon cu adaos de 30 mM NaCl, prezinta o sursd importanta de ficobiliproteine:
proteine — 52,242,5%; c-ficoeritrind — 0,8+0,1%; c-ficocianina — 13,0+0,9%; aloficocianina — 6,3+0,2% [6],
ceea ce sporeste interesul cultivarii, indeosebi in scop farmaceutic. Alte investigatii accentueaza ca alga
Anabaenopsis sp. (Albufera), cultivatd pe mediul de culturd Arnon cu adaos de 30 mM NaCl si de 10 mM
NaHCOs, contine cantitati semnificative de pigmenti (clorofila a — 1,4%; caroten — 0,4%, c-ficoeritrina —
1,6%, c-ficocianind — 12,2% si aloficocianina — 5,4%) care reprezinta sursd de coloranti naturali, antioxidanti,
vitamine etc. [7]. Cercetdrile mentionate scot in evidenta rezultatele obtinute la cultivarea unei tulpini a algei
Anabaenopsis sp. pe mediul de culturda Arnon, care insa este cu mult mai costisitor decat mediul Drew. De
aceea, in prezenta lucrare ne-am propus drept scop sa studiem procesul de crestere a algei Anabaenopsis sp.
cultivate pe mediul de culturd Drew.

Material si metode

In experimente a fost antrenata tulpina algei Anabaenopsis sp. care se depoziteazi, in cultura purd, in
colectia LCS ,,Algologie”. Alga Anabaenopsis sp. a fost cultivata, dupa metoda de cultivare periodica [8], pe
mediul de culturd Drew, preparat pe baza apei distilate, cu urméatoarea componenta (g/1): K;HPO, — 0,2;
MgSO4x7H,0 — 0,2; CaCl, — urme; FeCl; — urme [9]. Mediul de cultura obtinut a fost sterilizat prin metoda
fizica. Cultivarea s-a efectuat in baloane Erlenmeyer cu volum de 250 ml. In calitate de inocul s-a utilizat
alga Anabaenopsis sp. cultivata pe mediul lichid care se afla in faza exponentiala de crestere, obtinut con-
form metodologiei prezentate in [10]; densitatea culturii inoculate era de 0,4 g/l. Experientele au demarat in
conditii de laborator la temperatura de 28-30°C si la intensitatea luminii de 4000 lucsi. Cresterea biomasei a
fost determinatd dupa formula: (An—A,)/n, unde A, — cantitatea de biomasa obtinuta peste n zile, A, — cantita-
tea initiala de biomasa, n — perioada analizata (zile). Productivitatea algala a fost stabilitd conform procedee-
lor propuse in [11]. Indicele pH-ului a fost stabilit cu ajutorul aparatului multifunctional ,,Consort C944”.
Calculul statistic al rezultatelor a fost efectuat utilizand programa STATISTICA-6, cu determinarea mediei
aritmetice (M) si a erorii standarde (m). Experimentele au fost efectuate in 6 repetéri.
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Rezultate si discutii

Dupi cum am mentionat, mediul de culturd Drew are un avantaj economic in aplicare. Insa, pe langa
aceasta, consideram ca este incomplet, deoarece lipsesc multe microelemente, sursa de CO,, Na etc., care
contribuie la cresterea biomasei algale si la acumularea substantelor biologic active in celule. Cantitatea bio-
masei algei Anabaenopsis sp. obtinute la cultivarea pe mediul de culturd Drew este prezentata in Figura 1.

1,2
1
0,8 |
0,6
0,4
0,2 ¢ ‘
0
1-a zi d 3-azi a 6-a zi d 9-a zi al2-az | al5-aczi
mg/l 04 0.614 0,737 0,765 1,042 0.4
mg/l BAU 0,0/ 0,09 0,12 0,123 0,1/ 0,0/

Fig.1. Productivitatea algei Anabaenopsis sp. cultivate pe mediul de culturd Drew.

Datele prezentate In Figura 1 atestd ca biomasa algei creste pana la a 12-a zi, atingand 1,042+0,05 g/1,
dupa care descreste pana la valoarea initiala (0,4+0,02 g/1). Insd, aceasti cantitate de biomasa obtinuti nu
este suficientd i nu permite a utiliza acest mediu la cutivarea industriala a algei, dar el poate fi utilizat in
forma solida pentru mentinerea algei Anabaenopsis sp. in colectia laboratorului.

Tabelul 1
Cresterea biomasei algei Anabaenopsis sp. in functie de pH-ul si temperatura mediului de cultura
Perioada analizata, Indicii examinati
zile temperatura mediului pH-ul mediului cresterea biomasei,
de cultura, °C de cultura g/l/zi
M:tm M:tm M:tm
1 18,00+0,11 7,167+0,018 0
3 31,30+0,32 7,39+0,052 0,071+0,003
6 32,75+0,47 7,44+0,027 0,056+0,002
9 30,70+0,30 8,04+0,01 0,040-+0,002
12 29,36+0,48 7,74+0,062 0,053+0,002
15 26,67+0,23 7,76+0,089 0

Datele prezentate in Tabelul 1 denotd ca temparatura mediului de culturd este in crestere: initial, tempe-

ratura era de 18,00+0,11°C, la a 6-a zi, de exemplu, atingea 32,75+0,47°C, iar la finele experimentelor se
situa intre 26,67+0,23°C, temperatura favorabild pentru cresterea algei Anabaenopsis sp. pH-ul mediului de
cultura creste pand la a 9-a zi (8,04+0,01), dupa care se observad o descrestere lentd. Biomasa a crescut cel
mai mult de la prima la a 3-a zi, fiind egald cu 0,071%0,003, urmata de o crestere putin mai redusa in inter-
valul 3-6 zile (0,056+0,002), iar dupa a 6-a zi se observa o descrestere, astfel cd la a 15-a zi se reduce pana
la 0 (Tab.1). Analiza raportului pH:biomasa denota ca pana la a 6-a zi odata cu cresterea biomasei se mareste
si pH-ul. La a 9-a zi pH-ul creste, insad valorile cresterii biomasei se reduc, dupa care se observa oscilari ale
pH-ului, iar indicele de crestere se reduce.
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Importantd in demararea cultivarii periodice este si determinarea fazelor de crestere, care ar indica, con-
form uneia dintre metodologii, timpul si cantitatea de biomasa obtinuta la cultivarea continud a algei (unde se
va realiza in flux continuu al fazelor liniare si de incetinire) (Fig.2).

1.2

Faza liniar3a

Faza declin

Lag faza Log faza

Lh

Fig.2. Fazele de crestere a algei Anabaenopsis sp. la cultivarea periodica pe mediul de cultura Drew.

Determinarea fazelor de crestere este destul de complicatd, uneori este necesard stabilirea cantitatii de
biomasad intr-un interval de 2-24 ore sau de 24-168 ore, in functie de faza de crestere, conditiile de
temperatura, iluminare, agitare, continutul mediului de cultura etc. La cultivarea algei Anabaenopsis sp. pe
acest mediu durata fazelor a fost: lag — 1 zi, log — 1 zi, liniara — 7 zile, stationara — 1 zi, declin — 3 zile, datele
fiind incluse in Figura 2.

Cea mai esentiald caracteristica a cresterii microalgelor este viteza de crestere, care determina procesele
de fotobiosinteza si depinde de viteza de sinteza a biomasei [10]. Viteza specificad de crestere diferd insa de la
o faza la alta, fapt remarcat si de alti cercetatori.

Tabelul 2

Caracteristica cinetica a cresterii algei Anabaenopsis sp. cultivate pe mediul de cultura Drew

Fazele de Cantitatea de Productivitatea Viteza specifica
crestere biomasa, g/l maxima, g/I" de crestere, zile™
Lag 0,38+0,01 - -

Log 0,614+0,02 - 0,479+0,015
Liniara 0,965+0,03 0,050+0,002 0,010+0,004
Incetinire 1,04+0,05 0,038+0,0016 0,018+0,00085

Stationara 1,04+0,051 0 0
Declin 0,40+0,015 -0,213+0,012 -0,318+0,001

Conform metodologiei utilizate, pentru faza lag nu se indicd modalitatea de determinare a vitezei specifice
si a productivitatii maxime; aceasta se stabileste incepand cu faza log. Valorile vitezei de crestere sunt cele
mai inalte in cazul log fazei (0,479+0,015 zile™), deoarece se determind dupa un alt mod; pentru faza liniara are
valori de 0,010+0,004 zile', care sunt relativ mici, iar pentru cea de incetinire se atesta 0,018+0,00085 zile™.
Acelasi lucru este specific si pentru productivitatea maxima. In cazul fazei stationare viteza de crestere si
productivitatea maxima este 0, iar in cazul fazei de declin cantitatea de biomasa se reduce substantial,
productivitatea maxima si viteza descresc (Tab.2). In urma rezultatelor obtinute putem constata c existi un
raport direct dependent intre viteza specifica de crestere si pH.

Concluzii
Alga Anabenopsis sp. poate fi cultivata pe mediul Drew, Insd aceasta permite obtinerea a maximum
1,04+0,05 g/l in decursul a 11-12 zile, ceea ce este putin pentru initierea cultivarii industriale, iar pentru
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mentinerea culturii in stare purd (pe mediul solid) este suficient. Timp de 15 zile alga cultivatd pe mediul
Drew parcurge toate fazele de crestere (incepand de la log si termindnd cu declin). pH-ul mediului este in
raport direct proportional cu viteza specificd de crestere si invers proportional cu cresterea biomasei. Cele
mai mari valori ale vitezei specifice a fazei liniare atingeau 0,010+0,004 zile', ceea ce indici la faptul ca
cresterea algei este redusa si, respectiv, cantitatea de biomasa este mica.
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During the 2009-2010 years in the ponds of the biological treatment station and in the Béc river within the segment
of the station, were detected 227 species. In the first year were identified 137 species and algal variations and in the next
year — 220 species. In winter intensely were developed diatom algae, spring — species from Euglenophyta phylum, in the
summer season — the green algae and the represents of Xanthophyta phylum, but in autumn — species from Cyanophyta
and Euglenophyta phyla.

Introducere

Una dintre problemele protectiei resurselor naturale este evitarea poludrii bazinelor acvatice cu ape rezi-
duale de cea mai diversa origine. Algele contribuie la utilizarea substantelor poluante din apa. Epurarea bio-
logica a apelor uzate cu ajutorul algelor este o metoda eficienta, folosita pe larg in ultimul timp [1-3]. De aceea,
algoflora apelor reziduale a devenit un obiect de studiu de o importantd deosebitd. Este cunoscut faptul ca
dezvoltarea algoflorei spontane in bazinele de epurare poate contribui la eliminarea elementelor poluante din
apa reziduala [4,5] si, in final, poate modifica compozitia chimica a acestei ape [6,7]. Scopul lucrarii noastre
este de a evidentia speciile ce vegeteaza 1n bazinele Statiei de epurare biologica din mun. Chisindu si de a
stabili unele particularitati ecologice ale speciilor dominante in scopul utilizarii lor in procesul de epurare
biologica a apelor poluate.

Material si metode

A fost studiata algoflora bazinelor Statiei de epurare a apelor reziduale din mun. Chisinau. Probele au fost
prelevate lunar in perioada anilor 2009—2010 din 7 puncte (deznisipatorul, decantorul primar, bazinul de aerare,
namolul activ utilizat in procesul de epurare, decantorul secundar si bioderma sa), precum si din sectorul
raului Bac 1n punctul de deversare a apelor reziduale deja epurate. Probele au fost prelucrate dupa metodele
utilizate 1n algologia moderna. Analiza probelor sub forma fixata si vie s-a efectuat in Laboratorul de Cercetari
Stiintifice ,,Algologia” din cadrul USM. Pentru fiecare specie in parte a fost calculat coeficientul de raspan-
dire (in %) care ne arata 1n cate probe din numarul total de colectate ea a fost intalnita.

Rezultate si discutii

In perioada investigatiilor in bazinele Statiei de epurare si in rdul Bac au fost identificate 227 specii si
variatii de alge, dintre care: Chlorophyta — 84, Cyanophyta — 57, Bacillariophyta — 53, Euglenophyta — 28
si Xanthophyta — 5. In anul 2009 au fost depistate 137 specii si variatii de alge (Chlorophyta — 31%,
Cyanophyta — 27%, Bacillariophyta — 25%, Euglenophyta — 16%, Xanthophyta — 0,8%). In anul 2010 au fost
depistate 220 specii, ceea ce se datoreaza In mare parte studierii algoflorei biodermei decantorului secundar,
care in anul precedent nu a fost cercetat. Din cele 7 puncte de prelevare cea mai bogatd din punct de vedere
taxonomic a fost algoflora din apele sectorului raului Bac — 156 specii, iar cel mai mic numar de specii
(65 specii) a fost determinat in probele de namol activ utilizat in procesul de epurare biologica din bazinele
de aerare ale Statiei. Dupa efectivul numeric, cea mai bogata a fost algoflora in bioderma decantorului secun-
dar, si anume: in luna septembrie 2010 — 45 specii si varietati de alge, iar cel mai mic numar — in probele de
namol activ din lunile februarie si decembrie 2009 — cate 3 specii corespunzator.

Pe parcursul perioadei de cercetare au avut loc schimbari esentiale In componenta algoflorei. Cea mai
inalta varietate de specii a fost in anul 2010 datorita dezvoltarii intense a clorofitelor si cianofitelor (Fig.1).

Algele cianofite s-au dovedit a fi mai variate in anul 2010, numarul speciilor ajungand la 57, deci cu
20 taxoni mai multi ca in anul 2009. Pe tot parcursul perioadei de cercetare au dominat speciile Phormidium tenue,
Synechocystis salina, Oscillatoria amphibia, Phormidum foveolarum, Mycrocystis aeruginosa, Dactylococcopsis
elenkinii al caror coeficient de raspandire a variat intre 20 si 82%. Printr-un coeficient relativ inalt de raspan-
dire (11-27%) s-au evidentiat si speciile Dactylococcopsis elenkinii, D. planctonica, Oscillatoria brevis.
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Fig.1. Numarul speciilor de alge din bazinele Statiei de epurare din mun. Chisinau
in decursul anilor 2009-2010.

In acesti doi ani de cercetare filumul Bacillariophyta a fost prezentat de 53 specii. Cele mai des intalnite
au fost speciile Navicula cryptocephala, Gomphonema parvulum, Hantzschia amphioxys, N. tryblionella,
N. sigmoidea, N. hungarica cu coeficientul de raspandire cuprins intre 21 si 54%. Mai putin intens s-au
dezvoltat Navicula vulpina, Melosira varians, Cyclotella Kuetzingiana cu coeficientul de raspandire 7-0%.

In anul 2009 in apele decantorului secundar a fost identificata o specie de xantofite — Chloridella neglecta,
iar in urmatorul an s-a constatat prezenta deja a 5 specii (Chloridella neglecta, Heterothrix debilis, Tribonema
minus, T. viride, Tribonema sp.); cel mai inalt coeficient de raspandire au avut speciile 7. viride (4,5%) si
Chloridella neglecta (3,2%).

Varietatea filumului Euglenophyta a constituit 28 specii, dintre care cele mai frecvent intalnite au fost
Phacus curvicauda, Trachelomonas volvocina, T. oblonga, T. rotunda, Euglena polymorpha, E. viridis s.a.,
iar printre eugleninele cu raspandire mai redusd mentionam: 7. volvocina var. subglobosa, Euglena texta,
E. acus, E. oxyuris, Lepocinclis acicularis si Phacus caudatus. Cea mai inalta varietate de euglenine (27 specii)
au fost observate n bioderma decantorului secundar.

Diversitatea speciilor de alge din filumul Chlorophyta a constitituit 43 specii in anul 2009 si 73 specii in
anul 2010 cu predominarea in ambele cazuri a speciilor Chlamydomonas Reinhardii, Chlorella vulgaris,
Dyctiosphaerium pulchelum, Scenedesmus obliquus, S. ellipticus, S. obtusus. cu coeficientul de raspandire
intre 35 si 77%. In anul 2010 intens s-au dezvoltat: Dictyococcus mucosus, Monoraphidium contortum,
Scenedesmus arcuatus, Ulothrix subtilissima. Dintre acestea, cel mai inalt coeficient de raspandire au avut
Dictyococcus mucosus (21,4%) si Monoraphidium contortum (12%). Unele specii de alge verzi au fost depistate
numai in anul 2009 (Pediastrum boryanum var. boryanum, Tetraedron caudatum, Monoraphidium irregulare,
Ankistrodesmus falcatus, Scenedesmus parvus si S. Wisconsiensis) cu coeficientul de raspandire cuprins intre 1- 3%.

Structura taxonomica a algoflorei din bazinele cercetate se schimba in dependentd de perioada anului. Pe
timp de iarnd 1n toate bazinele predominau algele bacilariofite, primavara — eugleninele. Vara pe parcursul
anilor de cercetare au dominat clorofitele, in temei cele din clasa clorococcoficeelor (Chlorococcophyceae),
si xantofitele, iar toamna — cianofitele si unele euglenine.

In iarna anilor 2009 si 2010 au fost depistate 79 si, respectiv, 110 specii (Fig.2), dintre care algele verzi
predomind in primul an, cianofitele si bacilarofite — in al doilea.
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Fig.2. Numarul speciilor de alge din bazinele Statiei de epurare din mun. Chisinau in anotimpul de iarna.

28



Seria “Stiinte reale si ale naturii”

Biologie ISSN 1814-3237

In iarna anului 2009 filumul Cyanophyta a fost reprezentat de 23 specii, iar in urmatorul an numarul lor a
crescut pana la 36. Cu exceptia algoflorei biodermei decantorului secundar, unde in acest anotimp s-au dezvol-
tat 29 specii si varietati de alge cianofite, in celelalte bazine de epurare au fost detectate in medie 10-12 specii
cu predominarea Phormidium tenue, Ph. fragile, Ph. frigidum, Synechococcus elongatus, Oscillatoria bornetti
var. tenuis, O. amphibia, O. rupicola, Synechocystis salina, Gloeocapsa magma, cu un coeficient de raspan-
dire destul de inalt (65-80%). Algele bacilariofite au fost detectate In numar de 36 specii §i unitati taxonomice
intraspecifice. In sezonul de iarna au dominat speciile Navicula cryptocephala, N. pupula, N. vulpina, Gomphonema
parvulum, Nitzschia hungarica, N. tryblionella, Melosira varians, Cyclotella menegheniana. In bazinele
treptei mecanice si biologice a Statiei de epurare in aceastd perioada a anului diatomeele au fost prezentate in
medie de 1-3 specii. In ultima treaptd de epurare numdrul lor creste de 5-8 ori, valoarea maximala fiind
stabilita in algoflora biodermei decantorului secundar (23 specii). Totodata, in proba de namol nu au fost
identificate specii de diatomee. Din xantofite au fost depistate filamente solitare doar ale unei singure specii —
Tribonema viride, intalnitd in iarna anului 2010 in decantorul secundar. Numarul eugleninelor in aceasta
perioadd a anului variaza de la 11 specii in anul 2009 pana la 13 1n anul 2010 cu predominarea speciilor
Euglena acus, Phacus curvicauda, P. caudatus var. tenuis, Trachelomonas hispida, T. planctonica var.
longicollis. Cea mai mare diversitate a lor a fost observatd in bazinul de aerare — 7 specii (an. 2009) si in
bioderma decantorului secundar — respectiv 8 specii (an. 2010). In celelalte bazine diversitatea lor nu a
depisit 1-4 specii. In perioada de iarna diversitatea clorofitelor se micsoreaza neinsemnat, de la 26 specii
depistate in anul 2009 pana la 24 evidentiate in anul 2010. Din randul algelor verzi mai intensiv se dezvolta
asa specii ca Chlamydomonas Reinhardii, Chlorella vulgaris, Oocystis solitaria, Dictyosphaerium pulchelum,
al caror coeficient de raspandire este destul de mic. Bazinele de cercetare din ultima treapta de epurare se
caracterizeaza printr-o diversitate de specii de 2—4 ori mai mare in comparatie cu cele anterioare.

In rezultatul investigatiilor efectuate in perioada vernala au fost identificate, in total, 73 specii in anul 2009 si,
respectiv, 120 specii in anul 2010. Majoritatea lor revine algelor verzi si celor albastre—verzi (Fig.3).
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Fig.3. Numarul speciilor de alge din bazinele Statiei de epurare din mun. Chisinau in sezonul de primavara.

Perioada de primdvara se caracterizeaza prin prezenta a 26 specii de cianofite in primul an de investigatii
si a 37 specii 1n anul 2010. Numarul lor creste practic de 1,4 ori. Si de aceastd datd cel mai mare numar de
cianofite au fost depistate in bioderma decantorului secundar (27), iar in celelalte bazine se dezvoltau doar
cate 9—15 specii. Ca si In sezonul de iarnd, au predominat aceleasi specii. Printr-un coeficient de raspandire
mai Tnalt s-au evidentiat speciile Synechocystis salina si Phormidium tenue. Diatomeele au fost identificate
in numar de 17 specii in anul 2009, iar in 2010 diversitatea lor a crescut de 1,6 ori (28 specii). In majoritatea
bazinelor Statiei de epurare in aceastd perioada a anului a fost depistat un numar mic de specii bacilariofite
cu predominarea urmatoarelor: Navicula cryptocephala, N. pupula, Pinnularia viridis, Hantzschia amphioxys,
Nitzschia tryblionella, N. hungarica, al caror coeficient de raspandire era destul de nalt si oscila in limitele
70-80%. Filumul Euglenophyta a fost prezent in anii de investigatii 2009 si 2010 cu, respectiv, 11 si 16
specii si varietati. Cu exceptia biodermei decantorului secundar, unde s-au dezvoltat 13 specii euglenine, in
toate bazinele cercetate ele s-au intdlnit sporadic. Cu un coeficient de raspandire mai nalt erau prezente
speciile Trachelomonas oblonga var. australica, T. hispida, T. planctonica var. longicollis. In anul 2010,
diversitatea algelor verzi, in comparatie cu primul an de cercetare, sporeste de 2 ori —de la 19 la 39 de specii.
Odati cu speciile care au dominat in sezonul de iarnd, primévara intens s-au dezvoltat urmatoarele: Dyctiosphaerium
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pulchelum, Ankistrodesmus arcuatus, Scenedesmus ellipticus, S. obliqguus. Un numar mai mare de clorofite
se Intalneste in decantorul secundar si in sectorul r. Bac in punctul de deversare a apelor din SEB.

In comparatie cu perioada de iarnd si primivara, vara numirul speciilor detectate creste. Respectiv, in
anul 2009 au fost detectate 92 specii si In anul 2010 — 129 specii. Acest lucru se datoreaza, in primul rand,
reprezentantilor algelor din filumurile Chlorophyta, Cyanophyta si Bacilariophyta (Fig.4).
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Fig.4. Numarul speciilor de alge din bazinele Statiei de epurare din mun. Chisindu in sezonul de vara.

In ce priveste numirul de specii de alge evidentiate in aceasta perioadd a anului, in anul 2009 cianofitelor
le revin 30 specii, iar in anul 2010 — 38 specii. In bazinele Statiei de epurare cianofitele au fost intalnite in
numar de 14-17 specii (cu exceptia biodermei decantorului secundar — 27 specii). La speciile care au dominat in
anotimpurile precedente se alaturd asa reprezentati din filumul Cyanophyta, ca: Dactylococcopsis Elenkinii, D.
planctonica, Lyngbya limnetica, L. Borodini. Numarul speciilor diatomee in vara anului 2010 a crescut cu 9, fata
de cele 20 identificate in anul 2009. in acest anotimp intens s-au dezvoltat speciile Navicula cryptocephala, N.
vulpina, Hantzschia amphioxys, Nitzschia tryblionella, Pinnularia viridis si Gomphonema parvulum.
Numarul speciilor de euglenine a fost relativ stabil: 12 in anul 2009 si 14 in anul 2010. Din randul
reprezentantilor filumului Euglenophyta intens s-au dezvoltat Trachelomonas volvocina, T. oblonga, Lepocinclis
Playfairiana si Phacus curvicauda. Diversitatea xantofitelor nu este mare. Aceasta Increngatura a fost prezen-
tatd de o specie In anul 2009 si de 5 specii in anul 2010, printre care figureaza Chloridella neglecta, Heterothrix
debilis, T. minus, T. viride, Tribonema sp.; specia Chloridella neglecta a fost intalnitd in primul an de inves-
tigatii In apele decantorului secundar. Algele verzi au foste prezente in vara anului 2009 cu 29 specii si in
aceeagi perioadad a anului 2010 diversitatea lor a crescut pana la 43 specii. Mai frecvent s-au intalnit reprezen-
tantii genurilor Scenedesmus i Monoraphidium, printre care putem nominaliza speciile Scenedesmus falcatus,
S. acutus, S. quadricauda, S. obtusus, Monoraphidium tortile, M. griffithii. Sectorul raului Bac se caracte-
rizeaza prin cel mai mare numar de specii de clorofite — 28 specii, evidentiate in anul 2010. Cea mai mica
diversitate a speciilor din acest filum (5 specii) a fost stabilitd In probele de namol activ colectate in anul 2009.

Din cele expuse reiese ca vara numarul total de specii creste in toate bazinele cercetate — legitate comuna,
cu mici exceptii, pentru toate celelalte filumuri.

In rezultatul cercetirilor efectuate s-a stabilit cd cea mai bogati algoflora este caracteristica perioadei de
toamna (Fig.5). Analiza probelor colectate ne-a permis sd evidentiem 107 specii in anul 2009 si 132 specii
in anul 2010.
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Fig.5. Numarul speciilor de alge in bazinele Statiei de epurare din mun. Chiginau in sezonul de toamna.

30



Seria “Stiinte reale si ale naturii”

Biologie ISSN 1814-3237

In acest anotimp a fost stabilita valoarea maximala a diversitatii algelor cianofite. Din acest filum in anul
2009 au fost identificate 32 specii §i variatii, iar in 2010 — 41 specii. Abundent s—au dezvoltat reprezentantii
genurilor Oscillatoria si Phormidium (Oscillatoria rupicola, O. willei, O. amphibia, O. brevis, Phormidium
tenue, Ph. fragile), precum si Mycrocystis aeruginosa, Synechocystis salina s.a. Din cadrul filumului Bacillariophyta
a fost stabila prezenta a 29 si 31 specii, respectiv, in anii 2009 si 2010. Cu un coeficient Tnalt de raspandire in
acest anotimp al anului se caracterizeaza speciile Navicula cryptocephala, N. vulpina, Hantzschia amphioxys,
Nitzschia tryblionella s.a. Datoritd cresterii cantitatii de substante organice aduse cu apele pluviale de pe
terenurile adiacente, creste numarul speciilor euglenine, mai ales in toamna anului 2009, cand a fost depistata
prezenta a 18 specii de alge. Numarul maximal de euglenine a fost observat in decantorul secundar — 7 specii
si varietati de alge. Predominau speciile Trachelomonas oblonga var. australica, T. hispida, T. planctonica
var. longicollis, Phacus arnoldii var. ovatus, Euglena polymorpha. Toamna anului 2010 se caracterizeaza
prin cea mai mare diversitate de clorofite (46 specii) in comparatie cu perioadele de iarnd, primavara si vara
evidentiate pe parcursul celor doi ani de investigatii. Totodata, se poate spune cd, In comparatie cu toamna
anului 2009, in anul 2010 numarul algelor verzi practic se dubleaza. Predomina speciile comune sezoanelor
anterior analizate.

In rezultatul cercetarilor efectuate in general s-a observat ca unele specii se dezvoltau in masura egala pe
parcursul intregii perioade de investigatii (Synechocystis salina, Phormidium tenue, Navicula cryptocephala,
Hantzschia amphioxys, Nitzschia tryblionella, Chlamydomonas reinhardii, Chlorella vulgaris, Oocystis
solitaria, Dictyosphaerium pulchelum).

In acelasi timp, am stabilit ca unele specii de alge prefera o anumita perioada a anului. De exemplu, numai
iarna au vegetat activ speciile Synechocystis minima, Gloeocapsa turgida v. quaternaria, Nostoc linkia,
Gomphonema angustatum v. productum, Fragilaria brevistriata, Euglena oxyuris, Scenedesmus wisconsiensis.
Doar in timpul primaverii au fost detectate speciile Spirulina platensis, Lyngbya stagnina, Pinnularia viridis
var. clevei, Fragilaria capucina v. lanceolata, F. intermedia, Surirella linearis v. constricta, Lepocinclis
acicularis, Treubaria crassispina, Coenonochloris ovalis, Tetraedron triangulare, Closteriopsis acicularis,
Ankistrodesmus  fussiformis, Crucigenia tetrapedia, Scenedesmus incrassatulus, S. magnus v. magnus. Exclusiv
in sezonul de vard au fost prezente speciile Gloeocapsa minor, Anabaenopsis Elenkinii, Oscillatoria lacustris,
Cocconeis pediculus, Cymbella ventricosa, Chloridella neglecta, Heterothrix debilis, Tribonema minus,
Tetraedron caudatum, Monoraphidium irregulare, Chlorococcum infusionum, Characium ornithocephalum v.
pringsheimii, Pediastrum simplex, Coenocystis subcilindrica, Siderocystopsis fusca, Tetrastrum staurogeniaforme,
Scenedesmus acutiformis v. acutiformis, Ulothrix subtilissima. Specifice pentru toamna au fost speciile
Mycrocystis pulverea, Merismopedia major, Oscillatoria Kisselevii, Cymbella prostrata, Nitzschia linearis,
N. Kuetzingiana, Heleochloris pallida, Schroederia robusta, Pediastrum boryanum, Tetraedron minimum, T.
incus, Lagerheimia marsonii, Coelastrum pseudomicroporum, Scenedesmus apiculatus v. apiculatus, S. insignis,
S. subspicatus.

Concluzii

In anul 2009 in bazinele Statiei de epurare si in sectorul raului Bac in total au fost detectate 137 specii, iar
in anul 2010 algoflora s-a dovedit a fi mai bogata cu 83 specii (220).

Cea mai bogata algoflora din punct de vedere taxonomic a fost cea din apele sectorului raului Bac —
156 specii, iar cel mai mic numar de specii (65 specii) a fost determinat in probele de ndmol activ utilizat in
procesul de epurare biologica din bazinele de aerare ale Statiei.

Pe timp de iarnd in toate bazinele analizate predomina algele bacilariofite, primavara — eugleninele. Vara
pe parcursul anilor de cercetare au dominat clorofitele, in temei cele din clasa clorococcoficeelor
(Chlorococcophyceae), si xantofitele, iar toamna — cianofitele si unele specii de euglenine.

Lista speciilor detectate in bazinele Statiei de epurare: Synechocystis parvula Perf., S. salina Wisl., S.
minima Woronich., Synechococcus elongatus Nag., Dactylococcopsis elenkinii Roll., D. planctonica Teiling,
Merismopedia glauca (Echr.) Nig., M. major (Smith.) Geitl., Mycrocystis aeruginosa Kiitz. emend Elenk.,
M. pulverea (Wood). Forti emend Elenk., Gloeocapsa magma (Bréb) Kiitz emend Hollerb., G. turgida
(Kiitz.) Hollerb. emend v. quaternaria (Zalesky) Hollerb., G. minor (Kiitz.) Hollerb. ampl., Nostoc linkia
(Roth.) Born. Et Flag., Nostoc sp., Anabaenopsis Elenkinii V. Miller, Anabaenopsis sp., Oscillatoria bornetti
(Zukal) Forti var. tenuis Skuja., O. substilissima Kiitz., O. Kisselevii Anissim., O. Willei Gardn., O. putrida
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Schmidle, O. lacustris (Kleb.) Geitl., O. planctonica Wolosz., O. jasorvensis Vouk., O. irrigua (Kiitz.) Gom.,
O. rupicola Hansg., O. simplicissima Gom., O. chalybea (Mert.) Gom., O. amphibia Ag., O. amphibia Ag.
f. tenuis (Anissim.) Elenk., O. geminata (Menegh.) Gom., O. limnetica Lemm., O. granulata Gardner., O.
brevis (Kiitz.) Gom., Spirulina platensis (Nordst.) Geitl., S. laxissima G.S. West., S. major Kiitz., Phormidium
angustissimum W. et G. S. West., Ph. frigidum F.E. Fritsch., Ph. foveolarum (Mont.) Gom., Ph. mucicola
Hub. Pestalozzi et Naum., Ph. fragile (Menegh.) Gom., Ph. molle (Kiitz.) Gom., Ph. tenue (Menegh.) Gom.,
Ph. Bohneri Schmidle., Ph. orientale G. S. West., Lyngbya epiphytica Hieron., L. Lagerheimii (Mdb.) Gom.,
L. Borodini Kongiss., L. limnetica Lemm., L. cryptovaginata Schkorb., L. Kossinkajae Elenk., L. Diguetii
Gom., L. stagnina Kiitz., L. lutea Ag. (Gom.), Lyngbya sp., Melosira varians Ag., M. distans (Ehr.) Kiitz. v.
lirata (Ehr.) Bethge, Cyclotella Kuetzingiana Thw., C. Meneghiniana Kiitz., C. stelligera Cl. et Grun., Fragilaria
capucina Desm. v. lanceolata Grun., F. intermedia Grun., F. virescens Ralfs., F. pinnata Ehr., F. brevistriata
Grun., Synedra ulna (Nitzsch.) Ehr., S. acus Kiitz., S. rumpens Kiitz., Cocconeis pediculus Ehr., Achnanthes
conspicua A. Mayer., Rhoicosphenia curvata (Kiitz.) Grun., Navicula pupula Kiitz., N. cryptocephala Kiitz.,
N. cryptocephala Kiitz. var. intermedia Grun., N. cryptocephala Kiitz. var. veneta (Kiitz) Grun., N. cryptocephala
Kiitz. var. hankensis Skv., N. cryptocephala Kiitz. var. angusta Boye P., N. rynchocephala XKiitz., N.
rynchocephala Kiitz. var. hankensis Skv., N. vulpina Kiitz., N. hungarica Grun. var. lueneburgensis Grun.,
Navicula sp., Pinnularia appendiculata (Ag.) Cl., P. interrupta W. Sm., P. viridis (Nitzsch.) Ehr., P. viridis
(Nitzsch.) Ehr. var. Clevei Meist., Cymbella prostrata (Berk.) Cl., C. ventricosa Kiitz., C. lanceolata (Ehr.)
V.H., Cymbella sp., Gomphonema parvulum (Kiitz.) Grun., G. parvulum (Kiitz.) Grun. var. lagenulum (Kiitz.
Grun.) Hust., G. angustatum (Kiitz.) Rabenh., G. angustatum (Kiitz.) Rabenh. var. /iniare Hust., G. angustatum
(Kiitz.) Rabenh. v. productum Grun., Hantzschia amphioxys (Ehr.) Grun., Nitschzia tryblionella Hantzsch.,
N. tryblionella Hantzsch. v. levidensis (W. Sm.) Grun., N. hungarica Grun., N. angustata (W. Sm.) Grun.,
N. linearis W. Sm., N. palea (Kiitz.) W. Sm., N. Kuetzingiana Hilse, N. sigmoidea (Ehr.) W. Sm., Nitschzia
sp., Surirella biseriata Bréb., S. linearis W. Sm., S. linearis W. Sm. v. constricta (Ehr.) Grun., Chloridella
neglecta (Pasch. et Geitl.), Heterothrix debilis Visch., Tribonema minus Hazen., T. viride Pasch., Tribonema
sp., Trachelomonas volvocina Ehr., T. volvocina Ehr. var. subglobosa Lemm sens Swir., T. Arnoldii Roll.,
T. verrucosa Stokes., T. oblonga Lemm., T. oblonga Lemm var. australica Playf., T. rotunda Swir., T. hispida
(Perty) Stein emend Defl., T. teres Mask, T. planctonica Swir. var. longicollis Skv., Euglena viridis Ehr., E.
polymorpha Dang., E. texta (Duj) Hubner, E. acus Ehr., E. oxyuris Schmarda, Euglena sp., Lepocinclis Playfairiana
Defl., L. acicularis France, Lepocinclis sp., Phacus agilis Skuja., P. curvicauda Swir., P. Arnoldii Swir. var.
ovatus Popova, P. Stokesii Lemm., P. caudatus Hiibner, P. caudatus Hiibner var. tenuis Swir., P. caudatus
Hiibner var. volicensis Drez., P. lismorensis Playf., Astasia sagittifera Skuja., Chlamydomonas globosa Snow., C.
Reinhardii Dang., C. Westiana Pasch., Chlorococcum infusionum (Schrank) Menegh., Dictyococcus mucosus
Korschik., Heleochloris pallida Korsch., H. conica Korsch., Characium ornithocephalum A. Brown v. pringsheimii
(A.Br.) Komarek, Schroederia robusta Korsch., Treubaria crassispina G.M. Smith., Pediastrum simplex Meyen.,
P. boryanum (Turp.) Menegh. var. boryanum, P. tetras (Ehrenb.) Ralfs., Pediastrum sp., Golenkinia radiata
Chodat., Golenkiniopsis longispina (Korschik.) Korschik., Dictyosphaerium pulchelum Wood., Coenococcus
planctonicus Korschikoff, Coenocystis subcilindrica Korsch., Coenonochloris fottii (Hind.) Tzar., C. ovalis
Korsch., Chlorella vulgaris Beijer., Tetraedron triangulare Korschikoff, T. minimum (A.Br.) Hansgirg., T.
incus (Teiling) G.M. Smith, T. caudatum (Corda.) Hansgirg., Tetraedron sp., Siderocystopsis fusca (Korsch.)
Swale, Lagerheimia marssonii Lemm., Qocystis solitaria Wittrack., Closteriopsis acicularis (G.M. Smith)
Belcher et Swale, Monoraphidium komarkovae Nygaard., M. tortile (W. et G. S. West.) Komarkova — Legnerova,
M. griffithii (Berk.) Komarkova — Legnerova, M. arcuatum (Korsch.) Hindak., M. minutum (Nag.) Komarkova —
Legnerova, M. contortum (Thur.) Komarkova — Legnerova, M. irregulare (G. M. Smith) Komarkova — Legnerova,
Kirchneriella obesa (W. West.) Scmidle, K. lunaris (Kirchn.) Mobius, Ankistrodesmus fussiformis Corda ex
Korscikoff, 4. falcatus (Corda.) Ralfs., A. spiralis (Turn.) Lemm., A. gracilis (Reinsch.) Korsch., Hyaloraphidium
contortum Pascher et Korscik. var. tenuissimum Korschik., Coelastrum microporum Nageli., C. pseudomicroporum
Korschik., C. spaericum Nageli, C. indicum Turner, Crucigenia tetrapedia (Kirchn.) W. et. G.S. West, C.
rectangularis (Nag.) Gay., Tetrastrum triangulare (Chod.) Komarek, T. triacanthum Korschik., T. staurogeniaforme
(Schrod.) Lemm., Scenedesmus obliquus (Turp.) Kiitz., S. acutus Meyen., S. acuminatus (Lagerh.) Chodat.,
S. acuminatus (Lagerh.) Chodat. v. acuminatus, S. falcatus Chodat., S. incrassatulus Bohlin, S. acutiformis
Schroder. v. acutiformis, S. ellipticus Corda., S. parvus (G. M. Smith.) Bourrelly et Manguin., S. obtusus
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Meyen., S. arcuatus (Lemm.) Lemm., S. apiculatus (W et G.S. West) Chodat v. apiculatus, S. apiculatus
(W. et G.S. West.) Chodat. var. indigus (Hortob.) Hortob., S. denticulatus Lagerh. var. linearis Hansg., S.
spicatus W. et G. S. West., S. subspicatus Chod., S. bicaudatus Dedussenko, S. caudato — aculeolatus Chod.
v. caudato — aculeolatus, S. insignis (W. et G.S. West.) Chod., S. spinosum Chod., S. gutwinskii Chod., S.
quadricauda (Turp.) Breébisson., S. magnus Meyen v. magnus, S. wisconsiensis (G. M. Smith.) Chodat.,
Scenedesmus sp., Ulothrix subtilissima Kabenh., Ulothrix sp., Oedogonium sp., Chaetomorpha sp., Cosmarium sp.
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KAIITAHOBAS MOJIb Cameraria ohridella Desch.and Dim. (Lepidoptera:
Gracillariidae) — OIIACHBIN BPEJIUTEJIb KAIITAHA OBBIKHOBEHHOI'O
Aesculus hippocastanum L. (Hippocastanaceae)

Aidaross NASSER NASR NAJI
University of Aden Yemen

Feromonul moliei castanului Cameraria ohridella — trimethyl [(1E,8E,10Z)-tetradeca-1,8,10-trienyloxy] silane este
cel mai atractiv in doza de 3mg pe parcursul a 30 de zile. Tratamentul dublu al pomilor de castan cu preparatul Lufox
105 EC, in doza de 1L/ha, reduce cu 86,7% populatia moliei castanului Cameraria ohridella.

Pheromone chestnut moth Cameraria ohridella chestnuts — trimethyl [(1E, 8E, 10Z)-tetradeca-1,8,10-trienyloxy]
silane is the most attractive dose of 3 mg over 30 days. Double treatment of chestnut trees with the preparation Lufox
105 EC. in the dose 1L/ha against chestnut moth Cameraria ohridella reduced population by 86.7%.

Brenenne

Kamran xoHCckuid (0OBIKHOBEHHBIH) Aesculus hippocastanum, COXpaHSIONIMHA CBOIO JEKOPAaTHBHOCTH B
TEYEHHE BCETO BETETAIlMOHHOTO MEepHo/a, — MPEBOCXOJHOE NIEPEBO IS MOCAJKH Ha yIuIax, OyibBapax,
ayesx cajgoB W MapKOB. B 3THX HesIX ero KyJIbTHBHPYIOT B 30HE YMEPEHHOTO KJIMMAaTra MPaKTHYECKH BO
BCEX €BpPOINeCKUX cTpaHax. B mpuposae xamraH oObIKHOBEHHBIM IPOU3pacTaeT Ha HEOONBIIONW TEPPUTOPUHI
B ropax Ha bankanax (Ha ceepe ['pernun, Anbanun, Pecrybnuku Makenonun, CepOun u bonrapun) B nuct-
BEHHBIX JIecaX HapsAy C OJbXOil, siceHeM, KIEHOM, TpadoM, JHIOH, OyKOM M JPYyTHMH APEBECHBIMH HOPO-
Jamu, ogHUMasich B ropsl A0 BeIcOTHI 1 000-1 200 M Hag ypoBHEM Mops. BeTpewaercss B rOpHBIX paiioHax
Upana u B npenropbsx ['mmanaes. JlonroseueH (mpu OJaronpHUsTHBIX YCIOBHIX AocTuraeT Bospacta 200-
300 ner). [lourn He moBpexmaercs HacekoMbiMu [1,2,3,9]. OmgHako 3a MOCIEIHHWE AECATH JIET KalllTaH
TTIOBCEMECTHO CTaJl CHIIBHO MOBPEKIATHCS MOJIbI0 MUHEPOM Cameraria ohridella, koTopas MOXET BBI3BATh
NOJIHYI0 Je(hoJIHAIMI0 ACPEBhER, TOBTOPHOE MX OTpacTaHWE U Jaxke oceHHee IBeTeHue (¢oto 6). [TomHas
nedonuanys JepeBbeB KallTaHa B TeueHHe 4-5 JeT moApsy, ocliokHeHHas OonesHsmu (rpub Guignardia
aesculi), MOKET BBI3BaTh WX ToiHOE ycbixanue [11,12,14]. DTo HacekomMoe TPOGUIECKU CBSI3aHO C PSIIOM
IIMPOKOJIMCTBEHHBIX JEPEBbEB — HEKOTOPHIMU BHJAMU KOHCKOTO KalllTaHa M KJIE€HA, a TaKKe C JEBUYBUM
BUHOTPAIOM TATHIMCTOYKOBBIM. MOJIb BCTpeUaeTcsi BCIOAY, TAE MPOU3PACTalOT €€ KOPMOBBIE PACTEHUS,
HampuMep, B apKax, Ha 000YMHAX JOPOT U B TOPOICKUX 3eIEHBIX HacaxaeHmsx [1,3].

WNmaro munépa Cameraria ohridella (poto 1) Obutn oTMeueHbl B Hadasie 80-X TOJOB B OKPECTHOCTSIX
Oxpuackoro o3epa B Makenonun. Bnepsoie Deschka n N. Dimic xax HOBBIH BHJ ObLTH omUCaHBl B 1986
roxy. B 1996 ronxy Skuhravy [1,3] BnepBbie OTMETHII BpEAOHOCHOCTH BHJA, OTKCAB IOJHYIO Ie(hOIHaIIio
KaIlITAaHOBBIX TIO0CamoK B paiione moHacTeips [Inmron (Llentpanbnas I'perus). IIposenennoe B 2001-2003
rojgax kaptupoanue B pamkax npoekta CONTROCAM mnokasano ObIcTpOe pacpoCTpaHSHUE BPEAUTENS Ha
eBporetickoMm koHTrHeHTe: 1993 — Cepbust, 1994 — Benrpus u ['epmanus, 1996 — Asctpus, 1997 — Cnosenus,
CrnoBakwst, 1998 — Utamms, Yexus, [Berus, [Tonpma, [Nommarmus, 2000 — bensrus, bonrapus, 2002 — @panrus,
2003 — Vkpawnna [8]. U yxe k 2009 romgy BpeauTeNb MPaKTHYESCKH 3aCEII BCE TTOCAIKH KallTaHa Ha TEPPHU-
TOpHH BcexX eBpomneickux crpal. (Cameraria ohridella. Distribution map. Caiit cabi.org: Distribution Maps
of Plant Pests, 17 centsi6ps 2011).

B Momnnose, rae Mpl TPOBOAWIIN CBOW HCCIIENOBAHUS COBMECTHO C COTPYIHHKamMH MHCTHTyTa 3amuTsl
pacrennii AH MonaoBel, Kamran KOHCKUI (0OBIKHOBEHHBIN) Aesculus hippocastanum BeIpalIMBaeTCsl Kak
JEKOpaTHBHOE pacTeHHE B MapKax, BAOIb YIHUI] TOPOAOB u aBTojopor. Haunnas ¢ 2004 roma mocamku Kari-
TaHa B T. Kummaese moasepraroTcs HamaaeHuto Moiau MmuHeépa Cameraria ohridella Desch. and Dim. Bpenu-
Teh OBICTPO pacupocTpaHuics Mo pecmybnuke, u k 2006 Toay MpakTUYECKH BCE HACAKICHHUS KallTaHa
OOBIKHOBEHHOTO BO BceX paioHax O uM 3acenens! [10,11,13]. Beictpomy pacmpocTpaHeHHIO BpeaUTENs
CHOCOOCTBYIOT OJaronpusATHBIE KITMMATHYECKHE YCIOBHASA U OTCYTCTBHE SHTOMO(AroB U XUIIHUKOB B HOBBIX
peruoHax ero MpOHWKHOBEHUSI.
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@010 1 — MMaro KaMTAHOBOI M0JIM; (poTO 2 — MUK pa3BUTHA MUHEpa; (oTo 3,4,5,6 — pasauyHast cTeneHb
NOBPEKIeHHUsI TUCThEB KalITaHAa MUHEPOM; doTo 7,8 — hepoMOHHBIE TOBYIIKH;
(}oT10 9 — MHBEKIMA HHCEKTUIMIA B CTBOJI KAIITAHA

B 3aBHcHMOCTH OT 30HBI JIOKQJIM3ALMU U TEMIIEPATYPHBIX JaHHBIX, MUHEP MOKET pa3BUBAThCs B 3-5 Ha-
CJIaWBAIOLINXCS OJHA Ha JPYTyio reHepanusx. CTporo orpaHUYEHHOH SIBJISIETCS TOJBKO TepBas (epe3suMo-
BaBlIasi) reHepanus. Ilocne nepBoil nekaabl MIOHS MOCIENYIONIME TeHepallii HaclauBatoTCsA U IapauleIbHO

35



STUDIA UNIVERSITATIS

Revista stiintifica a Universildlii de Stat din Moldova, 2012, nr.1(51)

MOKHO OOHApy)XWTh siflla, TyCEeHHI], KyKOJIOK U uMaro [6,7,8,9]. babouka MuHEpa HEOONBIINX pa3MEpOB,
6-7 MM B pa3Maxe KpbUIbEB, MEPEIHUE KPBUTbSI KPACHO-OPAaH)KEBbIE C METAJUIMYECKUM OTIUBOM, C OCIBIMU
MIOTIEPEYHBIMHU TTOJIOCKaMH. 3aHUE KPBUIbs MENENbHOTO IBET, 0OpaMiIE€HHbIe. Siila OTKIIaabIBAET C BHYTPEH-
HEH CTOPOHBI JIMCTA, MEXIY XHUJIKaMH, MeJKue. ['yceHuna 6e3 KOHeUHOCTEH, 10P30-BEHTPAIBHO CKaTas, C
KOPUYHEBATON rojioBOM W OJenHO-3esEHBIM KoprycoM. [IuTarorcst ryceHHubl Me30(uiIoM, coxpanss oba
AMHUACPMATBHBIX CJI0S JIHCTa, 00pa3ysi MHHY, KOTOpas C POCTOM TYCEHHIBl YBEIWYHMBaeTCs, mpuobperas
OBaJIbHO-yAIMHEHHYIO (popMmy. [Ipu OONBIIOH YHCIEHHOCTH MUHBI COSAMHSIIOTCS M MOYTH MOKPHIBAIOT BECH
quct (doro 3,4). Jluctes mpu 3TOM OyperoT, yChixaloT U onagaroT. OKyKIMBaHHE MPOUCXOAUT B MHHAX,
KYKOJIIKa pbhKeBaTo-KopuuHeBas (poto 2). Bo BTopoii monoBrHE JieTa KpOHA JIepeBa MOXKET BBITIACTH KaKk
TTO3THEH OCEHBI0 BBHIY MOPAKECHUS JIUCTheB MUHaAMHU ((poTo-4,5,6). [locnencTsus pedoiuauu mpruBOIST
K CHHKEHHUIO (DOTOCHHTE3a, YTO MPEIMATCTBYET BBI3PEBAHHIO MOJIOABIX MOOETOB M BETBEH, KOTOPHIE JIETKO
BBIMEP3AI0T MIPU XOJIOZE M YCBIXAIOT IPH 3acyXe, 3aTeM OTMHPAIOT 00jiee KPYIHbIC BETBHU, a IOTOM U AEPEBO
B 1enoM [6,8,9,11]. OcHOBHBIE Mepbl OOPHOBI CBOASATCS K CBOCBPEMEHHOH YOOpKE M YHHUTOXKEHHIO OMAaBLIMX
JMCTHEB, B KOTOPBIX COXPaHSETCsS OCHOBHAs Macca KyKOJIOK, a MHOTAAa M HEOKYKIUBIIUXCS TYCEHHML, U K
00paboTKe AepeBbEB XUMUUYCCKUMU TpenapaTaMu, pa3peméHHbIMU K IPUMEHEHHIO B HACEICHHBIX ITYHKTAaX.
C 2002 ropa, B cBsi3u ¢ cuHTe30M TostoBoro ¢pepomona (8E,10Z)-8,10-tetradecadienal; trimethyl [(1E,8E,10Z)-
tetradeca-1,8,10-trienyloxy] silane, mosBHUIaCh BO3MOXXHOCTH CJICIUTH 32 Pa3BUTHUEM BPEIUTEISI U BECTH He-
MTOCPEACTBEHHYO PETYIIINIO €T0 YHCISHHOCTH U ITyTEM MacCOBOTO OTJIOBa caMIoB [5,6,7,9,12,14] dhepomoH-
HbIMH JoByIIKamu (hoto 7,8). M.M. badunopuu [13] otMedaer, 4To MOJIBCKUE HCCIENOBATENN pa3padboTain
METOA MHBECKIIMKM XMMHUYECKHX IpernapaTtoB B CTBON AepeBa ((hoTto 9), ogHAKO AaHHBI METOX OKa3alcs
CJIO’KHBIM B IIPUMEHEHHUH U JOPOTOCTOALINM. Y KpauHCKHe uccienonarenu [14] npeaioxuiay npoBoauTs 1-2
npodunakTrudeckux odpaborku aepesbeB npenapatom Jlodoke 105 EC (75r/n1 roBenoua-dpenokcrukapba u
25 r/n uarHOuTOpa cMHTE3a XuTHHA — ModenypoHna). B ycnoBusx I[Ipunaectpoest O.B. AnTroxoBa [12] uc-
TT0JTh30BaIa TTPOTHB KAIITAHOBOW MHHHPYIOIICH MOIM MHrHOWTOp cuHTe3a xuTuHa — Homont KC (150 1/m)
pu HopMme pacxoxa 0,2 m/ra, unn HeonukoTrHOMA Mmumop BPK (200 r/m) mpu HOpMme pacxoma 0,3 n/ra.
[lepByto 00paboTKy MyTeM ONPHICKMBAHUS CTBOJIOB M JIMCTHEB KOHCKOTO KallITaHA OHA MPOBOAMIIA B MIEPBOM
JeKaze Mas, B IepUo]] MaccoBOro JIETa 6aboueK M MHTEHCUBHOM KIJIJIKU SIUL BpeAUTENIeM NIEpBOi reHepanuu.
VY ianeHnue MUCTBBI M MIEPEKaNbIBAHUE MPUCTBOIBHBIX KPYTOB JIEKOPATHBHBIX MOPOJ, KaK MPHEeMbl OOPHObI €
MUHHPYIOLIMMH MOJISIMU, HEOOXOJMMO MPOBOJIUTH B TEUSHHE BCETO TO/IA.

[epen Hamu cTosiya 3aga4a YTOYHUTH ONTHUMAIBHBIC JJO3bI CHHTETUYECKOTO MOJIOBOTO (hepOMOHA KallTa-
HoBol Momu Cameraria ohridella — trimethyl [(1E,8E,10Z)-tetradeca-1,8,10-trienyloxy] silane, yrounuts
cpokH néta 0abouek KamTaHoBOW Moiu B LleHTpanbHO# 30He MoanoBBI U U3y4uTh 3PPEKTHUBHOCTL 00pa-
00TKM JiepeBbeB KammTaHa mpenaparoM Jirodoke 105 EC B 6oprbe ¢ KamTaHOBOM MOJBIO.

MartepuaJjibl M METOABI

OO0BeKTOM HccieIoBaHus ObLTH MOJIOBOM (hepoMoH kamtaHoBOM monu Cameraria ohridella — trimethyl
[(1E,8E,10Z)-tetradeca-1,8,10-trienyloxy] silane, cuaTe3upoBanHbld B IHCTUTYTE 3aIIUTHI PACTCHUH U KO-
norudeckoro 3emienenus AH Mominossl, B o3e 1 Mr u 3 Mr Ha aucnieHcep (KaydyKoBble IPOOKH) U IpenapaT
JIrodoke. TectupoBanue GpepoMoHa MPOBOAMIM Ha KallTaHaX, BRICA)KEHHBIX B MapKoBoil 3oHe MHcTUTyTa
reHeTkd AH MonnoBsl. B ombITax MCIIONB30BaN JIOBYIIKH OTKPBITOTO THITa (JIUCT TeTpamnaka 21 x 36 cM,
CMa3aHHBIN HE3aCHIXAIOUINM KJIeeM), KOTOPhIe BBIBEIIMBAJIM HA CTBOJIAX WJIM BETBAX KaIlITaHa Ha BHICOTE
2,5 M OT mouBbl, Ha paccrosHuu 20-30 M Mexay HuMU. [ KaXI0l A03bl UCMOJIB30BAIH MO 3 JOBYIIKU.
VY4eTsl OTIOBIEHHBIX 0a00YeK MPOBOIWIM OJHMH Pa3 B 5 IHEH 10 mpekpauieHus oTioBa. @epoMOHHBIE UCTIa-
putenu 3amensu yepe3 30 qHEH, a KJIeeBYIO MOBEPXHOCTH JIOBYIIKHA — MO Mepe 3arpsa3HeHUs, HO HE pexe
yeM onuH pa3 B 10 gueii. [Ipenat Jlrodokc B mo3e 1y1/ra HAHOCHIM C TMOMOIIBIO PYYHOTO OTNPBICKUBATEIS
«Pocunkay. Hopma pacxos pabodero pacTBopa cocTaBisiia 2-3 J1 Ha JepeBo.

Pe3yabTaTthl ncciaenoBanui

B namwmx uccinenoBanusix (epoMoHHbIe JIOBYImIKA ObutM BhbiBemeHbl 03.05.2010, mo Havana mBETEHUS
KamrTaHoB. Pe3ynbraTe! oT0Ba 6ab0o4uek (hepOMOHHBIMHE JIOBYIIIKAMH, B MIEpecUETe Ha OJHY JIOBYIIKY, OTOOpa-
»keHbl Ha puc.]l. OTioB nepBbIx 0abouek pepomornpMU JToByIIKaMu otMmedeH 09.05.2010, a k 10.05.2010,
K Hayaly y4eToB, OH yxke coctaBui 11 ocobeii st oByiiek ¢ 1 Mr pepoMona u 24 ocoOu Jyist JTOBYIIIEK C
3 mr. Ha noBymikax ¢ mo3oi epoMoHa B 1 Mr 3a BeCh IIEpHO]T BETeTAIlUU KallITaHA OTJIOB BapbupoBai oT 11
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1o 258 ocobelt u UIMIICS HENMPEPBIBHO, CO CNaJaMU U MOIbEMaMU, J0 KOoHIa ceHTs0ps. Ha moBymkax c
JI030M B 3 MI' YMCJIO OTJIOBJICHHBIX 0abouek kosebanock ot 12 mo 1167 ocobeli, u oTioB 3aBepiwics k 10
OKTSIOpsi. AHAJIN3 KPUBBIX JHHAMHKHU OTJIOBA O0abodek moka3ai, uto B LleHTpansHOM 30He MOJIIOBEI B yCIIO-
Busx 2010 roga nér 6abouek MPOMCXOIUIT HEMPEPHIBHO C MEPBOM JEKaIbl Mas 1O BTOPYIO JCKaIy OKTAOps
(oxomo 150 auett) ¢ 4-ms BeipakeHHbIME Tiikamu: 20-30.05.2010 —240-325 cammos/noBymiky; 15-25.06.2010 —
493-735 cammos/nmoBymiky; 15-25.07.2010 — 798-872 camna/noBymiky; 15-25.08.2010 — 913-1161camer/
JIOBYIIKY. DTO, TIO-BUANMOMY, CBHUIETENLCTBYET O Pa3BUTHH 4-X TeHEpallnil BPEIUTENS U IOBOJIBHO BBICOKOH
€ro YMCIICHHOCTHU. {7151 OKOHYATEIBHOTO pelleHHs JAaHHOTO BOMpPOca HEOOXOMUMO B OYIyIIMX HCCIEAO0Ba-
HUSAX TIPOBOJIUTH aHAIIN3 MPOIOIDKUTEIFHOCTH Pa3BUTHS BPEIUTENS Ha CTaIUsIX SHII0-TYyCEHUIAa — KYKOJIKA.
Crnemyer OTMETUTH, YTO (PePOMOHHBIC JIOBYIIKH SBISIOTCS JOBOJIBHO YJOOHBIM MHCTPYMEHTOM IS CIIEXKe-
HUS 3a pa3BUTHEM JAaHHOTO BpeauTens. Bo3amMoxHO, ux menecoodpa3Ho OyAeT NCIOIb30BaTh A MACCOBOTO
OTJIOBA CaMI[OB.
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Puc.1. Tunamuka otioBa 6abouek kamranoBoi monu Cameraria ohridella
Ha JIOBYIIIKH C pa3HO# 0301 pepoMoHa

BuzyanpapIMH HAOMIOMEHUAMA OBUIO OTMEYECHO, 9TO B OE3BETPEHHYIO TOTroay 0a0OYKHM aKTHBHO Iiepe-
MemaTes ¢ 7 4 yrpa u 10 19 4, ¢ mukoMm mMexay 9-10 u 14-10 yacamu. BecHol U B IpoXiagHyI0 MOTOIY
0a00YKM KOHLEHTPUPYIOTCS Ha OCBEILEHHOH CTOPOHE CTBOJIOB M KPYNHBIX BeTBeil. B xonme nHabmromeHmit
OBUIO OTMEUYEHO, YTO YK€ K KOHILy MIOHA JIUCThSl C MUHAMU OBUIM PACIIONOXKEHbI IIOYTH IO BCEM fApycaMm
JIEPEBBEB, @ B HYKHEM OOMIIBHO 3aceIEHHbBIC JINCThsl HAYMHAIN yChixaTh. K KOHITY UIOJISI BCE JIMCThS, HA BCEX
spycax IepeBbeB, BIUIOTH 10 BEPUIMHBI, ObUTH OOMJIBHO 3aceleHbl MUHAMH, a K CEpPEeHHE CEHTSOps cyxue
JIMCTBS YK€ Hayalld Onajaarhb.

Crnenys ykazanusim O.B. AntroxoBoit (2008), mepByro 00pabOTKy MPOTHB KAaIITAHOBOW MHHUPYFOIIEH
MOJIM Ha KallTaHaX HeoOXOIUMO MPOBOJUT B MEPBOH AeKaje Mas, B IEPUOJ MaccoBOro jiéta 6abovek u uH-
TEHCUBHOU Knaaku sul. [loporom BperoHOCHOCTH KAaIITaHOBOH MUHHPYIOLIEH MOJIM Ha KOHCKOM KallTaHe
P Pa3BUTHH TYCEHHMII IIEPBON TeHEpaIHy ABJsieTcs gocTmwkeHne 20% MOBpEeXISHHOHN TUIOMAIH JTUCTA, YTO
cootBercTByeT 15-30 MuHaMm Ha yuct y 10% auctheB KpoHBI. MBI ITpoBenu 00padOTKy KalllTaHOB Mpenapa-
tom Jltookc 105 EC u3 pacuera 1n/ra 19 mast u 12 uroHs, KOT/1a OSBIITUCH ITEPBbIe MUHBI, U yepe3 20 aaei
rocJie mepBoit 00paboTku (IT0 ACHCTBUIO TIpernapara). BusyaabHbIe YUIETHI, TPOBEICHHBIC HAMH B COOTBET-
CTBHU C METOJIUKOW TECTUPOBAHUS MHCEKTUIMOB, NMOKA3aJH, YTO Ha KOHTPOJIBHBIX JIEPEBbSIX KOIUIECTBO
MUH IPOJOJDKAIO0 HApacTaTh HE TOJBKO B HMKHEM, HO M Ha APYI'HX sSpycax JHCTBBL, U K CEpPEeHHE aBrycTa
BCS JIMCTBA JI0 BEPXYLIKH AepeBbEB OblIa 3aceyieHa BpeauTeneMm. CpeqHee YMCIO MUH Ha JIUCT, HA HUOKHEM
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spyce mocturano 174 mr. npu 3aceneHuu 98-100% nucTbeB, TOrga Kak Ha JEpeBbsIX, 00padOTaHHBIX Ipe-
napatoM Jlrodokc105 EC, uncno MuH Ha JUCT He mpeBblmano 23 mr. npu 3aceneHud 10 10% muctoe. To
€CTh Ha 00pabOTaHHBIX ACPEBHIX UYMCICHHOCTH BPEIUTENS HE TMPEBHINIaa MOPOTroBy0. Dh(OEKTUBHOCTD
00paboTtku coctaBuia 86,7%.

BbiBoabI:

1. WcnpITaHHBIT HAMW CHHTETHYCCKHH IMONOBON (epomon kamTaHoBoit momu Cameraria ohridella —
trimethyl [(1E,8E,10Z)-tetradeca-1,8,10-trienyloxy] silane B mo3e 1 mMr u 3 Mr Ha gucneHcep (Kay4yKOBBIC
MPOOKM) aKTHUBHO MPHBIIEKal camiioB MuHEpa B Teuenue 30 nueii. Jloza ¢pepomona B 3 mr Obuta B 2,5-3 pasa
OoJiee aTTPaKTHBHOM, YeM J103a B 1 MT.

2. JIBykpaTHast 00paboTKa JepeBhEeB KalliTaHa 0OBIKHOBEHHOTO pacTBOpoM mpemnapara Jlrodokcl105 EC B
no3e ln/ra B mepuoj Hayaja pa3BUTHUS NEPBOM TeHEpalMU BPEIAWTENS MO3BOJSAET 3HAYMTEIbHO (86,7%)
CHHU3UTHh YHCJICHHOCTH IMOMYJSAIMH KalmTaHoBoH Monu Cameraria ohridella mo xoHIIa BETeTallMOHHOTO
TIeproaa pa3BUTHS KalllTaHa.

3. Ilony4yeHHBIE HAMH TPEIBAPUTENBHBIC PE3YJbTAThl MO 3PPEKTUBHOCTH CHHTETUYECKOTO TOJIOBOTO
(hepomona u npenapata Jlrodoxc105 EC HeoOXoauMo mpoBepuTh Ha OONBIIUX TUIOMIAAX.
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EFECTUL TRATARII SEMINTELOR DE SOIA CU SUBSTANTE DE NATURA HUMICA
SI FENOLICA ASUPRA CRESTERII SI DEZVOLTARII SISTEMULUI RADICULAR
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The radicular system has the ability to react to unfavorable environmental changes via morphological, structural and
physiological modifications, feature defined as root plasticity. Changes in root plasticity, in response to environmental
conditions were demonstrated in various agricultural crops. In order to highlight the effect of the humic and phenolic
compounds on plants the reaction of different soybean genotypes has been studied. The radicular system parameters:
the length of main root, the root volume, the root biomass, the number and biomass of the nodules formed by nitric
fixing bacteria have been investigated. The analyses have been done at the stage of soybeen blossoming. The plans have
been grown in optimal condition of cultivation.

The chemical seed treatment has caused the reduction of fresh roots biomass of genotypes sensitive to drought
(Licurici and Horboveanca), favouring the accumulation of biomass of bacterial nodules in the Licurici genotype and
raising the number of nitric fixing formations in the Horboveanca genotype. Small concentrations of substances have
increased the volume of radicular system and the root biomass, while higher concentrations did not affect the radicular
system development in drought tolerant genotypes (Zodiac and S4-04). Administrating a combination of LG 1.0% and
0.05%O0C substances favored the development of the soybean symbiotic system.

Sistemul radicular are capacitatea de a reactiona prin raspunsuri morfologice, structurale si fiziologice la
schimbarile nefavorabile de mediu, particularitate definita plasticitate radiculard [1,7]. Raspunsurile specifice
de plasticitate ale sistemului radicular includ modificari de alungire si distributie a radacinii principale, a
radacinilor laterale, a perisorilor absorbanti, precum si in capacitatea de absorbtie a apei si nutrientilor [16].
Modificarea plasticitatii radiculare, ca raspuns la un anumit mediu, a fost demonstrata la diverse culturi
agricole [1,9]. La soia, studii asupra plasticitatii morfologice radiculare sub influenta deficitului de apa s-au
realizat n conditii de camp [1,12,16]. S-a demonstrat ca, in timp ce potentialul apei din sol descreste, numa-
rul de radicini laterale per unitate din lungimea radacinii este semnificativ crescut. In conditii de umiditate
suficients, ridicinile laterale la soia sunt distribuite, in general, la suprafata solului. Insa, sub influenta defi-
citului de apa multe radacini laterale prolifereaza la adancimi mai mari.

Numeroase surse bibliografice atesta rolul decisiv al influentei unor substante bioreglatoare asupra pro-
ceselor de dezvoltare a radacinii plantelor, argumentand cd o mai buna si mai rapida crestere a sistemului
radicular contribuie la o mai buna adaptare la conditiile nefavorabile de mediu [8,10,13,17,18]. Datele din
literatura de specialitate relateaza despre posibilitatea utilizarii compusilor de naturd humica si fenolicd in
procesul de crestere a plantelor [8]. Sunt binecunoscute proprietatile antioxidante, antivirale, antibacteriene,
antifungice, alelochimice ale compusilor fenolici, ceea ce sugereazd oportunitatea explorarii acestora in
sectorul agricol in calitate de biopesticide si reglatori de crestere a plantelor [8,11], mecanismul de actiune si
rolul acestor compusi 1n plante fiind divers si incomplet elucidat.

Reiesind din cele mentionate, in scopul evidentierii efectului compusilor de naturd humica si fenolica
asupra plantelor, am studiat reactia de raspuns a diferitelor genotipuri de soia in cazul tratarii semintelor cu
diverse concentratii ale acestor substante. S-a analizat influenta compusilor sus-numiti asupra parametrilor
sistemului radicular: lungimea radacinii principale, volumul radacinii, biomasa radacinii, numarul de nodo-
zitati formate de bacteriile azotfixatoare si biomasa acestora, la etapa de butonizare a plantelor crescute in
conditii de camp. in studiu au fost utilizate sase genotipuri de soia: Licurici, Horboveanca, Zodiac, S4-04,
Enigma si Colina. Semintele de soia au fost tratate cu substanta de naturd humica (LG) 1n concentratii de 0,5
si 1,0%; de natura fenolica (OC) in concentratie de 0,0125 si 0,05%, precum si cu combinatiile acestor compusi:
LG 0,5% + OC 0,0125% si LG 1,0% + OC 0,05%.

Genotipurile studiate au reactionat diferit la tratarea exogena cu compusi de naturd humica si fenolica.
Dintre parametrii analizati, lungimea radacinii a fost afectata negativ de tratamentul chimic la majoritatea
genotipurilor, 1n special la tratarea cu combinatia de LG+OC, cu exceptia genotipului Horboveanca. La el s-au
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OC, lungimea radacinii nefiind afectatd de combinatia LG+OC. Totodata, biomasa radacinilor genotlpulul
Horboveanca s-a redus considerabil (cu 15-18%) in variantele In care semintele au fost supuse tratarii exogene
cu LG si cu circa 30% 1n variantele tratate cu combinatia dintre substante, in timp ce compusul de natura
fenolicd OC nu a influentat acest parametru la genotipul mentionat. Administrarea singulara a compusului
LG (0,5%) a favorizat dezvoltarea sistemului radicular la genotipurile rezistente la secetd, majorand volumul
sistemului radicular cu 56% la soiul Zodiac si cu 12% — la S4-04. De asemenea, valorile parametrului cerce-
tat au crescut cu circa 20% la ambele genotipuri rezistente (Zodiac si S4-04) in catul tratarii semintelor cu
OC (0,0125%). Totusi, cele mai pronuntate majorari au fost atestate la soiul Colina — cu aproximativ 46% mai
mult comparativ cu martorul. Combinatia dintre substante a sporit cu circa 60% volumul radacinii doar la geno-
tipul Colina. Aceeasi legitate s-a observat si referitor la acumularea de biomasa a radacinilor. Substantele stu-
diate au majorat cu circa 10-40% biomasa proaspata la genotipul Colina, cu 5-25% la genotipul Zodiac si cu
17-32% la genotipul S4-04. Concentratiile mari de substante administrate, de regula, au mentinut parametrii
studiati la nivelul martorilor. De mentionat ca in majoritatea cazurilor tratarea cu substanta de natura fenolica
(OC) a majorat semnificativ volumul sistemului radicular: cu 6% (Zodiac), cu 32 % (Colina), cu 70% (S4-
04), mentinand la nivelul martorului biomasa sistemului radicular al acestor genotipuri. Genotipul Licurici a
manifestat o reactie negativa clara la tratarea semintelor cu compusi de naturd humici, fenolica, precum si la
tratarea lor cu combinatia dintre aceste substante. Astfel, substantele utilizate au redus considerabil lungimea
si volumul radacinii (cu ~10-54%), precum si biomasa proaspata (cu ~30-57%) a radacinii plantelor genotipu-
lui Licurici, sensibil la secetd. O reactie opusd genotipului Licurici a avut genotipul Enigma, la care trata-
mentul cu substantele sus-numite a favorizat acumularea de biomasa proaspata in toate cazurile analizate.

Astfel, in conditii optime de cultivare, tratarea cu substante chimice de naturd humica si fenolicd a conditionat
reducerea biomasei proaspete a rﬁdécinilor de soia la genotipun'le sensibile la seceta (Licurici si Horboveanca)
mari nu afecteaza dezvoltarea sistemului radicular, In cazul genotipurilor rezistente la seceta (Zodlac si S4- 04).

Un alt parametru studiat a fost formarea de nodozitati pe radacinile plantelor, dat fiind faptul ca intre rada-
cinile leguminoaselor si bacteriile azotfixatoare (la soia, In special, cu Bradyrhizobium japonicum) se stabi-
leste o relatie de simbioza, cu rol semnificativ in fixarea azotului [15].

Numeroase studii au demonstrat ca unele bacterii asociate suprafetelor radiculare pot stimula cresterea si
dezvoltarea plantelor de soia, fiind numite din acest motiv ,,plant growth-promoting rhizobacteria” [2,6,18,21].
Mecanismele prin care rizobacteriile pot stimula cresterea si dezvoltarea plantelor nu sunt inca pe deplin elu-
cidate, cunoscandu-se insa faptul ca ele implica: fixarea azotului atmosferic [5,15]; solubilizarea fosforului
anorganic si a altor nutrienti [3]; sinteza unor fitohormoni (acid indolilacetic, acid giberelic, citokinine) [19];
sinteza unor enzime (B3-1,3-gluconaza, chitinaza) implicate in reactia defensivad Tmpotriva fitopatogenilor
[4,8,14]. In acelasi timp, unele date experimentale denota ci compusii humici si fenolici joacd un rol impor-
tant in interactiunile dintre plante si mediul inconjurator [13,20].

Studiul comparativ asupra numarului de nodozitati la plantele martor ale celor sase soiuri luate in cercetare a
demonstrat prezenta unui numar sporit de formatiuni la genotipurile S4-04 si Licurici (Fig.1). Numarul mai mare
de formatiuni per planté a corelat cu biomasa proas-
patd mai mare a nodozitdtilor la genotipul S4-04
(Fig.2). La genotipul Licurici, insd, biomasa proas-
patd a nodulilor a fost redusd, fiind la nivelul
biomasei nodozitatilor genotipurilor ce au format
un numar mai mic de formatiuni (Fig.1si 2).

Dimensiunile nodozitatilor au variat, de aseme-
nea, in functie de genotip (Foto 1), de concentratia
si tipul substantei administrate, demonstrand astfel
ca genotipurile cercetare au reactionat diferit la
tratamentul chimic. S-a observat ca administrarea
combinatiei de substante in concentratie mare
(LG 1,0% + OC 0,05%) a majorat substantial di-

mensiunile i biomasa nodozitatilor formate, com- Enigma Colina S4-04
parativ cu martorul, la toate genotipurile de soia Foto 1. Variatia dimensiunilor nodozitatilor la
cercetate. unele genotipuri de soia:

A - Martor; B- LG 1%+0C 0,05%.
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Dupa numarul de nodozitati, raspuns pozitiv la tratamentul cu substante chimice, in majoritatea cazurilor,
au manifestat genotipurile Horboveanca si Colina, raspuns negativ — Zodiac si Enigma, iar genotipurile Licu-
rici si S4-04 au avut o reactie diferentiatd. De mentionat ca nu 1n toate cazurile numarul mare de nodozitati a
corelat cu biomasa acumulatd mai mare. Numarul majorat de nodozitati a corespuns cu acumularea sporita de
biomasd a acestora la administrarea combinatiei de substante In concentratie mare (LG 1,0% + OC 0,05%),
ceea ce indicd asupra efectului sinergetic al substantelor cercetate si, propabil, asupra efectului alelopatic al
substantelor studiate.

In acelasi timp, doar in cazul genotipului Zodiac numarul mai mic de nodozitati a corelat cu biomasa mai mica
a nodozitatilor, in timp ce in alte cazuri un numar mai mare de nodozititi formate au avut o masa mica, si invers:
un numar mai mic de nodozitati au acumulat o biomasa mai mare, nodozitatile fiind de dimensiuni mai mari. Cele
mai mari valori ale biomasei acumulate a nodozitétilor s-au atestat la genotipurile S4-04 si Colina. La acesta din
urma, majorarea numarului de nodozitati in variantele tratate a corespuns cu biomasa sporita a nodozitatilor.
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Fig.1. Influenta substantelor de natura humica si fenolica asupra numarului de
nodozitati per plantd la diverse genotipuri de soia.
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Fig.2. Influenta substantelor de naturd humica si fenolica asupra biomasei
nodozitatilor per planta la diverse genotipuri de soia.

In ceea ce priveste fenotipul boabelor si al nodozitatilor, s-a observat ¢ culoarea boabelor neagri la
genotipul S4-04 a corelat cu culoarea mai intunecatd a nodozitatilor, iar culoarea nodulilor deschisa la celelalte
genotipuri a corespuns cu culoarea galben-deschis a boabelor.
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Concluzii

Tratarea cu compusi chimici de naturd humica si fenolicd a conditionat reducerea biomasei proaspete a
radacinilor genotipurilor sensibile la secetd (Licurici si Horboveanca) crescute in conditii optime de cultivare,
favorizand acumularea de biomasa a nodozitatilor bacteriene la genotipul Licurici i majorarea numarului de
formatiuni azotfixatoare la genotipul Horboveanca.

Concentratiile mici de substante au determinat cresterea volumului si biomasei radacinii, in timp ce concentra-
tiile mari nu au afectat dezvoltarea sistemului radicular in cazul genotipurilor rezistente la secetd (Zodiac si S4-04).

Administrarea combinata a substantelor LG 1,0% + OC 0,05% favorizeaza dezvoltarea aparatului sim-
biotic la soia.

In majoritatea cazurilor intre parametrii morfologici ai sistemului radicular, concentratia substantei, nu-
marul de nodozitati si masa acestora nu au fost depistate dependente stricte.
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UNELE ASPECTE PRIVIND INFLUENTA PREPARATULUI MELONGOZIDA O
SI A MICROELEMENTELOR ASUPRA ACTIVITATII INDICELUI CLOROFILIC,
CONTINUTULUI GLUCIDELOR iN FRUNZE SI ASUPRA RODIRII LA POMII DE MAR

Anatol CECAN, Gheorghe SISCANU, Tudor RALEA
Institutul de Genetica i Fiziologie a Plantelor al ASM

The foliar treatments applied with Melongozida O, a product of natural source in combination with the microelements
Zn and B contributes more intensively to the synthesis of carbohydrates and on chlorophyll index in leaf, in comparison
with the separate usage of the mentioned preparation. The activity is intensified in the period of fruit maturing which
could create favorable metabolic conditions for the processes of floral induction.

Unul dintre pilonii de bazi ai economiei nationale a Republicii Moldova este pomicultura. In acest context
pentru obtinerea unor recolte de fructe stabile si calitative este necesara aplicarea unor masuri agrotehnice de
reglare a proceselor metabolice in favoarea cresterii si dezvoltarii plantelor. In acest scop, in ultimii ani o
atentie deosebita se acorda utilizarii bioregulatorilor, cum este glicozida Melongozida O obtinuta din semintele
Solanum melongena L [1]. Cercetérile efectuate anterior la diferite plante pomicole au constatat actiunea
stimulatoare a acestui preparat de provenientd naturala 1n asociere cu microelemente in ce priveste mentinerea
unui echilibru fiziologic intre crestere si rodire, rezistenta plantelor la actiunea factorilor nefavorabili ai me-
diului ambiant [2-4].

Scopul cercetarilor constd in evidentierea actiunii preparatului Melongozida O si a microelementelor Zn
si B asupra activitatii aparatului fotosintetic si a continutului glucidelor in frunze la pomii de mar.

Material si metode

Investigatiile au fost efectuate in conditiile casei de vegetatie (lizimetre) cu soiul Florina altoit pe portaltoi
pitic — M-26 si semipitic MM-106. Tratamentele foliare cu solutii de Melongozida O 1n concentratie de
0,001%, de Zn (sulfat de zinc) si de B (acid boric) in concentratii de 0,1% si, respectiv, de 0,05% au fost
efectuate la inceputul perioadei de vegetatie in doua reprize: prima la 8-10 zile dupa inflorire (19.05.2011), a
doua —la 7 zile dupa prima (26.05.2011). La varianta-martor plantele au fost stropite cu apa.

Probele de frunze de pe formatiunile fructifere (pinteni) cu fructe si fara fructe (ultimele se considera ca
vor forma muguri de rod pentru recolta anului urmaitor) au fost colectate pe parcursul perioadei de vegetatie
conform fazelor fenologice, mentionate in textul prezentei lucrari.

Au fost determinati urmatorii indici: activitatea indicelui clorofilic (aparatul CM 1000); continutul gluci-
delor in frunze [5]; intensitatea infloririi pomilor. Datele obtinute au fost prelucrate statistic [6].

Rezultate si discutii

Cercetarile efectuate la soiul Florina altoit pe portaltoi pitic M-26 au stabilit cd activitatea indicelui cloro-
filic la plantele martor in fenofaza inceputul cresterii lastarilor (20.05.11) este mai mare in frunzele pintenilor
fara fructe decat in cele cu fructe (Fig.1). Dimpotriva, tratamentele foliare cu preparatul Melongozida O si cu
microelementele Zn si B atesta ca intensitatea indicelui clorofilic este in diminuare in frunzele pintenilor fara
fructe si creste in frunzele celor cu fructe. Aceeasi legitate s-a evaluat si la plantele altoite pe portaltoi
semipitic MM-106, cu exceptie ca la plantele netratate intensitatea acestui indice este mai mare in frunzele
pintenilor cu fructe.

In fenofaza cresterii intensive a lastarilor (30.06.2011) la soiul Florina activitatea indicelui clorofilic este
in scadere in frunzele pintenilor fara fructe, atit la plantele-martor, cat si la cele tratate cu preparatele
mentionate. Mai accentuat activitatea acestui indice s-a manifestat la varianta Melongozida O+Zn+B aplicata
soiului Florina altoit pe portaltoi semipitic MM-106. De mentionat cé, in comparatie cu martorul activitatea
indicelui clorofilic in frunzele pintenilor fard fructe si cu fructe este mai mare la soiul Florina altoit pe
portaltoi pitic In cazul utilizarii solutiilor de microelemente Zn si B, iar la pomii altoiti pe portaltoi semipitic,
dimpotriva, ea este in diminuare.
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In fenofaza incetinirii cresterii lastarilor (12.07.2011) si intrérii fructelor in parga, formarea si diferentie-
rea mugurilor de rod la pomii altoiti pe portaltoi M-26 si MM-106 activitatea indicelui clorofilic este mai
sporitd in frunzele pintenilor fara fructe. In comparatie cu martorul, tratamentele foliare utilizate au contri-
buit la micsorarea activitatii acestui indice. Activitatea mai intensa a indicelui clorofilic in frunzele pintenilor
fara fructe decat in cele cu fructe in aceasta perioada a vegetatiei denotd ca centrul dominant de atractie a
asimilatelor sunt organele reproductive, fiind si centre de formare a mugurilor florali.

Asadar, cercetdrile efectuate admit situatia cd cu cat intensitatea indicelui clorofilic prezinta valori mai
mari, cu atat eficacitatea aparatului fotosintetic este in favoarea nu doar a sintezei clorofilei ,,a”, dar si in
procesele de formare a substantelor metabolice in frunze. Din cele expuse rezultd ca intensitatea mai intensa
a indicelui clorofilic este ca donator al asimilatelor formate in frunze spre organe sau sisteme consumatoare.

Glucidele rezulta din activitatea fotosintetici a plantelor — sursd importantd de energie necesara
metabolismului. S-a constatat si rolul acestor substante in procesele fructificarii [7]. Tratamentele foliare cu
solutii ce contin preparatul Melongozida O si microelementele Zn si B au contribuit la acumularea glucidelor
reducatoare in frunzele pintenilor cu fructe si fara fructe in fenofaza inceputul cresterii lastarilor (23.05.2011,
Fig.2).

230 + M26 230 1 MM106
210 1 210 -

190 4 190
170 1 170 1

150 150 -

un.conv.
un.conv.

130 1 130 -
110 1 110

90 T T T T T T T T 90 -

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
20,05.2011 03.06.201 12.07.2011 20.05.2011 03.05.2011 12.07.2011

in frunzele pomilor de mar, un.conv. Soiul Florina, M26, MM106.
Legenda: 1 — martor; 2 — Zn+B; 3 — Melongozida O+Zn+B. [ — frunzele pintenilor cu fructe;
m — frunzele pintenilor fara fructe.

Dimpotriv, 1n aceastd perioada a vegetatiei continutul zaharozei si al glucidelor totale in frunzele cercetate
este in diminuare. Unul dintre indicii ce caracterizeaza directia si intensitatea metabolismului glucidelor este
raportul dintre fractii. In comparatie cu martorul, tratamentele aplicate au contribuit la marirea raportului din-
tre glucidele reducatoare de zaharoza in frunze, ceea ce afirma intensificarea proceselor de sinteza a glucidei
reducatoare. Mai accentuat sinteza s-a manifestat la varianta tratarii foliare cu solutii de microelemente Zn si
B in frunzele pintenilor cu fructe.

S-a constatat ca in fenofaza incetinirii cresterii lastarilor (05.07.2011), perioada ce corespunde cu declan-
sarea proceselor inductiei florale, de formare si diferentiere a mugurilor de rod la plantele tratate cu prepara-
tele mentionate, continutul glucidelor totale si al zaharozei in frunze este mai sporit. Aceasta legitate se
afirma si n fenofaza anterioara — cresterea intensiva a lastarilor (14.06.2011), numai ca nivelul cantitativ al
celor trei forme ale glucidelor (totale, reducatoare si al zaharozei) este aproximativ de 1,2—1,5 ori mai mare
fatd de martor. Se evidentiaza cd in aceastd perioada continutul zaharozei este in diminuare in frunzele pin-
tenilor fara fructe la varianta Melongozida O+Zn+B decat in cele cu fructe. Constatarea valorilor mai mici
ale zaharozei, ca cel mai important compus de transport al glucidelor spre acceptor, si anume — in frunzele
mentionate, in fenofaza Incetinirii cresterii lastarilor are loc ca urmare a circumstantei ca centrul dominant de
atractie a substantelor energogene sunt formatiunile fructifere unde se desfasoara formarea mugurilor florali
pentru recolta anului urmator.
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Fig.2. Influenta preparatului Melongozida O si a microelementelor Zn si B asupra continutului glucidelor in frunze la
pomii de mar, % sub. proaspéta, soiul Florina, M-26, 2011
Legenda: 1 — martor; 2 — Zn+B; 3 — Melongozida O+Zn+B. [ — frunzele pintenilor cu fructe;
m — frunzele pintenilor fara fructe.

Formarea mugurilor de rod este unul dintre indicii ce reflectd starea fiziologica a plantelor, reactia la con-
ditiile mediului ambiant si a masurilor agrotehnice aplicate. Cel mai mare numar de flori in primédvara anului
2012 (25.04) la soiul Florina altoit pe portaltoi pitic M-26 s-a constatat la tratarea foliard a plantelor cu pre-
paratul Melongozida O in amestec cu microelementele Zn si B (245 buc.), urmat de varianta Zn+B (205 buc.),
fata de martor (170 buc.). La soiul Florina altoit pe portaltoi semipitic MM-106 acesti parametri s-au incadrat
intre cifrele 170, 190 si 155 buc. la martor.

Asadar, la soiul Florina cel mai mare numar de flori la pomii altoiti pe portaltoi M-26 au fost evaluate la
varianta Melongozida O+Zn+B, iar la cei altoiti pe MM-106 — la tratarea cu solutii de Zn+B.

La soiul Golden Delicious altoit pe portaltoi pitic numarul mai mare de flori au fost constatate la tratarea
cu solutii de microelemente Zn si B (216 buc.) si 168 buc. la martor, iar la cel altoit pe portaltoi semipitic —
la varianta Melongozida O+Zn+B (160 buc.) si, respectiv, 104 buc. la plantele netratate.

Concluzii

Tratamentele foliare ale pomilor cu solutii ale preparatului Melongozida O de provenientd vegetald utili-
zat In amestec cu microelementele Zn si B 1n conditiile casei de vegetatie (lizimetre) cu regim optimal de apro-
vizionare cu apa a solului au exercitat influentd asupra activitatii aparatului fotosintetic, a indicelui clorofilic
si asupra continutului glucidelor in frunze, asupra formarii mugurilor de rod la pomii de mar. S-a evidentiat
reactia diferitd a plantelor la actiunea preparatelor mentionate in dependenta de soi si portaltoi.
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ECO-PHYSIOLOGICAL INDICATORS OF BIOLOGICAL QUALITY
OF CALCAREOUS CHERNOZEM AFTER LONG-TERM AGRICULTURAL USE

Ecaterina EMNOVA, Anna HANGANU, Vasilii GNIDIUC’

Institute of Genetics and Plant Physiology
"Educational Experiment Station “ Chetrosu” , Moldavian Agricultural State University

Practica de lucrare a solului (cu si fara intoarcerea brazdelor) a manifestat cel mai puternic efect asupra parametrilor
biologici ai cernoziomului carbonatic din sud-estul Moldovei. Lucrarea solului fara intoarcerea brazdelor in combinatie
cu administrarea ingrasamintelor verzi (sideratelor)+NPK rezulta in cantitatea mai mare de C;., cele mai mici valori ale
respiratiei microbiene a solului si ale coeficientului metabolic (qCO,). Utilizarea multianuala a erbicidelor nu a
influentat parametrii microbieni. Cu toate acestea, cernoziomul carbonatic dupd un termen lung (42 de ani) in exploatare
agricold cu asolament, sistem de lucrare a solului protectiv (ploscorezul), amendament de ingrasaminte organice si
minerale, de erbicide in doze minime inca pierde in mod constant substanta organica din sol. Marimea biomasei micro-
biene este aproape de optim, dar se demonstreaza activitatea de mineralizare excesiva a substantei organice i o viteza
sporita de eliminare a CO,.

Introduction

Soil quality is the capacity of soil to sustain plant and animal productivity, maintain or enhance water and
air quality, and promote plant and animal health [1-3]. Terms of soil quality and soil health may be used
synonymously, however first term is generally associated with soil’s fitness for a specific use, and second
term is used in a sense to indicate the capacity of soil to function as a vital living system [4]. The soil quality
encompasses three basic components: biological, chemical and physical properties while soil health is
determined by ecological characteristics [3]. By this reason, soil quality is considered the broader concept
than soil health [5]. Soil quality is conceptualized as a major linkage between the strategies for agricultural
conservation management practices and achievements of the major goals of sustainable agriculture [6]. The
assessment of soil quality or health, and direction of change with time, is considered as the primary indicator
of sustainable land management [3].

Soil microorganisms play important roles in soil quality and plant productivity. Soil microbial biomass
is an important parameter of ecological tests, since microorganisms mediate critical ecosystem carbon and
nutrient cycles. Soil respiration is one of the oldest and still the most frequently used parameter for quantifying
microbial metabolic activity in soil [7]. Soil microorganisms divert more energy from growth into maintenance
as stress increases and thus the ratio of basal soil respiration to microbial biomass (the metabolic quotient
qCO;,) can be a much more sensitive indicator of stress [8-9]. Having in mind the interlinkage between the
soil biotic component and biogeochemical cycling, Anderson and Domsch [10-11] have proposed the use
of eco-physiological indicators (microbial biomass carbon, basal soil respiration, microbial and metabolic
quotients) to estimate the soil management practices.

Chernozem soil occupies 70% of total Moldovan land territory [12], arable land consists of 1842.6 thousand
ha or 54.4% [13]. Soil degradation is the global problem, but it is especially severe in developing countries,
where natural resources are under great stress, and resource-poor farmers cannot to afford the input required
for restoration of degraded soils and ecosystems [14]. During many years soil research has concentrated on
soil chemical and physical factors, with comparative neglect of biological factors. Consequently, there was
relatively limited understanding of how best to capitalize on the dynamics and potentials of soil biology so
as to enhance the regenerative capacity of soil systems for agriculture. Biological estimation of the quality
of Moldavian chernozem is now the focus of research for soil microbiologists and biochemists [15-18].
The Educational Experiment Station (EES) “Chetrosu” of State Agricultural University of Moldova was
established in 1949 on calcareous chernozem in South-East of Moldova (Anenii Noi area, village Chetrosu,
30 km distance from Chisinau). The long-term field experiment since 1969 reflecting the different kinds of
intensive agricultural soil management practices as a combination of elements of conventional and organic
cropping systems is supported for 42 years. The two soil fertilization systems used for interval 1989-2003
had to be stopped owing to the financial difficulties, but the synthetic herbicide use is continued so far.
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The objective of this research was to study the effect of the long-term moldboard tillage (plow) versus
moldboardless (subsurface) tillage (paraplow), long-term use of weed control agrichemicals (herbicide) for
corn cultivation versus mechanical weeding, and aftereffect of fertilization systems (green manure+NPK
versus cattle manure) on some soil general biochemical parameters related to microbial activity, reflecting
the biological quality of calcareous chernozem soil placed in South-East Moldova.

Materials and methods

The site has a systematic block design of 5-field crop rotation. Individual plots measured 55 m? (5.5m x 10 m)
and designed in 4 replicates. The field crops are comprised of a pea (Pisum sativum) - winter wheat (Triticum
durum) - corn for grains (Zea maysL.) (1) - corn for grains (2) — alfalfa (Medicago sativa). In 2011 the field
was cultivated with corn for grains treated by herbicides as always. The three experimental factors used since
1989 include: A. Tillage - moldboard tillage (plow) vs moldboardless tillage (paraplow). B. Agrichemicals -
long-term use of weed control chemicals (herbicide) for corn protection vs mechanical weeding (control).
C. Fertilization - post-action of previously (1989-2003) used fertilization systems (green manure+Ni50P 20K 20
vs cattle manure (60 t/ha). The arable layer of calcareous chernozem initially contained 3.68% of soil organic
matter (SOM, the former term “humus”) [19]. The mean values of SOM in 0-20 cm layer for 1984-1993 years
constituted 2.80-2.88% (correspondingly, Co, =1.62-1.67%). The soil solution revealed a slightly alkaline
reaction. Soil sampling was performed September 10, 2011 (before the corn harvest) from the top layer
(0-20 cm) of arable field plots. Samples were taken from each of 3 replicates per treatment by combining
5 soil probes inside of each replicate, in total 24 samples. After removing vegetal rests and stones soil was
passed through 2 mm sieve. Samples were stored at 4°C no longer than one month.

Microbial biomass carbon (Cy,c) assay was conducted by use of rehydratation method [20] Soil samples
(2 replicates of 10 g) were oven dried at 65°C for 24 h, resulting in disruption of the microbial cell wall
permeability. Repeated rehydratation of dry soil samples with 0.5 M K,SO, at a ratio 1:2 (w/v) resulted in
microbial cell destruction and release of microbial carbon into solution. The 2 replicates of 10 g fresh soil
samples were placed in refrigerator to serve as control. Salt—extractable organic C concentrations in the dried
and fresh samples were simultaneously measured using dichromate oxidation. The aliquote 1.6 ml of filtered
soil extract was carefully mixed in tube with 2.4 ml of dichromate solution: 1,28 g K,Cr,O; in 400 ml of
deoinized water is dissolved in 2 L of H,SO, (d=1,84 g/cm®). The mixture was incubated at 140°C for 20
min. The optical density is measured at 340 nm against of blank mixture of reagents without soil salt extract.
The amount of carbon in the soil extracts was calculated according to [20]. Biomass C is recorded as pg C
per g oven dry soil.

Basal soil respiration (C-CO; elimination rate) was determined by adopted method proposed by Isermeyer
[21]. Briefly, soil (25-50 g of dry soil, adjusted to water content 40% WHC, was weighted at the bottom of
1L glass jars containing two vessels with 10 ml of distilled water for air humidifying and 20 mL of 1 M NaOH
for CO, trapping. The jars were sealed and incubated at 21°C in the dark for 14 d. CO, released during soil
incubation was trapped in NaOH and determined by titrimetric analysis. The soil respiration was recorded
as ug C-CO, g™ dry soil h™" at 21°C as the average rate during the whole 14 days incubation.

Metabolic quotient (QCO,) or the quantity C-CO, produced per unit of microbial biomass C per unit of
time was calculated as a ratio C-CO, : Cyc and was expressed in mg C-CO, g'l Cpic ! [22]. Total organic
carbon (Cog) wWas assayed using air-dried soil samples by wet oxidation with dichromate in an acid medium
and evaluation of the excess of dichromate according to the method of Tiurin [23]. The value of total C,, is
recorded as % of dry soil mass. Soil organic matter (SOM) content was calculated by multiplication of Co,
values on 1.724 [23]. Microbial quotient was calculated as a ratio Cyic: Corg and its value is expressed in %
microbial C inside organic C [10]. Analysis of variances (ANOVA) (StatSoft STATISTICA 7.0) and paired
t-tests (Microsoft Office 2010, Excel) were applied to evaluate differences between soil treatments.

Results and discussion

Total organic carbon ( Cyg) of calcareous chernozem soil from South-East of Moldova under long-term
agricultural use was ranged, between 1.40%-1.55% and 1.51%-1.67%, respectively, for moldboard and
moldboardless tillaged soils (table 1), what adequately corresponds to soil organic matter (SOM or humus)
content 2.41%-2.67% and 2.61-2.88%. These data confirm that the loss of SOM in the majority treatments
of investigated soil continues with time in comparison to initial 3.68% in 1989 and 2.80-2.88% in 1993.
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According to three-way ANOVA analysis, two of three investigated factors - Tillage and Agrichemicals -
significantly (P < 0.05) influence the level of C,, and SOM — the principal component of soil fertility (table 2).
The impact of fertilization systems (green manure+NPK versus cattle manure) was insignificant, although
the only combination of moldboardless tillage and cattle manure amendment maintains the values of SOM
and C,, respectively, 2.88% and 1.67%, similar observed in 1993 ones.

Tablel
Eco-physiological indicators of soil biological quality reflecting the intensity
of soil biochemical processes
Parameter Microbial Micraobial Basal soil M etabolic Total
biomass quotient, respiration, guotient, organic
carbon, Cpic Chic : Corg C-CO,rate gqCoO, carbon,
~ . aCorg
Units of measurement | pug C g'l dry soil % Sgﬁ g](;?é lgo C me (if}?% g %
Treatments Moldboard (conventional) tillage (plow)

Green control 253 + 15 1.68 +0.12 2.08 +0.58 84=+1.1 1.51+0.04
manure | herbicide 252+ 18 1.73+0.17 2.55+1.10 10.1 £2.8 1.46 +£0.04
+NPK

Cattle control 266 + 20 1.72 +£0.08 2.41 +0.66 9.2+3.1 1.55+0.06
manure | herbicide 239 + 22 1.72 +£0.23 2.26 +0.46 9.6+2.6 1.40+0.12

M oldboar dless (subsurface) tillage (par aplow)

Green | control 274+ 5 1.76 £0.11 1.86 +0.48 6.8+ 1.8 1.55+£0.08
manure | herbicide 294 + 36 1.96 £0.37 1.83 £0.19 63+1.1 1.51 £0.13
+NPK

Cattle | control 295+ 16 1.76 £ 0.05 3.86 £0.53 132+£23 1.67 +0.08
manure | herbicide 284 + 28 1.88 +£0.23 3.44+0.51 12.24+2.7 1.51+0.04

*Mean values of soil organic matter (SOM), a former term “humus”, of calcareous chernozem for ten years (1984-1993)
constituted 2.80-2.88% or, correspondingly, Co,, constituted 1.62-1.67% in 0-20 cm layer; ®Mean + S.D. (standard
deviation, ¢), n=3.

Microbial biomass carbon (Cyic) presents the important labile component of soil owing to high sensibility
to any ecological stresses. According to our data neither fertilizers no herbicides use had no significant effect
(P >0.05) on the size of the microbial biomass in calcareous chernozem (table 1-2). But third factor — mold-
boardless tillage promotes the bigger amount of Cyye. Mean values of Cyy ranged between 239-266 pg C g™
dry soil for calcareous chernozem subjected to moldboard tillage (plowing) versus 274-295 ug C g™ dry soil -
to moldboardless tillage (paraplow). It could be explained by the revealed bigger amounts of C,, in mold-
boardless tillaged soil. Thus, reduced tillage practices provide a more plant residues in soil top layer that
results in increase C,,, and other parameters related to soil quality.

Microbial quotient (Cpc : Corg) reflects the soil carbon available for growth and soils with better quality
should have a higher microbial quotient [10]. According to results of this study (tables 1-2) all kinds of inten-
sive agricultural soil management practices used in frames of investigated long-term experiment (for 42
years) did not affect the microbial quotient. The calcareous chernozem demonstrated the microbial quotient
Chic : Corg ranged between 1.68% and 1.96%, with the tendency of a more efficiency at moldboardless tillage.

Basal soil respiration (BSR or C-CO, elimination rate) indicates the metabolic activity of soil micro-
organisms. According to three-way ANOVA analysis data (table 2) only the fertilization systems revealed
significant influence upon microbial C-CO, elimination rate. But despite of insignificant affect of tillage
practices, ANOVA analysis demonstrate the significant (P<0.001) interaction between Tillage*Fertilization
factors. The most evident differences were observed for microbial communities from soils with moldboardless
tillage (paraplow). Mean values of C-CO, rate ranged between 1.83-1.86 pg C-CO, g™ soil h™' at 21°C for
calcareous chernozem fertilized by green manure+NPK versus 3.44-3.86 C-CO, g soil h™ at 21°C — by
cattle manure (table 1). The moldboard tillage (plowing) levels the differences in soil fertilization systems
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and results in more similar microbial activity ranged between 2.08-2.55 pg C-CO, g soil h'l and 2.26-2.41 pg
C-CO, g soil h', respectively, for green manure+NPK versus cattle manure. Thus, the soil respiration or
microbial activity was significantly higher in soil under moldboardless tillage and fertilized by cattle manure.
Contrary expectations, long-term use (at least for last 22 years) of a variety of herbicides in the cultivation of
corn for grains in the crop rotation did not affect the activity of soil microbial communities.

Table?2
Summarized results of three-way ANOVAsfor soil general biochemical parameters

Dependent variables Independent F2 P-value®
variables

Microbial biomass carbon (Cyc) Tillage 14.53 0.0015%*
Fertilization 0.11 0.74
Agrichemicals 0.28 0.60

Total organic carbon (Cyrg) Tillage 6.62 0.020*

(0-20 cm) Fertilization 0.59 0.46
Agrichemicals 9.15 0.008**

Microbial quotient (Cic: Corg) Tillage 2.64 0.12
Fertilization 0.03 0.86
Agrichemicals 1.37 0.26

Basal soil respiration (C-CO; rate) Tillage 3.52 0.07
Fertilization 16.97 0.0008***
Agrichemicals 0.04 0.85
Tillage*Fertilization 16.79 0.0008***

Metabolic quotient Tillage 0.12 0.73

(qCO2 =C-CO; : Cyic) Fertilization 11,15 0.004**
Agrichemicals 0.03 0.87
Tillage*Fertilization 10.03 0.006**

@F-test or Fisher’s criteria;
b confidence level. *** = P<0.001; ** =0.001<P<0.01; * = 0.01<P<0.05

Metabolic quotient (qCO; or the quantity C-CO, produced per unit of microbial biomass C per unit of time)
indicates the efficiency by which soil microorganisms use C-resources in the soil, including the microbial
requirements of maintenance energy [10]. It is expected that stressed soils will provide higher qCO, values
than less-stressed soils [5]. In similar way to BSR parameter, metabolic quotient according to three-way
ANOVA (table 2) was significantly influenced only by the fertilization systems (P < 0.01), and demonstrated
the dependence on significant (P<0.01) interaction between Tillage*Fertilization factors. For soils with
moldboardless tillage (paraplow) the mean values of C-CO, rate ranged between 6.3-6.8 ug C-CO, g soil
h™ at 21°C for chernozem fertilized by green manure+NPK versus 12.2-13.2 C-CO, g soil h" at 21°C -
fertilized by cattle manure (table 1). The soils under moldboard tillage (plowing) revealed less differences in
qCO, parameters caused by fertilization systems and results in more similar values of microbial respiration
per units of microbial biomass ranged between 8.4-10.1 pg C-CO, g soil h'l and 9.2-9.6 pg C-CO, g™ soil
h™', respectively, for green manure+NPK versus cattle manure. Thus, the soil specific respiration qCO, was
also significantly higher in soil under moldboardless tillage (paraplow) and fertilized by cattle manure.
Long-term use of different herbicides in the cultivation of corn for grains in crop rotation did not affect the
efficiency of C-resources use by soil microorganisms.

Lastly, of three investigated factors the soil tillage practice revealed the strongest effect on microbiological
parameters of calcareous chernozem of South-East Moldova. The moldboardless tillage (paraplow) results in
higher amount of C,, that is, microbial biomass growth. The more favorable aftereffect of used green manure
+NPK fertilizers also was observed for calcareous chernozem under moldboardless tillage. The same, the

50



Seria “Stiinte reale si ale naturii”

Biologie ISSN 1814-3237

basal soil respiration (C-CO, rate) and metabolic quotient (qCO,) parameters showed the lowest values. The
multiannual herbicide use under field concentrations did not influence the microbiological parameters. Still,
the calcareous chernozem after long-term (42 years) agricultural use with crop rotation, protective mold-
boardless tillage, and soil amendment by organic and mineral fertilizers, herbicides is steadily losing the soil
organic matter.

As to biological quality estimation of soil, according to criteria proposed by Anderson [10], the Cpic: Corg
ratio of agricultural and forest soils at neutral pH is very similar and in the range between 2.0 and 4.4% C;.
of total C,,, depending on nutrient status and soil management. The metabolic quotient qCO, ranged between
0.5 and 2.0 mg C-CO, g'1 Coic h' in neutral soils. Values below 2.0 for the Cpyc: Corg ratio or above 2.0 for the
qCO; could be considered as critical for soils with a neutral soil pH [10]. Unfortunately, so far the correction
of these criteria for soils with alkaline pH values is absent.

The evaluation of our results on calcareous chernozem soil from South-East Moldova under long-term
agricultural use has shown the Cyc: Corg ratio in the range between 1.68% and 1.96% that is close to optimal
minimum 2.0%. But the mean qCO, values in the range between 8.4 and 13.2 mg C-CO, g Cpic h™' were
4-6 times above optimal maximum 2.0. It can be the reasonable explanation of the loss of C,, from calcareous
chernozem after long-term agricultural use. The highest values of BSR and qCO, parameters were found for
chernozem under protective tillage practice (paraplow) and fertilized with the cattle manure. But it may be
the temporary impact of the manure on the rate of soil CO, emissions, due to use by soil microorganisms
and growing crops of organic substances which simultaneously contain C and N elements. Some another
researchers [24] also have found that the soil CO, emission rate at peak times in the organic fertilization system
was higher than under the conventional system. However, even if the cropping systems had a temporary impact
on the rate of soil CO, emissions, the soil C output calculated as the average of cumulative CO, emission
over the 3-year period did not show significant differences between the organic and conventional systems [24].

Conclusions

The calcareous chernozem of South-East Moldova after long-term (42 years) agricultural use with crop
rotation, protective moldboardless tillage practice, and soil amendment by organic and mineral fertilizers,
herbicides is steadily losing the soil organic matter. While the size of the microbial biomass is close to
optimal, but it shows an enhanced mineralization activity of the microbial decomposer compartment in
relation to soil organic matter, judging by the increased CO, evolution. The soil tillage practice revealed the
strongest effect on microbiological parameters of calcareous chernozem. The moldboardless tillage results in
the higher amount of C,,;., the more favorable aftereffect of green manure + NPK fertilizers with the lowest
values of the basal soil respiration (C-CO, rate) and metabolic quotient (qCO,) parameters. The multiannual
herbicide use under field concentrations did not influence the microbiological parameters.
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CERCETARI CU PRIVIRE LA CARACTERELE CANTITATIVE ALE SPICULUI
LA TRITICUM AESTIVUM L.
I. DEPENDENTE CORELATIONALE, PARTICULARITATI DE MOSTENIRE iN GENERATIA F,

Stefan SANDIC, Galina LUPASCU, Svetlana GAVZER, Elena SASCO
Institutul de Genetica i Fiziologie a Plantelor al ASM

The paper presents data about the structural elements analysis of winter wheat spike. Through cluster analysis were
established different variety groups — parents and hybrids that are similar on the high index value basis. Correlation
analysis showed that each cultivar or hybrid has different degree of connection between the investigated elements. Grain
weight per spike correlates particularly with the 1000 grain weight. In most cases the production elements were inherited
in F; as positive dominance or supra-dominance.

Introducere

Asocierea reusita intr-un singur soi a caracterelor de interes prin metode de hibridare prezintad o cale reala
de obtinere a genotipurilor valoroase si durabile. In scopul vizat, este necesara utilizarea unui material initial
bine caracterizat sub aspect genetic. Pentru alegerea corecta a componentilor de hibridare, acestia trebuie sa
fie analizati in baza nivelului indicilor de productie, interactiunilor genice si interdependentelor Intre diverse
insusiri [1,2]. Crearea modelului de soi implica stabilirea legaturilor corelationale ale diferitelor caractere
cantitative importante [3].

In baza analizei corelationale, s-a constatat ci elementul de bazi in structura productivitatii graului este
greutatea boabelor per spic. In dependentd de mediu, o influenti mare asupra acesteia poate avea numirul
de boabe per spic, masa a 1000 de boabe (MMB), naltimea plantelor si numarul de tulpini productive. La
soiurile cu diferitd provenientd geograficd s-a constatat cd productivitatea se formeaza in baza diferitelor
asocieri ale elementelor productivitatii [4].

Rezultatele analizei corelationale a legaturilor componentilor de baza ai productivitatii spicului pot fi uti-
lizate in calitate de teste indirecte la selectarea genotipurilor necesare. Dintre corelatiile elucidate, un interes
major prezintd dependentele dintre masa spicului principal, masa boabelor si numarul boabelor per spic [5,6].
S-a constatat o legatura corelationald intre MMB, numarul boabelor per spic si masa spicului. La unele soiuri,
o importantd mare pentru productivitatea spicului are MMB, la altele — lungimea spicului, numarul spiculete-
lor, stabilitatea fenotipicd a caracterului cantitativ fiind dependentd de soi [7]. Deci, fiecare genotip asigura
formarea masei boabelor per spic prin diferite legaturi corelationale intre elementele de productie ale spicu-
lui, in calitate de componenti ai acesteia.

Conform unor opinii, MMB este unicul dintre indicii elementari de baza ai productivitatii care, in depen-
denta de gradul de interactiune genotip x mediu la etapa de umplere a boabelor, coreleazd mediu sau puternic
cu productivitatea spicului [8].

Scopul cercetarilor a constat in elucidarea nivelului, legaturilor corelationale si a modului de transmitere
ereditard in generatia F; a unor caractere cantitative valoroase ale spicului la graul comun de toamna.

Material si metode

In calitate de material pentru cercetare au servit soiurile-parinti de grau comun de toamna, hibrizii F, si F,, care
au prezentat combinatiile Cobra x Apache, Niconia x Odeschi 267, Select x BT 43-02, Capriana x BT 16-04:
1 — Cobra, 2 — F; Cobra x Apache, 3 — F, Cobra x Apache, 4 — F, Apache x Cobra, 5 — Apache, 6 — Selania,
7 — F; Selania x Accent, 8 — F; Accent x Selania, 9 — Accent, 10 — Niconia, 11 — F; Niconia x Odeschi 267,
12 — F; Odeschi 267 x Niconia, 13 — F, Niconia x Odeschi 267, 14 — Odeschi 267, 15 — Select, 16 — F, Select
x BT 43- 02, 17 — F; BT 43- 02 x Select, 18 — F, Select x BT 43- 02, 19 — BT 43- 02, 20 — Balada, 21 — F,
Balada x Alunis, 22 — F; Alunis x Balada, 23 — Alunis, 24 — Capriana, 25 — F, Capriana x BT 16-04, 26 — F,
BT 16-04 x Capriana, 27 — F, Capriana x BT 16-04, 28 — BT 16-04.

Experientele s-au efectuat in conditii de cAmp ale anului 2011. In calitate de caractere metrice au servit
lungimea spicului principal, numarul spiculetelor, numarul boabelor si greutatea boabelor per spic, masa a
1000 de boabe (MMB).
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In medie, pentru soiurile-parinti au fost analizate cate 40 de spice, pentru hibrizii F, — 20, pentru hibrizii
F,—120-140 de spice; in total — 1310 spice.

Analizele clusteriand (metoda k-medii), corelationala (r) si de scanare multidimensionala s-au efectuat in
pachetul de soft STATISTICA 7.

Rezultate si discutii

Datele prezentate denota ca valorile medii ale elementelor de structurd ale spicului au variat n limite diferite,
deviatia depinzand de soi/hibrid (Fig.1). Astfel, lungimea spicului a prezentat valorile 8,1...10,9 cm; numarul
spiculetelor per spic: 17,6...20,8; numarul boabelor per spic: 40,6...67,3; greutatea boabelor per spic: 1,2...2,6 g.

Masa a 1000 de boabe, determinata in baza mediei generale, a variat in limitele 28,0...38,8 g.
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Fig.1. Date comparative ale unor indici de productie ai spicului la graul comun de toamna.

Nota: semnificatia numerelor 1...28 este indicata in Material si metode

In baza analizei clusteriene (metoda k-medii), s-a constatat ci grupurile de soiuri si hibrizi, separate in 3
clustere, s-au deosebit dupa nivelul si variabilitatea caracterelor cercetate (Tab.1).

Tabelul 1
Nivelul si variabilitatea indicilor de productie in clustere
Caractere Clusterul 1 Clusterul 2 Clusterul 3
Media G Media c Media ¢
Lungimea spicului principal, cm 8,91 0,56 9,79 0,61 9,92 0,35
Numarul spiculetelor per spic 19,34 1,06 20,10 0,72 20,45 0,40
Numarul boabelor per spic 52,81 5,23 61,01 2,52 63,54 2,31
Greutatea boabelor per spic, g 1,92 0,33 1,85 0,14 2,32 0,14
MMB, g 35,71 2,91 30,36 1,93 36,56 1,84
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Genotipurile si hibrizii din clusterul 3 au prezentat indici de productie avansati si cele mai diminuate valori
ale deviatiei standard pentru indicii cercetati, din care motiv prezintd interes practic.

S-a stabilit ca in calitate de membri ai clusterului I au fost: 2 — F; Cobra x Apache, 15 — Select, 18 —
F, Select x BT 43- 02, 23 — Alunis, 24 — Cépriana, 25 — F; Capriana x BT 16-04, 26 — F,; BT 16-04 x Capriana,
28 — BT 16-04; ai clusterului 2: 1 — Cobra, 3 — F, Cobra x Apache, 4 — F, Apache x Cobra, 6 — Selania, 7 —
F, Selania x Accent, 8 — F; Accent x Selania, 13 — F, Niconia x Odeschi 267, 14 — Odeschi 267, 20 — Balada,
27 — F, Capriana x BT 16-04; ai clusterului 3: 5 — Apache, 9 — Accent, 10 — Niconia, 11 — F; Niconia x Odeschi
267, 12 — F, Odeschi 267 x Niconia, 16 — F; Select x BT 43- 02, 17 — F; BT 43- 02 x Select, 19 — BT 43- 02,
21 — F| Balada x Alunis, 22 — F; Alunis x Balada.

Conform datelor analizei variantei (Tab.2), indicii lungimea spicului si numarul spiculetelor per spic nu
au fost relevanti pentru separarea soiurilor/hibrizilor F; in clustere, intrucét varianta interclusteriana a fost
mai mica decit cea intraclusteriani. In cazul numarului, greutitii boabelor per spic si MMB, dimpotriva,
varianta interclusteriana a fost mai mare, ceea ce releva ca norma de reactie a acestor indici este definitorie
pentru diferentierea soiurilor/hibrizilor F in grupuri distincte.

Tabelul 2
Analiza variantei clusterelor
C Varianta Varianta F p

aractere . .. . ..

interclusteriana intraclusteriana
Lungimea spicului principal, cm 5,1725 6,6363 9,743* 0,000
Numarul spiculetelor per spic 5,6145 13,9331 5,037* 0,015
Numadrul boabelor per spic 543,4932 296,5665 22,908* 0,000
Greutatea boabelor per spic, g 1,2608 1,0780 14,620* 0,000
MMB, g 221,2739 123,2865 22.435% 0,000

*_ p<0,05

Analiza corelationala a indicilor de productie ai spicului pentru fiecare soi si hibrid a demonstrat existenta
legaturilor de diferit nivel. Astfel, r pentru relatiile 1-2 a variat in limitele 0,29...0,94; 1-3: 0,09...0,96; 1-4:
0,03...0,95; 2-3: 0,07-0,88; 2-4: 0,04...0,83; 3-4: 0,17...0,95 (Tab.3). Rezultatele releva ca greutatea boabelor
per spic, in calitate de caracter integral, se formeaza prin legaturi corelationale intre componentii sai, specifice
pentru fiecare genotip/hibrid. Aceasta este demonstrat si prin scanarea multidimensionalad (Fig.2): lotul cer-
cetat s-a diferentiat in clustere cu diferit grad de similitudine. In felul acesta, pot fi identificate clustere de
soiuri si hibrizi cu legaturi corelationale Tnalte sau slabe intre componentii de productie ai spicului. De exemplu,
F, Cobra x Apache (2) s-a distantat de majoritatea lotului datorita Tnaltelor legaturi corelationale (=0,83...0,96)
intre indicii testati, iar soiul Odeschi 267 (14), dimpotriva — datorita legaturilor slabe (r=0,14...0,49).

Tabelul 3
Analiza corelationali a unor indici de productie la soiurile-périnti si la descendentii F;, F, de grau
Nr. . Iy Legaturi intre indicii:
ort. Genitor/ hibrid F, F, ) 3 T4 23 74 EW
1 Cobra 0,59* 0,53* 0,51* 0,43 0,28 0,78*
2 | F, Cobra x Apache 0,94* 0,96* 0,95%* 0,88* 0,83* 0,95%*
3 F, Cobra x Apache 0,71%* 0,22%* 0,05 0,36* 0,24* 0,64*
4 | F, Apache x Cobra 0,58* 0,61* 0,39* 0,52* 0,37* 0,71%*
5 | Apache 0,55* 0,50* 0,32* 0,46* 0,30 0,78*
6 Selania 0,76* 0,67* 0,23 0,73* 0,31* 0,61%*
7 | Fy Selania x Accent 0,87* 0,51% 0,08 0,51* 0,22 0,75%*
8 F, Accent x Selania 0,84* 0,75* 0,56* 0,63* 0,42 0,93*
9 | Accent 0,41 0,25 0,26 0,68* 0,40 0,65*
10 | Niconia 0,94* 0,78% 0,69* 0,70* 0,58%* 0,78%*
11 | F; Niconia x Odeschi 267 0,59* 0,58* 0,34 0,57* 0,55* 0,63*
12 | F, Odeschi 267 x Niconia 0,79* 0,38 0,29 0,61* 0,49* 0,64*
13 | F, Niconia x Odeschi 267 0,40* 0,29* 0,04 0,41%* 0,14 0,64*
14 | Odeschi 267 0,49* 0,34* 0,19 0,54* 0,14 0,17
15 | Select 0,82* 0,36 0,10 0,40* 0,25 0,83*
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16 | F, Select x BT 43- 02 0,77* 0,09 0,11 0,08 0,04 0,30%
17 | F, BT 43- 02 x Select 0,90* 0,60* 0,21 0,58* 0,30 0,68*
18 | F,Select x BT 43- 02 041% 0,35* 0,29% 0,46* 0,28* 0,77*
19 | BT43-02 0,50* 0,48% 0,47* 0,52* 0,58* 0,87*
20 | Balada 0,92* 0,70% 0,49% 0,68* 0,52* 0,61%
21 | F, Balada x Alunis 0,85* 0,72% 0,41 0,65* 0,36 0,73
22 | F, Alunis x Balada 0,70* 0,59* 0,47* 0,49% 0,49% 0,82%
23 | Alunis 0,85* 0,72% 0,52* 0,69* 0,46 0,73
24 | Capriana 0,29 0,62* 0,60* 0,07 0,16 0,39%
25 | F, Capriana x BT 16-04 0,89% 0,71% 0,69* 0,69* 0,65* 0,93*
26 | F, BT 16-04 x Capriana 0,55* 0,30 0,26 0,57* 0,46* 0,38
27 | F, Capriana x BT 16-04 0,33* 0,63* 0,41 0,74* 0,51% 0,73*
28 | BT 16-04 0,69* 0,55* 0,03 0,68* 0,30% 0,55*
% p<0,05

Nota: 1-2 — lungimea spicului - numarul spiculetelor per spic; 1-3 — lungimea spicului - numéarul boabelor per spic; 1-4 — lungimea
spicului - greutatea boabelor per spic; 2-3 — numarul spiculetelor per spic - numarul boabelor per spic; 2-4 — numarul spiculetelor per
spic - greutatea boabelor per spic; 3-4 — numarul boabelor per spic - greutatea boabelor per spic.

"
[

Fig.2. Scanarea multidimensionald a soiurilor-parinti si a hibrizilor in baza corelatiilor
intre caracterele cantitative ale spicului.

Pentru cuantificarea mai exactd a soiurilor si hibrizilor in baza legaturilor corelationale (slabe, medii,
puternice) Intre caracterele analizate, s-a procedat la analiza clusteriana (k-medii) (Fig.3).
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Fig.3. Analiza clusteriand (k-medii) a soiurilor-parinti si a hibrizilor Fy, F, in baza corelatiilor
intre caracterele cantitative ale spicului.
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Datele obtinute releva ca tendinta celor 3 clustere a fost similara: corelatii mai inalte pentru relatiile /ungi-
mea spicului — numarul spiculetelor per spic (1), numarul boabelor per spic — greutatea boabelor per spic (6)
si corelatii diminuate pentru lungimea spicului — greutatea boabelor per spic (5). Mediile coeficientilor de
corelatie pentru soiurile/hibrizii din clusterul 1 au variat in limitele 0,58...0,90; din clusterul 2: 0,32...0,71;
din clusterul 3: 0,21...0,64 (Tab.4).

Tabelul 4
Media coeficientilor de corelatie in clustere
Caractere Clusterul 1 Clusterul 2 Clusterul 3
Lungimea spicului — numarul de spiculete per spic 0,90 0,71 0,54
Lungimea spicului — numarul de boabe per spic 0,77 0,57 0,31
Lungimea spicului — greutatea boabelor per spic 0,65 0,32 0,21
Numarul de spiculete — numarul de boabe per spic 0,71 0,58 0,40
Numarul de spiculete — greutatea boabelor per spic 0,58 0,39 0,23
Numarul de boabe — greutatea boabelor per spic 0,82 0,71 0,64

Conform aceleiagi analize (k-medii), s-a constatat ca clusterul 1 a fost format de genitorii/hibrizii: 2 —
F, Cobra x Apache, 8 — F; Accent x Selania, 10 — Niconia, 20 — Balada, 23 — Alunis, 25 — F; Capriana x BT
16-04; clusterul 2: 1 — Cobra, 4 — F, Apache x Cobra, 5 — Apache, 6 — Selania, 7 — F, Selania x Accent, 11 —
F; Niconia x Odeschi 267, 12 — F; Odeschi 267 x Niconia, 17 — F; BT 43- 02 x Select, 19 — BT 43- 02, 21 —
F, Balada x Alunis, 22 — F; Alunis x Balada, 27 — F, Capriana x BT 16-04, 28 — BT 16-04; clusterul 3: 3 — F,
Cobra x Apache, 9 — Accent, 13 — F, Niconia x Odeschi 267, 14 — Odeschi 267, 15 — Select, 16 — F; Select x
BT 43- 02, 18 — F, Select x BT 43- 02, 24 — Capriana, 26 — F; BT 16-04 x Capriana.

Analiza corelationald a dependentelor pentru intreg setul de soiuri/hibrizi analizati a demonstrat cé cea
mai inalta corelatie pozitiva s-a manifestat pentru greutatea boabelor per spic — MMB: 0,80, urmata de lungi-
mea spicului — numarul de spiculete: 0,73; greutatea boabelor per spic — numarul boabelor per spic: 0,65;
numarul spiculetelor per spic — numarul boabelor per spic: 0,64; lungimea spicului principal — numarul boabelor
per spic: 0,52 (Tab.5).

Tabelul 5
Analiza corelationali a dependentelor unor caractere cantitative ale spicului
Caractere T
Lungimea spicului principal — numarul spiculetelor per spic 0,73*
Lungimea spicului principal — numarul boabelor per spic 0,52*
Lungimea spicului principal — greutatea boabelor per spic 0,16
Lungimea spicului principal - MMB -0,19
Numarul spiculetelor per spic — numarul boabelor per spic 0,64*
Numadrul spiculetelor per spic — greutatea boabelor per spic 0,46*
Numarul spiculetelor per spic - MMB 0,09
Numarul boabelor per spic — MMB 0,09
Greutatea boabelor per spic — numarul boabelor per spic 0,65%*
Greutatea boabelor per spic - MMB 0,80%*

*— p<0,05

Datele obtinute releva ca greutatea boabelor per spic, in calitate de caracter integrativ, a depins Intr-o
masura mai mare de MMB (0,80%) decat de un alt component — numarul boabelor per spic (0,65*). Ambii
componenti de productie — MMB si numarul boabelor per spic — pot servi in calitate de factori independenti (x),
in baza carora se elaboreaza ecuatia regresionald pentru calculul greutatii boabelor per spic, care prezinta o
functie (dependentd — y). Astfel, pentru predictia relatiilor caracterelor investigate, valabile in primul rand
genotipurilor si populatiilor aflate in studiu, usor pot fi utilizate ecuatiile regresionale indicate in Figura 4.
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Fig.4. Dependentele regresionale ale unor importanti indici de productie ai spicului.

S-a constatat ca nivelul si orientarea gradului de dominatie (h,) a variat in functie de caracter si combi-
natie. Din 50 de variante (10 combinatii x 5 caractere), in 27 cazuri (54%) s-a manifestat supradominatia
pozitiva a parintelui care mareste caracterul. Frecventa cazurilor de supradominatie pozitiva (10 — maximala,
dupd numarul combinatiilor) in cadrul caracterului, in ordinea descresterii, a fost urmatoarea: numarul de
spiculete per spic — 8, greutatea boabelor per spic — 7, MMB — 5, lungimea spicului — 4, numarul de boabe
per spic — 3. Cele mai inalte valori ale h;, s-au manifestat in cazul greutatii boabelor per spic (24,5...36,0) la
combinatiile F; BT 43-02 x Select, F; Balada x Alunis, F; Alunis x Balada (Tab.6).

Tabelul 6

Gradul de dominatie a unor indici de productie ai spicului la combinatii reciproce de grau

Lungimea | Numadrul de Numarul de Greutatea Masa a 1000
Combinatia spicului spiculete boabe per spic | boabelor in spic de boabe
F, Selania x Accent +1,27 +1,01 -0,26 -0,10 -0,05
F, Accent x Selania +1,11 +1,20 -1,43 -0,84 -0,76
F; Niconia x Odeschi 267 +0,03 +13,00 -0,14 +2,25 +1,67
F; Odeschi 267 x Niconia +0,02 -5,00 -0,62 +2,20 +1,62
F, Select x BT 43- 02 +0,87 +1,28 +1,46 +7,00 +0,25
F; BT 43- 02 x Select +0,76 +1,32 +3,78 +24,50 +1,66
F, Balada x Alunig +4,59 +2,04 +1,15 +36,00 +1,99
F; Alunis x Balada -0,04 +2,04 +0,66 +28,00 +1,83
F, Capriana x BT 16-04 +1,01 +1,15 +0,46 -0,53 -1,29
F; BT 16-04 x Capriana -0,29 +0,65 +0,18 +1,11 -0,77

Desi numarul spiculetelor per spic este un caracter dificil pentru ameliorare in virtutea normei de reactie
restranse, datele obtinute releva ca manifestarea fenomenului de supradominanta pozitiva ofera sanse de depistare
a genotipurilor cu indici Tnalti ai caracterului 1n populatiile segregante.

S-au constatat dependente de nivel mediu intre gradul de dominatie al greutatii boabelor per spic si lun-
gimea spicului (0,54), numarul de boabe per spic (0,62) si MMB (0,70). Se poate presupune ca aceste carac-
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tere sunt controlate de sisteme genice comune. De mentionat cd nivelul si orientarea h, au variat semnificativ
la majoritatea hibrizilor reciproci, ceea ce denotd implicarea factorului matern in interactiunile alelice care
controleaza fenotipul caracterelor cantitative analizate.

Concluzii

1. Soiurile si hibrizii Fy, F, de grau comun de toamna se deosebesc in baza elementelor de productie ale
spicului — lungimea spicului principal, numarul spiculetelor, numarul boabelor si greutatea boabelor per spic,
masa a 1000 de boabe, ceea ce face posibila separarea acestora in clustere distincte.

2. Greutatea boabelor per spic, in calitate de indice integral de productie al spicului, coreleaza pozitiv, in
special, cu masa a 1000 de boabe (r=0,80*) si cu numarul boabelor per spic (r=0,65%), iar intre ultimii 2 indici
nu exista corelatii.

3. Greutatea boabelor per spic (y) prezinta dependenta regresionala cu masa a 1000 de boabe (x): y=-0,1985 +
0,0655 x, iar cu numarul boabelor per spic (x): y=-0,0062 + 0,0343 x.

4. Prin analizi clusteriana (k-medii) s-a constatat ca soiurile si hibrizii F, F, de grau comun de toamna se
diferentiaza puternic nu doar in baza nivelului indicilor de productie ai spicului, ci si in baza gradului de
dependentd intre acestia. Soiurile-parinti Niconia, Balada, Alunis si hibrizii F; Cobra x Apache, Accent x
Selania, Capriana x BT 16-04 prezintd cele mai 1nalte dependente corelationale (0,58...0,90) intre caracterele
analizate.

5. La hibrizii Fy, In majoritatea cazurilor (54%) s-a manifestat supradominatia pozitiva a alelelor care
maresc elementele de productie ale spicului. Gradul de dominanta al greutétii boabelor per spic coreleaza cu
gradul de dominanta al numarului boabelor per spic (r=0,62%) si al masei a 1000 de boabe (r=0,72%*), ceea ce
atesta controlul genetic comun al acestor caractere.
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CERCETARI CU PRIVIRE LA CARACTERELE CANTITATIVE ALE SPICULUI
LA TRITICUM AESTIVUM L.
II. MANIFESTAREA VARIABILITAIII TRANSGRESIVE iN GENERATIA F,

Galina LUPASCU, Stefan SANDIC, Svetlana GAVZER, Elena SASCO
Institutul de Genetica i Fiziologie a Plantelor al ASM

This article presents data on the level and frequency of positive transgressions for the production elements of winter
common wheat. It was established that genotypic factor is of great importance in the expression of transgressive
potential of hybrid combinations. Were obtained the date on the level of dependency for the relations of transgressions
with the degree of dominance, genetic distances of parents, also on the distribution of phenotypic classes in parental and
segregating F, populations.

Introducere

Ameliorarea plantelor autogame, inclusiv a graului, depinde de obtinerea selectantilor homozigoti, superi-
ori genotipurilor parentale. Segregarea transgresiva poate fi un factor-cheie in ameliorarea plantelor de cultura.
Fenomenul se manifestd la generatia F, sau la generatii mai tarzii, prin fenotipuri care depasesc norma de
reactie a populatiilor parentale din care au provenit [1]. Indicii de baza ai transgresiilor sunt nivelul si frec-
venta acestora In populatie [2]. Plantele particulare transgresive, observate in generatiile timpurii (F,, F3), pot
fi heterozigote, din care motiv superioritatea lor nu se mentine in generatiile ulterioare. Frecventa transgresi-
lor in populatiile homozigote depinde de combinatie, adica de genotipurile parintilor implicati in incrucisare.
Intrucat ameliorarea insusirilor graului si ale altor culturi autogame este dificila, obiectivul major al geneti-
cienilor si al amelioratorilor este stabilirea metodelor eficiente de elucidare a genotipurilor parentale de interes
practic. Roada nu poate fi marita ad infinitum din cauza diferitelor restrictii — genetice, fiziologice si morfolo-
gice. Frecventa joasa a efectelor transgresive poate fi consecinta /inkage-ului la etapa de combinare a parintilor.
S-a constatat implicarea efectelor de interactiune genicad In manifestarea transgresiva a caracterelor. Un aspect
important este pronosticul conditiilor si al frecventei transgresiilor in populatiile homozigote. Unii autori
considera ca segregarea transgresiva se intalneste mai frecvent, in cazul cand diferenta dintre parinti este mica,
iar varianta aditiva — Tnaltd. Aceasta predictie poate fi facutd, totusi, in cazul lipsei interactiunilor genotip x
mediu, epistaziilor si linkage-ului intre genele responsabile de caracterul biometric cercetat [3]. Relativ recent,
distantele genetice intre parinti, evaluate in baza markerilor moleculari, promiteau o capacitate de predictie
eficientd pentru performanta descendentilor. Buirkhamer et al. (1998), examinand asociatiile intre distantele/
similitudinile genetice ale parintilor in baza markerilor moleculari (STS-PCR, AFLP) si varianta genetica a
liniilor F3, Fs provenite dintr-o singurd saiméanta, au ajuns la concluzia ca distanta geneticd nu prezintd un
criteriu pentru varianta geneticd a descendentilor si numarul segregantilor transgresivi [4]. Din punct de
vedere teoretic, stabilirea metodelor eficiente de selectie este usoara, nséd in practicd aceasta nu este simplu
din cauza linkage-ului frecvent intre caracterele cantitative, care pune in dificultate obtinerea rezultatelor
imediate in cadrul programelor de ameliorare. La orz, a fost stabilitdi dependenta intre frecventa
transgresiilor, nivelul heterozisului si varianta alelelor favorabile la genotipurile parentale [5-7].

In prezent se recunoaste ¢ nu exist o teorie convingitoare despre fenomenul de transgresie a caractere-
lor, nici explicatii unice si adecvate ale acestui fenomen genetic. Cu toate acestea, se fac incercéri de elaborare
a metodelor eficiente de selectie transgresiva [8].

Scopul cercetarilor a constat in elucidarea potentialului transgresiv al unor caractere cantitative ale spicu-
lui principal la graul comun de toamna si a dependentelor acestuia de unii factori genetici importanti.

Material si metode

In calitate de material pentru cercetare au servit soiurile-parinti de grau comun de toamna, hibrizii F, si F,
care au prezentat combinatiile Cobra x Apache, Niconia x Odeschi 267, Select x BT 43-02, Capriana x BT 16-04.

Experientele s-au efectuat in conditii de cAmp 2011, in 2 repetitii, amplasate in blocuri randomizate. In
calitate de caractere metrice au servit lungimea spicului principal, numarul spiculetelor, numarul boabelor si
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greutatea boabelor per spic, masa a 1000 de boabe (MMB). In total au fost apreciate 1070 de spice: cate 40
pentru genitori, 20 — F; §i 120-140 — F,.

Gradul si frecventa transgresiilor au fost calculate conform autorilor Bockpecenckas, IlImot [7]. Analizele
clusteriana (dendrograma de repartitie — metoda Unweighted Pair-Group Average) si corelationala (r) s-au
efectuat 1n pachetul de soft STATISTICA 7.

Rezultate si discutii

Genitorii luati in studiu au prezentat urmatoarele medii pentru lungimea spicului, numarul spiculetelor,
numarul boabelor per spic si greutatea boabelor per spic: 9,4+0,3; 20,0+0,3; 60,5+2,0; 2,1+0,1, respectiv.
Deviatiile standard au fost mai mari in cazul numarului boabelor per spic (5,7), dar mai mici — pentru greuta-
tea boabelor per spic (0,1). Astfel, genotipurile s-au deosebit cel mai mult in baza primului indice (Fig.1).

OOERODER

0 10 20 30 40 50 60 70
Fig.1. Nivelul unor indici cantitativi la soiurile-parinti de grau.

Pe orizontala: 1 — lungimea spicului principal, 2 — numarul de spiculete per spic,
3 — numarul de boabe per spic, 4 — greutatea boabelor per spic.
Pe verticala in dreapta: 1 — Cobra, 2 — Apache, 3 — Niconia, 4 — Odeschi 267,
5 — Select, 6 — BT 43-02, 7 — Cépriana, 8 — BT 16-04

Prin analiza dendrogramei de repartitie s-a constatat cad gradul de similitudine/deosebire intre genitori,
evaluat 1n baza distantelor euclidiene, conform lungimii spicului, numarului spiculetelor si boabelor per spic,
greutdtii boabelor per spic si MMB, a variat in limitele 0,9... 16,6, respectiv, pentru Select — BT 16-04 si
Apache — Capriana (Fig.2, Tab.1).
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Fig.2. Dendrograma de repartitie a genitorilor de grau in baza unor indici cantitativi ai spicului.
1 — Cobra, 2 — Apache, 3 — Niconia, 4 — Odeschi 267, 5 — Select,
6 — BT 43-02, 7 — Cépriana, 8§ — BT 16-04
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Tabelul 1
Matrita distantelor euclidiene intre genitorii de grau
Genotip 1 2 3 4 5 6 7 8
1 0,0
2 6,5 0,0
3 6,8 4,7 0,0
4 3,8 34 5,9 0,0
5 11,9 12,3 7,6 12,7 0,0
6 6,6 6,7 2,6 7,2 6,1 0,0
7 13,8 16,6 12,4 16,2 6,9 9,9 0,0
8 12,6 13,1 8,5 13,6 0,9 6,9 6,5 0,0
1 — Cobra, 2 — Apache, 3 — Niconia, 4 — Odeschi 267, 5 — Select, 6 — BT 43-02, 7 — Capriana, 8 — BT 16-04

Aceasta releva o buna diferentiere a genotipurilor utilizate in calitate de parinti, Intrucat au prezentat nive-
luri diferite ale caracterelor cantitative — Insusire utild pentru cercetarea transgresiilor.

In scopul elucidarii distantelor genotipice intre genitori pentru fiecare din caracterele analizate, s-a proce-
dat la calculul raportului (%) acestora fatd de un soi de referintd — soiul standard Odeschi 51, considerandu-
se cd diferentele de acesta reflecta si deosebirile intre genitori. Distantele genotipice intre parinti au variat in
functie de caracterul cantitativ, in limitele 3,9...19,3; 0,1...11,4; 5,8...9,0; 1,9...20,8% pentru lungimea spicu-
lui principal, numarul spiculetelor, numarul boabelor si greutatea boabelor per spic, respectiv (Tab.2).

Tabelul 2

Diferentele intre genitori in baza unor caractere cantitative

Genitori | Lungimea | Diferente | Numarul | Diferente | Numarul | Diferente | Greutatea | Diferente
spicului, intre spiculetelor | intre boabelor intre boabelor | intre
% parinti, per spic, parinti, | per spic, | pdrinti, | perspic, | parinti,
% % % % % % %

Cobra 103,7 15,7 109,3 0,1 115,4 7,7 86,3 20,8

Apache 1194 109,2 123,1 107,1

Niconia 109,3 3.9 105,6 0,5 115,7 5,8 106,6 11,3

Odeschi 267 105,4 106,1 121,5 95,3

Select 92,3 19,3 96,8 11,4 103,5 7,7 102,4 1,9

BT 43-02 111,6 108,2 111,2 100,5

Capriana 107,0 16,4 106,1 9,0 93,1 9,0 84,4 18,0

BT 16-04 90,6 97,1 102,1 102,4

Cele mai mici diferente intre soiurile-parinti s-au manifestat in cazul numarului de boabe per spic, iar cele
mai mari — Tn cazul greutitii boabelor per spic.

Calculul transgresiilor pozitive in populatia F,, a demonstrat diferente semnificative intre combinatii, atat
in cazul gradului, cét si privind frecventa acestora, ceea ce releva rolul important al factorului genotip si al
interactiunii intre genitori la formarea caracterelor cantitative ce depdsesc cel mai bun parinte (Tab.3).

Caracterele cercetate s-au diferentiat dupa capacitatea de manifestare a transgresiilor. Cele mai pretabile
in acest sens s-au dovedit a fi lungimea spicului (cu exceptia combinatiei Select x BT 43-02), urmatd de
greutatea boabelor per spic si numarul boabelor per spic.

Din 5 combinatii, doar Select x BT 43-02 a prezentat transgresii semnificative pentru numarul spiculete-
lor per spic. Intrucat acest caracter are normi de reactie restransi si, deci, este destul de dificil a ameliora
prin procedee de selectie, combinatia prezinta interes practic deosebit.
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Tabelul 3

Nivelul transgresiilor pozitive pentru unii indici de productie
la graul comun de toamna

Combinatie Lungimea Numarul Numarul boabelor | Greutatea boabelor
spicului spiculetelor per spic per spic

Grad, Frec- Grad, Frec- Grad, Frec- Grad, Frec-

% venta, % venta, % venta, % venta,
% % % %
Cobra x Apache 2,6 2.5 0,0 0,0 0,0 0,0 0,1 0,8
Apache x Cobra 11,3 10,0 0,0 0,0 1,49 1,7 10,4 3.3
Niconia x Odeschi 267| 19,7 72,5 0,0 0,0 0,0 0,0 4,9 2,5

Select x BT 43-02 0,0 0,0 9,5 21,5 9,4 7,5 17,5 12,5
Capriana x BT 16-04 7,2 16,6 2,9 1,7 13,5 10,8 11,1 4,2

Combinatia hibrida reciproca Cobra x Apache/Apache x Cobra a prezentat valori diferite pentru gradul
si frecventa transgresiilor (cu exceptia numarului spiculetelor per spic), ceea ce denota influenta factorului
matern n manifestarea fenomenului.

S-au constatat dependente pozitive inalte (0,93...1,00) intre gradul si frecventa transgresiilor caracterelor
examinate (Tab.4). Aceasta are o mare importantd pentru elucidarea populatiilor hibride de grau comun de
toamna care contin un numar mare de plante transgresive.

Tabelul 4

Dependenta corelationala intre gradul si frecventa transgresiilor pozitive
pentru unele caractere valoroase la griaul comun de toamn:i

Caractere r
Lungimea spicului principal 0,99*
Numarul spiculetelor per spic 0,97*
Numarul boabelor per spic 1,00*
Greutatea boabelor per spic 0,93*
* p< 0,05

de dominatie a caracterului la hibrizii Fy, s-a procedat la analiza corelationala a acestora pentru fiecare carac-
ter. Astfel, s-a constatat lipsa corelatiei pentru lungimea spicului, corelatii medii nesemnificative statistic
(0,35...0,61) pentru numarul spiculetelor si boabelor per spic si corelatii inalte veridice (0,83...0,89) — in
cazul greutatii boabelor per spic (Tab.5).

Tabelul 5
Dependenta corelationali intre potentialul transgresiv pozitiv in F,
si gradul de dominatie a caracterului in generatia F,
Caractere Gradul transgresiilor Frecventa transgresiilor
Lungimea spicului principal 0,07 0,09
Numarul spiculetelor per spic 0,44 0,35
Numarul boabelor per spic 0,61 0,61
Greutatea boabelor per spic 0,83* 0,89*
* _p< 0,05

S-a stabilit existenta corelatiilor inalte ale gradului si frecventei transgresiilor pentru relatiile numarul
spiculetelor per spic — greutatea boabelor per spic, dar mai diminuate pentru numdrul boabelor per spic —
greutatea boabelor per spic (Tab.6).
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Tabelul 6
Dependenta corelationala intre diferite tipuri de transgresii
Caractere Gradul transgresiilor Frecventa transgresiilor
Numarul spiculetelor per spic — 0,93* 0,98%*
greutatea boabelor per spic
Numarul boabelor per spic -— 0,79%* 0,56
greutatea boabelor per spic

* p< 0,05

Aceasta releva importanta identificarii populatiilor segregante F, cu potential inalt al transgresiilor
pozitive In ceea ce priveste caracterul numarul spiculetelor per spic.
Prin analiza histogramelor de distributie a plantelor (spicului principal) la combinatia Capriana x BT 16-04,
in baza greutitii boabelor per spic, s-a constatat ca desi parintii au prezentat repartitii cu abateri de la
distributia normala, populatia F, a fost practic simetrica, unimodala (Fig.3).
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Fig.3. Repartitia fenotipica a plantelor in baza greutatii boabelor per spic la parinti si hibrizii F, de grau.

Fenomenul releva cé procesele recombinationale in genotipurile F; asigurd manifestarea tuturor alelelor
implicate in formarea caracterului, deci obtinerea unui spectru larg de clase fenotipice, ceea ce creeazi o
baza genetica diversa a genotipurilor obtinute.

Concluzii

1. Gradul si frecventa transgresiilor pozitive ale elementelor de productie a spicului la graul comun de
toamnd difera puternic la combinatiile hibrizilor F,, ceea ce releva importanta genotipurilor implicate in
hibridare.

2. S-au constatat corelatii pozitive Inalte (0,93...1,0) intre gradul si frecventa transgresiilor pozitive pentru
elementele de productie a spicului, ceea ce ofera sanse de reusita la identificarea populatiilor hibride cu numar
mare de genotipuri care prezintd aceste caractere.

3. Distantele genetice intre soiurile-parinti coreleaza negativ (-0,77...-0,97) cu gradul si frecventa trans-
gresiilor, 1n cazul lungimii spicului si greutatii boabelor per spic, si pozitiv (0,76...0,89) — cu numaérul spicu-
letelor per spic si cu numarul boabelor per spic.

4. S-a constatat o corelatie pozitiva inalta (0,83; 0,89) intre gradul/frecventa transgresiilor in F, si gradul
de dominatie a greutatii boabelor per spic in generatia F,, ceea ce are importanta predictiva pentru identifica-
rea populatiilor F, cu potential transgresiv inalt.
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POTOCUHTETHYECKAS ITPOAYKTUBHOCTD COPTOB IIEPCHUKA ITPH
PA3JIMYHOM HATPY3KE ILIOJJAMHA

Pauca MAJIHHA, I'eopzuii IITUIIIKAHY, Huna THTOBA

Hucmumym cenemuxu u ¢pusuonocuu pacmernutt AH Monooswi

A fost studiata productivitatea fotosintetica la plantele de piersic, soiurile Collins, Monoasckuii scénmutii $i Redhaven
ce se deosebeau prin continutul de fructe in conditii de lizimetru. Cercetarile au fost efectuate pe parcursul perioadei de
vegetatie. A fost determinatd intensitatea fotosintezei, respiratiei si transpiratiei, de asemenea continutul de pigmenti si
monitorizarea procesului de productivitate. Au fost stabiliti indicii ce caracterizeaza plantele cu productivitate inalta si
stabilita influenta reglatoare a centrelor de atractie asupra activitatii fotosintetice la pomii roditori.

The photosynthetic productivity of peaches of the following kinds: Kollins, Moldavskii jeltii and Redhaven have been
studied with different fruit load in the conditions of lysimetres. The fruit-bearing trees have been studied during the
season according to vegetation phases. CO,exchange of gases, transpiration and respiration, composition and quantity of
photosynthetic de pigments, as well as the monitoring of production process have been established. The characteristics
of highly productive plants have been discovered, the regulating influence of the quantity of attraction centres on the
photosynthetic activity of fruit-bearing plants has been established.

Beenenue

CymMapHast IPOIYKTHBHOCTh MEPCUKOBBIX HACAKICHUM CKJIAABIBACTCS M3 WHIMBHIYAIBHBIX OCOOEHHOCTEH
Ka)XI0TO JIepeBa, KOTopasi, B CBOIO 04Yepelb, 3aBUCHT OT T€HETHKU COPTA M €r0 IPOUCXOXKIICHUS, COBMECTHMOCTH
MIPUBOS ¥ TIOJBOSI, IPHUCTIOCOOJIEHHOCTH K MECTHBIM KITMMATHYECKUM YCIOBUSM, pEaTN3alii MOTEHIIHATBHBIX
BO3MOKHOCTEH pacTeHUsd B KOHKPETHBIX 3KOJIOT'MYCCKUX YCIOBHAX. CBs13b OTACIIBbHBIX IMPU3HAKOB, XapakK-
TEPU3YIOIIHMX (POTOCHHTETHYCCKYIO aKTUBHOCTD PACTEHHI M MX MPOIYKTUBHOCTh, HOCHUT, KaK TPABHJIO, CIIOMKHBIM,
JAJIeKO HE MPSIMOJIMHEHHBIA XapakTep, BO MHOTOM €IlIe HeJOCTaTOYHO M3Y4YeHa U 3aBHCHT OT KYJIBTYpHI U
ycoBui ee Bo3mensiBanms [1-3]. B 3amauy ucciemoBaHuii BXOAWIO OTPEISIICHHE TIOKa3aTene BEICOKOIIPO-
JYKTUBHBIX JIEPEBBHEB MEPCHKA HEKOTOPHIX COPTOB, COXPAHSIONIMX CTAOWILHBIN YpOXKai MPU Pa3IMIHBIX TOTOI-
HBIX YCIOBUSAX U 3((EKTUBHO UCMOIB3YIOMINX (POTOCHHTETHYECKUHN MOTEHIMAN JIJIsl 00pa30BaHMSI IJI0J0B.

MarepuaJjbl 4 MeTObI

UccnenoBanusi pOTOCHMHTETHYECKOW aKTHBHOCTU Tepcuka mnpoBoawmuch B 2010-2011rr. Ha 5—6-meTHHX
pacTeHusx, mpouspacraroux B tusumerpax. Kanennapusie natel npuseneHsl Ha 2011 ron. B nusumerpax
TIOJUIEPYKHBAIICS ONITHMATBHBII PEKIM BIIKHOCTH TIOUBEI, INIOTHOCTh Pa3MeIIeH s JepeBheB TBYXPSIHAS, M/M,
Mexay Onokamu paccrosiaue 1,5 M. Beumn n3ydensl Tpu copra nepcuka: Komnuae, Peaxasen, MongaBckuit
XKenThlil. JlepeBbsi ObLIM pa3AeNeHbl Ha IBE TPYIIIbI B 3aBUCUMOCTH OT BEJIMYMHBI HArPY3KH IUIOJaMH: BapUaHT
A — Harpyska Obuia oT 15 mo 25 3aBsizelt, B Bapuante b oHa cocraBmia 40-60 3aBsizeli Ha OJHO JEPEBO.
B Teuenne neproza BeretTanuu OT paciyCKaHUs MMOYeK 0 OMaJCHUs JUCThEB MO (hazaM pa3BUTHS U3ydalld
(DOTOCHHTETHUYECKUI M BIXaTeNbHBIA ra3000MeH, TpaHCIUPALHIO ¢ oMolIbio npudopa PTM-48[4], npixa-
HUE JTUCTHhEB U IUIONOB Ha ammapare BapOypra [5], Benu ydeT TUCTOBBIX mapameTpoB. KoimdecTBeHHBIH U
Ka4eCTBEHHBIH COCTaB (POTOCHHTETHYECCKUX MUTMEHTOB ompenessuics Ha criekTpodoTomerpe CD T60U [6].
MonuTOpHHT HHIEKCA XJIopodmnia peructpupoBaiics xiopodmuiomerpom CM-1000 [7]. B xoHie Bereranuu
MIPOBOJMIIACH PETHCTPALINS POCTOBBIX U HPOIYKIMOHHBIX ITPOLIECCOB COTVIACHO BapHaHTaM OmbITa [§].

Pe3yabTaTthl 1 ux o0cy:KkaeHue

U3BecTHO, 4TO OOMEH BELIECTB, €r0 MHTEHCHBHOCTh U OOLIas HAINPABICHHOCThH OMPENEINISIOT XapakTep
pPa3BUTHUS PACTEHMs, MPOXOXKAECHUE OTIENBHBIX 3TAllOB OHTOreHe3a. Ha kaxaoMm W3 3TamoB MPOMCXOIUT
MEPEKITIOUCHUE B CUCTEME JOHOP — aKIENTOp, KOTOPOE CIYXHUT CHUTHAJIOM [UIl aKTUBHPOBAaHUS CHHTE3a
HOBBIX (bepMeHTHI)IX OEIIKOB U OJTHOBPEMEHHO MHTHOWPOBAHMS MPENbIAYIINX mporieccoB. [lepekmodenue
METa0O0JIMYECKHX pEeakluidl OpraHu3Ma COCTaBJISET OCHOBY BCEX IMEPEJIOMHBIX MOMEHTOB B JKH3HEHHOM
LUKJIC PACTEHMs, CKJIABIBAIOIIEMCs W3 ompeneieHHbIX (a3 passutus. [lo Hamemy MHEHHIO, B CE€30HHOM
BEreTalyuy IepcrKa MOXKHO YCIIOBHO BBIIGNUTH IIECTh KIIFOUEBBIX MOMEHTOB. [lepBas da3a — 310 packpeiTue
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MOYEK W IBETCHHE, OHA Ipojonkanack 21 ners, ¢ 22 ampens mo 10 mas. l[BereHne mnepcuka HacTymaer
OJHOBPEMEHHO C pacilyCKaHHEM JIMCTOBBIX MOYEK 3a CUET 3al1acOB METabOJIMTOB, HAKOIICHHBIX B ITOOErax
KopHsIX. Bropas ¢a3a — MHTEeHCUBHBIN POCT MOOEroB U (YOPMUPOBAHUE JMCTOBOTO I10JIOTA, AKTUBHOE JIEJICHUE
U pacTsHKeHHE KJIETOK, IOBEHIJIBHBINA MEPUO TSI BCEX OPraHOB, Mpoaoikanack okojo 40 guei, ¢ 11 mas no
15 uronst. TpeThs (aza — 3peToCTh JUCTHEB, IPU KOTOPOI BKITIOYAESTCS TIIaBHBINA aKLENTOp — IUI0A000pa30BaHue,
n mnpoucxoaut auddepennmanus u cozpeBanue 3ugoctepma (16.06-01.07). UerBepras dasza — cozpeBanue
IUIOJIOB, KOTIa BHYTPEHHNE W3MEHEHHUS MPOSIBIISIFOTCS SABHO B BUJIE KAYECTBEHHBIX CTPYKTYPHBIX IIpeoOpaso-
BaHUHN OKOJIOIUIOJTHUKA Pa3phIXJICHUEM €ro KJIETOK, HAaKOIUIEHHEeM caxapoB, 3(HpOB, N3MEHEHHEM OKPAcKU
¢dpykroB (08.07-10.08). B msroit da3e Bce pocToBBle PYHKIHMU OBLIM, B OCHOBHOM, MPUOCTAHOBIIEHBI, TaK
KaK IIPOMCXOIMII CaMblii SHEPrOEMKHI MpoLece — IOArOTOBKA, 3aKJIagKa yposkas OyayIuero roja, CTpyKkTypH-
poBaHue nouek u co3peBanue moderon (10.08-24.08). [llectas ¢da3za — MOArOTOBKA K MEPHOY ITOKOS, COTPO-
BOXKIaJlach OTTOKOM aCCUMUJISITOB B TOOETH M KOPHH U JJIHJIach ¢ 25 aBrycra 10 KOHIa OKTSOpsI.

Takum 00pa3oM, CE30HHBIM LUK Pa3BUTHS PACTCHUH IMEPCHKA Pa3sHBIX COPTOB BKJIIOYACT aKTUBHBIC U
CKpbIThIE (ha3bl, KOPOTKUE U JUIMTEIIBHBIE NMEPEXOABI OT OJHOI0 COCTOSIHUA K Apyromy. C 3-4-netHero Bo3-
pacTa MOJOJbIe CayKEHIIbI BEIXOAAT HA CTaOMIBHBIN PEKUM BeTeTaluu, 00pasyeTcs 1IeHO3, (PyHKIMOHUPYIOINHT
KaK €TUHBII OpraHu3M, C JOCTATOYHO YCTOWYMBOM OMOJOTHUYECKON MPOMAYKTHBHOCTEIO [9]. BHyTpH camoBoro
coo0IIeCTBa OTIENBHbBIC IEPEBbs B pa3Hble I'OJbl 3HAYUTEIBHO Pa3IMYatoTCs 1Mo ypokaro. OmHOW U3 3a1au
HCCIIEIOBaHUs ObIIO BBISIBUTH IPUUMHBI 3TOH Pa3HOKAYECTBEHHOCTH M ONPENENIUTh TOCTATOUYHO CTaOMIIbHBIE
10 YPO’KaHOCTH AK3EMILTSIPEI. Y CTAHOBJICHO, YTO Y PACTCHHM ¢ OONBIION Harpy3Koi mionaMu (BapuaHT b)
YEeTKO TNPOSBIISETCS CMEHA akIeNTopa, Mepeaaya OCHOBHOTO MMITYJIbCAa Pa3BUTHA: JIUCThS-TIIOABI-TIOOETH,
SBHO BBIDOXEHB TPHU MOIbEMa KPHBOIi, yron ee HaKkioHa nocturaer 60-70° u mpakTudecky ayGmupyercs
MpH yCTOHUMBOW paboTe nHCTOBOrO ammapara. [Ipu He3HauuTeNbHOM Harpyske miofgaMu (BapuaHt A) oT-
MeUeHBI TJIaBHBIC MePEeX0bl MeXAY (Pa3aMu U yrojl HakJOHAa KPUBOW 3HauMTeNbHO HKXeE (puc.l,2). AHamo-
TMYHBIE CXEMBI IIOJTy4YeHBI U UL IPYTUX cOpTOB. Pasnuuus mexxay Bapuantamu A u b coxpassiores no rogawm,
COCTaB TPYMIIBI MOKET MEHSAThHCS.
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Puc.1. Ilnnamuka HakorwieHUs cyxoro Bemectsa, 2011 1., MomnaBckwii KETTHIH (A).
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Puc.2. [lunaMuka HakoruieHHs cyxoro Bemectsa, 2011 r., Monnasckuii sxéntoiii (B).
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IlepBrlit 3Tan ce30HHOI BereTaruil MHOTOJIETHETO PACTEHUS MPOUCXOINUT 3a CYET HAKOIUICHHBIX 3aI1acoB
IUTACTHYECKUX BEIECTB B KOPHSIX M CKEJIETHBIX BETBSIX. PackphITHE MOYEK M MHTEHCHBHBIM POCT MOOEroB
(dopMupyroT rabutyc aepesa. MIHTeHCHBHOE pa3BOpauMBaHUE JIHCTOBOW MOBEPXHOCTH OMNEPEXaeT HapacTaHUE
ux Maccel. Bee yacTu pacTeHust B 3TOT MEPHOA COAEPKaT OOJbIIOE KOTHUECTBO BOMBL, 10 75-80%. Ot cko-
POCTH PACKPHITHSA U YCTONYHMBON pabOTHI IMCTHEB 3aBUCUT (POPMHUPOBAHHE OCTAIBHBIX OPTaHOB PACTEHHS,
MIO3TOMY UMEHHO JIUCThS MEPBBIMHU AOCTUTAIOT 3penocTu. KOCBEHHBIM MOKA3aTENIeM 3PENIOro OpraHa CIIy>KUT
OBOJHEHHOCTHh opraHa. /|Ji1 JucTheB TOT MoKa3aTens HaxoauTcs B mpenenax 65-70%, KOTOpeIii B HOpMeE
COXPAHAETCS 0 KOHLA CE30HA NP PErYJIUPOBAHUM peXUMa NoiMBa. bojee TOUHO 3pesioe COCTOSIHNE JTMCTHEB
MOXHO 3a(pUKCHPOBaTh, W3Mepssi uHIeke xnopodmma (MXim) xmopodmmmomerpom CM-1000. YV Mom0161x
mctheB X OBICTpO HapacTaeT, IOCTUTast OTIPEICIEHHON CTa0MIbHOM BETMUMHBI, KOTOpas yKa3bIBacT Ha
MOJIHYIO TOTOBHOCTB Pa3BHUTHIX JIUCTHEB K (POTOCHHTE3Y. B 3TOT meproa nx mokazaTear MaKCUMAJIbHEI.
[IepBsle 3penble TUCTbS Ha MEPCHKE MOSBUINCH B KOHIIE Masl, @ B CEpEAMHE UIOHA UX HAYUTHIBAJIOCH 0 7-9.
CkopocTb pocTa MoOeroB M, COOTBETCTBEHHO, HAPACTaHHUE IUIOIIAIN JIUCTHEB B 3TOT MEpHOA Yy BapuaHTa b B
1,5-1,7 pa3a GoJplie, 4eM B IEPBOM rpymme. Y HUX TaKKe OTMEUEHbl MaKCHMAalbHbIE TOKa3zaTean UXm. Otu
MIPU3HAKH MOTYT OBITh HMCIOJB30BaHbBI IS paHHEH AMArHOCTUKU BBICOKOYpPOJKaWHBIX cOpTOB. Bo BTOpOH
MOJIOBUHE WIOHS JIUCThSI JOCTUIJIM CBOETO ONTHUMAIbHOIO PA3BUTHS, 32 CUET CTPYKTYPHBIX JIEMEHTOB U
KOJIMYECTBA XJIOpO(HIUIa yBeIMIMIach TOMIIMHA JrcTa. HacTymun caMblif OTBETCTBEHHBIN TIEPHOT B )KU3HU
MHOTOJIETHETO PacTeHHs] — IUI0J000pa30BaHNe M CO3PEBaHME IUIONOB. «bHoXuMHYecKkas J1abopaTopHsl JIMCTay
HaxXxOAWJIach Ha NMHKE MHTEHCHBHOCTH PabOTHI, MAKCHMAIBHO BBICOKHE TIOKA3aTEeNH BCEX M3y4YaeMbIX IMapa-
METPOB MPUXOWIMCh UMEHHO Ha 3Ty ¢azy. JlepeBbs BapuanTa b, ¢ 00JIbIIol Harpy3Koi MIoAaMH, OTIHYATUCH
psaaoM ocobenHocteil. Ha ypoBHe oprana oHu oOiajnanu moBslieHHOH Ha 15-20% maccoil ogHOTO NHCTAa,
yBENWYCHHOHN Ha 15-25% ynenbHOUN moBepXHOCTHOM TWIOTHOCTHIO Jucta (YIIILI). Ha ypoBHe 1enocTHoro
pacteHus — 06JbLIeH CKOPOCTHIO (HOPMUPOBAHUS JIMCTHEB. Ha ypoBHE CTPYKTYpPHBIX JIEMEHTOB ypOXKaliHbIE
JepeBbsl OTVIMYAINCh MOBBIMICHHBIM Ha 20-25% conmepaHueMm XJI0poguiuia U 0COOCHHO KapOTHHOWIOB,
KOTOPOE€ COXPAaHSUIOCh Ha MPOTSHKEHHH BCETro Mepuoja Bereranuu (puc.3) W mposBisieTcs exerogHo. Ha
YpOBHE OMOXUMHUYECKHX U OMO(DU3MUECKUX peaKIuil, OTPAKAIOMINX Ka4yecTBO PabOThl ()OTOCHHTETHIECKOTO
armapara (DA), pe3yIbTaThl BEITIISICTH CICTYIONMM 00pa3oM. MHTEHCHBHOCTL (DOTOCHHTE3a W TPAHCITH-
paIyy B IEPHOJT CO3PEBAHUS ILIOIOB Y BAPHAHTOB ¢ OOJBINION Harpy3Ko IJIolaMy yBeINdeHa B 2-4 pasa 1mo
CpaBHEHHIO ¢ Tpymmoi A. JIpIxaHue JINCTHEB, ONpeIeSieHHOe 0 MeToxy BapOypra, B Bapuante b Ob10 B
2-3 pa3za BBIlIE U 3TO pa3IMdne COXPAHSIIOCh Ha MPOTSHKEHUH BCETO CE30HA. 3aKOHOMEPHOCTD IS BhILIETIepe-
YHCIIEHHBIX [TOKa3aTeNel MpOosBIsIach B pa3HbIE TOJBI, XOTS aOCONIIOTHBIE 3HAYEHHUS MOTJIH OBITh HHBIMH.

4 aBrycrta

OM. XENTbIN,

A .
B M. KENTBIN,

B
13 uronsa OKonnuHe, A

B KonnuHe, B

20 mroHA

mr/ am2

Puc. 3. Conepxanue xinopoduiia a + 0 B IMCThsAX nepcuka, 2011 r.

Y pactenwuii ¢ 0OJBINON HArpy3KOH TuIonamMu, o MEeHUI0 MokporocoBa A.T. [10], cMemaroTcs JOHOpHO-
aKIENTOPHBIE CBA3U U YCUIMBAETCS HArpy3Ka Ha (POTOCHMHTETUYECKUH annapaT co CTOPOHBI aTTPAarupyromux
LIEHTPOB, YTO BBI3bIBaET HHTEHCUUKaIMIO poTocuHTe3a. Ho BhICOKas yaenbHas akTUBHOCTH (DOTOCHHTE3a
CTaHOBHTCS (PAKTOPOM BBICOKOTO YPO3Kasi JIUIIb IPH YCIOBUH, YTO TOT NMPHU3HAK COYECTACTCS C XOPOIIUM
ACCHMMWJIAILIMOHHBIM MOTEHINAJIOM JIepeBa U ¢ ONTUMAIBHON CTPYKTYpOH POCTOBBIX MPOLIECCOB (CM. TaOIHILY).
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Taoanna

CO,-raz000MeH JuCTHEB nepcuka, 2010-2011rr.

HNHTEHCUBHOCTH HnrencusrocTs
P —— Jlpixanue, , Tpancnngauym, JIBIXaHHUS T10
Bapuant! MEMOTECO,/M e MKMOJIBCO,/M ™ *¢ mr/ Mm“*c BapOypry,
MKJI/9ac*r
2010 2011 2010 2011 2010 2010 2011
2011
Kommuue, b 17.1 9,8 3.3 2,7 39.1 23,7 602 304
Komnune, A 5.0 2,1 2.2 1,3 16.3 7,2 130 23
MonnaBckuii xxentoiid, b 18.0 12,7 3.6 2,8 54.7 28,7 530 282
MogaBcKuii JKeaThIH, A 3.8 5,6 33 23 11.7 14,0 68 69
PenxaBen, A - 7,5 - 2,3 - 22,9 94 326

®DoTOCHHTE3 SBIACTCS €AMHCTBEHHBIM HCTOYHUKOM 3HEPTHMH HOBOOOPA30BaHUs OPraHUYECKUX BEIIECTB B
pactenuu. FIMeHHO 3TOT mpolecc, Mpy IoMoIu Kotoporo cozaaerca 90-95% cyxoro BelecTBa BCETO pacTeHus,
ompenenseT NpoAyKTUBHOCTb. OIHAKO JUIS IOTy4eHHsI BBICOKOTo yposkast P/ nomkHa ObITh coOnpsiKeHa co
BCEMH TPOLIECCAMH KU3HEAEATEIHHOCTH PACTEHHs. Y CTaHOBJICHO, YTO SKCTEHCHBHBIE MPU3HAKHU, TaKUE KakK
mucroBoit unnexc (JIN), porocunrerndyeckuit morenuman (PII), Mmacca TUCTbEB XapakTepU3yIOT B O0bIIeH
Mepe UX OMOJIOTMYECKYI0 MPOAYKTUBHOCTH (puc.4). [liomans TMCTheB OOHOTO JIepeBa OTpaXkaeT MOTCHIMATBLHBIC
BO3MOXHOCTU COpPTa, a ypoxkail popMupyercst 3a cueT BHyTpEHHEH mepecTpoiiku MeTaboau3Ma JHMCTOBOIO
anmapara, HHTeHCU()UKAK ero paboThl, aKTHBHOCTH (DOTOCHHTE3a U CKOPOCTH Tepeiad acCCUMHIISITOB U3
JIICTHEB B IUIOABI, YTO MTOATBEPXKICHO pe3ybTaTaMi OMOPHU3NIECKUX U OMOXUMHYECKUX HCCIIECAOBaHUH.

epammer

2500

2000

1500

b bromacca

1000

@ Yporxaia

500

o
v 1 T 1 1

KonnuHc A HanavHe b M. EnToifi A M. mEnTmid B

Puc.4. buonornyeckas v X03sHUCTBEHHAS OPOAYKTUBHOCTb COPTOB IICPCUKA
(6HOMacca BKJIHOYACT JIUCThA, moberu TCKYLICro roja v mjioAbl B IEpeCUCTC HA CYXYIO Maccy).

YCTaHOBJIEHO, YTO LIEHTPAJIbHOE MECTO B CE30HHOM BETeTallid MHOTOJIETHETO KYJIBTYPHOTO pacTEeHUs
3aHMMaeT MPOLECcC TI0J000pa30BaHus. Y CIOBHS MIPU LIBETCHUHU ACPeBa M BHYTPEHHHI 3alac CHJI ONPEACISIOT
KOJIMYECTBO (PEPTHILHBIX 3aBsi3eil. KomudecTBO IIBETKOB Ha OJHO JIEPEBO 3a TOJbI MCCIENOBaHUS OBLIO
npuMepHo oaunHaKoBEIM — oT 100 mo 250, cpeanee — 150. IIponent 3aBs3piBanms w1008 — oT 10% 10 30%.
HeompbuieHHBIC IIBETKH BO3BpAIAIOT B IMOOET MMOYTH BCE MUTATENBHBIC BEIIECTBA; Macca MyCTOro I[BETKA Ha
70% menbIIe, yeM ombuieHHOTO. [locne omageHus HeTOpa3BUTHIX 3aBs3ei Ha JIepeBe B CPETHEM OCTaBAIOCh
okoJ1o 40 tromoB. CpenHuii yposkald Ha OHO JEPEBO COXPAHSIICS Ha YPOBHE MPEIBIAYIIETO ro/ia, OKOJIO 4 KT.
WHnuBuIyabHBIE pa3TUYys 110 ToaM BapHaTHBHEL 24% NEpeBhEB COXPAHUIN BBICOKYIO Harpys3ky (45-60
mwioaoB), y 16% mnpenen ypoxkaiiHoctu — 5-20 miuonoB, octanbHble pacTeHus (60%) umenu nepeMeHHyIo
Harpys3Ky, oT 25 10 50 mio10B, ¥ KOJIeOaHHS TI0 YPOXKaWHOCTH OT ABYX IO IIATH KAJIOTPaMMOB. B 10BeHHITHHBIH
TIEPHOI, OKOJIO HOIYTOPa MECALEB, 00BEM 3aBS3H YBETHUMICA OT OJHOTO 0 8 CM’, HO MAcca CyXHX BEIIECTB
Obl1a He3HAYMTENBHOM. B mocienyromme qse Heaemu pocT ObUT MPHOCTaHOBJIEH, 8 KOJIMYECTBO CYXOTro BEIECTBA B
CEeMEHU yTPOWIIOCH 32 CYET aKTUBHOTO IPUTOKA acCCUMHIIIATOB. KoNMn4ecTBo M008B H, ClIe0BaTeIbHO, TOYEK
MIPUTSDKEHMS CO37aBaeMbIX (DOTOMPOAYKTOB CIY>KUT CUTHAJIOM, TIOJ] KOTOPBIA MOJICTPAanBaETCsl BHYTPEHHSSA
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pabota DA. DTOT pUTM COXPAHSUICS U MOCIIE cOOpa yposKast [JIsl CO3JIaHMs 3alaCHBIX BEIIECTB, MUTPUPYIOIIUX B
kopHH. Macca moza gocturaia 90-100 r y panaux coproB (Kommunc) u 130-160 r y no3araecnensix (MoigaBckuit
JKenThIi). Inonans mucTheB, paboTaroNMX HAa CO3AaHNE OJHOTO TpaMMa (GPyKTOB, TSI BAPUAHTOB C OOJBITION
HArpy3Koil II0aMH, BApHaHTOB b, Gbima 2,6-3,6 IM’, 11l HU3KOYPOXKAMHBIX — 7-9 M°. Y CTaHOBIIGHO, UTO
MpoAyKTUBHOCTH JUcTheB (I1J]) — oTHOMIEHUE ChIPOii Macchl IOIOB Ha €AMHUILLY TUIOIIAIH JHUCTHEB, BAPEUPYET
B mHUpokux mpesenax — 200-800 r/m°. OXHAKO eclU MPOIOIKAT [epecueT Ha KOJTHYECTBO MI00B, TO MOITy-
YUTCSI CTAOMIIBHBIN pe3yibTaT XapaKTePUCTHKU COpTa, HE 3aBHCSIIHUNA OT ToAa W Ipyrux mapamerpos. [1JI
s coptra Kommne — 1 11/M° Ha oquH wiof, y copra MosmaBckuii sxenThiii — 14 r, Penxasen — 16 1. Dddextun-
HOCTBH paboThI poTOCHHTETHYECKOTO anmnapata (DPA) o0yciaoBIeHa CKOPOCTSIMH TIEPBUYHBIX peakiuuil GpoTo-
CHHTE3a, OCOOEHHOCTSIMH CTPYKTYpPHOH OpraHM3aIiy (DOTOCHHTETUYECKON ETMHUIIBI, a TaKXKe CTaOMIHHOCTHIO
ero paboThl B Pa3NIMUHBIX yCIOBHsX. [IpH OMMHAKOBBIX BHENIHUX YCIOBHSX M OAHOTUITHOCTH TeHOMA, 3 (dek-
THUBHOCTB paboTel DA perynupyercs moTpeOHOCTSIMUA aTTParupyromuX HeHTPOB.

Ponp mobGeroB B TeueHne BereTanuu MeHseTCa. B Hayane Beretaliuu X OCHOBHAsl ()YHKIIHSI — OTIOpHAS U
MPOBOSIIAS IS TUCThEB U T0110B. [locne cOopa yporkas IpOUCXOAUT IITyOOKasl MepecTpoiiKa U MepeKITo-
YeHUE LEHTpa aTTPaKIMY, MOOETH CTAHOBATCS TJIABHBIM MOTPEOUTENIEM OPraHUYECKUX BEIECTB PACTCHUSI.
Hduddepenmmanys 1 3aKiragka MOYEK COMPOBOXKAAIACH CHIDKEHHEM WHTEHCHBHOCTH POCTa M HAaKOIUICHHUS
MAaccChl, TaKk KaK B 3TOT MEPHO/I OTPEAEIeTCS MpOorpaMMa Pa3BUTHS U COCTOSHUS JiepeBa Ha OyIymiuii Tog —
HauOoee 3HeproeMkuil mporecc. C WO 1O OKTSIOph 00IIast JyInHA MOOETrOB MEHSUIACh HE3HAYHTEIhHO,
pasMepsl IpUpocTa coctaBuiu 110 25-30 cM Ha OJHO AEpeBO, KaK W B mpenslaymuid rog. [lpu crabumbHOM
conep>kanuu Boasl B mobere (50-56%) Ha TPOTSKEHUN YETHIPEX MECSIICB, €T0 Macca B CEHTSIOpE yBEINYu-
jmack B 2-3 pas3a, B HOSIOpE CHOBAa COKpATHJIACh JO MUHUMAILHOTO YpoBHA. Takum oOpa3oM, B CEHTAOpe-
OKTsI0pe HaOMoascs aKTUBHBIN CTOK NMUTATENBHBIX BEHIECTB W3 KPOHBI B KOPHUA. BHe 3aBUCHMOCTH OT cOpTa
roAUYHBIN Tpupoct Apeecunbl coctaBui 200-230 r. Ho miioTHOCTh U Macca MepeMEIIeHHBIX aCCUMUIISITOB
CYIIECTBEHHO paszmuyanack. J[s MamoypokalfHBIX COPTOB Macca 3amacHBIX BemecTB Obuta B mpeaenax 110-
140 1., a anst BeicOKOYpokailHbIX — 230-350 r Ha onHO nepeBo. IIpu3HakaMu BBICOKOIIPOAYKTUBHBIX COPTOB
Ha YpPOBHE 1Mo0era MO>KHO CYHTATh ITOBBIIIEHHYIO CKOPOCTh pOCTa B Mae, OOJIBIIYI0 OTHOCUTEIBHYIO (paccy-
TaHHYIO Ha €JUHUIYY JAJIMHBI) MacCy mobera B CEHTSOpE, OCEHBIO JOJsI MOOETOB MO OTHOUICHHUIO K JIHCTHSIM
JOJDKHA COCTaBIIATh He MeHee 60%.

WccnenoBanns (OTOCHHTETHYECKOH IESATENFHOCTH COPTOB IMEPCHKA B TEUCHHE BETETAI[MHM BBISBIIA B
LIEJIOM CIIEAYIOIINEe OCOOCHHOCTH BRICOKOYPOXKAHHBIX JIePEBbEB:

» B nuHaMuke HaKOIJIEHHUS CyXOH OMOMAcCHI IO OpraHaM PacTeHUs! YeTKO BBIPAXKEHBI MIEPEXObl, OTpa-

JKAFOIIME TIepEeMEIeHNE IIEHTPOB aTTPaKIMK B CE30HHOM PHUTME PacTEHHUSL.

» CKOpOCTh Pa3BHTHsS JUCTHEB M POCTa IMOOErOB Ha paHHMX dTamax Bereranud B 1,5-1,8 pasa Beliie,
9YeM y pacCTeHHUN C MaJIbIM KOJIMYECTBOM ILIOJIOB.

» [lpu oguHaKOBOM IO JTMCTHEB U X MAacChl BRICOKUH ypokail oOpasyercs 3a cdeT HHTCHCHBHOCTH
(doTocuHTE3a, CKOPOCTH OTTOKA (POTONPOYKTOB, HAMPABICHHOCTH Ha (OPMUPOBAHHE ILUIO/IOB, a HE
BETETATUBHOM MAacCBhl.

» DddexktuBHOCTL paboThl hoTOCHHTETHYECKOTO ammnapaTa (DA) 00ycIoBICHa CKOPOCTIMH MEPBUYHBIX
peakuuii POTOCHHTE3a U PETYIHUPYETCs HOTPEOHOCTAMH aTTParupyromuX HEHTPOB.

3akJ/ouenue

I'omeocTas 3penoro mioOHOCAIIETO AepeBa Pa3HbIX COPTOB B OIATONPHUSITHBIX YCIOBUSX TOICPKUBACTCS
Ha ompeieIcHHOM ypoBHe. Ha oOpa3oBaHue Mm1070B MOXeT ObITh HanpasiieHo oT 30 1o 60% rogoBoro mpu-
pocTa Ha/I3eMHOY OMOMACCHI 3a CYET BHYTPEHHETO pe3epBa MpoIeccoB OMocuHTe3a. PerynupoBaHue JOHOPHO-
AKIENTOPHBIX OTHOILICHUM, puTMa ¥ 3pdekTruBHOCTH accuMuisiiuu CO,, a TakKe CONMPSHKCHHBIX peaKIui
HaXOAWTCSA B 3aBUCHMOCTH OT KOJMYECTBA M 3aIIPOCOB aTTParupyONINX [EHTPOB.
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HEKOTOPBIE METOJUYECKHE ITOJAXO/AbI K BBIIEJIEHUIO U
U3YUYEHUIO JEMCTBUA TOKCUYECKHUX BEIECTB I'PUBA ALTERNARIA
HA ITPOPOCTKHU TOMATOB

Ceéemnana HUKOJIAEBA, Apxaouii HUKOJIAEB, Bukxmopusa IIIYBHHA, J/leonuo BOJIOIL[YK

Hucmumym 3auwgumol pacmenuii u sxonoeuyeckozo zemnedenus AH Monoogwi

Obiectivele investigatiei: selectarea izolatelor locale din ciuperca Alternaria cu proprietati toxice inalte; obtinerea
toxinelor solubile in api; selectarea conditiilor de cultivare a agentului patogen, cele mai optime pentru producerea
toxinelor solubile in apd; selectarea soiurilor de tomate cel mai sensibile la toxine; evaluarea proprietatilor izolatelor de
Alternaria la toxigenitate pentru rasaduri de rosii. Este stabilit cd izolatele de Alternaria difera in toxigenitate. Soiul
sensibil la Alternaria este mai sensibil la toxine decét cel mai rezistent. La temperatura de 20°C toxicitatea se manifesta
mai pronuntat decét la cea de 27°C. Toxicitatea tulpinilor de ciuperca depinde de compozitia mediului pe care ciuperca
este crescutd. Extractul apos de miceliu a fost mai putin toxic decat lichidul cultural. Toxicitatea este determinata de
particularitatile izolatelor de Alternaria, precum si de mediul nutritiv pe care izolatele au fost cultivate. Prezenta conidiilor
in extractul apos de miceliu stimuleaza dezvoltarea materialului saditor, fapt observat in toate tulpinile si in toate mediile
nutritive.

The objectives of our research were to: - select of the local isolates of the fungus Alternaria with high toxigenic
properties; - select of the most optimal cultivation conditions of the pathogen for the production of water-soluble toxins;
- provide a water-soluble toxin; - select of the tomatoes varieties which are most sensitive to the alternaria toxins; -
evaluate of toxigenic properties of Alternaria isolates on the seedlings of tomatoes. It was established that isolates of
Alternaria differs in their toxigenicity. Cultivar of tomato more sensitive to alternarioses is more sensitive to the toxin
than the more resistant. At 20°C toxicity is more pronounced than at 27°C. Toxicity of isolates of the fungus depends on
the composition of the medium on which the fungus is grown. The aqueous extract of mycelium was less toxic than the
culture medium. Toxigenicity of isolates depends of the peculiarities of Alternaria isolates, and the medium on which
isolates were cultivated. The presence of conidia in the aqueous extract of mycelium led to the stimulation of seedlings
development. This was noted for all isolates and in all nutrient media.

I'pubkl pona Alternaria, canpoduthl U (hakyJIbTaTUBHBIC NMAPa3UTHI, IIMPOKO PACIIPOCTPAHEHBI B MPHUPOJIE.
OHHM BXOAST B OOJBIIYIO TPYIIY MaTOT€HOB-HEKPOTPO(OB, YOUBAIOT KJICTKH PACTCHHSI-XO35MHA CBOUMH
TOKCHHAMHU, a YOUTBIC KJIIETKH CITy’KaT CyOCTpaTOM ISl pa3BUTHS aTOTeHA.

TOKCHHBI CUUTAIOTCS CIIEIHaIbHBIM OPYIHEM ATOT€HOB PACTEHHUH, C TIOMOIIBIO KOTOPBIX OHW BHEPSIOTCS
B pacTeHUsl.

TokcHHBI MOTYT OBITh X035I€BO-HeCTIeIU(DUIECKIMH, TO €CTh 00JIafaTh OOMMMH (UTOTOKCHUECKUMHU
CBOWCTBaMHU W JCWCTBOBATh HA IIMPOKUI KPYr PAcCTCHUH, a MOTYT OBITh M XO35CBO-CHCIIU(PUUSCKUMU U
JIEHCTBOBAThH TOJIBKO HA ONpPEACNICHHbIE COPTa WX T€HOTHUIIBI PACTCHUIA.

I'eHeTnyeckre 1 OMOXUMUYCCKUE UCCIICAOBAHUS MTOKA3aNIH, YTO, TI0 MEHBIIICH Mepe, B YaCTH B3aMMOICHCTBUS
MaTOreH-PaCTCHUE TOKCUHBI SBJISIOTCS ONMPEACITUTEISIMU ClICU(UIHOCTH. B 3THX Cllydasix yCTOMYMBOCTD MU
BOCHPHUUMYHBOCTH K TprOaM KOPPETUPYET ¢ HEUyBCTBUTEIHHOCTHIO MIIM YyBCTBUTEIFHOCTHIO K TOKCHHAM.
(OHUTOTOKCHYHOCTH MCHOIB3YETCS B KAUYECTBE CEIEKTUBHOTO areHTa ISl CEJIEKIUH in Vitro ¢ IeIIbI0 MTOBBIIICHUS
YCTOMUYUBOCTH pacTeHuii [1].

Konnenrparust rpuOHBIX TOKCHHOB B PACTCHHSX MOXET JIOCTUIaTh JOCTATOYHO OOJBINUX BEIUYMH.
Hampumep, TeHya30HOBass KHCIOTa OOHApYKHBAJIACh B IJIOJaX TOMATOB B MaKCHUMAaJIbHOW KOHIICHTPAIUU
13,9 mr/100 1, a anprepHapuon B sonokax — 5,8 mr/100 r. TokcuHbl BUIOB Alfernaria, NaTOTCHHBIX IS
SITUMEHSI, MOTYT OOHAPY)KUBAThCsI B MMBE. MHOTHE U3 TOKCUYSCKUX METa0OJIUTOB, MPOAYIIUPYEMBIX TpUOaMH,
STOBHUTHI HE TOJBKO IS PACTEHUH, HO Tak)Ke JIJIs YeIOBeKa M )KUBOTHBIX [2].

UyBCTBUTENBHOCTh K TOKCHHY W BOCIIPHMMYHBOCTH K IMATOTeHY HE Bceraa KoppenupyioT. Jemumos E.
u ap. [3] oTMEYaroT MOJOKUTEIBFHY0 KOPPESIIIHOHHYO0 3aBHCUMOCTD MEX/y arpeCCHBHOCTBHIO M30JSTOB U
TOKCHUYHOCTHIO (DMIIBTPATOB MX KYJIbTYPabHBIX kuukoctel (r=0,77 = 0,14). B To xe Bpemst ApyTue Uccie-
JIOBaTENH HE OTMEYaroT Takou koppensuuu [1,4]. He ormevaror ee ['ananGan ®@. u Bepecrenkuit A. [5],
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r3ydvas MaTOT€HHOCTh U TOKCUTEHHOCTh U30JIATOB A. fenuissima Ha 0oJifKe TOJIeBOM. B HX HcciaenoBaHUIX
00paboTka pacTeHUI ToMaTa KOHUIUIMU A.cirsinoxia TiprBesa K MOSBICHUIO CIa00H JTUCTOBOW ISITHUCTOCTH,
KOTOpasi He MPOTrpecCHpoBalia U He JlaBajia CIIOPOHOIIeHHI. BeposaTHO, mosiBIIeHHe HEKPO30B OBIJIO BHI3BAHO
neicTBHeM (DUTOTOKCHHOB, BBIIETSEMBIX MPOPACTAIOIINMHU KOHUIUSMHU, HE CIIOCOOHBIMH 3apa3uTh JTAHHOE
pacTteHue.

WsBecteH (hakTt, KOrma TOKCHH W3 mpopacraronmx crnop Pyricularia orizae criocoOCTBOBAN YCHCITHOMY
3apakCHUIO pUca HEMAaTOTEHHBIM U30JISITOM Alternaria alternate [6]. OT0 MOXKET UMETh 3HAUYCHUE B CIIydasix
CMEUIaHHBIX HMH(MEKIU, KOorJa B OJHOW WHQEKIMOHHOW Karje MOTYT MPUCYTCTBOBATh OJHOBPEMEHHO
CIIOpPBI HECKOJIBKUX BHJOB IMaToreHa. JTHUM, BO3MOXKHO, MOXXHO OOBSICHUTH CIydau 3apaKeHHs pacTeHUi
[aTOT€HaMHU, CYUTABIIMMHUCS paHEee HENATOTEHHBIMU 1711 HEKOTOPBIX PACTCHUM.

MHorue pacteHusi, mopaxxaeMble alnbTEPHAPUO30M, UMEIOT KOPOTKUNA MEPUO] BOCOPUUMYHBOCTH B CTaAUU
MPOPOCTKOB U AJMHHBIM MEpPUOJA YCTOMYMBOCTH MOJIOABIX pacTeHuil. I TonbkOo B CTanuu CO3pEBaHUs-
TUTOJJOHOILICHHS YBETMYUBACTCSI BOCIIPUUMYHBOCTE pacTeHui [7]. 9To 00CTOATENCTBO HEOOXOAMMO YUUTHIBATS,
MIPOBOASL OMBITHl MO MCKYCCTBEHHOMY 3apa)X€HHI0 pacTeHui. OYeBHIHO TakKKe, YTO BCE MEPOIPHSTHSA,
3aMeUIAIONINE CTapeHNe PACTEHHH, Oy IyT MOBHIIIATh MX YCTOMYUBOCTD K aIbTEPHAPHO3Y.

AJNBTEpHApHO3 TOMATOB — IIHPOKO PACIpPOCTPAHEHHOE 3a00JIEBaHNE B PETMOHAX C TETUIBIM U 3aCYILTUBBIM
kuMaToM. KpoMe ToMaToB allbTepHApHO30M TOpakatoTcsl kapTodens, OakiakaHbl, IIEPell, a TakxKe Tabak u
IpyTHUe TPeICTaBUTENN CeMencTBa Solanaceae, TO €CTh 3JKOHOMUYECKH 3HAYMMEIE KyJIbTYpblL. bolle3Hb mmpoko
pacnpoctpanena B Momnose, Ykpaune, Pymoiaun, Pecriybnnke benapycs, Poccun u B apyrux crpaHax.

3adaueil nawux uccnedo08anuil ABIANOCH PEIIEHNE CIEAYIOUINX BOIPOCOB!

—  BbIJIEJIEHHE MECTHOTO H30J1siTa rpuba Alternaria ¢ BBICOKUMHU TOKCUT€HHBIMU CBOMCTBAMU;

— 1oxbop YCIOBHH KYyJbTUBUPOBAaHUS IaToreHa, HawOoliee ONTHMAJBHBIX IS TPOTYyIHUPOBAHUS

BO/IOPACTBOPUMBIX TOKCHHOB;

— ToJy4yeHHe BOJAOPACTBOPHUMOTrO TOKCHHA,

— mox0op HanboJee YyBCTBUTENBHOTO K TOKCHHY COpTa TOMATOB;

— TpOBEpKa BO3MOXXHOCTH OIIEHKH M30JISTOB albTEPHAPHH 110 TOKCUTEHHBIM CBOMCTBaM Ha MPOPOCTKAX

TOMAaTOB.

MaTepHa.n M METOAbI HCCIeA0BAHMI

B Hamux omeiTax ObUTH HCHOIB30BAHBI U30JISTH I'puba Alternaria, NpeABapUTENbHO HE IPOBEPEHHbBIE HA
BHUPYJIEHTHOCTD:

— M-59 - ¢ nuCcThEB TOMAaTa YaCTHOTO XO3SiCTBa, ¢. badoi;

— BH-37 - c nucteeB TOMara, copT JKHMHA, SKCIEPUMEHTANbHBIA y4acTOK MHCTHTyTa 3alllUThI

pacTeHui 1 3KOJIOTHYECKOTO 3eMJIIEAETHS;

— Pannwuit 83-49 - ¢ nucteeB Tomata copra Pannuit 83;

— BMU -39 - c muctheB Tomara copta [xuna (Oxcnepum. ygactox U3P u 33);

— KT 68-1 - c muctreB kapTodens copra Mpra (Oxcnepum. yaactok U3P u 33);

— 2/07 - ¢ TuCThEB TOMATA, SKCIIEPIMEHTATBHBIN y4acTOK MIHCTHUTYTA CenbCKoro X03sHCTBa, T. Trpacnons;

— G 348-28 - ¢ nucTheB TOMaTa copTroydacTka MHCTUTYyTa TeHeTHKH W (GHU3HONOTuU pacteHnid AH
MonaoBel, . Kummnes;

— A 9-1 - nnog Tomata copta Puo I'panne, OTHOCUTENBHO YCTOMYUBOTO K aIbTEPHAPUO3Y.

— TJIT-3, TJIT-7, T'JIT-8 BelaeneHsl ¢ repOapHBIX 0Opa3loB JUCTHEB TOMATOB C XapaKTEPHBIMHU
MPU3HAKAMH PaHHEH CyXOW MATHHUCTOCTH, C Pa3IHYAIOIIIMHUCS CBOMMHE KYJBTypalbHO-MOpdooru-
YECKUMH NTPU3HAKAMHU.

Toxcun rpubda Alternaria moiry4er mo Metoauke Auaenkosa b.I™. [8].

Kpome kapTodensHO-TIF0K03HOM Cpeibl, MPH3HAHHONW CaMON ONTUMAITbHOM ISt BEIPAOOTKH TOKCHHOB [9],
WCTIONB30BAIM U JIPyrHe MUTaTeNbHbIE cpelbl. Tak, B OJHOM W3 ONBITOB Opanu cpexy Yameka kKak Kiac-
CHUECKYIO JJIsl TpUOOB, HA KOTOPOW XOPOLIO pOC MAaTOTeH U OTBaphl KYJIBTYp, HOPaXKaeMbIX ajJbTepHApHUEH.

KaprodensHO-MOpKOBHas cpefa cuuTaeTcs Hanbosaee ONTUMAIBLHON A KOHUAMeoOpa3oBaHus aToreHa
U OIpEJICJIEHNUs €r0 BUIOBOW MPHUHAJICKHOCTH.

[TaToreH BbIpalUBaIA Ha JKUAKUX W arapu30BaHHBIX CPEAaX.
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Tokcudeckoe JelCTBHE MPOBEPSUIM HA MPOPOCTKAX TOMATOB. B Hawane 3KcrepuMeHTa HUCIOJIb30BaH
ceMeHa COPTOB C pa3HOW CTENEHBI0 YCTOMYMBOCTH K ajJbTEpPHApHO3Y, a B JajbHEHIIEM — TOJBKO ceMeHa
BOCIIPUUMYHUBOTO copTa Panuuii 83.

Kpurepuem olieHKH NeHCTBUSI TOKCHHA B HAIIMX OIBITaX CITYXKHJIa Peaklys MPOPOCTKOB TOMAaTa (CKOPOCTh
pa3BUTHSA, [UTHMHA cTeOENbKa U KOPELIKa).

[ToBTOpHOCTH OMBITA 2-4-KpaTHAst, BEIOOpKa — 40-60 cemsiH.

JlaHHBIC OITBITOB 0Opa0aATHIBAIIMICH CTATHCTHYECCKY C UCITONTF30BaHMEM MakeTa Iporpamm Microsoft Exell 2007.

Pe3ynbpTaThl HCcc/Ief0BaHUI B UX 00CYyKIeHHE

W3 tpex umzonsToB rpuba anprepHapus (M-59, BU 37-1 u Pannuii 83-49) B moiHOM COOTBETCTBHH C
MeToauKkoii AHHeHkoBa b.I'. ObUT BBIENECH M MPOBEPEH Ha TOKCUYHOCTh CyMMapHBIN TOKCHH I'puba anbTepHapus
[I0 OTHOIIEHHIO K MPOPOCTKAM TPEX COPTOB, OTIMYAIOIIMXCS PA3HOW CTENEHBI YCTOWYMBOCTH K
aNbTEpHAPHO3Y.

Ha Tperbu cyTkum co BpeMeHH 3aMadWBaHUs CEMsSH B Bojae Ha copre PanHwmii 83 (BOCIIpHUHMYUBBIN)
HaKIIOHyJoch 87% cemsH, a B BapuaHTe ¢ TokcuHOM - 0%; Ha copte bammaga (cpeqHeBOCTIpUUMYNBEIN) —
cooTtBeTcTBeHHO 84,3% u 48,2%. Takum 06pa3oM,BOCIIPUUMYHBBINA K aJIbTEPHAPHO3Y COPT CHIIbHEE pearu-
pOBai Ha TOKCHH Tpuba, 4yeM OoJiee yCTOMYMBEII.

B tabnune 1 npencrasineHsl JaHHBIE IO COCTOSHUIO IPOPOCTKOB TPEX COPTOB TOMATOB C PA3HON CTEHEHBIO
YCTOHYHMBOCTH K aJbTepHAPHO3y, CEMEHA KOTOPBIX 3aMadMBAIIUChH B BOJE WJIM PACTBOpPE TOKCHHA (7-€ CYTKH
npopamyBadus). M3 Tabauubl BUAHO, YTO TOKCHH MPAKTUYECKH HE BIMSI HA MPOLEHT NPOpacTaHHUsS CEMsH.
B TO e BpeMs 4eTKO MpOSBIIIOCH YTHETAollee ACHCTBHE TOKCHHA Ha Pa3BUTHE MPOPOCTKOB. llpu sTom
CWJIbHEE YTHEeTEHHE MPOSBUIIOCH Ha BOCIIPUMMYNBOM copte Panumit 83. /laHHbIe TaONUIBI CBUACTEIHCTBYIOT,
YTO TPU HU3KON TeMIlepaType AeiCTBHE TOKCHHA ObUIO BHIPAXKEHO OTUETIUBEH. DTO BUIHO Ha MPUMEpPE COpTa
Pannwuii 83, kortopsiit u3ydancs u npu 20 u 27°C. Ilpu Gosiee BBICOKOW TeMIIepaType poCT MPOPOCTKOB ObLT
JydlIle.

Tab6smuna 1

Bausinue Tokcuna rpuda Alternaria Ha npopacTanue ceMsiH U COCTOSTHHE ITPOPOCTKOB TOMATA,
OTJIMYAKNUIUXCS 10 BOCHPUUMYHBOCTH K aJbTEPHAPHO3Y, PU PA3HBIX TEMIIEPATypPax NpopamuBaHus

CocTosTHHE IPOPOCTKOB
)
Copr Tomara Bapuant %6 TIPOPOCIINX HaJIN4He JUTHHA (MM)
CeMsH CEMSIONBHBIX
o crebernex KOPEIIOK
ucTo4koB (%)
Temnepamypa 27°C
Pannwuii 83 (BoCIpHUMYUB K Bona 100 11,4 12,0+0,5 27,7+0,8
albTEPHAPHO3Y) Toxkcun 90,5 0 3,3+0,3 8,6+0,4
Bamnana (cpeaneBocnpu- Bona 94,1 19,6 18,0+0,8 53,1£3,1
MMYHB K alIbTCPHAPHO3Y ) Tokcun 93,9 1,8 13,3£0,7 | 15,5+0,7
Temnepamypa 20°C
Pannwuit 83 (BOCIPUHMYHB K Bona 98,1 0 4,0+0,5 16,4+1,6
albTePHAPHO3Y) Tokcun 72,7 0 0,6+0,2 4,5+0,6
Jlap (OTHOCHTEBHO yCTOli- Bona 100 51,8 8,8+0,4 31,3£1,5
YMB K aIbTCPHAPHO3Y). Tokcun 98,2 3,5 3,7+0,3 12,9+0,7

B crienyroneii cepun ONMBITOB M30JATHl ABTEPHAPUH BBIpAIMBAIKMCHL TIpH TeMnepatype 28°C Ha aByX
KUIKAX MATATENBHBIX Cpeaax — KapTodeabHO-TIIFOKO3HOH B KapTo(eIbHO-MOPKOBHOH, B TeueHue 20 THEH.
[To ncreueHnn yka3aHHOTO CPOKa KyJbTYpalbHBIC KHIKOCTH (DMIBTPOBAIM, 3aMadlBalil B QuibTpare Ha
1 cytku cemena coproB Pannwmii 83 u [lap 1 BBIKIIaIpIBAIIA BO BIAKHBIE KaMephl Ha (PUIBTPOBAIBHYIO OyMary.
B tabmue 2 npeacTaBieHbl JaHHBIE IO COCTOSHHUIO IIPOPOCTKOB Ha 7-€ CYyTKH.
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W3 Tabnuiipl 2 BUIHO, YTO BCE U3OJATHI alIbTEPHAPHH TPOSBUIIN OONBIIYIO (PUTOTOKCHYHOCTH 10 OTHOIIEHHIO
K 000MM copTaM Ha KapToQeabHO-TII0K03HOH cpene. [Ipu 3ToM Gosee BocipumMmumBbIid copT Panuuit 83 Obin
OoJiee YyBCTBUTEJICH K TOKCHHY, YeM Oojee ycTrowunBbIii copT Jlap. Hanbombimyro (GpUTOTOKCHIHOCTH IO
OTHOUICHUIO K copTy Panumii 83 Ha KapTodensHO-TIII0OKO3HOM cpee mokaszan uzoisar G 348-28. Ha copre
Hdap 3TOT M301AT Takke OBbUT BHICOKOTOKCHYEH.CIeyeT OTMETUTh TAKXKe, YTO OTHOCHTENIbHAsI aKTUBHOCTh
Pa3HBIX U30JISITOB HE BCETAAa KOPPEIUPOBAJIA C COCTABOM CPEJIBl U C COPTOM.

Taoauna 2

Tokcuyeckoe JeficTBHe Pa3HbIX H30JITOB AJIbTEPHAPUH, BHIPAIMBABIINXCS HA Pa3HbIX cpeaax,
HAa COPTAa TOMATOB, OTJINYAIOLIUECS 10 BOCHIPHUMYHBOCTH K AJIbTEPHAPHO3Y

Bapuant JlnHa crebenbka JnuHa Kopenika
ITutenpHas Obmem % K % K
Wzomar BBEIOOPKH MM MM
cpena u copT KOHTPOJTIO KOHTPOJTIO
BU-39 54 12,6+0,7 74,1 21,9+1,0 66,6
KT 68-1 56 9,3+0.4 54,7 17,3+0,6 52,6
2/07 KT 56 13,6+0,7 80,0 26,6+1,2 80,9
G 348-28 Copr Panmii 53 4,0+0.4 23,5 12,8+0,9 38,9
T'JIT-3 33 55 5,8+0,3 34,1 16,4+0,8 49,8
T'JIT-7 55 4,7+0,5 27,6 13,2+1,0 40,1
T'JIT-8 52 9,5+0.,6 55,9 17,9+0,8 54,4
H,O 56 17,0+0,7 - 32,9+1,4 -
BH-39 56 22.2+1,0 101,4 26,7+1,3 67,9
KT 68-1 53 16,8+1,0 76,7 17,7+0,8 45,0
2/07 52 23,6+1,0 107,8 35,6£1,3 90,6
G 348-28 KI' 51 12,2+0,7 55,7 19,4+1,1 49,4
TJIT-3 Copr ap 53 12,0+0,4 54,8 21,0£1,2 53,4
T'JIT-7 59 13,5+0,6 61,6 21,2+1,0 53,9
T'JIT-8 58 18,3+0,9 83,6 18,8+0,7 47.8
H,O 57 21,9+0,8 - 39,3+1,6 -
BI-39 55 15,5+0,5 90,6 29,5+1,1 84,3
KT 68-1 56 16,6+0,6 97,1 35,2+1,3 100,6
2/07 53 15,8+0,8 92,4 33,84+1,6 96,6
G 348-28 KM Copr 63 16,3+0,9 95,3 31,514 90,0
T'JIT-3 Pannmii 83 57 17,3+0,8 101,2 30,6+1,0 87,4
TJIT-7 57 23,5+0,9 137,4 39,1+1,2 111,7
TJIT-8 57 15,7+0,9 91,8 28,8+1,4 82,3
H,O 52 17,1+£0,7 - 35,0£1,6 -
BU-39 52 13,9+0,8 86,9 29,1+1,7 79,7
KT 68-1 54 13,5+0,9 84,4 31,4+1,9 86,0
2/07 54 13,4+0,8 83,8 32,7+1,9 89,6
G 348-28 51 16,1+0,9 100,6 34,7421 95,1
TJIT-3 KM Copr lap 54 16,7+0,7 104,4 33,4+1,7 91,5
T'JIT-7 60 19,2+1,1 120,0 36,6+1,8 100,3
T'JIT-8 47 18,2+1,0 113,8 36,1+1,9 98.9
H,O 55 16,0+0,7 - 36,5+1,8 -

KaptodenbHo-MOpKOBHas cpefia HEe TOJBKO HE MOBBINIATA (PUTOTOKCHYHOCTh, HO B PsJic CIy4YacB Hake
CTHMYJTUPOBajIa POCT CTEOCILKOB TOMATA.

Bo Bcex crmydasx Ha 0o0enx cpemax u Ha 000OMX COpTax POCT KOPEIIKOB Omepexan pocT cTedbenbkoB. 00
3TOM CBUJICTEIBCTBYET BEJMYMHA COOTHOIICHUS JITUMHBI KOPEIIKOB K JUTHHE CTEOEIBKOB ITPOPOCTKOB.
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Taxum oOpa3zoM, KapToheTHHO-TIIIOKO3HAS Cpela He TOIBKO CIIOCOOCTBOBANIA B OOJBIIEH CTEIEHU POCTY
QIBTEPHAPHUH, HO M OJIArONPUATCTBOBANIA 00pa30BaHHUIO TOKCHHA. B CBSI3M ¢ 3TUM HamMu OblLjIa MPEIIpPUHSATA
TIONBITKA BBISICHUTH, MOXKHO JTH OOHAPY>KUTh BOJIOPACTBOPUMBIN (DUTOTOKCHH B MUTIETHH Tprda. OMBIT ObLT
mocTaBjicH Ha copTe Pannuii 83 Ha KapTOQeIbHO-TIIFOKO3HOH Cpeie.

Tabnauna 3
BoaHblii 3KCTPAKT BHICYIIEHHOTO MHUIIEJIUS AJIbTEPHAPHHA
OBbeM BHIGOpKH Jnuna crebenpka Jnuna kopenika
Bapuanr (K-BO CeMSsIH) % x % k
MM MM
KOHTPOJTIO KOHTPOJTIO
BU-39 55 22.4+0,9 116,1 45,8+1,8 105,8
KT 68-1 54 21,6+£0,9 111,9 45,3+1,5 104,6
G 348-28 52 19,4+0,9 100,5 46,5+2,0 107,4
I'JIT -7 53 18,6+0,8 96,4 44,6+1,4 103,0
Kontpons (Boma) 60 19,3+0,7 - 43,3+1,5 -

[Tpu npopaiMBaHuK CEMSIH TOMATOB B BOJHBIX 3KCTPAKTaX BO3YIIHO-CYXOrO MHIIEIHUS OBUIO YCTAaHOBIICHO,
YTO BOJHBIA SKCTPAKT W3 MHUIICIUS NMPAKTUYCCKH HE yTHETall MPOPACTAHUE CEMSH, a JaXe OOHApYK U
HEKOTOPYIO TCHACHIINIO K CTUMYJISAIINN POCTa MTPOPOCTKOB ToMaTa (Tabi.3). OqHaKo CTaTHCTHISCKH pa3HUIA B
JUTMHE KOPEIIKOB M CTe0CIbKOB MTPOPOCTKOB HE ObLjIa CTPOTO JTOCTOBEPHO IPU MPUHSATOM B OIBITaX YPOBHE
BEPOATHOCTH. MUKPOCKOITUPOBAHUE KOJIOHHI albTEPHAPUH, BBIPOCHIMX HAa BCEX CpeAax, MOKa3ajuo, 4To
00pa3oBaHUEe KOHUIUI BO BCEX BAPHAHTAX CPEJl MPOUCXOIUIO HOPMATBHO.

Bbbuio M3ydeHo BIHSIHWE HEKOTOPBIX Cpell Ha HAKOIUICHHE OMOMACChl MUIICTHS TP BBIPAIINBAHUH
AIBTEPHAPUH B JKUJIKUX CpeiaX B cTalMoHapHO# KynbType. [Tocne 20 cyTok pocra Murenvii 0T(hUIBTPOBBIBAIN
OT KYJBTYpalbHON MHUIKOCTH, BBICYIIMBAIM MPH KOMHATHOM TeMIepaType W OMPEACISIN BEC MHICIUS B
pacdere Ha 100 M kuakoit cpeas! (Tabdmn. 4). Ha Bcex 7-u cpemax Bce TPH H30JIATa albTEPHAPHUHA TTOKA3aTH
OJIMHAKOBBIC TEHACHIIMU pocTa. Hanbosnee OnaronpusaTHON i pocTa Oblia KapTo(heIbHO-TIIFOKO3HAS cpeaa
u cpena Yaneka. OHAKO IPUOPUTETHOHN, CTUMYJIUPYIOIICH POCT Cpeioit Oblia KapTO(eTbHO-TIIFOKO3HAS.

Tadoauna 4

Boznymno-cyxas 0nomacca rpuda Alternaria na sxugkux cpenax (r/100 ma cpeasr)
(20-cyTouHas KyabTypa)

Tutatenshas cpeia W3oa4T aneTepHapuun
G 348-28 JIT -7 A 9-1
KaprodenpHo-TiIIok03Has 0,998 0,937 0,958
Yamneka 0,837 0,725 0,838
KaprodenbHo-MopKkoBHAS 0,041 0,045 0,048
MopxkoBHast 0,060 0,059 0,065
Kanycrthas 0,066 0,063 0,070
[lepeunas 0,030 0,047 0,055
TomarHas 0,009 0,011 0,012

Cpensl MOpPKOBHasI, KallyCTHas, TIepeyHas U ToMaTHas ObUIH B3ATHI U3 TEX COOOpaKEHHI, YTO B HUX OBLIH
BKJIIOUEHBI 3KCTPAKTHI HanOoJiee 4acTo MOpakaeMbIX pacTeHUH-X03seB Tpuba anprepHapus. KaprodensHo-
MOpPKOBHAsI Cpe/ia UCTI0NIb30BaIach IOTOMY, YTO OHA MPUHSATA 332 CTAHAAPTHYIO [T OJTY4YEHUS CIIOPOHOILICHUS
py UAEeHTU(UKALMY BUAOB aJbTEPHAPUH.
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KamycrHast, mepedHass ¥ TOMaTHas cpelbpl MeHee OoraThl MHTAaHHEM, HO OHH TakXKe CIIOCOOCTBYIOT
XOpoIleMy COpoHOIIeHuo Tpuba. [TocnenHee 00CTOATENHLCTBO OBUIO PHUHATO BO BHUMAaHUE TIOTOMY, UTO B
JUTEpaType UMEIOTCS YKa3aHUs, YTO TOKCUH 00pa3yeTcsi B MH(EKIIMOHHBIX KAIUISIX MPH MPOPACTaHUU KOHUIUH,
I/Ie OH UTPAeT BKHYIO POJIb B Mpoliecce 3apaxenus pactenuii [10].

B cnemyromtem orreiTe (Tabi. 5) M3ydanu OecCTBUE KYIbTypaTbHBIX JKAAKOCTEH MBYX Cpell, 00ECIICUNBABIINX
HAWIYYIIUH POCT MUIETHS, — KapTo(eIbHO-TIIOKO3HOH cpefbl U cpenbl Yameka. YCTaHOBIICHO, YTO Ha
o0enx cpenax B KyJlbTypallbHOM JKHAKOCTH TPEX HM30JIATOB aJbTEPHAPUU OOpa3yeTcsi aKTHBHBIA TOKCHH.
HawnGombmeli TOKCHTeHHOCTHIO Ha 00enx cpemax obmaman ot [JIT-7. YV Bcex Tpex H30JATOB OOJIBITYIO
TOKCUT€HHOCTh O0ecreunBasia KapToQeabHO-TIII0KO3Has cpeaa. TakuM o0pa3oM, TOKCUTEHHOCTh 00yCIOB-
JIMBaeTCsl KaK 0COOEHHOCTIMHU H30JIATOB AIbBTCpHAPHU, TaK U cpeaoﬁ, Ha KOTOpOﬁ BbIpallIBaCTCA HU30JIAT.
3TOT OMBIT TAKXKE TIOKA3bIBACT, YTO TOKCHUH BBIICISACTCS B KYJIbTYPaTbHYIO KHIKOCTH (Ta0I.5) U IPAKTHIECKH
BOJIHOPACTBOPUMOTO TOKCHHA B MHUIICIHH HET (Tabi.3), WM OH OYEMY-TO HE BBIICISACTCS U3 HETO, U €ro
TaM OYeHb MaJIO M HaM He YAaeTCs ero 0OHaAPYKUTh.

Tadauna 5

CpaBHHUTeJ/IbHAsI OlleHKA TOKCUTeHHOTI'0 [IeficTBUS KYJIbTYPAJbHBIX JKHIKOCTEH U30JI5ITOB
aJIbTePHAPHWH, BHIPALIEHHBIX HA KapTodeIbHO-TJII0K03HOI cpene U cpene Yaneka

Bapuant O6beM JlnuHa creOenbka JnuHa Kopelika
Msosst [IuraTensHas (:;:)625 I\IZEH) MM % K MM % K
cpena KOHTPOJIIO KOHTPO JIO
G348-28 KT’ 45 8,4+0,4 72,4 16,6+0,7 46,8
G348-28 Yanexka 45 12,0+0,6 103,4 27,2+1,1 76,6
JIT-7 KT 45 4,6+0,4 39,7 12,0+0,5 33,8
[JIT-7 Yanexka 40 6,7+0,4 57,8 13,2 37,2
A9-1 KT’ 47 6,6+0,5 56,9 10,7+0,6 30,1
A 9-1 Yaneka 45 7,9+0,4 68,1 15,8+0,8 44,5
KonTtpoms (Boma) 47 11,6+0,7 - 35,5+2,1 -

CreyIomniuii OmbIT MPeCieA0BaN LEb IPOBEPUTH, MOBIUALST JTU HA TOKCHYHOCTh IPHUCYTCTBAE KOHUIUHN B
BOJHOM 3KcTpakTe Munenusa. C 37oil nenpio yamku [leTpy, B KOTOPHIX BhIpaIiMBajcs rpud, ¢ BO3AYIIHBIM
MUIENIEM W KOHUAWSMH 3aJHBAIN HEOONBITUM KOIWYECTBOM BOJBI M C IMOMOIMIBIO CTEKJITHHOTO IINTATENs
pacTupaiy BO3AyIIHBIN MUTIETHI U KOHUIMHA Ha HEM JI0 MTOIYYEeHHS KOHUAUAILHO-MHUIIEIHAILHOTO TOMOT€HATa.
l'omorenar BruUMBaNU Ha cangerky u3 QUIBTPOBAIBHON OyMmaru, moBepxX KOTOPOH pacKiIaAbIBalidi ceMeHa
tomaTta Pammamii 83, maBas UM BO3MOXKHOCTH MPOPACTH Ha cal(eTKe B MPUCYTCTBHHM MHIICTHS M CMBITBIX
KOHUWU. B ombITe NCTI0Ih30BaHO 4 N30IIsATa allbTEPHAPHUH U TPU PA3HBIX MUTATENBHBIX Cpelbl (Tadu. 6).

W3 Tabnuiiel 6 BUIHO, YTO PUCYTCTBHE KOHUIUHN B )KUIKOCTH, B KOTOPOI MPOPACTAId CEMEHA, HE YCUIIHIIO
TOKCHYHOCTB. bollee Toro, Ha BceX M30ITaX M Ha BCEX MUTATEIBHBIX CPEaX OTMEUEHO BHIPAXKEHHOE CTUMY-
JMPOBaHHUE CKOPOCTH Pa3BUTHSI IPOPOCTKOB.

Hawnbonee cHIbHO CTUMYJISIIHS TIPOSIBIJIACH Y BCEX U30JISITOB Ha KapTO(eNbHO-TIIIOKO3HOM arape. OcoOeHHO
MIPOSIBUJIACH CTUMYJISIHS B Pa3BUTHH CTEOEIHKOB IMPOPOCTKOB, YTO OTPA3MIIOCh W Ha COOTHOIICHHUU JITHHBI
KOpPEIIKOB K JuyinHe ctebenbkoB. B Bapuante ¢ KI'A 310 cooTHomenue Obiio Oosee HU3KUM (OCOOEHHO y
monsatoB [JIT-7, A 9-1 u KT). K coxanenuro, MbI He MpOHAOIIONATN, UMEIO JIM MECTO MpOpacTaHue
KOHUAMH B ®KUJIKOCTH, B KOTOPOM MpOpacTalii CEMEHA.
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Tadauna 6

BiausiHue KOHMIUAJBLHO-MHLETUAJIbHON CMeCH HA Pa3BUTHE MPOPOCTKOB TOMATOB copTa Pannuii 83

Bapuant O0beMm JnnHa creGenbka Jnuna xopenika

Wsossr Iuratenbas | BPIOOPKH . % K . % K
cpena (k-Bo cemsH) KOHTPOJIIO KOHTPOJIIO

G 45 24,7+1,2 222.5 53,8£1,8 1524
IJIT-7 KA 46 28,7+1,4 258,6 45,9+1,3 130,0
A9-1 47 28,1£1,5 253,2 442+1.4 125,2
KT 45 29,3+0,8 264,0 50,0+1,5 141,6
G 46 16,9+0,7 152,2 42,8+1,6 121,2
I'JIT-7 KMA 43 14,8+0,7 133,3 40,8+1,7 115,6
A9-1 44 18,8+0,6 1694 41,1+1,5 116,4
KT 45 15,6+0,9 140,5 36,1£1,6 102,3
G 49 15,4+0,8 138,7 41,1+£2,1 116,4
rJT-7 KATL A 44 20,2+1,0 182,0 43,5+1,6 123,2
A9-1 46 16,7+0,7 150,4 43,7+1,5 123,8
KT 46 14,1+0,7 127,0 36,1£1,5 102,3

H,O Kontpomns 46 11,1+0,5 - 35,3+1,8 -

AHanu3upys MOJydYeHHbIE JaHHbIE, MOXKHO INPEIIONI0KUTh, YTO TOKCHH BBIICISAETCA B IHUTATEIbHYIO
cpeay B mpolecce pocTta rpuda. BeposTHO, BOZOPAaCTBOPUMOIO TOKCHMHA B MULEIUN U KOHUAUSAX HE OBLIO.
3TO HE UCKII0YAET, OJHAKO, BO3ZMOXXHOCTH HPEAIIONIOKHUTE, YTO €r0 MOTJIO OBITh TaM Majlo. MHOTHE aBTODEI,
paboTtaBimye ¢ QUTOTOKCMHAMH aJIbTEpHAPHH, MPOBOIWIN €r0 KOHIEHTPUPOBAHWE WIM yHapuBaHHeM Oe3
UCTIOJIb30BaHMs OPraHWYECKUX pacTBOpuTener [8]), WM 3KCTparupoBaHHMEM TOKCHHOB OPraHMYECKHMHU
PacTBOPUTEISIMA C MOCIEAYIOIIMM yHapHBaHHEM (Kak 3TO MMEJIO MECTO BO BceX pabdoTax, B KOTOPBIX
MIPOBOAMIIMCH OMBITHI C OYMCTKON TOKCHHOB M YCTAHOBJIEHUEM MX XUMHUYECKOH cTpyKTypsI [11,12].

MOoXHO TakKe MPEANOI0KHUTE, YTO JIUCThsI Oy YT pearnpoBaTh Ha TOKCHH HE TaK, KaK IPOPOCTKU CEMSH.
Bo3M03kHO, aHAaJIOrMYHBIE OMBITHI CIEAYET MPOBECTH HE Ha MIPOPOCTKAX, a HA PACTEHUAX MM M30JIMPOBAHHBIX
JUCTHAX.

Taxum 00pazom, B pe3ybTaTe HCCIEAOBAaHUN MOKHO CAETaTh CIEAYIOIINE BEIBOIBL:

1. BeigeneHsl MeCTHBIE U30JATHI Tpubda Alternaria ¢ BHICOKUMU TOKCUT€HHBIMHA CBOWCTBAMHU.

2. IlopoGpanbl ycnoBHsl KyJIbTHBHPOBAaHHUS IaToreHa, HambOoyiee ONTHUMAaJbHBIE IUIS MPOAYLUPOBAHUS
BOJIOPACTBOPUMBIX TOKCHHOB.

3. IlonOpan HanboJee YyBCTBUTENBHBII K TOKCHHY COPT TOMATOB.

4. Iloxa3zaHa BO3MOXXHOCTH OIIEHKH H30JIATOB ajJbTepHAPUU 10 TOKCUTEHHBIM CBOWCTBAaM Ha MPOPOCTKax
TOMATOB.
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CPABHUTEJIBHOE U3YYEHUE MAT, CUHTE3UPYIOIIINUX
AIMKIMYECKUE TEPIIEHOU/IbI

Enena ITEJIAX, Bacunuit YObBAHY, Jlyuua APXUIT

Jlabopamopus buoxumuu pacmenuil

In lucrare sunt prezentate rezultatele studierii unor forme spontane de menti, precum si a unor hibrizi de diversa
provenienta, care sintetizeaza si acumuleaza predominant terpenoizi aciclici — citral, linalool, geraniol, nerol, citronelol
si esterii lor — linalilacetat, geranilacetat, cironelilacetat in diferite cantitati. Ecotipurile M. arvensis L., M. piperita L.,
M. longifolia (L.) Huds. au fost aduse din diverse zone geografice — Moldova, Rusia (Extremul Orient, Regiunea Volga),
Ucraina, Canada. Datoritd compozitiei chimice si aromei pldcute a uleiului eteric, aceste mente prezintd un material
interesant pentru selectia ulteroard, precum si pentru utilizare in industria cosmetica, in calitate de aromatizanti pentru
diverse produse.

In the course of our investigation of genus Mentha we have analyzed the essential oil of some wildly growing
ecotypes of M. arvensis L., M. piperita L., M.longifolia (L.) Huds. collected in different geographical regions such as
Moldova, the Ucraine, Russia (the Far East, Povoljie), and Canada. These different ecotypes possess an unusual smell,
and the essential oils showed a distinct chemical composition. The main components of these oils are non-cyclic terpenoids
such as citral, linalool, geraniol, nerol, citronellol linallilacetat, geranilacetat, nerilacetat in different percentage. The
chemotypes with flower-like or fruit-like scent are of interest and may be used in perfumery and as a culinary herb.

Pactenust pona Mentha mupoko pacnpoCTpaHEHbl B Pa3IMYHBIX reorpaduuecKux 30HaX. Buuel MATHI
IIPOM3PACTAIOT 3a4acTyi0 B OZHOM 3KOJIOTUYECKOM 30HE, JEIKO CKPEIIMBAIOTCS MEXAY COOOH, B pe3yiapTare
4ero o0pa3yroTcsi MHOTOYHCIIEHHBIE XeMopachk! [1,2,3,4]. MsTa mupoKko W3BecTHa KaK UCTOYHUK MEHTOJIA.
OnHako BUABI MATBHl CHHTE3HPYIOT OOJNBIIOE KOTMYECTBO OMONOTMYECKH AKTUBHBIX BEIICCTB U SIBISIOTCS
MOTEHIHMANEHBIMU MX UCTOYHHKaMU. B OCHOBHOM MSTBI HAKaIUIMBAIOT B COCTaBe 3(UPHOTO Macia LUKIH-
YyecKre MOHOTEPIIEHOU bl P-MEHTaHOBOTO psfa.

B nuteparype Hepenko mosiBIsroTCes cooduieHust o M. citrata Ehrh, X0Ts, BEpOATHO, 3T0 cOOpHOE Ha3BaHUE
Pa3HBIX BUAOB WM Xe€MOpac, O 4eM CBUIETEIbCTBYIOT U MHOTOUYHCIIEHHBIE CUHOHUMBL: M. piperita citrata
(Ehrh.) Brig. ,M.aquatica var. citrata (Ehrh.) Benth, M. odorata, a Takxe o MsiTe 6epraMoTOBOM, TUMOHHOH,
OanaHoBOH H mpounx [8,9]. D10 penkuii ciaydai, korma 60TaHUIECKOEe Ha3BaHUE COOTBETCTBYET OpraHOJICTI-
THYECKOH OlLleHKE, IIOCKOJIbKY BHUMaHHE MPUBJIEKaeT MIMEHHO HEOOBIUHBIN I MATHI apoMar.

Hamu coOpaHbl U3 €CTEeCTBEHHBIX MOIMYJISIHMHA W BBICA)KEHBI HA OMOJOTMYECKON CTaHIMK yHHBEPCUTETA
(OpMBI MSTBI, KOTOPBIE BBIIEISUINCH CBOUM HETUIIMYHBIM JJISI MSIT LIBETOYHO-LUTPYCOBBIM apoMaToM. OniHa
¢dopma M.arvensis L. Oblna 3aBe3eHa ¢ JlanpHero Bocroka, npyras — u3 Poccuu (paiion Bepxseil Bourn),
Tpeths — u3 Kananwl. JIBe xemopacsl M. piperita L. Oblny BBIACTICHBI U3 NPOMBIIUIEHHON MOCAAKH cOpTa
Kpacnonapckas — 2 va Ykpaune, M.longifolia (L.)Huds — n3 ecTecTBeHHOI HEOOIBINON IMOMYJIALUN B palioHe
KummneBa. MsiTbl OBUTM pa3MHOKEHBI KOPHEBHIIIAMH, COOPaHHBIMU B €CTECTBCHHOW cpejic oOWUTaHus, a B
nocienyoume roasl — paccagoid. Kpome Toro, vccieqoBaIuch THOPHIBI U CESHIBI, KOTOPBIE MO CBOUM
OPTaHOJICNITHYECKUM CBOUCTBaM ObUTH OJNM3KH K N3y4aeMbIM BUAAM.

OdupHoe MacIo Mosryyaiu U3 pacTeHUll, COOpaHHBIX B CTaUHU MAaCCOBOTO I[BETEHUS, UCIIOIb3YsI METOX
THAPOIUCTUIIALMU 1o ['mH30ypry. s oOmiei xapakTepuCTUKH 3(QUPHOTO Maciia Omnpeaesuid (QU3HKO-
XMUMUYECKUE TOKa3aTedn (ONTHYECKYI0 aKTHBHOCTH, KOI((GUIMEHT pedpakiuu, XapakTep MOTTOLICHUS B
Y®-061acTy, KOJMYECTBEHHOE COAEPKaHHE TEPIIEHOBBIX CIMPTOB, KETOHOB, CIOXHBIX 3¢upos). Kommo-
HEHTHBIH cocTaB 3(UPHOTO Maciia ONpeACIsIIM METOJOM Tra30-)KUIKOCTHOH Xpomarorpaduu Ha mpudope
LBer-152 ¢ mnamMeHHO-MOHU3aLMOHHBIM JETEKTOPOM Ha CTaJbHBIX KOJIOHKAX (3M X 25MM), 3amOIHEHHBIX
15% xap6oBakcom, Ha Xpomarone N-AW-DMCS 0 160-0 200; raz-Hocutens renuil. MHANBUIYyanbHbIE KOM-
IIOHEHTHI BBIACISIIM METOAOM IPENapaTUBHONW XpoMaTrorpaduu B TOHKOM CJIO€: Ha CTEKJIIHHYIO IUTAaCTHHKY
pasMepom 25 x 25 cM HaHocwWiIM ciioi ancopOenTa TonmuHou 0,8 - 1 MM. B kauecTBe 31MFOCHTOB UCHOMb-
30BaJIM TEKCaH, STHJICHITIUKOJb, ALlETOH B Pa3JIMYHBIX COOTHOLICHUSX AJIS Jiydinero pasgenenus. Cxema
BBIJICJICHUSI MHAUBUAYaJIbHBIX KOMIIOHEHTOB IpUBEIeHa HamMu paHee [S5]. BbineneHHble MHAMBHAYaJIbHBIE
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BEIIIECTBA XapaKTEPHU30BAIN 110 (PU3MYECKHM KOHCTaHTaM, MaKCUMyMaM TorjonieHus B Y ®-obnactu, cro-
COOHOCTH YJepKUBAHHS ITyTEM BBEJICHUS YUCTHIX WHAMBHUYJIbHBIX BEIIECTB.

B xoxe uccnenoBanuii HamMu OOHApPY)KEHO 3HAYHMTEIbHOE pazHOOOpasne (PH3MKO-XMMHUYECKHX XapaKTe-
PHUCTUK 3QHUPHBIX Macel n3ydaeMbIX GopM MATH (Tabnuna 1). Dxotunsl M. arvensis L., M piperita L. xapak-
TepU3yroTCs HU3KOM spupomacnuunocteio (0,5-1,3%), Toneko y M.longifolia L. ona 6onee Boicokas — 2,1-
2,3%. KonnyectBeHHOE coep kaHue OCHOBHBIX TPYIIIT TEPIIEHOBBIX COSAMHEHUN TaKKe BaphUPYET B 3HAUH-
TENBHBIX MpeJieNnax: CIupToB — oT 24% 1o 45%; cmoxHbIX 3GupoB — oT 18% mo 50%; anprernaoB (B OCHOB-
HOM 1uTpanst) — ot 28% no 45%.

XapakTepucTuKa 3GUPHOro Macjia u3yuyaeMbIX IKOTUIIOB MSAThI

Taoauna 1

)
Mecto Brixon " " Conepxanue, %
Bun Macia, | n'p o p Amax, HM C KapG
MIPOU3PACTAHUS o CrupTht IL. po.
° a¢upsl | coe.

M.arvensis | JlanbHbrii

BocToxk 0,85 1,476 | -1,35 | 228,238,260,273 | 26,4 45,5 6,47
M.arvensis | IToBoikbe 0,52 1,471 | -25,00 238,252 | 34,5 50,0 5,62
M.arvensis | Kanaga 1,35 1,467 | -10,40 238,260 | 18,7 31,3 9,63
M.piperita | Ykpauna-1 0,50 1,488 | -2,40 238 | 22,65 18,44 | 36,44
M.piperita Ykpauna-2 1,03 1,481 | -5.60 238 | 24,6 2342 | 45,0
M.longifolia | MongoBa 2,30 1,462 | -18,3 | - 36,3 48,7 1,75

Hecmotps Ha pazHOOOpa3ue KOJMUECTBEHHBIX IOKa3aTeNnel, S3KOTUIbI 00bEeIUHSIET TO, YTO OMOCHHTE3 Y
HUX uaeT no tumny M.citrata Ehrh., B pe3ynabTaTte 4ero B 3(pupHOM Macje HaKarUIMBaIOTCS alUKIMYEcKHe
MOHOTEPIICHOUABI B Pa3IUYHBIX KOMWYECTBEHHBIX COOTHOMICHUSIX (Tabmuua 2).

Tabéauua 2
CocTaB KOMIIOHEHTOB 3(PMPHOTO MaCJIa FIKOTHIIOB MSATHI,
CHHTE3UPYIOIIHAX ANMKINYeCKHE TEPIEHONIbI
Copeprxanue, %
Ne Haumenoanue M.arvensis . . . . -
K COMIOHOHTA Tlansnuii M.arvensis | M.arvensis | M.piperita | M.piperita | M.longifolia
Hosonocve | Kawnada | Yrpauna-1|Yxpauna-2| Mondosa
Bocmok

1 | o-nuHeH 0,01 0,04 0,1 0,02 0,03 0,02

2 | P - nuHEH 0,03 0,14 0,05 0,09 0,22 0,05

3 | IMMOHEH 0,68 0,70 3,30 1,35 1,16 1,34

4 |1, 8 -tiuHeon 1,42 2,05 3,25 4,00 1,58 1,87

5 | 1, 4-umHEon 1,42 2,91 14,70 0,92 1,25 1,75

12 | nuHAIOON 1,17 2,60 4,00 5,30 4,85 19,24
13 | nuHAIIHMNAIEeTaT 1,00 14,15 4,18 4,45 8,05 44,50
15 | okranomn-3 0,23 4,25 2,45 1,21 2,60 0,55

16 | meHTON 0,94 2,25 10,00 2,16 1,60 No

18 | uuc-umrtpaib 4,32 1,53 0,40 10,45 14,65 5,31

19 | muTpoHemnMIaneTaT 0,90 3,58 28,76 6,67 4,85 0,55
20 | TpaHC-UUTpAab 1,49 1,35 3,05 24,15 29,30 3,70
21 | TUTPOHEIIION 26,90 1,43 2,48 2,00 4,60 5,55
22 | repaHuianerar 38,30 26,9 2,61 10,15 0,80 5,73
23 | Hepon 2,74 3,35 4,48 5,45 2,20 7,70
24 | repaHuoa 12,90 23,00 3,90 6,58 8,84 6,80
25 | HepuianeraT 1,32 2,86 0,95 1,25 0,90 1,30
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Hebounb1ioe xoauyecTBO MEHTOJIA B COCTaBE A(PUPHOTO Maciia IUTPATBHBIX IKOTUIIOB MOXKET CBUACTEIb-
CTBOBAaTh O T€HETHYECKOM POJICTBE C MEHTOJILHBIMU (hOpMaMK MSATHI TIOJIEBOM U nepedHoi. B adupHOM Macne
MSATHI JUTMHHOJIMCTHON MEHTOJI He ObUI OOHApYKEeH.

CrnenyeT OTMETUTH, YTO XEMOTHUITBI MATHI TIOJIEBON M MEPEYHONH HEYCTOWYHBBI K HU3KHUM TeMIIEpaTypam,
MX KOPHEBHUIIA 3UMOI BbIMEp3aroT. JIMHAIO0OIBHBIN XEMOTHUI MSTHI ATUHHOJIUCTHOW — 3TO MOIIIHOE pacTeHUH
BbICOTOM 1,2 — 1,5 M, XOpOIIIO IEpE3NMOBBIBAET C BEICOKUM KOA(P(PHUIIMEHTOM Pa3MHOKEHHSI.

W3 ruOpuaHbIX IOTOMCTB OT Pa3INYHBIX KOMOMHAIMN CKPELIMBAHUSA U CESHIEB OT CaMOOIIBIIICHUS ObUIN
BBIJICJICHBI PACTEHUS, KOTOPHIE TAK)KE HAKAIIMBAIOT AlUKINYCCKUE TePIICHOUIbI B 3(upHOM Macie (Tabnuiia 4).
Ot ckpeumwmBanust M.incana x M. piperita (KapBOHHBI XeMOTHI) NOJXy4eH Tuopux NeS5; oT ckpemuBaHUs
M.incana x M.piperita x M.spicata nonyder ruopun 17-24; 13 ceMEHHOTO IMTOTOMCTBA OT CBOOOHOTO TIepe-
onbuteHust M.arvensis ([lanpHeBocTounblil skoTumn) nonydeH JOII-6; u3 ceMeHHOro MOTOMCTBa OT CBOOOI-
HOTO TiepeonbuieHus: M.piperita (unTpanbHbIi Xemotum) noiyden cesHery OH-1K u ot mepeomnbuieHus
M.sachalinensis (Brig.)Kudo x M.caucasica Gandg. nomydeHn rudpug Ne 1575 .

[ony4yeHHble HAMU THOPUABI ¥ CESHIIBI OTJIMYAIOTCS O0Jiee MOITHBIM Pa3BUTHEM, YKU3HECITIOCOOHOCTHIO U
BBICOKO 3pupomMacinuHocThio (Tabmuna 3). [lo mopdonoruueckum npusnakam pactenust JOI1-6 u OH-1K
CXOXHM C MarepuHCKUMHU (opmamu; rubpuny Ne 1575 oOmamaer cMemlaHHBIMH HPH3HAKAMH; OCTAJIBHBIC
THOPHIBI 00JIEe COOTBETCTBYIOT MATE KOJIOCOBOM.

Taoauma 3
XapaKkTepUCTHKA THOPUIOB U CesTHIIEB, HAKAIJIMBAIOIINX AlMKINYECKHE TePIeHOnIbI
Conepxanue, %
HasBanue Brixon e o2 2 HM
FHGPHHa macija, % b b max CHI/IpTLI CIIOXKH. Kap6
ahupsI COe/I.
55 2,7 1,460 +8,4 - 82,0 5,0 1,8
17-24 2,1 1,462 +12,3 - 73,8 6,7 3,6
1575 1,9 1,463 -66,0 252 65,4 10,1 5,5
DOII-6 1,7 1,475 -2,7 238,260,270 53,3 32,7 10,4
OH-1K 1,3 1,473 -5,3 238,260,273 19.9 46,6 22,3

Oco0Or1it maTEpEC TIpeacTaBisser THOpum Ne 1575, KOTOPBI CHHTE3UPYET MPAKTHICCKH B PABHBIX KOJIH-
yecTBax auMoHeH (33%), d-muramoon (26%) u merTon (22%) (tabmuna 4). [lo coBpeMeHHBIM TpeICcTaBIIe-
HUSM CHHTE3a TEPIICHOUJIOB JTUMOHEH SIBJIICTCS MCXOJIHBIM MPOAYKTOM OOpa30BaHHS MHOTHUX KHCIIOPOJICO-
JepIKalIuX TEPICHOU OB IUKIMYECKOTO CTPOCHHUS, MPHU 3TOM Hanmuuue reHoB L m Lm mpemsaTcTByeT mpe-
BpAICHHUIO JINHAIOO0JIA M JIAIMOHEHA, COOTBETCTBEHHO, B IUKIIMIECKAE MOHOTEPIICHHI [6].

Y MATBHI CaxaJIMHCKOW B cocTaBe 3()MPHOTO Macjia JOMHHUPOBAIH IMKINYSCKHE KOMIIOHCHTHI (MEHTOI
1o 80%), y MATHI KaBKa3Cckoi — ammkindeckue (uHaoon a0 90%). Takum oOpazom, y rubpuma Nel575
HaOJrOIaeTCsl CMelIeHue U MOP(GOJIOTHYECKHX U XUMUUYECKHX MPH3HAKOB 000X POJIMTENEH KaK CIe/ICTBUE
cMeleHusT (PePMEHTHBIX CHCTEM, YTO MPUBOJIUT K MOSIBIICHUIO B 3()UPHOM MAcJe JOBOJLHO 3HAYMTEIHHOTO
KOJIMYECTBA MEHTOJIA (Tabmuna 4).

Tadoauna 4
CocTaB KOMIIOHEHTOB 3(UPHOro Macjia rTHOPUIOB
Ne HaumenoBanue Conepxanue, %
IHKa KOMITOHEHTa Neo 55 Ne 17-24 No 15-75 JOIl-6 OH - 1K

1 0. - THHEH 0,08 0,01 0,02 0,06 0,01
2 B - muaeH 0,02 2,40 1,00 0,02 0,16
3 JIMMOHEH 2,49 6,60 33,05 0,20 1,36
4 1, 8 -mirHEON 0,84 3,58 5,72 1,30 1,20
5 1, 4-ttmHEON 2,58 14,11 1,18 1,85 0,93
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Tabnuya 4, npodonicenue
12 JIUHAJIOOJ 76,60 65,55 26,0 2,20 10,10
13 JIMHAJUIMIIALIETAT 2,20 1,61 0,5 2,15 14,06
15 OKTaHOJI-3 0,80 1,15 0,3 0,45 1,75
16 MEHTOJI No 1,61 22,30 1,05 2,25
18 LUC-IIUTPAIb 0,62 0,80 0,70 6,80 19,15
19 LHUTPOHEIUIUIIAICTAT 1,38 1,15 0,22 1,50 2,87
20 TpaHC-LIUTPATh 1,62 2,78 0,60 3,57 1,86
21 LIUTPOHEILION 1,34 2,76 1,32 20,05 1,15
22 repaHuyaneTar 0,05 3,88 1,05 26,23 27,80
23 HEpOJ 1,10 2,62 0,86 5,55 2,05
24 repaHuoI 0,70 1,30 1,05 16,10 2,70
25 HepualeraT 0,45 1,8 1,30 1,05 1,30

Kucnopoaconepsxkamye npou3BogHble 2, 6-IUMETUIOKTaHa — JIMHAI00J, TepaHto, HEPOJ, IUTPOHEIIION
U UX CIOXHBIE 3GUpHl (JIMHATHIALETaT, HEpUIaleTaT, FTepaHuIaneTar, IUTPOHEeIUIUIIaLeTaT) SIBISIOTCS Hau-
0oJiee pacpOCTPaHEHHBIMU B 3(MPHBIX MAacCliaX HEKOTOPHIX CYOTPOIIMUYECKUX PACTCHUH M MPHUIAIOT UM pa3-
JWYHBIE OTTEHKU [[BETOUHBIX U (PPYKTOBBIX 3amaxoB. B Hamiell knuMaTHYeCcKOl 30HE PacTeHUs], B YaCTHOCTH
MSTBI, C TAKMM COCTaBOM 3(UPHOTO Macia BCTpeyaroTcsi KpaiiHe peako. [loaToMy M3ydeHHbIE HAMH SKOTHUIIBI
MSTHI [I0JIEBOM, IEPEYHOI M AJIMHHOIMCTHOM, a TAKXKe TMOPUIBL, MOTYT IIPEICTABIATh 3HAUUTENIBHBIN Ipak-
TUYECKUI MHTEPEC KaK ChIpbE IS MapPrOMEPHO-KOCMETUYECKOW M MUIIEBOW MPOMBIIIICHHOCTH, a TaKKe
IUISl CEJICKIIMOHHBIX padoT.

Jluteparypa:

b
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THE COMPARATIVE ANALYSISOF IN VITRO PHASEOLIN PROTEOLYSISBY
PAPAIN AT DIFFERENT pH VALUES

Tatiana STEPURINA, Vitaliel. ROTARI
Laboratory of Plant Biochemistry

Hidroliza fazeolinei native, proteina de rezerva principala din semintele de fasole (Phaseolus vulgaris L.), de catre
papaind la diferite valori ale pH-ului, in diapazonul 4,6-8,0, a fost studiatd in conditii in vitro. A fost determinat ca
faseolina este modificatd de catre proteoliza limitatd la toate pH-urile investigate. Aceasta modificare rezulta in
formarea fragmentelor ce corespund aproximativ jumadtatii de subunitate a fazeolinei native, care raman asociate in
structura cuaternard a moleculei, producand fazeolina-Pap. La pH-uri mai inalte de 6,2 o parte din fazeolina-Pap este
complet hidrolizata de catre papaina, ceea ce indica la faptul ca asocierea fazeolinei in structuri supramoleculare la pH
acid 1i conferd, probabil, rezistenta la proteoliza.

Since the feeding of global population represent a major challenge [1] the production and utilization of
plant proteins for foodstuffs is of great importance worldwide. The grain crops have seeds that contain a high
level of different groups of storage proteins (SP) — albumins, globulins, and prolamins [2]. In legume seeds
they are represented by two major globulins: legumins (or 11S) and vicilins (or 7S) [2,3]. SP from legume
seeds in general [3] and from common bean seeds in particular [4] have attracted a special attention in recent
years because they have important “functional” (physicochemical) properties.

SP from legume seeds have different nutritive value [5 and references therein]. One of the most important
factors that affect their nutritive value is their susceptibility to the action of the proteases of the digestive
tract [6]. It has been found that the resistance of the major native legume SP to proteolysis have a negative
result of nutritive value for the unheated legume seeds [5]. More than that, stable to proteolysis SP of the
cupin superfamily are major allergens in vegetal products [7].

In any protein molecule there are many peptide bonds capable of being cleaved by any individual protease
provided that these bonds correspond to protease specificity. The rate of a peptide bond cleavage is influenced
not only by amino acid residues that form this bond but also by amino acid residues from neighbourhood.
The first stage of proteolysis is represented by cleavage of peptide bonds in the most ,,sensible” place, located
at the molecule surface. This represents non-co-operative (or ‘zipper’) proteolysis [8] that leads to limited
modification of the protein. The proteolysis that will follow depends on the influence that has on molecule
structure’s the cleavage of first peptide bonds and can follow two pathways. In the case when during limited
proteolysis the splitting of one/several peptide bond(s) induces destabilisation or unfolding of the protein
structure then the rate of the subsequent hydrolysis dramatically increases that leads to unlimited (extensive)
proteolysis and the protein is completely degraded. Unlimited proteolysis can be achieved either by co-operative
(or ‘one-by-one’) proteolysis only or by parallel non-co-operative and co-operative (or ‘mixed type’)
proteolysis [8]. But if the limited proteolysis does not destabilise the protein’s structure then hydrolysis stops.

The degree and rate of hydrolysis of some representative native legume SP is relatively deep and high
[5 and references therein]. The only exception to this rule is phaseolin, the 7S SP from common beans
[5, 9 and references therein]. Its hydrolysis by exogenous proteases stops after the cleavage of a small number
of peptide bonds that result in limited modification of the molecule [9]. Since phaseolin is mobilised during
seed germination it was expected that in seeds during this process are expressed proteinases that can perform
a deep hydrolysis of phaseolin. However, the two major cysteine proteinases purified from germinated
common bean seeds, CPPh, a papain-like protease [10], and legumain, an Asn-specific proteinase, [11] taken
individually perform only a limited hydrolysis of phaseolin. To best of our knowledge, up to now, no
profound proteolysis of phaseolin at the action of an individual protease has been achieved. This resistance
of phaseolin to the action of individual proteases, both exogenous and endogenous, has been suggested to be
due to the peculiarities of its structure that distinguish phaseolin from other legume SP [9, 10, 11]. That is
why finding out the exact causes of this unusual property of phaseolin structure represents a theoretical and
practical interest.

Native phaseolin, unlike other SP, undergoes a reversible association/dissociation with pH [12]. At acidic
pH values from 1.0 to 3.0 it is represented by trimers (referred to as protomer form), while at acidic, but

84



Seria “Stiinte reale si ale naturii”

Biologie ISSN 1814-3237

physiological pH values from 3.8 to 5.4 phaseolin trimers associates into a dodecamer (a tetramer of trimers) [12].
With the increase of pH phaseolin dissociates into trimers at neutral pH values from 6.4 to 10.5, and finally
into individual subunits at basic pH values above 11.5. Whether this property of phaseolin molecule to reversibly
associate/dissociate has any influence on its susceptibility/resistance to hydrolysis, i.e. protect or render
available sites for proteolysis, has not been studied yet.

Phaseolin hydrolysis by different exogenous proteases was performed at their pH optimum either at acidic
or at neutral and slightly basic pHs [5, 9], a pH at which phaseolin is in its protomeric form. Phaseolin
hydrolysis by endogenous proteases has been performed at their pH optimum at slightly acidic pHs [10, 11],
a pH at which phaseolin is predominantly in its dodecameric form. However, no experiments had been
performed by using a single protease at different pHs. That is why we decided to investigate the hydrolysis
of phaseolin by papain, a cysteine protease that in comparison with other proteases has a distinguishing
feature of preserving its activity in a large interval of temperature and pH [13]. It is stable and active in the
interval of pH from 4.0 to 10.0 [13], with pH optimum in the region 6.0 — 7.0. The purpose of this work was
to compare qualitatively and quantitatively the degradation patterns of native phaseolin at the action of papain
in the range of pH from 4.6 to 8.0 at the extremes of which phaseolin is presented in two different forms —
dodecamer and protomer. Here we report the results of this investigation that shows that pH influences the
susceptibility of phaseolin molecule to papain proteolysis.

Materials and methods

Reagents. Twice crystallized papain suspended in acetate buffer pH 4.5 (Sigma, USA) was used in this
work. Phaseolin was isolated from common bean seeds (P. vulgaris L. cv. Moldavian) according to the
method of Hall et al. [14]. Bz-Phe-Val-Arg-pNA-HCI was from Bachem (Switzerland). All other reagents
were of analytical grade.

Buffers. The buffer systems selected were 120 mM phosphate-citrate buffers, pHs 4.6, 5.6, 6.2 and
6.8, and 50 mM Tris-HCI buffer, pH 8.0. The buffers contained 500 uM EDTA and 0.04 % NaN; and were
adjusted with NaCl to ionic strength 0.5.

Papain activity. The papain activity at different pHs was determined with the synthetic substrate Bz-Phe-
Val-Arg-pNA-HCI as described by Vaintraub and Morari [15] with the incubation of the reaction at 30 °C.
The assays showed that papain retained its activity in the pH range 4.6 — 8.0 (Fig. 1a) used for performing
phaseolin hydrolysis and that the activity is approximately equal at all pHs.
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w 120 ¢
g 100 + Method of determination
E 80 | pH . g non-denaturating
2 60 | dye-binding gradient pore PAGE”
2
g 40 | 4.6 S 83
£ 20 | 5.6 79 80
2, 62 73 81
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Fig.1. The influence of pH on phaseolin hydrolysis by papain.
(a) Papain activity at pHs used for performing phaseolin
hydrolysis. Papain (450 pug/ml) was activated by B-mercap-
toethanol (2 pl/ml) for 30 min at 30 °C and then assayed
with Bz-Phe-Val-Arg-pNA-HCI (120 uM) as substrate.
(b) Time dependence of residual protein concentration
(percent of the initial protein) during phaseolin hydrolysis
by papain at pH 4.6 (e), 5.6 (0), 6.2 (x), 6.8 (0) and 8.0 (m).
The initial protein concentration was taken for 100%.

(c) Residual protein concentration (in %) in the final papain
hydrolysates of phaseolin. ? See Fig. 1b. ® See Fig. 3f. ¢ Can
not be determined by the method used.

Residual protein, %

Time, h
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Proteolysis. Papain was activated by 3-mercaptoethanol (5 pl/ml) for 30 min at 30 °C. Phaseolin solution (2%)
in appropriate buffer, containing -mercaptoethanol (5 pl/ml), was mixed with an equal volume of papain
solution in the same buffer, and the reaction mixture was incubated at 30 °C. In experiments the enzyme:
substrate ratio was 1:50. The duration of hydrolysis was 48 h and samples of hydrolysates were taken periodically.

Proteolysis of phaseolin, in all experiments, was repeated at least twice. Electrophoretic pattern, both SDS
and non-denaturing gradient pore, and residual (TCA-insoluble) protein were determined in the samples. In
the samples taken for native electrophoresis the reaction was stopped by the addition of 100 uM sodium
iodoacetate, an inhibitor of cysteine proteinases.

Residual protein content was determined by a dye-binding method [16]. Replicates (four or five deter-
minations performed on each sample) agreed to within 0.01 absorbance units.

PAGE. SDS/PAGE was carried out in a vertical flat-bed 12.5% PAGE. The protein samples were treated
according to the method of Laemmli [17]. Phosphorylase b (94 kDa), bovine serum albumin (67 kDa),
ovalbumin (43 kDa), carboanhydrase (30 kDa), Kunitz soybean trypsin inhibitor (20.1 kDa), and
a-lactalbumin (14.4 kDa) (GE Healthcare, UK) were used as standards for determination of molecular mass
molecular mass (M,). The electrophoregrams were stained with Coomassie brilliant blue G-250.

SDS/PAGE was also carried out at the ratio of acrylamide to methylenebis(acrylamide) of 200:1 [18].

Non-denaturing gradient pore PAGE was carried out in a vertical flat-bed gradient (4-30%) PAGE using
Tris-borate buffer system (90 mM, pH 8.4). The duration of electrophoresis was 4500Vh. Phaseolin (140 kDa)
and bovine serum albumin (67 kDa) were used as standards. The percent of the residual protein was calculated
from the decrease of its M,. The gels were stained with Coomassie brilliant blue R-250.

Results and discussion

Our results show for the first time that pH influences phaseolin hydrolysis by papain. Assay of total protein
content showed that at pH 4.6 phaseolin hydrolysis is low (Fig.1b) and after 2 h the modified protein starts to
fall into precipitate. This differ not only from the action of papain on vetch 7S SP (vicilin) which is completely
hydrolysed [not shown] but also from the action of CPPh on phaseolin [10]. That is why we decided to assay
the papain action on phaseolin at pH 5.6 (Fig.1b), a pH at which phaseolin is completely hydrolysed by the
consecutive action of legumain and CPPh [11]. At this pH modified phaseolin does not fall into precipitate.
However, if CPPh hydrolyses only 10 % of phaseolin at both pHs 4.6 and 5.6 [10, 11], then papain hydrolyses
21% of phaseolin at pH 5.6 (Fig.1c). Phaseolin is known to be extremely resistant to proteolysis [5, 9, 10, 11]
and until now such a high degree of phaseolin hydrolysis has been observed only at the action of trypsin [9].
Since the hydrolysis of phaseolin by trypsin has been carried out at pH 8.0 [9] we decided to investigate the
action of papain on phaseolin also at this pH (Fig.1b). We also assayed the papain action on phaseolin at pHs 6.2
and 6.8 (Fig.1b) a pH diapason were papain has its maximal activity. The obtained results show that papain
performs mainly limited proteolysis of phaseolin at all five pHs (Fig.2 and 3). However, the degree of
hydrolysis increases with the increase of pH and the content of hydrolysed protein reaches a final degree of
1%, 21%, 27%, 27%, and 28% at pHs 4.6, 5.6, 6.2, 6.8, and 8.0, correspondingly (Fig.1c).

SDS/PAGE showed that the limited proteolysis of native phaseolin by papain results in cleavage of its
subunits and concomitant appearance of several bands with M, approximately half subunit (Fig.2). These
fragments appeared already after the mixing of protein with the enzyme and are evident after 0.25 h of
hydrolysis. It seems that their number does not change during the time course of hydrolysis. The slight
changes of their M,, i.e. a small increase in their mobility, seem to occur during the entire time course of
hydrolysis till 48 h. The pH does not influence this process. The bands, corresponding to native subunits,
disappeared after approximately 24 h of hydrolysis. After 48 h of hydrolysis the pattern of fragments formed
is similar at all pHs (Fig.2). Two types of fragments are formed: an upper large band 1 and a lower thin band
2. The band 1 has a M, of approximately 25 kDa. Starting with pH 5.6 this band seems to differentiate by
having the lower part more intensely stained. The band 2 has a M, of approximately 21 kDa.
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Fig.2. SDS/PAGE electrophoregrams of phaseolin hydrolysed by papain at pHs:

4.6 (a), 5.6 (b), 6.2 (c), 6.8 (d), and 8.0 (€), and phaseolin hydrolysed 48 h at different pHs (f).
Proteins samples were taken at the indicated times and were separated on 12.5% SDS/PAGE
under reducing conditions (a-€). The conditions of SDS/PAGE were changed to the
acrylamide:methylenebis(acrylamide) ratio of 200:1 in f. On the right are indicated
the final fragments designed as band 1 and 2 in a-e and as F1-F6 in f. M, M, markers.
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Tablel
TheMr (kDa) of fragmentsin thefinal (48 h) phaseolin hydrolysates (see Fig. 2f)

Fragments pH

4.6 5.6 6.2 6.8 8.0
F1 27.0 26.9 27.0 26.9 27.4
F2 25.6 - 24.5 24.3 25.0
F3 23.9 24.2 23.1 23.2 23.6
F4 22.4 22.6 22.0 22.3 22.6
F5 - 21.4 21.3 21.2 21.3
F6 - 20.3 20.6 20.6 -

Phaseolin is a trimer of three types of similar subunits termed: B, a, and o’ consisting of 397, 411, and
412 amino acid residues, respectively [19]. Each subunit has two potential glycosilation sites [20] and both
singly and doubly glycosilated species are known to exist in vivo [21] which cause the appearance of molecular
heterogeneity of phaseolin subunits [22]. As a result when phaseolin is subjected to SDS/PAGE it can be
separated into four polypeptides, called size class [21], with M, in the range from 45 to 52 kDa [20,21]. Not
all four polypeptides are present in phaseolin prepared from different strains of Phaseolus. Three- and two-
banded subunit patterns for phaseolin are also known [14]. It was shown by Stockman et al. [18] that these
bands can be more easily separated by changing the acrylamide:methylenebis(acrylamide) ratio to 200:1. We
decided to use similar electrophoretic conditions (Fig.2f) in order to separate the fragments formed during
phaseolin hydrolysis by papain that could not be separated under standard ratio of 37.5:1 acrylamide:
methylenebis(acrylamide) (Fig.2a-2e). Under these conditions six fragments are present in phaseolin
hydrolysates. These fragments were labelled F1 through F6 according to decreasing of their M, (Fig.2f and 2g).
It is interesting that the papain action on phaseolin at pH 4.6 result in formation of four fragments (Fig.2f)
which resemble the CPPh action on phaseolin at pH 4.6 [10]. The M, of three of these fragments (F2 — F4)
have similar M, to those generated by CPPh while the first fragment (F1) has a higher M,. With the increase
in pH two changes take place in this pattern of fragments. First, F2 seem to undergo a more profound
modification and it almost merges with F3 (especially at pH 5.6), and secondly, two more fragments (F5 — F6)
with a lower M, are formed, thus increasing their number to six (Fig.3f). All six fragments are present only at
pHs 6.2 and 6.8 (Fig.2f and 2g). Nielsen et al. [5] have found that after 30 min of hydrolysis at pH 6.2 phaseolin
is only slightly hydrolysed by papain. Apart from fragments that correspond to half subunits they also detected
two other groups of fragments: one with M, of approximately 35 kDa and another around 14 kDa [5].
Fragments with M, lower than half subunits have been also found at the action on phaseolin of subtilisin and
pronase E at pH 7.5 [5] and of legumain at pH 5.6 [23]. In our experiments we did not detect such fragments
(i.e. fragments with the M, markedly different from half M, of native subunit) at any point during the time
course of hydrolysis at any pHs. Taking into account the size of fragments as well as the absence of intermediary
products it is possible to assume that the cleavage of phaseolin by papain take place in the middle of phaseolin
subunits with subsequent splitting off of a few peptides from the N- and/or C-terminuses, which is similar to
the results obtained at the CPPh action on phaseolin [10].

Non-denaturing gradient pore PAGE showed that the modification of phaseolin by papain seems not to
disrupt the molecule’s quaternary structure during the hydrolysis at any pH (Fig.3). The final high M, products
of paseolin hydrolysis by papain will be subsequently referred to as phaseolin-Pap (in order to distinguish it
from the final high M, product formed at the hydrolysis of phaseolin by pepsin and named phaseolin-P [9]).
During the time course of proteolysis the M, of phaseolin-Pap undergoes a gradual decrease at all pHs
(Fig.3a-3d). It is interesting to note that this is true even for pH 4.6 (Fig.3b) despite the fact that at this pH
phaseolin-Pap start to fall into precipitate after 2 h of hydrolysis. The final (after 48 h of hydrolysis) M, of
paseolin-Pap (Fig.3f) decreases from 140 kDa to 116, 112, 114, 115, and 116 kDa, at pH 4.6, 5.6, 6.2, 6.8,
and 8.0, correspondingly which represents a diminishing of M, by approximately 17, 20, 19, 18, and 17 %,

88



Seria “Stiinte reale si ale naturii”

Biologie ISSN 1814-3237

correspondingly (Fig.1c). These results show that the highest degree of modification of phaseolin molecule is
attained at pH 5.6 (Fig.3f and 1c). The diminution of phaseolin-Pap M, show that the papain cleaves off a
considerable number of short peptides from the phaseolin molecule at all pHs. In the case of action of both
endogenous cysteine proteases, legumain and CPPh, on phaseolin it also has been established that modified
phaseolin, phaseolin-LLP [23] and phaseolin-CPPh [10], correspondingly, retain their quaternary structure.
However, while the M, of phaseolin-LLP decreases only by 2 % (to 137 kDa) [23] and that of phaseolin-CPPh
decreases by 9 % (to 128 kDa) [10] the M, of phaseolin-Pap is much lower, decreasing by as much as 20 %
(to 112 kDa) at pH 5.6 (Fig.3f and 1¢). Up to now such a deep modification of native phaseolin was observed
only at the action of trypsin at pH 8.0 [9].
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Fig.3. Non-denaturating gradient pore PAGE electrophoregrams of phaseolin
hydrolysed by papain at pH: 4.6 (b), 5.6 (a), 6.2 (C), 6.8 (d), and 8.0 (€), and phaseolin hydrolysed 48 h
at different pHs (f). The protein samples were taken at the indicated times, and the reaction was stopped
by the addition of 100 uM sodium iodoacetate, an inhibitor of cysteine proteinases. M, M, markers:
native phaseolin (M1 in f) and BSA (M2 in f).

Proteolysis of SP, by both exogenous [8] and endogenous [24] proteinases, takes place in stages that are
distinct by mechanism (see the Introduction). As a result SP are completely hydrolysed to short peptides. The
results, presented in this work, show that phaseolin hydrolysis by papain seem to take place in two stages: at
the beginning, during the first hour of hydrolysis, the phaseolin is hydrolysed about 11 % at pHs 5.6, 6.2, 6.8,
and 8.0, while after that the rate of hydrolysis slows down (Fig.1b). However, the native phaseolin subunits
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are not modified completely during the first stage of hydrolysis (Fig.2). Phaseolin-Pap formed during this
period changes its M, afterwards (Fig.3). Moreover, in the end, phaseolin hydrolysis stops after the maximum
28 % of protein breakdown (Fig.1c). Thus the mechanism of phaseolin proteolysis by papain differs from the
basic mechanism of SP proteolysis [8,24]. And since the same mechanism of phaseolin proteolysis is observed
also at the action of both exogenous [9] and endogenous [10,11] proteases it suggests one more time that it is
due to the peculiarities of phaseolin structure. Finding the mechanism by which phaseolin molecule is protected
from destabilisation still remains a task to be elucidated.

An explanation for phaseolin resistance to the action of proteases was proposed in the basis of differences
between its tertiary structure and that of other 7S SP [9,10]. However, as already has been mentioned (see the
Introduction), phaseolin protomer reversibly associate and dissociate at different pHs [12]. Naturally arise
the question whether this unusual pH-dependent association/dissociation behaviour of phaseolin might
influences its susceptibility to proteolysis and explain its unusual resistance to proteolysis. Our results on the
action of papain on phaseolin at different pHs confirm the high resistance of most of the phaseolin molecule
to the proteolytic attack and show that the cleavage of phaseolin subunits by papain does not result in the
destabilisation of phaseolin quaternary structure. It seems that papain, like legumain and CPPh, does not have
direct access to the regions of phaseolin molecule essential for keeping its tertiary and quaternary structure.
However, our results also show that with the increase in pH the susceptibility of phaseolin to the action of
papain increases (Fig.1b and 1c). Although the patterns of phaseolin hydrolysis are similar at all pHs (Fig.2)
the loss of total protein is different (Fig.1b, 3f and 1c). More than that the values of residual protein calculated
from the data of native gradient pore PAGE differ from those determined directly (Fig.1c). If the content of
residual protein at the action of papain reaches a final degree of hydrolysis of 1%, 21%, 27%, 27%, and 28%
at pH 4.6, 5.6, 6.2, 6.8, and 8.0, correspondingly (Fig.1b and 1¢) then the M, of Phaseolin-Pap diminishes by
approximately 17, 20, 19, 18, and 17 %. (Fig.3f and 1¢). These results show that only at pH 5.6 the protein
loss determined by these two methods is about the same (Fig.1c). Thus the quantitative determination of the
content of residual protein indicates that with the increase in pH at pH values higher than 6.2 a part
(approximately 10 %) of phaseolin is susceptible to further unlimited proteolysis and is slowly hydrolysed
completely by papain (Fig.1b, 3f and 1c). This differs from the action on phaseolin of both endogenouse,
CPPh and legumain [10, 23], and exogenouse, trypsin [9], where the protein loss determined by two methods
is in good agreement. Since phaseolin trimer retains its structure after hydrolysis by papain at all investigated
pHs (Fig.3f) and since starting with pH 6.2 the difference in protein loss determined by these two methods is
about 10 % (Fig. 1c) our results would suggest that the dodecamer dissociation into trimers, which occurs
with the increase in pH [12], results in that that more sites in phaseolin molecule become accessible (available)
to the papain attack which in its turn leads to that that a part of phaseolin modified at these pHs becomes
susceptible to further unlimited proteolysis by papain.

Because the problem of deficiency of protein in alimentation of humans is still actual, the interest expressed
for the study of vegetal proteins has never ceased [3]. Alimentation ration of humans across the globe
contains 70% vegetal proteins from cereal and legume cultivars. Therefore, food legumes are one of the
major food sources and are considered as the major source of dietary proteins among plant species. One of
the important issues connected with the resistance of phaseolin to proteolysis is the quality of protein source
for food. Digestibility and the content of indispensable amino acids are basic parameters in determining the
quality of a protein source for food [25]. The presence of less digestible protein fractions in traditional diets
lowers considerably their nutritional value [25]. That is why enhanced digestibility represents one of the targets
for legume seed protein improvement [3]. It is well known that in contrast to other 7S SP, native phaseolin is
highly resistant to in vitro proteolysis by digestive proteinases [5,9]. Its digestion in vivo also is reduced [6,26,27].
It has been shown that after disruption of phaseolin structure by heating phaseolin hidrolysis is rapid and
complete [5]. However, a recent study has shown that not only unheated phaseolin is resistant to in vitro
proteolysis but that the susceptibility to pepsin of heat-treated phaseolin also varies across common bean
varieties [28]. This indicates that susceptibility to proteolysis affects the nutritional value even of heated
phaseolin. Consequently, the resistance of phaseolin to proteolysis by digestive proteases is an important
factor contributing to its poor nutritive value and thereby its bioavailability. Therefore finding modalities of
enhancing phaseolin susceptibility to proteolysis could be one of the possible criterions of choice in breeding
programs aimed at improving the nutritional value of common beans.
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Conclusions

In summary, this work show that in the pH range from 4.6 to 8.0 papain action on phaseolin results mainly
in limited modification of phaseolin molecule by non-co-operative proteolysis. Our results confirm the high
resistance of phaseolin molecule to the proteolytic attack and are consistent with the previous reports [5,9,10,11].
However, they also show, for the first time, that pH influences phaseolin proteolysis by papain. At pH 4.6
only 1% of phaseolin is hydrolyzed while at pH 8.0 - 28%. The comparison of results on residual protein
determination by a dye-binding method and native gradient pore PAGE indicates, that at pHs higher than 6.2
a part of modified phaseolin is susceptible to complete proteolysis by papain. Since it is known that phaseolin
undergoes reversible oligomerizitaion with pH, it seems that phaseolin dodecamer dissociation at higher pHs
makes phaseolin protomer more susceptible to proteolysis by papain. Certainly, more research is needed to
be addressed in the future for understanding the relationships between phaseolin property to reversibly associate
and dissociate with the changes in pH and the degree of its resistance/susceptibility to proteolysis.
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INFLUENTA PREPARATULUI MELONGOZIDA O S1 A MICROELEMENTELOR
ASUPRA CONTINUTULUI GLUCIDELOR iN FRUNZE, iN ALTE ORGANE
ALE SISTEMULUI DONOR-ACCEPTOR LA POMII DE MAR

Gheorghe SISCANU, Anatol CECAN
Institutul de Genetica i Fiziologie a Plantelor al ASM

The performed research on the Florina sort (brachytic stock —M 26) was found that the dominant centers of attractions
of the metabolic substances during fruit maturation, fruit bud formation and differentiation, are the reproductive organs.
The carbohydrate content is higher in fruit and the peduncle as in its leaves and petiole of the fruit formations.

Fotosintezei 1i revine unul dintre rolurile determinante in formarea productivitatii plantelor, iar recolta
obtinuta prezintd produsul final al activitatii acesteia, include un ansamblu de procese metabolice, coordonate
de sistemul donor-acceptor. La baza relatiilor acestuia este forta de atractie a organelor si a sistemei consu-
matoare, precum si a celor de conservare a substantelor de rezerva, asigurand in asa fel integritatea plantei [1,2].

Unul dintre obiectivele noastre a fost studierea influentei substantelor biologic active (SBA) asupra
metabolismului centrelor de atractie in diferite fenofaze ale ontogenezei plantelor. La inceputul perioadei,
dupa inflorire 1i revine procesului de reglare a metabolismului in asigurarea cresterii vegetative pentru for-
marea suprafetei foliare, iar ulterior si in asigurarea conditiilor metabolice necesare cresterii fructelor, for-
marii i diferentierii mugurilor de rod pentru recolta anului urmator.

Reglarea proceselor metabolice si, respectiv, cresterii si dezvoltarii plantelor, si, ca urmare, reglarea pro-
ductivitatii se poate realiza prin tratarea foliard a pomilor cu substante bioactive de provenientd vegetala si in
combinatie cu microelemente [3,4].

Scopul cercetarilor a fost studierea metabolismului glucidelor 1n frunze, fructe si in alte organe la pomii
de mér tratati cu preparatul Melongozida O in amestec cu microelementele Zn si B.

Material si metode

Cercetarile au fost efectuate in conditiile casei de vegetatie (lizimetre) cu regim hidric controlat. Soiurile
luate in studiu — Florina si Golden Delicious, altoite pe portaltoi pitic M-26 si semipitic MM-106. Schema
experientei: 1 — martor (stropire cu apd); 2 — Zn (0,1% sulfat de zinc) + B (0,05% acid boric); 3 — Melongo-
zida O (0,001%) + Zn +B. Tratamentele foliare cu preparatele mentionate au fost efectuate in doua reprize:
prima la 8-10 zile dupa inflorire, a doua — la 10-12 zile dupa inflorire .

Au fost evaluati urmatorii indici: continutul glucidelor in petiol si frunze, in fructe, in pedunculul fructu-
lui si in muguri [5], lungimea si diametrul lastarilor, formarea suprafetei frunzei.

Probele de frunze de pe formatiuni fructifere — pinteni cu fructe si fara fructe (ultimii se considera ca vor
forma muguri de rod), petiolul frunzelor, fructul si pedunculul fructului au fost colectate conform fazelor
fenologice pe parcursul perioadei de vegetatie. Au fost colectate si probe de muguri. Datele obtinute au fost
prelucrate statistic [6].

Rezultate si discutii

Cercetdrile efectuate in conditiile casei de vegetatie la soiul Florina altoit pe portaltoi pitic M-26 permit a
constata ca, comparativ cu martorul, la plantele tratate cu preparatul Melongozida O si cu microelementele
Zn si B continutul glucidelor reducétoare si totale in frunzele pintenilor cu fructe si fara fructe este mai sporit in
fenofaza incetinirii cresterii lastarilor (06.07.2011, Fig.1). Aceeasi legitate se afirma si in fenofaza anterioara
de crestere intensiva a lastarilor (14.06.2011), cu exceptia ca nivelul cantitativ al glucidelor este aproximativ
de 1,2-1,6 ori mai mare In comparatie cu rezultatele obtinute in perioada premergatoare Incetinirii cresterii
lastarilor i declansarii proceselor inductiei florale. De asemenea, se constata cé la plantele tratate cu prepa-
ratele mentionate continutul zaharozei in aceastd perioada a vegetatiei este In diminuare in frunzele pinteni-
lor farad fructe. Mai accentuat continutul de zaharoza s-a manifestat la tratarea foliara a pomilor cu preparatul
Melongozida O in combinatie cu microelementele Zn si B.

93



STUDIA UNIVERSITATIS
Revista stiintificd a Universitdtii de Stat din Moldova, 2012, nr.1(51)

14.06.2011 05.07.2011
16 - 10
94
o] 144 T g
»© ©
o 121 @ 7
© S 6
S S
g 104 o 5
5 g o
a %la b c ® 3- b c
X 64 R 21
14
4 T T T T T T T T T T 0+ T T T T T T T T T T T
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

Fig.1. Influenta preparatului Melongozida O si a microelementelor Zn si B asupra continutului glucidelor in frunze
la pomii de mar, % substanta proaspata. Soiul Florina, M-26, 2011.
Legenda: 1 — martor; 2 — Zn+B; 3 — Melongozida O+Zn+B; [1 — frunzele pintenilor cu fructe;
/Il — frunzele pintenilor fara fructe; a — glucide reducitoare; b — zaharoza; ¢ — glucide totale.

Determinand glucidele in frunze in perioada intrarii fructelor in parga, maturarii lor, formarii si diferen-
tierii mugurilor de rod (27.07.0011), am constatat ca, in comparatie cu plantele netratate, tratamentele apli-
cate au contribuit la sporirea celor trei forme de glucide — reducéatoare, totale si a zaharozei in frunzele pinte-
nilor cu fructe. In frunzele pintenilor fard fructe aceasta legitate se refera numai la nivelul cantitativ al gluci-
delor reducitoare si totale, iar nivelul zaharozei este in diminuare. In comparatie cu martorul, tratamentele
(stropirea) foliare aplicate la soiul Golden Delicious altoit pe portaltoi semipitic MM-106, continutul gluci-
delor in frunzele pintenilor fara fructe in aceastd perioada a vegetatiei (27.07.2011) este la un nivel mai scazut,
ceea ce confirma ca procesele formarii mugurilor de rod la acest soi in perioada respectiva este in diminuare.

Diminuarea continutului de zaharoza, ca cel mai preferential compus de transport al glucidelor spre acceptor
in fenofaza Incetinirii cresterii lastarilor, intrarii fructelor in parga si maturarii lor are loc datoritd faptului ca
centrul de atractie a substantelor metabolice sunt formatiunile fructifere in care se desfasoard formarea si
diferentierea mugurilor florali. Aceasta legitate se confirma si la determinarea glucidelor in muguri. Rezultatele
obtinute aratad ca continutul glucidelor si, mai accentuat, al zaharozei este mai mare (1,2-1,3 ori) in mugurii
florali decét in cei foliali. Datele obtinute atesta ca fluxul de substante metabolice este orientat mai intens spre
organele reproductive, in cazul dat — spre formarea mugurilor de rod. Cercetarile efectuate in perioada intra-
rii fructelor in pargd, maturarii lor, formarii si diferentierii mugurilor de rod (04.08.2011) denota ca continu-
tul glucidelor reducatoare, al zaharozei si al glucidelor totale este mai sporit in fructe, urmat de pedunculul
fructului (Fig.2). De mentionat ca nivelul cantitativ al glucidelor totale si al zaharozei este mai scazut in
petiolul si in frunzele pintenilor decét in pedunculul fructului si in fruct. Aceasta permite a constata ca fluxul
substantelor metabolice sintetizate in frunze este directionat spre organele consumatoare, si anume — catre fructe.

Datorita tratamentelor foliare cu preparatul Melongozida O in amestec cu microelementele Zn si B, cres-
terea lastarilor si diametrul lor, formarea suprafetei foliare la soiul Florina altoit pe portaltoi M-26 au cuprins
valori mai mari in fenofaza cresterii intensive a lastarilor. Investigatiile efectuate demonstreaza ca tratamen-
tele foliare cu solutii ale preparatului Melongozida O in amestec cu microelementele Zn si B influenteaza
asupra proceselor metabolice si asupra mobilizarii fluxului de substante din frunze — ca donator, spre centrele
de atractie, sau consumatoare, si stimuleaza cresterea, dezvoltarea si activitatea aparatului fotosintetic. Utili-
zarea acestor preparate asigurd acumularea biomasei si, ca urmare, repartizarea mai rationald a substantelor
metabolice.

Concluzii

Cercetarile efectuate in conditiile casei de vegetatie (lizimetre) cu regim hidric controlat permit a constata ca
tratamentele foliare ale pomilor de mar cu preparatul Melongozida O de provenientd vegetala si in combina-
tie cu microelementele Zn si B au contribuit la diminuarea zaharozei, a celui mai important compus de trans-
port al glucidelor spre organele plantei — frunzele pintenilor fara fructe in perioada incetinirii cresterii lasta-
rilor, intrarii fructelor in pargd, maturarii lor. Aceasta demonstreaza ca centrele de atractie a substantelor
metabolice sunt orientate spre organele reproductive, unde se formeaza mugurii de rod. S-a constatat ca
continutul glucidelor este mai sporit in pedunculul fructului si In fructe decét in frunze si in petiolul ei —
ultimele fiind si organe donatoare.
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Fig.2. Continutul glucidelor in diferite organe la pomii de mar, % sub. proaspata. Soiul Florina, M-26, 04.08.2011.
Legenda: 1 —[1 — frunzele lastarilor anuali; /// — frunzele pintenilor cu fructe; \\\ — frunzele pintenilor fara fructe. 2 —
11— petiolul frunzelor lastarilor anuali; /// — petiolul frunzelor pintenilor cu fructe; \\\ — petiolul frunzelor pintenilor fara
fructe. 3 — £l — pedunculul fructului; = — fructul. a — glucide reducatoare; b — zaharoza; ¢ — glucide totale.

Cercetarile efectuate au demonstrat ca la soiul Florina altoit pe portaltoi pitic M-26 fluxul asimilatelor spre
organele consumatoare se realizeaza mai eficient la varianta tratarii foliare a pomilor cu preparatul Melongozida O
in amestec cu microelementele Zn si B.
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ROLUL GLUCIDELOR iN STABILIZAREA STARII MORFOFUNCTIONALE A
SPERMEI DE COCOS iN PROCESUL DE CRIOCONSERVARE

lon BALAN
Institutul de Fiziologie si Sanocreatologie al ASM

Carbohydrates are energy substrate for spermatozoa, which determine the need to include them in composition of
the medium, both for hypothermic preservation as well as for super hypothermic of the sperm. The investigations
undertaken in this paper had proposed to analyse physicochemical properties of carbohydrates on morphofunctional
state of rooster spermatozoa in cryoconservation process of sperm. Experimental data have established that the inclusion of
maltose in protective medium for rooster sperm contribute to maintain morphological state of spermatozoa and significantly
reduces the concentration of their pathological forms. Stabilization of mobility, longevity and absolute index of rooster
sperm survival is possible by using isotonic solutions of carbohydrates in the composition of synthetic medium for
rooster sperm. The cryoconservation process of rooster sperm, diluted in cryoprotective medium, supplemented with
solutions of nonelectrolyte in optimal concentration generate maintaining at a significant level of the functional indeces
of rooster spermatozoa by using maltose and their decrease in case of use of lactose for this purpose.

Introducere

Glucidele reprezintd substratul energetic pentru spermatozoizi, ceea ce determind necesitatea includerii
lor in componenta mediilor, att pentru pastrarea hipotermal, cét si superhipotermala a spermiilor [1-4]. in
plus, glucidele sunt reglatori puternici ai osmozei mediului intra- si extracelular. Un interes deosebit reprezinta
capacitatea glucidelor, indeosebi a dizaharidelor, de a mentine activitatea spermatozoizilor crioconservati, in
lipsa crioprotectorilor stabiliti [5]. Exista ipoteze care releva cé glucidele au o influenta stabilizatoare asupra
membranelor celulare, formand legéturi hidrogene puternice intre grupele hidrofile ale glucidelor si grupele
polare ale fosfolipidelor. Concomitent se considera ca dizaharidele sunt mai eficiente decat monoglucidele in
activitatea lor protectoare, datoritd influentei asupra compusilor membranei citoplasmatice. Efectul crioprotector
al glucidelor asupra spermatozoizilor este inregistrat si in cazul mediilor sintetice hipertonice (450-550 m®™")
la viteze mari de racire (100-300°/min) [6].

In contextul celor expuse, prezentele cercetiri au vizat studierea proprietatilor fizico-chimice ale glucidelor
asupra starii morfofunctionale a spermatozoizilor de cocos in procesul de conservare a spermei.

Material si metode

In investigatii s-a folosit sperma de cocos, care a fost recolectatd prin metoda de masajare, cu folosirea
spermorezervorului din sticla n corespundere cu cerintele ,,Instructiunii pentru Insdmantarea artificiala a pasarilor”.

Ejaculatele recolectate au fost apreciate prin folosirea metodelor general acceptate pentru determinarea
indicilor morfofunctionali ai spermei. Prin metodele de apreciere a indicilor fiziologici am urmarit scopul sa
determindm in materialul seminal numarul de spermatozoizi intr-o unitate de volum (indicele concentratiei
celulelor), numarul spermatozoizilor vii cu migcare rectilinie (indicele mobilitatii) si durata timpului de
supravietuire a lor la anumita temperatura (indicele longevitatii). Indicii studiati au fost determinati la temperaturi
comfortogene potrivit aplicarii parametrilor etapelor tehnologice de manipulare a spermei.

Congelarea si decongelarea spermei s-a realizat conform schemelor clasice de crioconservare in forma de
pastile la temperatura azotului lichefiat cu particularitatile specifice pentru sperma de cocos.

Estimarea formelor patologice in sperma constd in determinarea numarului de spermatozoizi cu aspect
anormal in rezultatul examenului morfologic al acestora. Valoarea acestui indice a fost studiata prin metoda
microscopiei luminescente.

Analiza statisticd a datelor experimentale s-a efectuat cu folosirea criteriilor parametrice dupa Student.
Concluziile sunt bazate pe diferentele statistic autentice intre loturi [7]. Rezultatele sunt exprimate ca medie +
eroare standard. Pragul de semnificatie prezentat: P<0,05.
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Rezultate si discutii

La crioconservarea spermei animalelor agricole in componenta mediilor protectoare se utilizeaza zaharidele:
mono-, di- i trizaharidele [4,8,9]. Folosirea pe larg a zaharidelor in componenta mediilor pentru diluarea si
congelarea spermei se explica prin faptul cé zaharidele in componenta mediilor provoacd diminuarea conducti-
bilitatii spermei, care contribuie la micsorarea aglutinarii spermatozoizilor produse de pierderea sarcinii
electrostatice. Deplasarea de cdtre zaharide a potentialului de oxidoreducere de asemenea influenteaza
benefic asupra materialului seminal [3,4].

Este cunoscut ca toate glucidele au eutecticd scazuta, viscozitate inaltd la temperaturile mai joase de 0°C
si influenteaza asupra formei si dimensiunilor canalelor in apa neinghetata.

In acelasi timp, glucidele asigurd in mediul extern si intern presiunea osmotici corespunzitoare spermato-
zoizilor si, totodatd, servesc ca substrat energetic al celulelor, in conditiile aerobe si anaerobe; stabilizeaza
complexele proteolipidice ale membranelor celulare si structura citoscheletului; manifesta activitate protectoare
asupra spermatozoizilor, inlocuind complet sau partial crioprotectorii acceptati [3]. Concomitent, mecanismul de
actiune al unor zaharide, in particular al glucozei, se realizeaza prin modificarile starii componentilor citoplas-
matici ai celulei, realizand astfel o sporire a integritatii ei dupa actiunile temperaturilor joase si ultrajoase [10].

Reiesind din cele expuse, au fost efectuate cercetdri ale influentei glucidelor asupra stérii morfofunctionale a
materialului seminal de cocos. La etapa initiala a investigatiilor s-a studiat actiunea hidratilor de carbon
asupra structurilor morfologice ale spermatozoizilor (a se vedea Tabelul).

Tabel
Influenta glucidelor asupra gametopatiilor in sperma de cocos
. Spermatozoizi Spermatozoizi
Nr. Componenta Spermatozoizi N . .
ctr. mediilor sintetice cercetati Integri patologici
i Buciati % Buciati %
|, | Glucozé-glicerina- 300 221 73,7+ 1,27 79 26,3+ 1,27
galbenus
g, | Lactozd-glicerina- 300 170 36,7 + 1,43* 130 433+ 1,43%
galbenusg
3. | Rafinoza-glicerind- 300 215 71,7 + 1,69 85 28,3+ 1,69
galbenus
4, | Maltozd-glicerina- 300 238 79,8 + 1,16* 62 222+ 1,16%
galbenusg
In total (media) 1200 844 70,3 + 1,32 356 29,7 +1,32

* . “ o A . . . .
Diferenta este autentica in comparatie cu media experientei.

Datele prezente in Tabel demonstreaza ca numarul grupelor glicozidice In molecula hidratilor de carbon
(glucoza, lactoza, rafinoza, maltoza), spre deosebire de materialul seminal de taur in aceleasi conditii [4,9],
nu manifesta influenta asupra continutului de forme patologice ale spermatozizilor.

In acest caz, rata gametopatiilor este, practic, determinati nu de numarul grupelor glicozidice in molecula,
dar de proprietatile fizico-chimice ale glucidului experimentat, intrucat lactoza si maltoza sunt dizaharide. In
mediul cu lactozd gametopatiile In materialul seminal de cocos constituie 43,3£1,43%, iar, in conditii similare,
includerea maltozei in componenta mediilor contribuie la majorarea semnificativa a spermatozoizilor integri
pana la 79,8+1,16%. Una dintre cauzele inregistrarii acestor devieri poate fi faptul cd monoglucidele se
caracterizeaza In exclusivitate prin legaturi hidrogene conform tipului, geometriei si energiei care le formeaza.
Mecanismul actiunii lor se realizeaza la stabilizarea apei prin modificarea stirii componentelor citoplasmatice
ale celulei, sporind pastrarea ei dupa influenta factorilor de criconservare [10]. Intr-o mdsurd mai mici
poseda astfel de proprietdti di- si trizaharidele, cum sunt lactoza, maltoza si rafinoza.

Avand 1n vedere ca glucidele, paralel cu proteinele si lipidele, sunt componente principale ale biomembranelor,
un interes deosebit prezintd informatia cu privire la apartenenta interactiunilor structurale ale lor. De exemplu,
glucoza face parte din componenta glicolipidelor si glicoproteidelor, xiloza — a proteoglicanelor si glicopro-
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teidelor, manoza — a glicoproteidelor si galactoza este compus al tuturor trei glicoconjugate [11]. In acest caz,
proprietatile membranelor se determind, preponderent, nu de orice interactiune specifica intre componenti, dar
de proprietdtile fizice ale rezistentei structurii bistratare, viscozitatea regiunii glucidice si polaritatea grupelor
implicate [12]. Rezistenta membranelor biologice depinde in mare masurad de gradul saturarii sau nesaturarii
resturilor acizilor grasi ai fosfolipidelor, care conditioneaza viscozitatea necesard a componentei glucidice 1n
componenta stratului bilipidic in cazul influentei temperaturilor hipotermice. Astfel, in baza mecanismelor
de crioprotectie poate fi considerata aptitudinea glucozei in stabilirea biocomplexelor de natura glicoproteida
si glicolipida in membrane (sunt obtinute unele dintre cele mai bune rezultate la stabilizarea morfologiei
spermatozoizilor de cocos). Glucoza este substanta stabilizatoare a proteinelor; prin urmare, stabilizeaza
structura citoscheletului la actiunea factorilor deterioratori in procesul crioconservarii [3]. Totodata, drept
confirmare a acestui fenomen serveste stabilizarea biocomplexelor glicoproteice la includerea in componenta
mediului crioprotector a manozei [4], diminueaza calitatea spermei decongelate.

Ameliorarea rezultativitatii crioconservarii spermei este reald in rezultatul perfectionarii mediilor criopro-
tectoare prin utilizarea procedeelor tehnologice eficiente pe baza cercetarilor experimentale, efectuate la
diferite niveluri de organizare a obiectelor biologice. Potrivit prioritatii rolului biocomplexelor in activitatea
membranelor plasmatice, in experientele ulterioare am studiat actiunea monozaharidelor, componenti principali
ai derivatelor glucidice ale membranelor asupra indicilor fiziologici ai spermei de cocos.

In particular, in experiente separate a fost determinati eficacitatea neelectroilitilor in componenta mediilor
crioprotectoare pentru dilutia si congelarea spermei de cocos. Pentru aceasta, in calitate de neelectroliti au
fost utilizate solutii izotonice de glucoza, zaharoza, maltoza si rafinoza. La prima etapa sperma de cocos s-a
diluat cu solutiile enumerate si a fost determinata eficacitatea glucidelor dupa indicii fiziologici ai spermato-
zoizilor (mobilitatea, longevitatea, indicele absolut al supravietuirii (IAS)). Rezultatele experimentale sunt
prezentate in Figura 1.
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O Maltoza
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Mob. sp. nativi, Mob. sp. diluati, Longevitatea, I.LA.S., u.c.
baluri baluri ore

Fig.1. Eficacitatea zaharidelor in componenta mediilor sintetice pentru sperma de cocos.

* . . . . A . v
Diferentele sunt statistic autentice in comparatie cu sperma nativa.
TS . . . . ~ . . PR .
Diferentele sunt statistic autentice In comparatie cu varianta aplicarii lactozei.
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Datele prezentate in Figura 1 releva ca utilizarea solutiilor izotonice de hidrati de carbon pentru diluarea
spermei de cocos contribue la mentinerea calitétii spermei. De exemplu, micsorarea mobilitatii spermatozoizilor
diluati se produce la nivelul la care se asigurd viabilitatea 1naltd a spermiilor. Exceptie constituie solutia
izotonica de maltoza, care a asigurat cel mai inalt indice al spermatozoizilor diluati. Longevitatea si indicele
absolut de supravietuire a spermatozoizilor sunt cele mai minore in varianta de utilizare a lactozei si cele mai
majore la utilizarea maltozei.

Efectul folosirii neelectrolitilor ca componente ale mediilor pentru diluarea si pastrarea spermei de cocos
presiunii osmotice [4].

In continuare, solutiile izotonice de neelectroliti au fost utilizate pentru crioconservarea spermei de cocos.
Actiunea neelectrolitilor a fost evaluata conform mobilitatii spermatozoizilor. Rezultatele sunt prezentate in
Figura 2.

O Pe baza de glucoza
(martor)

m Pe baza de lactoza

O Pe baza de
zaharoza

O Pe baza de maltoz3

W Pe baza de rafinoz3

Mobilitatea spermatozoizilor, puncte

Mediile criprotectoare suplimentate cu neelectroliti

Fig.2. Eficacitatea glucidelor la crioconservarea spermei de cocos.

"Diferentele sunt statistic autentice in comparatie cu lotul martor.

Datele din Figura 2 denoti ca folosirea solutiilor izotonice de neelectroliti pentru criconservarea spermei
de cocos permite a obtine mobilitatea gametilor in limitele 4,340,19 si 5,8+0,12 puncte. In cazul utilizarii
maltozei In componenta mediului crioprotector au fost inregistrate cele mai inalte rezultate (5,8+0,122 baluri).
Includerea lactozei in componenta mediului a dus la diminuarea mobilitétii spermatozoizilor. La experimentarea
celorlalte glucide au fost stabilite rezultate practic identice cu cele din varianta martor.

Influenta pozitivd a di- si trizaharidelor poate fi argumentatd prin faptul cd primele, interactiondnd cu
moleculele de apa, formeaza legaturi puternice care contribue la structurarea apei, iar dizaharidele, prioritar,
influenteaza pozitiv integritatea capului spermatozoizilor In comparatie cu monoglucidele [3]. Mai mult, di-
si trizaharidele provoaca o mai mare scadere a punctului de cristalizare a apei [13]. Printre ele, cu aceleasi
proprietati se intalnesc si zaharide reduse.

Astfel, prezenta glucidelor In componenta mediilor crioprotectoare pentru sperma de cocos initiaza inhibarea
procesului de peroxidatre a lipidelor din membrane si diminuarea acumularii produselor toxice ale acestui
proces. In rezultat, se amelioreaza calitatea materialului seminal decongelat si selectiv se stabilizeaza indicii
fiziologici ai spermatozoizilor de cocos.
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Conlcuzii

1. S-a stabilit ca includerea maltozei In componenta mediilor protectoare pentru sperma de cocos contribuie
la mentinerea starii morfologice a spermatozoizilor si semnificativ micgoreaza concentratia formelor patologice
ale spermatozoizilor.

2. Stabilizarea mobilitatii, longevitatii si indicelui absolut de supravietuire a spermatozoizilor de cocos
este posibild prin utilizarea solutiilor izotonice de hidrati de carbon in componenta mediilor sintetice pentru
sperma de cocos.

3. Procesul de crioconservare a spermei de cocos diluate in mediul crioprotector, suplimentat cu solutii de
neelectroliti in concentratii optimale, provoacd mentinerea la un nivel semnificativ a indicilor functionali ai
spermatozoizilor de cocos la utilizarea maltozei si diminuarea lor, in cazul folosirii In acest scop a lactzozei.
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ASPECTE MEMBRANO-STRUCTURALE iN PASTRAREA
BIODIVERSITATII PRIN CRIOCONSERVARE

lon BALAN
Institutul de Fiziologie si Sanocreatologie al ASM

Preserving organism biodiversity is possible by genepool cryoconservation, which is followed by fundamental
researches to elucidate the mechanism of cryodestruction and cryoprotection in different level of organization of biological
objects, including in the spermatozoa’s membrane structures. First, at lipids level, which are essential and integral com-
ponents of membrane and perform important functions in the viability of biological objects — energy source, biological
active substance.

Our reserches focused on determining of lipids in rooster and boar spermatozoa membrane in cryoconservation
process.

The results have elucidated lipid spectrum in rooster and boar spermatozoa plasma membrane in cryoconsevation
process. Experimentally was established a significant decrease of the cholesterol:phospholipids proportion value in the
freezing-defrosting process of the rooster sperm. It was ascertained that increase of the cholesterol:phospholipids
proportion in the cryoconservation process of boar sperm is predeterminated by the cholesterol and phospholipids
interactions of the synthetic mediums and structurals elements of the plasma membrane.

Introducere

In ultimii ani, impactul antropogen asupra mediului ambiant a dus la diminuarea biodiversitatii, care
poate atrage in lant disparitia continui a altor organisme vii. In legaturd cu aceasta, capiti o semnificatie
deosebita pastrarea genofondului tuturor organismelor existente. Actualmente, rata disparitiei speciilor este
mai avansata fatd de masurile intreprinse de protectie a mediului, iar pentru reorientarea acestei tendinte este
necesard, paralel cu alte masuri, pastrarea genofondului prin crioconservare.

In acelasi timp, este remarcabil faptul ci metodele criobiologice, din motive instabile si reduse ale
proprietatilor bioobiectelor la crioconservare, sunt insuficiente pentru solutionarea problemelor abordate.
Prin urmare, recomandabile sunt cercetérile fundamentale de elucidare a mecanismelor de criodistructie si
crioprotectie a celulelor sexuale. Investigatii cu impact sunt necesare la diferite niveluri de organizare a
obiectelor biologice, inclusiv in structurile membranare ale spermatozoizilor [1-3].

Unul dintre compusii membranelor sunt lipidele, rolul specific al carora constd in faptul ca ele sunt prin-
cipalele elemente structurale si functionale ale membranelor biologice §i servesc ca surse energetice pentru
spermatozoizi [4]. De asemenea, rolul lipidelor in functionarea normald a biomembranelor se determina de
starea lor fizica, de permeabilitatea selectiva, receptia, interactiunile intercelulare, transportul biologic, reglarea
activitatii fermentilor membranodependenti si de alte procese importante [3,5].

Este cunoscut cé lipidele formeaza nu doar baza structurald a membranelor celulare, determinand gradul
de viscozitate, difuzia laterala si asimetria bilaterala, dar sunt si substante biologic active, care indeplinesc
functia compusilor sistemului de transductie a semnalelor, ai modulatorilor activitatii enzimatice si ai proprie-
tatilor de receptie [2,5].

Lipidele sunt printre componentele majore ale membranelor spermatozoizilor, implicate intr-o serie de
procese [6], in diferite stadii ale reactiilor de maturizare, capacitatie si acrosomale, Intr-o serie de modificari
biochimice si functionale care se desfagoara in procesul de pregatire sau producere a fecundarii [7].

In contextul celor expuse, in prezentul studiu ne-am propus drept scop determinarea continutului lipidelor
din membranele spermatozoizilor in procesul de crioconserare.

Material si metode

In investigatii obiectul de cercetare a fost sperma de cocos si de vier. Ejaculatele recolectate au fost apre-
ciate prin folosirea metodelor general acceptate pentru determinarea indicilor morfofunctionali ai spermei.

Congelarea si decongelarea spermei s-a realizat conform schemelor clasice de crioconservare in forma de
pastile la temperatura azotului lichefiat, cu unele modificari specifice pentru varietatile de sperma.
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Extragerea si divizarea lipidelor generale ale membranelor plasmatice s-a petrecut tinandu-se cont de
proportia 30 mlrd de spermatozoizi in sistemul cloramin:metanol:apa distilata, iar continutul lor in extract s-a
determinat conform metodei lui Bragdon [8].

Identificarea fractiilor lipidice din spermatozoizi in procesul crioconservarii spermei s-a efectuat prin
utilizarea metodelor cromatografiei microanalitice.

Analiza statistica a datelor experimentale a fost facuta potrivit criteriilor parametrice dupa Student. Conclu-
ziile sunt bazate pe diferentele statistic autentice intre loturi. Rezultatele sunt exprimate ca medie + eroare
standard. Pragul de semnificatie prezentat: P<0,05.

Rezultate si discutii

Lipidele membranelor biologice, particularitatile compozitiei lor structurale au un rol deosebit in reactiile
compensatoare la echilibrarea conditiilor mediului, ceea ce permite a influenta asupra stérii indicilor functio-
nali ai spermatozoizilor.

Numeroase date demonstreaza ca la crioconservarea spermei are loc modificarea lipidelor si proteinelor
din spermatozoizi, iar criorezistenta spermatozoizilor este conditionatd in mare masura de componenta mem-
branei plasmatice si de proprietatile ei fizico-chimice [3,9].

Organizarea structurald si activitatea functionala a biomembranelor se determind in mare parte de particu-
laritatile componentilor structurali, in particular, de caracteristicile structural-functionale ale lipidelor memb-
ranice, participante in functiile vitale ale spermatozoizilor. In acest caz, prezinti interes stabilitatea continutului
chimic al membranelor plasmatice si schimbarile lui in procesul crioconservarii spermei de cocos.

Reiesind din cele expuse, cercetarile noastre au vizat lipidele din membrane, deteriorarile spermatozoizilor
si posibilele conditii de crioprotectie a lor. Rezultatele determindrii continutului de lipide din biomembranele
spermatozoizilor de cocos in procesul de crioconserare sunt prezentate in Figura 1.

@ fosfolipide
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Membranele native Membranele decongelate

Fig.1. Lipidele membranelor spermatozoizilor de cocos la crioconservare.

“Diferintele sunt statistic autentice intre indicii membranelor native si cele congelate-decongelate.

Datele din Figura 1 ne permit si constatdim cd componenta lipidicd a membranelor spermatozoizilor de
cocos este prezentata in principiu de fosfolipide, gliceride si colesterind, care sunt supuse schimbarilor semni-
ficative sub actiunea temperaturilor scazute. De exemplu, este evidentiata diferenta autentica intre continutul de
fosfolipide in membranele spermatozoizilor nativi si congelati-decongelati. In rezultatul prelucrrii tehno-
logice a spermei de cocos (diluare, refrigerare, congelare si decongelare), continutul fosfolipidelor in mem-
branele spermatozoizilor se majoreaza: de la 44,8+0,05% in membranele native pana la 79,4+0,26% 1n cele
congelate-decongelate.
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Continutul digliceridei-2 si al trigliceridelor in spermatozoizi in procesul crioconservarii spermei de cocos
la fel se supune schimbirilor criogenice. In particular, continutul digliceridei-2 se majoreazi autentic in
membranele deconservate ale spermatozoizilor — de la 8,0440,150 pana la 9,53+0,173. Paralel, in procesul de
congelare si decongelare a spermei de cocos are loc scaderea brusca a continutului de trigliceride. Din punct
de vedere chimic, moleculele trigliceridelor sunt asemanatoare cu cele ale fosfolipidelor, iar deosebirile
esentiale dintre ele constau 1n faptul ca fosfolipidele nu reprezintd sursd energetica pentru organism, fiind
componenti structurali principali ai membranelor celulare [10].

Din continutul total de lipide, colesterina constituie 36,5+0,29% in membranele plasmatice ale spermato-
zoizilor nativi, iar prelucrarea criotehnologica a spermei duce la diminuarea concentratiei ei pana la 11,120,25%.
Diferentele sunt statistic autentice.

In faza lipidicd a membranelor, ca component esential persista colesterina, al cirei metabolism in celule
are un caracter integrativ datoritd afinitatii ei majorate [11]. Colesterina modifica atractiile dintre lanturile
carbohidrate ale lipidelor [12] si participa in procesul de reorganizare a structurilor membranare [13].

In acelasi timp, este cunoscut ci de continutul colesterinei depinde temperatura de trecere fazici a
lipidelor [3,14]. Temperatura de trecere fazica a lipidelor depinde nu doar de continutul colesterinei, dar si de
valoarea raportului colesterini:fosfolipide. In literatura de specialitate datele privind interdependenta dintre
raportul colesterina: fosfolipide si rezistenta spermatozoizilor la socul termic sunt insuficiente. Ipoteza socului
termic a fost dezvoltatd In numeroase cercetari [3,9,15], care au demonstrat ca procesul temperaturo-dependent,
care deruleaza la nivelul membranelor celulare la congelare, este tranzactia fazica a lipidelor, fiind considerata ca
etapa initiala Tn mecanismul socului termic. Prevederile ipotezei bine concorda cu criodeteriorarile determinate
de tranzactia fazica a lipidelor, insa nu reflectd modificarea altor componente ale sistemelor criobiologice.

Concomitent, coraportul colesterinei cu fosfolipidele iIn membranele plasmatice determina, in mare masu-
ra, fluiditatea si sensibilitatea membranelor [16]. Termorezistenta membranelor, stabilitd anterior, si raportul
colesterina:fosfolipide sunt legate reciproc intre ele, fapt demonstrat de datele prezentate in figurile 2 si 3.
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al membranelor

Fig.2. Raportul colesterina:fosfolipide Fig.3. Raportul colesterina:fosfolipide
in membranele plasmatice ale spermatozoizilor in membranele plasmatice ale spermatozoizilor
de cocos la crioconservare. de vier la crioconservare

Datele prezentate 1n figurile 2 si 3 denota ca raportul colesterina:fosfolipide din membranele spermatozoizilor
de cocos sunt supuse transformarilor semnificative sub actiunea temperaturilor negative. Valoarea acestui
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indice scade de la 0,815 pana la congelare la 0,139 dupa decogelarea spermei de cocos si sporeste semnificativ
in membranele spermatozoizilor de vier pana la 0,279 la diluarea spermei cu mediul sintetic V1J si pana la
0,229 la diluarea spermei cu mediul VI1J la includerea in concentratii optimale a stabilizatorului membranelor.

Conform [Blesbois 1], fluiditatea membranara in materialul seminal proaspat recoltat s-a dovedit a fi
proportionala cu raportul colesterina:fosfolipide si, astfel, sciderea coraportului mentionat serveste ca un bun
indicator anticipat al proprietatilor materialului seminal pentru crioconservare, obtinut de la diversi masculi
din aceeasi specie.

Modificarea cantitativa evidentd a raportului colesterina:fosfolipide are si un rol important adaptiv in
functionarea membranelor celulare [17], inclusiv a mecanismelor de adaptare, care modificd componenta
membranelor la scaderea temperaturii. Avand 1n vedere ca continutul acestor legaturi se afla in corelatie directa
cu continutul colesterinei [18], putem mentiona ca factorii crioconservarii influenteaza mai puternic, comparativ
cu lipidele la care pot fi adaptate membranele si, in rezultat, are loc modificarea structurilor membranare.

In contextul celor expuse, avand in vedere criorezistenta diferitd a spermei de cocos si de vier, respectiv,
ca una dintre cele mai inalte si una dintre cele mai joase, in scop de analizd comparativa, un interes deosebit
reprezintd si componenta lipidicd a membranelor plasmatice ale spermatozoizilor de vier la crioconservare.
Rezultatele cercetarii spectrului lipidic in sperma de vier si modificarea lui in procesul de crioconservare sub
influenta factorilor de mediu sunt prezentate in Figura 4.

70
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50
40
30 +
fosfolipide
20+ digliceride-1
digliceride-2
10+ -
colesterina
0 trigliceride
Fara diluare Duliata cu mediul Duliata cu mediul
VIJ VIJ + stabilizator

al membranelor

Fig.4. Lipidele membranelor spermatozoizilor de vier la crioconservare.

"Diferintele sunt statistic autentice intre indicii variantelor I-II, I-III.

Analiza comparativa a densitogramelor lipidelor din biomembranele spermatozoizilor de cocos si de vier
(figurile 3 si 4) demonstreaza, in principiu, proprietitile deosebite ale componentei lipidice. In rezultatul
inaintare a fosfolipidelor, diglicridei-2 si colesterinei, la vier — a fosfolipidelor, diglicridei-2 si a trigliceridelor.
Continutul fosfolipidelor si al digliceridei-2 semnificativ difera intre spermatozoizii speciilor cercetate
(P<0,001 si P<0,01, corespunzator). O particularitate caracteristica este absenta digliceridei-1 si scaderea
semnificativd a continutului de trigliceride in spermatozoizii de cocos dupa congelare si decongelare, iar in
spermii de vier, in conditii similare, respectiv — a digliceridei-1 si a colesterinei.

Astfel, datele obtinute demonstreaza ca procesul de crioconservare provoaca modificarea fizico-chimica a
componentei lipidice a membranelor. Aceste modificari ale diversitatii lipidelor in directia micsorarii sau
sporirii continutului lor pentru fiecare in parte pot fi explicate prin interactiunea colesterinei cu alte componente
de naturi lipidici sau proteica [5]. In acest caz, sporirea continutului de fosfolipide poate fi determinati prin
formarea complexelor colesterino-fosfolipidice, care coincide si cu rezultatele diminudrii colesterinei. Scaderea
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continutului de colesterind in procesul crioconservarii spermei de cocos se demonstreaza prin micsorarea
numarului legaturilor duble [18], care pot fi deteriorate sub influenta factorilor de congelare-decongelare a
obiectului studiat.

Concluzii

1. Au fost determinate limitele de inaintare a fosfolipidelor, digliceridei-1 si 2, colesterinei, trigliceridelor
si s-a determinat spectrul lipidelor In membranele plasmatice ale spermatozoizilor de cocos si de vier in
procesul de crioconserare.

2. Experimental este marcatd majorarea autenticd in membranele spermatozoizilor, dupd congelarea si
decongelarea lor, a continutului de fosfolipide si scaderea continutului de diglicerida-2 si de trigliceride in
sperma de cocos.

3. S-a stabilit scaderea semnificativa a valorii raportului colesterina:fosfolipide in procesul congelérii si
decongelarii spermei, influentdnd la deplasarea trecerilor fazice ale lipidelor membranelor spermatozoizilor,
predeterminata si de continutul Tnalt al colesterinei in membrane.

4. S-a constatat ca sporirea raportului colesterina:fosfolipide in procesul de crioconservare a spermei de
vier este predeterminatd de interactiunile dintre colesterina si fosfolipidele mediilor sintetice si elementele
structurale ale membranei plasmatice.
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W3MEHEHUSI MEXAHU3MOB BEJIOK-BEJIKOBBIX B3AUMOJIEACTBUI
B BUOJIOI'MYECKUX CUCTEMAX IIPU KPUOKOHCEPBALIMHN

Hon BATAH

Hucmumym gusuonoeuu u canoxpeamonozuu Axkademuu Hayx Monooswst

in articol sunt prezntate rezultatele cercetirilor teoretice si practice privind transformarile criogenice in interactiunile
proteice intermoleculare din biomembrane. A fost evidentiatd derularea proceselor fizico-chimice in membranele plas-
matice ale celulei, care depinde de gradul modificarilor matricelui proteic si de schimbarile fizico-chimice ale proprie-
tatilor proteinelor in membrane la etapele de precongelare. Prin urmare, au fost elucidate mecanismele de criodestructie,
care sunt reactii specifice, conditionate de dereglérile interactiunilor intermoleculare ale proteinelor. S-a stabilit ca con-
tinutul sumar al proteinelor spermei de cocos si de taur la crioconservare nu suportd schimbari esentiale comparativ cu
spectrul individual al fractiilor proteice. La crioconservare in plasma seminald modificarea continutului a-, B- si y-glo-
bulinelor este specificd pentru cocos §i taur, iar in spermatozoizi dinamica valorii o-, B- si y-globulinelor manifesta
stabilitate cu caracter nespecific pentru speciile studiate.

In this article are presented the results of thoretical and practical research of the cryogenic transformations in inter-
molecular protein interactions from biomembrane. It was relieved the performance of physicochemical processes in
plama membrane of the cell, which depends on the level of protein matrix modifications and physicochemical changes
of the proteins in membrane at the stages of prefreezing. Therefore, has been elucidated the mechanisms of cryodestruc-
tion which are specific reactions, conditioned by intermolecular interactions disorders of proteins. It was established
that summary content of protein in rooster and ox sperm in cryoconservation does not support significant changes com-
pared with individual spectrum of protein fractions. At cryoconservation, in seminal plasma, modification content of the
a-, B- and y-globulin is specific for rooster and bull, but in spermatozoa the dynamic value of a-, - and y-globulins
exhibit stability with nonspecific character for the studied species.

OCHOBHOI1 Tpo0OIIeMOii COBPEMEHHOI KPpHOOHONOTHH SBISIOTCS 3(h()EKTUBHOE TPUMEHEHHE HU3KUX TEM-
neparyp JJis COXpaHeHHUs OMOJIOTUYECKUX CHCTEM M CBS3aHHBIC C OTHM WCCIICJIOBAHUS BIHMSHUS XOJOJa Ha
pealIn3alnio MEXaHU3MOB, JISKAIIUX B OCHOBE ()YHKIIMOHUPOBAHUS TaHHBIX CHCTEM Ha Pa3JIUYHbIX YPOBHSIX
OpraHH3alNH.

B Hacrosiiiee BpeMsi y4EHBIC NPOSBISIOT OOJBIION MHTEPEC K MPoOJieMe KPUOKOHCEPBAIMKM T€HOMA.
OnuH U3 MEHTPATHHBIX ACIEKTOB ATOM MPOOJIEMBI — UCCIICIOBAHUE MEXAaHU3MOB KPHUOTOBPEKICHUS TaMET
Pa3IMYHBIX BUIOB )KUBOTHBIX U Pa3pad0TKa AP PEeKTUBHBIX METOIOB HX KPHOKOHCEPBAIIHH.

HakoruteH orpomMHbIi (akTHUECKUH MaTepHall, MO3BOJIMBIINKI BBICKA3aTh Pa3IUYHbIE THIIOTE3bI OTHOCH-
TEJBPHO MEXaHW3MOB TOBPEXKIICHUS OMOJOTHYSCKUX OOBEKTOB U pa3paboTaTh CHOCOOBI KPHOKOHCEPBALUU
CEMEHU Pa3IMYHBIX BUJOB KMBOTHBIX M ueioBeka [1-6]. Omxrako mpobiemMa KpHOKOHCEPBAIIMHU €IIIe JaieKa
OT pa3pelIeHrs] M B HACTOSIIIEee BPEMs, YTO HE IMO3BOJIAET B IOJHOM Mepe MCIOIh30BaTh TEHETHIECKUN TI0-
TEHIMaJ. JTO, Ha HAIll B3TJISII, OOBSCHSIETCS CI0XKHOCTHI0 MEXaHU3MOB KPUOJIECTPYKIUH, HEJOOIEHKOW KOM-
IUIEKCHOCTH B U3yUYCHUM BIIMSHUS HU3KUX TEMIIEPATyp Ha TEHOM (Pa300IleHHOCTEIO UCCIIEI0OBAHUMN, OCYIIIECT-
BJISIEMBIX (pU3HOJIOTaMH, OMOXMMHUKaMH, (PU3MKAMH, MEAUKaMH, OHO(DU3MKAMK | JIp.), KaK U HEJIO0OLECHKOMH
CHCTEMHOTO TIOAX0/1a TIPH WCCIIEJOBAHNN KPHUOHAPYIICHNH. BeencTsue 3Toro, 9acTo BCTPEYAOTCS y3KHE,
JIUIIEHHBIE 00IIEOMOIOTHIECKOTO CMBICIIA MEXaHUIECKHE TPAKTOBKY HAKOTUIEHHOTO MaTepralia, XOTs IOCIe/-
HUH SBJISETCS JOCTATOYHO IIEHHBIM U TOJIYYCH MTPH UCIIOJIh30BAaHHH BEChMa COBPEMEHHBIX MeToauK [7-10].

OnHUM K3 SKCTPEMANBHBIX (PAaKTOPOB, BO3JACHCTBYIOIIMX HA TEHOM, SBJSCTCS JACHCTBUEC HU3KUX U CBEPX-
HHU3KUX Temmeparyp. OXiaxiaeHue JTr00ro OMOIOrHIecKoro 00beKTa MOKHO CUMTATh MOITHBIM CTPECCOP-
HBIM BJIMSIHHEM, KOTOPOE, BO-TIEPBBIX, BBI3BIBACT CIIOKHBIM KOMIUIEKC CTPYKTYPHO-(YHKIIHOHAIBEHBIX U3Me-
HeHuit [11] U, BO-BTOPBIX, BEJCT K PAacCTPOMCTBY (DyHKIMI HE TONBKO OpraHU3Ma B IEJIOM, HO U KaKIOU
JKU3HEHHO BaXKHOU (DU3MOJIOTUUYECKON CHUCTEMBI M OpraHa B oTaensHOCTH [12, 13]. B KiIeToyHBIX crcTemMax
IIpH 3aMOpaXMBaHWW HE YCIIEBAIOT Pa3BHBATHCS IPOLECCHl aJaNTAMOHHBIX IepecTpoek. OximaxaeHne
raMeT B 30HE THIIOTCPMHYCCKUX TEMIICPATyp B MEPHOJ] 3KBWIMOPAIUU XOTS M COMPOBOKAACTCS PE3KUM
CHIKCHHEM METabOIMUeCKHX MPOIECCOB, OJTHAKO HE MPEKPAIIAeT UX MOJHOCTHI0. DTO 00YCIOBIECHO Teue-
HHEM aJanTalliOHHO-KOMIICHCATOPHBIX peakiuii [14].
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YuuThiBasi, 4TO BEIHECECHHBIE U3 OpPraHu3Ma KJICTKH HEKOTOPHIH BPeMEHHONW MHTEPBAT COXPAHSIOT )KU3HE-
CHOCOOHOCTh, MOYKHO CYHTATh BO3MOXHBIM OCYIIIECTBICHHE B HUX B 3TOT IEPHOJ IIPOILIECCOB CaMOPETYIIs-
LMY 3a CYET OTPUIIATENILHOW OOpaTHON CBS3M, HANIPABIICHHON K BOCCTAHOBJICHUIO HCXOTHOTO YPOBHS XKHUBOU
cucteMsl B 11enoM. [15]. TTo MHEHHIO aBTOpa, B OTBET HA SKCTPEMaIbHOE BO3CHCTBUE MTPOUCXOIUT MOOUITH-
3a1ys MOTEHIIHAIBHBIX BO3MOXKHOCTEH, HalIpaBlIeHHAs HA COXpaHEeHHe TOMe0CcTa3a KIETKH.

B ciayuae HemocTatouHOM 3(h(hEKTUBHOCTH afanTallMOHHO-KOMIIEHCATOPHBIX PEakiiii B KIETKaX UMEIOT
MECTO KpHOTeHHbIe n3MeHeHus. ClelyeT OTMETHTh, YTO Hanboiiee Ta0ITbHBIME KIETOYHBIMH CTPYKTYPaMU
SIBJITIOTCSL MeMOpaHnsI [16,17].

W3 Bcero MHOT00OPA3Hs PU3UKO-XUMHUECKUX MPOLIECCOB, MPOTEKAIONINX B KJIETKE, a CIIE0BATENbHO — U
B IUTa3MaTHYECKOM MeMOpaHe MpH 3aMOpakMBaHWU W oTTanBaHud [18-20], moka3aHo, 4TO pEIIAIOIIAM W3
HUX SBJSIETCS BOSHHUKHOBEHHE TPAHCMEMOpAHHBIX Ae(EeKTOB B IIa3MaTHYECKOW MeMOpaHe, pa3BUTHE KOTO-
PBIX 3aBUCHT OT CTEIIEHW MOTU(PHUKAINN OEIKOBOTO CKelleTa W U3MEHEeHHs (PH3MKO-XMMHUYECKHX CBOWMCTB
JUIHJIOB U OCIIKOB B caMOlii MeMOpaHe Ha Pa3HbIX 3Tallax, MPe/IIeCTBYIOIINX 3aMOPaXKUBAHUIO.

Crnenuduueckass 0coOEHHOCTh OHOJIOTHYECKOTO ACUCTBHS XOJ0Ja 3aKII0YaeTCs B TOM, YTO IEPBUYHEIC
MTOBPEX/ICHUS B TaMeTax JIOKAIHM3YIOTCS JIMIIG B KpaifHe MalbIXx 00beMax MOJEKYJSIPHBIX pa3MepoB. Ecmun
MTOBPEX/ICHUSI TaMET OTHOCSITCA K YHUKaIbHBIM CTPYKTYpaMm KIETKH (XPOMOCOMBI, SPO) W 3aTParuBaroT
COCTaB AJEPHON WM KIETOYHOH MEMOpaHBI, 3TH TIOBPEXKCHHSI BTOPHYHO MOTYT BEI3BaTh OOJIbIINE HEOOpa-
TUMBIe HapylleHus (QyHKIMOHaJIbHOro xapaktepa [16,21]. IloBpexneHne MeMOpaH MOXET CYLICCTBEHHO
HapyILIUTh CTallMOHAPHOE COCTOSHHE B TaMeTax MOCPEICTBOM HM3MEHEHUS MEKMOJICKYJSPHBIX B3aUMOJICH-
CTBHH, UX MU(HY3UOHHBIX MAPAMETPOB, TCUCHUS (PCPMEHTATUBHBIX PEAKIIMNA U JPYTHX KU3HCHHO BAYKHBIX
nporieccoB [22-24]. OTcioaa cieayer, 4To yCHIUsS UCClea0BaTee JO/DKHBI ObITh HAIPABJICHBI HA CTA0WIIH-
3aIHI0 MIEPBUYHBIX, 0OPATHUMBIX N3MEHEHHH, TOTa KaKk HeOOpaTHMbIe PEryJIMPOBAHUIO HE TIOJIEXKAT.

[oBpexneHnst OMOIOTHIECKUX 00BEKTOB OTHOCATCS K YMCITY (DyHIaMEHTAIBHBIX MPOOJIEM COBPEMEHHOMN
kpuobuonoruu. MHTEpec K MaHHOH mpoOiieMe BO3pacTaeT Mo PsAy IMPUYWH, U MPEXK/E BCETO — €ro CTHUMYIIH-
PYIOT IpakTUYeCKue 3aauu. B HacTosiee Bpemst Bce 00JIbIle BOSHUKAET BOIIPOCOB O BO3MOXHOCTH KU3HH
ToJIeH, ’KUBOTHBIX U PACTECHUHN B YCIOBHUAX, HCOOBIYHBIX JJIT HOPMAIHHOTO (hyHKIIMOHUPOBAHMUS, — TIPU BBI-
COKMX W HH3KHX TEMIepaTypaXx W MAaBJICHHH, MOBBIIICHHON paJWallii, BBICOKMX YCKOPEHHSAX, IIPHU
HEJO0CTAaTKe BOJbI, TIOBBIIEHHOM COJIEPYKaHUH COJIEH H T. II.

B cBsa3u ¢ 3TEM 0cO0yI0 3HAYMMOCTH TPUOOPETaeT M3yUEHUE PEaKIUU OHOJOTHMYSCKUX OOBEKTOB Ha
JefcTBHE HKCTPEMATbHBIX 110 MOIIHOCTH U XapakTepy pazapaxkuTeneil. Bennko 3HadeHne 3TOH mpobiaemsl
IUTE MEIUIIUHBI M CENbCKOTO XO3SHCTBA: albTepamys KIETOYHBIX HJIEMEHTOB SBISIETCS OJHMM W3 3BEHBEB
MaTOJIOTHYECKOTO TpoIiecca.

Hccnenoanre mpoOiieMbl MOBPEKIACHUS MPUBJICKACT BHUMAaHUE U C TEOPETUYECKONH CTOPOHBL. DTO TO-
3BOJIUT TOJHEE BCKPHITHh MEXaHMW3MBI JAHHOTO Tpolecca. KprnomnoBpexaeHne npeacTapisieT cOO0OH YaCTHYIO
(hopmy peakiiu OHOJOTHICCKUX OOBEKTOB B OTBET Ha JCHCTBUE TEMIIEPATyPHBIX (aKTOPOB CPEIbI.

B Taxoii cnoxxHO#l U B3aMMOCBSI3aHHOM CHUCTEME, KAKOBOH SIBJISICTCSI TEHOM KUBOTHBIX, HApYIICHUE KaKOi-
HUOYIb OJTHOW YaCTH, KAaKOTO-TUOO 3JIEMEHTA MM CTPYKTYPBI HE MOXKET OCTaBaThCs OTPAHUYCHHBIM, OHO,
KaK MpaBWIIO, OJKHO TlepefaBaTbcsi Ha APYTHE YacTH U Te€HEPaM30BbIBATHCS, MOTUMHAACH 3aKOHOMEPHO-
CTSM TIOBpPEXACHUS Onosormdecknx 00mekToB [19]. [ToaTOMY CTaHOBHUTCS MOHATHBIM, YTO TIPU ACHCTBHH
MTOBpEXAA0MUX (DAKTOPOB B MPOIIecCe KPHOKOHCEPBAIIUN H3MEHEHHUS CBOMCTB raMeT OOBIYHO JOJKHBI OBITH
MHOTOCTOPOHHHMH U TIPOSIBIISITECS B PA3HOOOPA3HBIX HAPYIIEHUSIX MOP(OIOTUIECKOT0, (PU3UOIOTHIECKOTO,
OMOXMMHYECKOTO U OMO(PU3UUECKOT0 XapakTepa. Bmecre ¢ TeM, HapynieHue GyHKIMOHAILHONW aKTUBHOCTH
raMmer sBJsieTcs Hauboee JeMOHCTPATHBHBIM H HanOoJIee JOCTYITHBIM JUTS MCCIIE0BATEIS.

KpuomoBpexxaeHnss UMEI0T MECTO Ha BCEX JTalax TeXHOJOTHYecKod oOpaboTkm cemeHu. OmHaKoO Ha
TEMIIepaTypHOU IIKaie CYIIECTBYIOT KpuTuueckue 30HbI [25]. Tak, uccnenoBanus TeMmepaTypOUHAYIUPO-
BaHHBIX CTPYKTYPHBIX [IEPEX0/I0B Ha BOAHO-JUIHIHON MMOBEPXHOCTH MeMOpaH [26] MO3BONIHIN O0HAPYKUTh
IIepeCTPONKH BOXHO-GEIKOBBIX B3aMMOCHCTBHIT py Temmeparypax 30, 25, 17 u 7 °C. Tlpu 9Tom, 5TH B3anMo-
JIEMCTBUS MTPOUCXOAAT KaK Ha BHEUTHEHW MOBEPXHOCTH OENKOB, TOCTYMHONH CBOOOJHOMY PacTBOPHUTEINIO, TaK
U B MOJIOCTSIX OMOMAaKpOMOJIEKYJ, 00yCIIOBIIEHHBIX TPETUYHON CTPYKTYPOH, a TaK:Ke KOHTAKTaMH CyOBheIn-
HUI[ B OJIATOMEPHBIX aHCAMOJIsIX OETKOB. AHAJIOTUYHBIC TEMIIEPATyPHBIC 30HBI OTPEIENICHEI [27] mpu n3yde-
HUW MEXaHU3MOB CTAOMIN3AI[MH HATUBHOW KOH(OPMAIIH BOAOPACTBOPUMBIX OEITKOB.
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Kpome Toro, cymecTByOT CHIIBI IPUTSHKEHHSI, 00YCIOBIEHHBIE THApAaTalieH, MPHYeM OHH TOpa3/Io 3Ha-
YUTEJIbHEE JUCIICPCHOHHBIX CHJI M 00janaroT Oonbiieii crernupuaHoCcThi0. [I0BEpXHOCTh MEMOpPaHbI BO3-
MYyIaeT CTPYKTYPY BOJBI Ha PACCTOSHUSX BIUIOTH JI0 HECKOJBKHUX COT MUKOMETpOB. Jlns yaaneHws 3TOU
BOJBI TpeOyeTCsl 3aTPaTUTh OYeHb OOJNBIIIOE KOIWYECTBO SHEPTHUH, YTO MPUBOANUT K HKCIMOHEHIIMALHON 3a-
BHCHUMOCTH «THUAPATAIIMOHHBIX CHI» OT PACCTOSHUS MEXY B3aUMOJCHCTBYIOMMMHA cucTeMamu. Crierudud-
HOCTH OMOXMMHYECKUX acCOIMAli, HAalpUMepP — aCCOIUAINN MEeXIYy OSIKOBBIMH MOJEKYJIaMH, 3aBICHT HE
TOJIBKO OT B3aI/IMO)Z[eI>'ICTBPI$I MCXKIY 6eJIKaMI/I, HO B 3HAYUTEILHOMN MEpE €I U OT B3aI/IMOI[eI>'ICTBI/I$[ ITOBEPXHO-
cTH OeJKa ¢ MOJICKyJIaMH BOJHI [28].

AHanmmz, 00001IeHne pe3ynbTaToB (PyHAaMEHTANBHBIX WCCIEIOBAaHWN M TPOBEICHHBIX HAMH SKCIIEPH-
MEHTOB TO3BOJISIOT BHIIBUHYTH IMOJIOKEHUE, COTIIACHO KOTOPOMY KPHOIOBPEXKIEHUS CIIEPMATO30MI0B pa3-
JUYHBIX BHUIIOB JKHBOTHBIX HOCAT MHOTO(AKTOPHBIN XapakTep W UMEIOT MECTO 3a cUeT o0mux (Hecmerudu-
YEeCKUX) M YacTHBIX (crmenu@puuecknx) peakuuid. [Ipy 3TOM BeIyNIMMH MEXaHW3MaMH KPHUOIOBPEKICHUS
SIBJITFOTCS. BUJOCTICIIU(UUECKUE PEAKIIUi, B OCHOBE KOTOPBIX JISKAT HAPYIICHHUS MEKMOJICKYJISIPHBIX B3aUMO-
JCHCTBHIA, B YaCTHOCTH — OETIOK-0CIIKOBBIX.

BrisBreHHAs 3aBUCHMOCTh MEKMOJIEKYIISIPHBIX B3aUMOJISHCTBHIA UTOCKENETa, B CMBICIIE OeOK-0enKo-
BBIX, OT ypOBHSA WX ¢ochopunrpoBanus mo3poimina Ctopokky C.A. u ap. [29] yTBepknaTh 0 HAIHYHAH
OpeaonpeaACIAIOMICTO 3B€HA PCTYIAIUN MEXAHUYCCKUX XAPAKTCPUCTUK MeM6paH, KaKuMHU SBIIIIOTCA HX
CTaOMIBHOCTD | JIe(hOpMaOUIBLHOCTh, ONIOCPEIOBAHHON N3MEHCHHEM aKTUBHOCTH MTPOTCHHKUHA3HBIX CUCTEM
KIICTKH.

CrabunpHOCTh M TaOMIBHOCTh OMOJIOTHYECKUX MEeMOpaH BO MHOTOM 3aBHCAT OT JKECTKOCTH ITUTOCKE-
J1eTa, 00yCIOBICHHOW MEXMOJICKYIIIPHBIMA B3aUMOICHCTBHSIME €70 KOMIIOHEHTOB [29].

CHrxeHHe TemIepaTypsl HPUBOAUT K MOJMMEpPHU3AIMN OENKOB, COIPOBOXKIAIOIICHCA MOSIBICHUEM Jie-
(dhopMaruu MeMOpaH, YeMy CIOoCOOCTBYIOT Mporecchl (hoCHOPIIUPOBAHUS, KOTOPhIC aKTUBUPYIOTCS B MPO-
necce KpuokoHcepsaruu [19].

Tak Kak OCHOBHBIMH KOMITOHEHTaMH OMOMEMOpaH SIBIISTIOTCS OCTKW W JIMIUIBI, HCCIIeI0OBAaHUE UX KPHO-
TEeHHBIX W3MEHEHHH IIpeIcTaBiisseT OOJNBIION WHTepec. AHaIM3 CHEKTpa COOCTBEHHOU (IIFOOPECIICHITHH
nepuepUUECKUX U MHTETPATBHBIX OCIKOB MOKa3ai, 4TO OH 00Ja/1an OJMHAKOBOW HANPaBICHHOCTHIO U HE-
obOparumbiM xapakTepoM [30]. [Ipu 3TOM Oenku UTOCKETIEeTa pacCMATPUBAIOTCS KaK IEHTPAIBHBIN MeXa-
HH3M, 00CCIICUNBAOIIMKI CTaOMILHOCTD KIIETOK [19].

B moBpexaeHnn OMOMOTHYECKUX CTPYKTYp Ha 3Tare HU3KOTEeMIIEpaTypPHOTO KOHCEPBHPOBAaHUS BaXKHOE
3HaYCHHUE UMEET HapyIIeHNEe OCITKOBO-IMITUIHBIX B3auMoaeicTBuil [16, 30]. B ¢BsI3u ¢ STUM BBI3BIBACT WH-
TEpeC KaK ONpPENCICHUE CTEICHU KPUOTOBPESKICHUN OCJIIKOB B 3aBUCUMOCTH OT UX OKPYXKEHHS U JIOKAJIH-
3alliy B JIMIUJIHOM OUCIIOE, TaK W BBISICHEHUE POJIM MEMOPAHHBIX OCIIKOB B PEAKIUH KIETOYHBIX CTPYKTYD
Ha KPHOBO3CHCTBUE B IICJIOM.

OO6mIyt0 CTPYKTYpy OCITKOB MOYKHO BHIPA3UTh CICAYIOIIUM 00pa3oM:

H,N-CHR-CO-NH-CHR,-CO...NH-CHR,-COOH, (D

1 o o
rae R..R"— AMHWHOKHCJIOTBI, COCANHCHHBIC XapaKTCPHOU IJIL 0eIKOB NCIITUAHOMN CBA3BIO,

Ol - aMUHOKHUCIIOTBI, U3 KOTOPBIX CTPOATCH 6CJ'IKI/I, BbIPa’XaroTcCs (bOpMyJ'IOI\/’I B 06H_ICM BUIC
H

H,N— C— COOH )

R

rae R - Tumm 60KOBOM TPYIIIEL.

B o-ammHOKHCIOTaX aMUHO- ¥ KapOOKCHIIbHAS TPYIIIBI KOBAJIEHTHO CBA3aHBI C OJHUM aTOMOM YTIIEpOAa,
Ca-aTOMOM, B OTJIIMYHEC OT B, YHu S-aMI/IHOKI/ICHOT, ra€ OHU pas3saCICHbl HCCKOJIBKMMU BaJICHTHBIMU CBA3SMU.

ITopsimok pAacIoNOXKEHUSI OCTATKOB B TOJUIENTHUIHONW IEMH MPEICTaBISCT COO0H aMHUHOKHCIOTHYIO
MoclieIoBaTeNNbHOCTE (puc.l). IIpuHATO cuMTaTh, YTO HAMpaBICHUE MOJUNEHTHIHON IIEIMU COOTBETCTBYET
HamnpaeJieHHI0 0T aMHHHOTO (N-) k kapOokcunbHOMY (C-) koHiy. [TomunenTuaHas 1ienb COCTOUT U3 OCTOBA
(ocHOBHAs 1IETIb) U OOKOBBIX pagUKaaoB (0OKOBBIE IIEMH), KOTOPBIE MPUCOeAUHs0OTCS K C*-aToMaM.
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Puc.1. Cxema 00pa3oBaHusl MOJIUIIEITHIHOMN LIETH.

B Genkax pa3nmu4aroT psijg CTPYKTYpP.

o [lepsas cmpykmypa (TOCIIEAOBATENBHOCT, AMUHOKHCIIOT B TIOJHIIENTUAHBIX IIETsX) BMECTE C JIPY-
TUMH KOBAJCHTHBIMHA CBS3IMU (Kak S-S v mudhuphochOpHOit KUCIOTHI) COCTABISIET CKEJIET MOJICKYJTBI.

e Bmopuunas cmpyxmypa o0pa3yeTrcsl TeITMKOUAAIbHBIM 3aKpyYHBaHHUEM OCIIKOB U CTAOMIIM3HPYETCS
BOZOPOIHBIMU MOCTHKamMu Mexnay amuaHbiMu cBsa3sMu (CONH) memm. OOpasyromascs KOHPUTyparus —
IUIocKast. B Tak Ha3bpIBaeMOM OL-CITUPATEKOH(DUTYpALIUK KEPATHH MPEACTABISIET 3-7 OCTATKOB aMUHOKHCIIOT
JUTSL KQKIOTO 000poTa, IpuueM KaXKIbId OCTaTOK COOTBETCTBYeT 1,47 A nepejaye BJ0Jb EHTPAIbHOM OCH.

o Tpemuunas cmpykmypa 00si3aHa CBOMIM TIPOMCXOXKICHHEM B3aMMOJCHCTBUIO cuil Ban-nep-Baanbca,
CKOTUIEHUIO THUAPO(POOHBIX OOKOBBIX IIeNeil BBHIY B3aWMHOTO OTTAJKHBAHHS PACTBOPUTEINS, HEKOTOPBIX
cBszel S-S Mexay HensIMH U O0COOBIM BOJIOPOJHBIM MOCTHKOM, CYIIECTBYHOIIUM Mexmy Tpymmamu OH
TUPO3MHA WIIK MKy aMUHOTPYIIIIAMH JTH3UHA (JPYyTUMH 3JIEKTPOOTPUIIATSIHLHBIMU TPYIIIIAMU BIOJIb LIEITH ).
OnM 00yCIIOBIMBAIOT MIOOYISIPHYIO MK (GUOPHIUIAPHYIO U APYTYIO POPMY B pacTBOpE.

KoHkypeHIuss MeXay aMHHOKHCIOTHBIMH OCTaTKaMH W MOJIEKYJIAaMH BOJBI 32 BOJOPOAHBIE CBS3H U
BIIUSTHUE THAPOPHUIBHBIX W TUAPO(OOHBIX yUACTKOB OCITKOBOM MOJIEKYJIBI HA CTPYKTYPY BOJBI B OJrKaiIiieM
X OKPYXCHUH ACIal0T B3aMMOOTHOIICHHA MCXKAY HCIO U BOZ[Oﬁ Ba)KHEHIITUM Q)aKTOpOM, OIpEeACIAIOIINM
CTaOMIBHOCTH OENKOBOI MakpoMoiaeKys [31].

B macrosimee BpeMst 1moiararoT, 9TO cTaOHMIM3aIys, odecriedrnBaeMas acConranneil HeToSIPHBIX TPYTII
BHYTPU MOJICKYJBI Oelika, OMpEeNeNseTcsi He CTOIBKO BaHJEPBAaTbCOBBEIMU B3aHMOJACHCTBUSIMH, CKOJBKO
(haKTOM TOTO, YTO HEMOJSPHBIC TPYIIIBI, CTAHOBICH JOCTYMHBIMH BOJE, OKa3bIBAIOTCS MPUUMHON HeOsaro-
IIPUSATHON MTOTEPU IHTPOIIUU CUCTEMBI, IO KpaHENW Mepe — IIPU HU3KUX TEMIIEPATYPAX.

HekoTopsie THITBI HEKOBAJIEHTHBIX CBS3EH, CTAOMIM3UPYIOMINX TPETHIHYIO CTPYKTYpY Oelka, mpeicTaB-
JICHBI Ha PUCYHKE 2.

o Yemeepmuunas cmpykmypa MpeAcTaBisieT coboll 00beAMHEHNE HECKOIBKUX TOJMIIENTUAHBIX cyObean-
HUII, 00J1aIAIONIMX CBOCH ONpPEIeICHHON CTPYKTYpPOii, B €AMHYIO MOJIeKyy [32].
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MonunenTuaHasa uenb

Puc.2. Tunsl HEKOBAJICHTHBIX CBS3EH, CTAOMIM3UPYIOIINX CTPYKTYPHI OeliKa.
a — JNIEKTPOCTAaTUYECKOE B3aMMOZEHCTBHE; O — BOJIOPOIHAS CBA3b; B — THAPO(OOHBIE B3aMMOACHCTBHS HEIOJIIPHBIX TPYIIIL;
T — IUIOJb-AUTIONBHBIE B3aUMOJICHCTBYS; 1 — IUCYIb(GUIHAS (KOBAaJIEHTHAs) CBA3b.

[Ipu n3yueHnn 0eI0K-OETKOBBIX B3aMMOACUCTBUIN TUITMYHBI OOJBIINE 3HAYSHHS SHTAIBIIHN U SHTPOTIHH.
B 10 Bpems kak M3MEHEHHS SHTAIBIIUU M DHTPOIUU XapPaKTEPU3YIOTCS OYeHb OOJBIION 3aBHCHMOCTBIO OT
TeMITepaTyphl, U3MEHEeHHE CBOOOHON 3Hepruu [mOOca B mporieccax ¢ ydacTHeM OETKOB OCTAaeTCsS IOYTH
ITOCTOSTHHBIM B IITUPOKOM JHAIIa30HE TEMIIEPaTyp. DHTATBIIUAHBIN (akTop OOBIYHO OKa3bIBacTCS Mpeodiia-
JAIOIIAM B PEAKIMAX acCOIMAliU MPHU BBICOKUX TEMIEpaTypax, TOT[a KaK MpH HU3KHUX TemepaTypax Oonee
Ba)KHOE 3HAUCHUE UMEET SHTPONUIHBIN (hakTop. B HEKOTOPHIX B3aMMOJECHCTBHUSX C yYaCTHEM OEIKOB BayKHAS
POJb MPUHAIEKHUT KOHPUTYpamOHHOHN SHTpomuH [28].

BonbmmHCTBO Upe3BbIUAiHO BaXKHBIX CBOMCTB OEIKOB O0YCIIOBICHBI C1a0BIMH HEBAJICHTHBIMHU CBS3SIMH,
YYaCTBYIOIIUMH B MEKMOJIEKYJSIPHBIX B3aMMOJACHCTBUAX OMOMOTUMEPOB. DHEPrHs 3TUX B3aMMOJICHCTBUI
Ha OJMH—TPU TMOPSIIKA MEHBIIIE SHEPTUH KOBAIEHTHOTO CBSI3BIBAHMS, OJJHAKO MX MHOTOYUCIEHHOCTh MPUAAET
BBICOKYIO ITPOYHOCTH OEIIKOBEIM MOJIEKYJIaM.

Ha w™exOenxoBble B3aMMOJEHCTBUS CYIIECTBEHHOE BIMSHUE OKAa3bIBAIOT HMOHBI KANBIHUS, KOTOPBIC
MEHSIOT XapakTep MeXKMOJEKYJSPHBIX B3aWMOJCHCTBHUI, HAlpaBlIeHHBIX Ha CTAaOWIM3AII0 MEMOpPaHHBIX
cTpykTyp [29, 33-35].

Cy1miecTBeHHBIM (DaKTOPOM CTaOMIM3aIN TTPOCTPAHCTBEHHOW CTPYKTYPHI OCIIKOB SIBISICTCS] B3aUMOJICH-
CTBHE OEJIKOBON MOJIEKYJIBI C BOJHBIM OKpyxeHueM [29]. [TosiBlieHUe HEMOJIAPHBIX TPYI B BOJHOU Cpeje
MIPUBOJUT K YIOPSI0OUYMBAHHIO BOJBI, KOTOPas GOpMUpYyeT BOKPYT HUX PEryJApHBIC CTPYKTYPHI THIIA KBa3HU-
MOJIMMEPHON M KBa3HUKPUCTAJUTUYECKON JIbIOMON00HON pelIeTKy, MOHIKas SHTPOIHIO U YBEITUUNBAs CBO-
OOMHYIO SHEPTUIO0 CHCTEMBI HENOJsipHas Tpymmna — BoAa. TakuM oOpa3oM, B3aMMOJICHCTBHE HEMOJSIPHBIX
TPYIII C BOJOH PHEPTETHYECKU MEHEE BBITOIHO, HEKEITH UX B3aUMOJICHCTBUE O/IHA C APYTOH.

CriocoOHOCTh HEMOJSAPHBIX TPYI aCCOIUHUPOBATHCS, YMEHBIIAs KOHTAKTHI C BOJIOH, IMOTy4YHIa Ha3BaHUE
euopogobrnozo s¢hpexma. bnaronaps takomy 3PpQexTy Monexyna Oenka MPEeArnoYnTaeT CBOPAaYNBATHCS B
100yIy, Ha TIOBEPXHOCTH KOTOPOH JIOKATN30BaHBI MMPEUMYIIIECTBEHHO THAPOQIIFHBIE PAAUKAIIbl, & BHYTPH
pacmoyiaraeTcs TupodoOHOE SIIPo.

MHorma nomnspHbIe OOKOBBIE TPYIIITHI OSIKOB IMOTPYKEHBI BHYTPh TI00YIIBI, 00pa3ys BOAOPOIHBIC CBS3H,
a OTHeNbHBIC HEIMOJISIPHBIC TPYMIIBI PACIONararoTcsi Ha MOBEPXHOCTH C 00pa3OBaHHWEM TaK Ha3bIBAEMBIX
“ruapodoOHBIX KIAcTepOB”, UTPAIONIMX Ba)KHYIO POJb MPU B3aUMOJACHCTBHU C APYTHMMH O€JIKaMU HIIH
JUIHTHBIMU y4aCTKaMH MEMOpaH.

AMUHOKHUCIIOTHBIE OCTAaTKH, BXOJSIIUE B COCTaB OENKOB, MO MX MPEAPACIIONOKEHHOCTH K JIOKAIH3aLuu
BHYTPH WJIM Ha MMOBEPXHOCTH TII00YJIBI MOXKHO Pa3AeiuTh HA TPU OCHOBHBIX KJacca: euopoghoduvie, cuopo-
@urvHvle © ambuganenmuvle. B pe3ynpTare aHaM3a W3BECTHBIX MPOCTPAHCTBEHHBIX CTPYKTYpP OEIKOB HITH
COTIOCTaBIICHUS 3HAYCHUI CBOOOTHOW SHEPTHH IMEPEeHOCa aMUHOKHCIOTHOTO OCTaTKa W3 BOJBI B OpTaHH-
YECKUU pacTBOPUTENH (HAPUMEDP, B STUIIOBBIA CITUPT), CBOHCTBA KOTOPOTO OJM3KU K CBOHCTBAM BHEITHEH
gacTH 0eka, MOJKHO TIOJTyYHTh JETATbHYIO KAy ruapododHocTH [36].
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Cornacho [37], 1 aHaIM3a PoSM PA3TUYHBIX B3aUMOJCHUCTBHI MEXAy IpyNIaMHu aTOMOB B 3aBUCHMOCTH
OT UX YAQIEHHOCTH OJUH OT APYTOro MO BAJICHTHOW LeNH yA00HO BBIIEIUTD MATH KIACCOB B3aUMOICHCTBHIMA:
BHYMPUOCAMOYHbIE, TOKANbHbLe, ONUdNCHUE, CheOHUe N OanbHue (puc.3).

Puc.3. MexMoneKyIsipHble B3aNMOICHCTBHS B OeTIKaxX.

K snympuocmamounsvim 0OTHOCST BCe B3aMMOJECHCTBUS MEXKIY aTOMaMH, IPUHAIIISKAIINMHU CTPYKTYPHOU
€IMHHIIE, COCTOSIIECH U3 ABYX CMEKHBIX MENTUIHBIX TPYHI U OOKOBOH LienH, IPUCOEANHEHHON K 00ImeMy
C%-aromy.

B3auMoneiicTBUSL aTOMOB JaHHOTO aMHHOKHCIOTHOTO OCTaTKa C OJMKaWIIMM COCEIHHM OCTaTKOM IIO
BaJICHTHOM I1eTH co cTOpoHBI N- uian C-KOHIIa eCTh JoKaibHble B3auMoaencTBus. Ilon bauscnumu npuHITO
MIOIpa3yMeBaTh B3aUMOJECHCTBHS OCTATKA C YETBHIPbMsI MPEIBITYIIUMH U YE€TBIPEMS IMOCIEAYIOIUMHI OCTAT-
KaMH B aMHHOKHCIIOTHOM IOCJIENOBATEIbHOCTH. B3auMoneicTBusl MeXOy OCTaTKaMH, Pa3lelICHHBIMH I10
BaJCHTHOH IleNnd Kak MHUHUMYM 4YETHIPbMSA, HO He OoJiee ueM JABaJUaThi0 OCTaTKaMU, OTHOCAT K CpeOHuUM
B3aMMOJICHCTBUSAM. Bee 3apshkeHHbIe TPYIIBI MOJICKYJIBI O€IKa B3aMMOACHCTBYIOT APYT C APYTrOM Ha J0CTa-
TOYHO OOJBILINX PACCTOSHUAX B COOTBETCTBHU C OOBIYHON OOpAaTHOMN 3aBUCHUMOCTBIO OT paccTosiHus. B ciy-
Yae, KOTr/la BCe 3apsHKEHHbBIE TPYIIBI PACTIONOKEHbI HAa IOBEPXHOCTH OETIKOBOM MOJIEKYJIBI, a caMa MOJICKyJia
umeet chepudeckyro GopMy, cyMMapHasi 3JEKTpOCTaTHIecKasi cBOOOIHAsI FJHEPTHUS F,ye MOXKET OBITH BECh-
Ma IpuOIIKEHHO OLICHEHa Ha ocHOBe Teopuu Jlebas-Xrokkena. Eciu Monekyna neHaTypupOBaHHOTO Oenka
OTJIMYAEeTCs 10 pasMepam, GopMe U XapaKTePUCTUKAM 3apsI0B OT MOJIEKYJIbl HATUBHOTO O€JIKa, TO 3HAUCHHS
ANIEKTPOCTATHYECKOH CBOOOAHOM SHEPTUU 000MX OEIKOB OYAyT pa3nuyarhcs Mex1y co0oil u mpolecc JeHa-
TypaIy OKa3bIBaeTCs CBA3AHHBIM C M3MEHEHHMEM AIIEKTPOCTAaTHYECKOM cBOOOAHOI sHepruu. [Ipu kpaitHux
3Ha4yeHusX pH, xorna mMonekysa Genka HeceT BHICOKHI CyMMapHbIH 3apsill, yKa3aHHOE U3MEHEHHE 3JIEKTPO-
CTaTUYECKON CBOOOAHOW PHEPIHH JOJDKHO OaronpusATCTBOBAaTH 00Pa30BaHMIO AEHATYPUPOBAHHOW (OPMBI,
TaK KaK B 3TOM COCTOSIHUM 3apsDKEHHBIE TPYIIBI OyIyT B CpeHEM pa3JiesieHbl OOJIBIINMH PACCTOSHUSME U
CIJTBI OTTAJIKUBAHUA OyAyT OoJsiee claObIMHU. DTH B3aUMOJICHCTBUS C JPYTUMH, O0Jee yAaJeHHBIMH TI0 ICTTH
AMHMHOKHCIIOTHBIMH OCTaTKaMU CUUTAIOTCS OalbHuMU B3auMoaeicTeusamu [37].

BrionHe MOHATHO, YTO Takas KiaccU(pUKauus HE SBISAETCS €OUHCTBEHHOW. V3BECTHBI M Opyrue Kiaccu-
¢ukanuu [38], (puc.4).

Cpemn HUX cieoyeT OTMETHUTh KIacCU(HUKALHIO, KOTOPas BBIAEISIET B3aUMOJCHCTBUS MEXIY aTOMaMH
OCTOBa, OCTOBa 1 OOKOBBIX LIETEH MM MEXJy aTOMaMH, MPHUHAJIEKAIIMMH pa3HbIM OOKOBBIM HemnsiM. OHU
TaKk ¥ MOJYYHJIH COOTBETCTBYIOIIME Ha3BaHUS: B3aUMOJACHCTBUS OCHMIO8-OCHIO8, 0CMOG-O0K0BOU paouKai,
00K080U paduxan-60xoeol paduxai. B3anMoIeHCTBHsI OCTOB-OCTOB OIPENENSIOT 00mIie KOH()OpMaIMoH-
HBbIE BO3MOXKHOCTH ITOJIMIIENITHIHOTO OCTOBAa. B3amMoseiicTBUS OCTOB-00KOBOW pajukan — Oojiee TOHKUH
MEXaHHU3M pPEryJIMpOBaHUS CTPYKTYPHOM OpraHM3alliH, YYHUTBHIBAIOIIMN B3aMMHOE BIMSHHME OCHOBHOW WU
OOKOBOI LlenH U MpOosBISIOLIMICS B AuddepeHIranu JOKaIbHBIX CTEPUYECKUX YCIOBHH HMOMUIIEITUIHON
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uend. B3aumoseiicTBus OOKOBOH pajuKaii-O0KOBOW paJuKail OTHOCATCS K TaK Ha3bIBAGMBIM CIeiu(uye-
CKUM B3aMMOJCUCTBUSAM. VIMEHHO Ollarogapsi UM OCYIIECTBIISICTCS FOCTUPOBKA TOJTHON MPOCTPAHCTBECHHOMN
CTPYKTYPBI OCITIKOBOW MOJICKYJIBI.
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Puc.4. biimxnue (A), cpennue (b) n nansaue (B) B3aumoneiicTBust B 6enkax.

BryTprocrarouHsie, JOKaIbHBIE, ONIKHUE, CPeIHIE W JAbHUE B3aUMOJCHCTBHS WTPAIOT PA3TUIHYIO
pois B GOPMHUPOBAHHUH MPOCTPAHCTBEHHOU CTPYKTYpPHI OenkoB. brarogapsi BHyTpHOCTaTOUHBIM B3aUMO/IEH-
CTBHSIM 4acTh KOH()OPMAIMOHHOTO MPOCTPAHCTBA OCTOBA, OMpejaessieMast yriaMu ¢ U ¥, a Takxke KoH(pop-
MAaI[MOHHOTO TPOCTPaHCTBa OOKOBOTO pajnKaia, 3a/[aBaeéMoro yriiaMd X, OKa3bIBaeTCs 3allpelleHHOH, T.e.
9TH B3aUMOJICHCTBHS OTrPAaHUYMBAIOT KOH(GOPMAIMOHHYK cBOOOay. McciiemoBaHue BHYTPHOCTATOYHBIX
B3aMMOJICHCTBUI MO3BOJISIET OTOPOCUTH MajIOBEPOSTHBIC KOH(POPMAIIMOHHBIE COCTOSHUS.

CormacHo ganasiM Maptun P. [39], koTOpBIi HcceaoBal B3auMOICHCTBYIONINE CHCTEMBI, B3aUMOCH-
CTBHS MEXJIy MOJIEKYJIaMH OJHOTO OenKa, MOJEKyJaMH Pa3InYHbIX OCTKOB W HEOONBIIMMHA MOHAMH Xapak-
TEPU3YIOTCS PA3IUYHBIMU KOHCTAaHTaMU CKOPOCTH. [10CKONBKY M3MepeHHe CKOpOCTH TU(Qy3UH, yIbTpa-
HEHTPU(DYTUPOBAHUE U 3JIeKTpodope3 TPeOYIOT s TMOJYyYEHHUs JKelaeMoil HMH(GOPMAIMH CPaBHHUTEIBHO
MHOTO BpeMeHH (TIOpsIIKa HECKOJIBKHUX YacOB), TAKO€ B3aUMO/ICHICTBHE B TOW WM MHOH Mepe, B 3aBUCHUMO-
CTH OT COOTHOIIEHHSI Pa3IMYHBIX KOHCTAHT CKOPOCTH, MOKET CKa3aThCs Ha Pe3yJIbTaTax dKCIIEPHMEHTA.

OO01mee ypaBHeHHE 00paTUMOM pPeakIMKi MOJISKYJBI Oenka P ¢ v MOJIeKyIaMH TIPOU3BOJIEHOTO COC/IMHE-
Husg N (3TO MOTYT OBITh MOJIEKYJIBI TOTO K€ OeiKa, KaKue-Tu00 Ipyrue MaKpOMOJICKYIbI MM HEOOJbIINe

HOHBI NJIN MOJ'IGKYJ'ILI) UMCECT BU.
ki
P+vN 5PN, (3)
k;
Hanee npezmar acM paCCMOTpeTB OTACIIBHO HECKOJBKO cnyqaeB, XapaKTepI/ByCMLIX paBJ’II/ILIHLIMI/I OTHO-

CUTEIbHBIMU 3HAYCHHSIMH KOHCTaHT CKopocTeil peakuuit k, u k, .

1. Ipu k, ({ k, xommdecTBO 0OpasyroLIErocsi KOMIUICKCA KpaiiHe He3HAYNTENBHO I OH BOBCE HE 00Opa-
3yetcs. CrcteMa COCTOUT U3 HEB3aHMMO/ICHCTBYIOIINX KOMITOHEHTOB.

2. Tlpu k, )) k, xomiuiekc 06pa3yercsi B 3HAUNTCIBHBIX KOJIHYECTBAX, U CHCTEMa COCTOMT U3 ABYX KOM-

MTOHCHTOB — KOMILJICKCA U M30BITOYHOTO KOJIMYECTBA peareHToB. Eciy m30bITKa UCXOMHBIX COCIUHCHHI HET,
B CHCTEME MPHUCYTCTBYET OJWH IIMIIb KOMIUIEKC W TPU 3JIEKTpodope3e HAOM0IaeTcs OHA-eTUHCTBEHHAS
rpaHuUIla, COOTBETCTBYIOMIA 3TOMY KOMILIEKCY.
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3. Eciu 3HaueHus ky u k, OJIM3KY 1O BEJIWYMHE W MAJIbI 110 CPABHEHUIO CO CKOPOCTBIO pa3felieHUs Mpu
anekTpodopese, B CHCTEME UMEIOTCSI TP KOMITOHEHTa — 00a peareHTa u Komruieke. HeoO0xoauM BHUMATEIb-
HBINA KOHTPOJIb, IIOCKOJIBKY CUCTEMA B HavyaJIbHBIM MOMEHT MOJKET He HaXOJUTHCA B PaBHOBCCHOM COCTOSHHU.

4. Ecnu ki u k, BeNMKH TIO BETMYWHE, PAaBHOBECHE B CHCTEMe OYyJIET BOCCTAHABIHBATHCS CO CKOPOCTHIO,
3HAYHUTENLHO MPEBOCXOASAIICH CKOPOCTh PA3ICIICHHS.

5. Ecnu cKOpOCTh peakiMK W pasJeliCHUs CPaBHUMBI MEXKIY cO00M (ciydail, MpOMEKyTOUHBIA MEXITY
cinydasmu 3 u 4), HaOnronaeMasi 3JeKTpodoperpaMmma 3aBUCHT OT CKOPOCTH Pa3/ICICHHUS.

Ha moBepxHOCTH pa3zziena Mexay BO3IYXOM H BOJHBIM pPacTBOPOM Oenka o0pasyercsi IOBEPXHOCTHAs
IUICHKA, B KOTOPOU OEKOBBIC MOJICKYJIBI B 3HAYHTEIILHON CTETNICHU JEHATYPHPOBaHbl. X MenTuaHbIe 1enu
Pa3BEpHYTHI U 00OPA3YIOT CIOW TONIIMHON 1MMK, MpUYeM THIpO(UIbHBIE (MMEIOIIHE CPOACTBO K BOJE) OOKO-
BBIC TPYIIIEI OPUCHTUPOBAHBI B CTOPOHY BOJIHOM (a3bl, a ruipo(oOHbIe (He B3aUMOJICHCTBYIOIINE C BOJOM)
IpyNIbl HAIIPaBJICHBI B CTOPOHY BO3aymiHOW (aza. To ke camMoe MPOMCXOMUT W Ha MOBEPXHOCTH pasjielia
Macio-Bojia. [ToHATHO, YTO JUIs TIIOOYJISAPHBIX OSNKOB MOJTO0OHOE pa3BEepTHIBAHKE JOJKHO COMPOBOXKIAATHCS
OOJIBIIIMMU U3MEHEHUSIMH B TPETHYHOM M YETBEPTHYHON CTPYKTypax, HOO MPU 3TOM BCE CETMEHTHI MENTH/I-
HO¥ 1IeTIH JTOJDKHBI OBITh YJIOKEHBI HAa TOBEPXHOCTH pa3jielia B cioi TonmHoi 1MMk. OTcyTeTBYyeT HH(OP-
MaIlus, HACKOJIbKO Takas JIeHATypallys 3aTparuBaeT BTOPHYHYIO CTPYKTYpy (MHa4de TOBOpPS, B KaKOW Mepe
M3MEHSETCS KOIMYECTBO anbda-criupaneit). OmHako taM, Te THAPOPIIbHBIE U THAPOGOOHEIE TPYIIIHI Yepe-
JYIOTCS, CIIEIyeT, MO-BUANMOMY, OKUIAThH MOJHOTO Pa3BepThIBAHUS HeMH. Ecnu sxe OonbIas 4acTb rUapo-
(PMITBHBIX TPYII HAXOJUTCS C OJHOW CTOPOHBI alib(a-Criupaiu, a OOJBIIMHCTBO THAPO(GOOHBIX TPYMI - C
Ipyroi, To anbha-cnupaibHas KOHGUTYpalus T0JKHA COXPAaHUThCS Ha MOBEPXHOCTH pasnena. 1o mpemmno-
noxkennto JI. Xarruca u ap. [40], B memoM Ha MOBEPXHOCTH paszzeiia — MOJ00HO TOMY, YTO MMEET MECTO B
CyObEMHUIAX TIOOYISIPHBIX OCNKOB, YaCTh IEMU MMEET anb(pa-CIHUpaTbHYIO, a 4YacTh — KaKyr-To Oolee
CIIy4aliHyr0 KOHQUrypamnui. Pa3BepThiBaHue TI00YISPHOTO O€IKa, COMPOBOXKIAIOIIECECS MOJIHBIM H3MEHE-
HUEM TPETHUYHON CTPYKTYpPHI, CXeMaTHUECKH N300pakeHO Ha puc.5.

Puc.5. Cxema pa3BepThIBaHUS MOJIEKYIHI Oellka Ha TOBEPXHOCTH pa3jielia Maciao-Boaa U BO3AyX-BOJa.

BenkoBass Moiexyna mpeacTaBieHa B BHAE ( -cnmpaneil. Cxema ITOKa3bIBaeT THUII Pa3BEPTHIBAHUS TIIOOYISIPHON OENKOBOM
MOJIEKYJIbI, KOTOPBIA MMO3BOJISIET YI0KUTh MOJIEKYy B CJIOM TOMIIMHON | Mmk; Tipu 3TOM ruapodoOHbIe (YIIeBOAOPOIHbIE) TPYIIIBI
HAXOIATCS MPEUMYIIECTBEHHO B BO3AYIIHON MM MacisHO# (dase, a ruapoduisHbie (—O, -, —O) — NperUMyIIECTBEHHO B BOJHON
¢aze. [lenTuaHble neny pa3BepHyTOW MOJICKYJIBI H300paXKEHBI B BUIE (¢ -CIIUPAJICH; ITO COITIACYETCs C pe3ysIbTaTaMy dKCIIePUMEH-
TOB MasbKoibMa, BBITOJHEHHBIX Ha MENTHIAX CO CICNU(GUISCKIM aMHHOKUCIOTHBIM COCTaBOM. B Kakoif cTeneHn mpy TakoM pas-
BEPTHIBAHUH TIIOOYISIPHOTO OeJKa COXpaHAeTCS (¢ -CHHpalbHas CTPYKTypa, PaKTHUECKH HE M3BECTHO. Ha cxeme ajsi HarmsagHOCTH
BCE YIJICBOAOPOAHBIE OOKOBBIEC IPYIIIBI Pa3MeLIeHbI B MacIsIHOW (ha3e Win BHYTPHU ITI00YJISIPHON MOJIEKYIIbI OeliKka, a Bce HOJISIpHBIC
IpyHIbI — B BOAHOH (hase. B meificTBUTENBHOCTH TEHACHINS K Pa3/ieNIeHHIO THAPOQUIBHBIX ¥ THAPO(OOHBIX OOKOBBIX LIENel HUKOTIa B
IIOJIHOI Mepe He OCYILIEeCTBIIAETCS.
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Ha ypoBHe au- u TpunentuoB GOpMHUPYIOTCS Pa3IHYHbIE THITBI JIOKAJIbHOW KPUBU3HBI NOJIUIIEITHIHOTO
ocroBa. IIpy 3TOM OCHOBHBIMH HAIPABISIOUIUMH CHJIAMH, KPOME BHYTPHOCTATOYHBIX B3aUMOJECHCTBUIA,
SIBIISTIOTCS JIOKAJIBHBIE B3aUMOJEHCTBHUS, KOTOPbIE (POPMUPYIOT MOTCHIHUAIBLHYIO MPEAPACIIONOKEHHOCTh K
MOSIBJICHUIO OIIPEJICJIEHHOTO THIIA JIOKAJIbHOM KPUBU3HBL. BEIOOD CTPYKTYpPbI OIPEAEICHHOI0 THIIA OCYIECT-
BISIETCSl MPEUMYILECTBEHHO Onaronapsi OMMKHUM B3auMoAeHCTBHsIM. Ho 3T0 HeoOs3aTelbHO, MOCKOJIBKY
HEKOTOpasi 4acTh MOJIEKYJIbI MOJKET CBOPAUYNBAThCA OJHO3HAYHO, B TO BPEMS Kak Apyras 4acTh JOJDKHA KOM-
IUIEMEHTAPHO K HeW MpUCTpanuBaThes Onaroaapsi CpeIHUM U JATBHUM B3aUMOJICHCTBHSIM. BaxkHas poib cpen-
HUX ¥ JIbHUX B3aUMOJICHCTBHI MPOSBIETCS MPU (GOPMHUPOBAHUH PA3IMYHBIX 3JIEMEHTOB CYNEPBTOPHUYHBIX
CTPYKTYp: O-, B-, aff- u Po-ImIuieK, oo-yriuoB (BKIOYAIOMINX O-CIHUPATIH, B-y4acTKH U HEPETSHKKH), a
TaKKe Pa3IMYHBIX THIIOB CYIIEPBTOPUUHBIX CTPYKTYD.

JlokanbHbIe U ONMKHUE B3aUMOJCHCTBHS QOPMUPYIOT KOHPOPMALMOHHO KECTKUE (PparMeHThl MOJIUIIeTI-
TUAHON IIeNMM M HaMEeYaloT JIAOWJIbHBIE YYacTKH, BapHallid KOTOPBIX IO3BOJISIIOT KOMITJIEMEHTApHO MpH-
CTpauBaTh JIPYT K APYTY pPa3HbIE YaCTH MOJIEKYJIBI YCHIIMAMHU CPEIHHUX U TANbHUX B3auMoeicteuit [37].

Taxum 00pa3oM, B KOMIAKTHBIX CTPYKTypax OJHMIONENTHIOB UMEET MECTO COIIACOBAHHOCTH MEXIy BCe-
MU ONMXHHUMH, CPEIHUMH, JaJTbHUMH, BHYTPHOCTATOYHBIMU M JIOKAJIbHBIMU MEKMOJIEKYISIPHBIMUA B3aUMO-
NEUCTBUSIMU.

Haunbonee oOuuii BEIBOA, UCXOMS U3 CHENHANBHON JTUTEPATYPHI, 3aKJII0YaeTCsl B TOM, UYTO B (pa30BBIX Iie-
pexoaax MPUHHUMAIOT y4acTHe Kak OeNKH, TaK U JIMIHUABI C CAMBIM Pa3IMYHBIM BKJIaJOM 3THX KOMIOHEHTOB
JUISl pa3HBIX MEMOpaH U TeMIIeparyp, HO ¢ 00s3aTeIbHBIM B3aUMOBIHSIHUEM JIHMUAA—OEIKOBOM Wi Oel0K—
JATIATHON TeHepanm3aruu [41]. benkn He TOTBKO MPUHUMAIOT YYaCTHE B TEPMUICCKUX CTPYKTYPHBIX Tepe-
CTpOMKaxX OMONOTHYECKUX MEMOpaH, HO M CITIOCOOHEI BBHICTYIIATh B POIIM UX Tpurrepa [6, 17, 19, 42].

Tak kak B MoJieKyJie OEJIKOB CyIIECTBYeT OOJBbIIOE KONUYECTBO CBA3EH M PasHOOOPA3HBIX B3aUMOICH-
crBuii [43] (puc.6) 1 B CBA3M C UCKIIOYUTENBHOW MX POJbI0O B OOecreueHHH (QYHKIMOHUPOBAaHUS TaMerT,
0c00YyI0 3HAYMMOCTH MPHOOPETAIOT HCCIIeIOBaHMS STUX OHMOMOTUMEPOB MPU KPUOKOHCEPBAIIHH.
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Puc.6. Jlokanuzaiyst MeMOpaHHBIX KOMITOHEHTOB.

Cxema-Mozenb mpeanoiaraeMoi JOKaIH3alii OCIKOBBIX CyObEANHUI] MAJIOTO MOJISKYJIIPHOTO Beca (4€pHOE), OCYIIECTBITIOMINX
TIOJIIPHBIC U alOJIsIpHBIE (KOCHIE JIMHUN) B3aMMOJIEHCTBUS C JIMIAAHBIM MOHOCTIOeM MeMOpaHsl. ['mapodoOHbIi yyacTok (crmpaie-
BU/IHBIH) CyObeMHUIEI OenKa (MM TIHKONPOTEH/a) MPOIINBAET KUPHOKHUCIOTHYIO 00JIaCTh JINIIUAHOTO OHCIIOS MEMOpPaHEI C BBI-
XOJIOM PELIENITOPHOIO y4acTKa Ha €€ IIPOTHBOIOJIOKHYIO THAPO(PUIbHYIO IOBEPXHOCTb.
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B mpornecce 3amopaxuBaHUs M OTTaMBAHUS OHHU CYIECTBEHHO HE MEHSIOTCSA, MOTYT MMETh MECTO KOH-
(dhopMallMOHHBIC H3MEHEHHS, KOJTMYECTBEHHBIC U KaUeCTBEHHBIC H3MEHEHHS OTACIHHBIX OCIKOBBIX (PPaKIIHid.

BenxoBrie dpakuuu onpenemnsiu skcipecc-MeronoM no Omn-Makkopay. [IpuHnun merona ocHOBaH Ha
cBoiicTBe hocdaTHBIX PAaCTBOPOB PA3TUUHON KOHLIEHTPALMU OCAXaTh OenKku. BennunHy onTuyeckoi miot-
HOCTH PacTBOPOB ompenesuii Ha criekrpodoromerpe CD-46 npu mmHe BomHbl 750 HM. ComepikaHue OT-
JETBHBIX (PPAKITHil OTIpeaersiIn B rpaMM—TIporieHTax. Ilpuanmast komudecTBo obmero 6emka 3a 100 u 3Has
KOJINYECTBO KXKJON (paKIiu, IPOBOIMIH pacyeT collepKaHus OSNKOBBIX Qpakiuii B IporeHTax (Tadi. 1-2).

Tadauna 1
BenkoBblii CIIEKTP HATUBHOIO M OTTASITHHOTO ceMeHHU ObIKa
[lensHoE cems OrtTrassHHOE
HaumenoBanue % ceMs %
M+m M+m
Ilnasma, Mr/mi
Anb0yMHHBI 3,6+0,26 13,5 13,7 +2,84* 35,8
Anbda-rno0yarHb 18,2+ 1,84 68,7 17,2+ 0,84 44,9
Bera-rino0ynuHb 2,0 £0,40 7,6 4,0+ 1,48 10,5
'aMMa-T100yIMHBI 2,7+0,18 10,2 3,4+1,48 8,8
Bcero 26,5+ 191 100 38,3 £ 3,63 100
I'ameTsl, Ir/MJapa
AE0yMUHBI 5,1+1,48 14,4 12,8 £7,92 49,7
Anbda-rno0yarHb 7,6 +4,0 21,6 4,0+1,13 15,6
Bera-rino0ynuHb 5,8+1,27 16,4 251,15 9,7
'aMMa-T100yIMHBI 16,8 +3.27 47,6 6,5+ 1,73* 25,0
Bcero 35,7+£5,52 100 25,8+ 8,27 100
Htoro, mia3Ma+raMmeThl 61,8 +£5,84 64,1 £9,03
Ipumeuanue: *Pa3nnuns 1OCTOBEPHBI 10 CPABHEHHIO C I[EJIbHBIM CEMEHEM.
Tab6amnua 2
BeJIkoBBIN CTIEKTP HATHBHOTO M OTTAasIHHOI'O CEMEHH TeTyXa
LenpHOE Ccems OrTrasHHOE
HanmenoBanue % ceMs %
M+ m M+m
Ilna3zma, Mr/ma
AnsOyMUHBI 6,0 £2.45 47,8 4,8 £1,90 46,3
Anbha-rno0yauHbl 2,8+0,88 22,1 1,5+0,21 14,5
Bera-rno0yauHel 3,8+1,08 30,1 2,6 £0,50 25,0
[aMMa-r100yIHHbI 0 0 1,5+0,23 14,2
Bcero 12,6 £2,82 100 10,4 £ 1,99 100
I'ameTsl, Mr/MJpa
AnsOyMUHBI 11,8 £047 54,3 2,1 £0,91* 9,6
Anbha-rno0ynuHeI 2,7+1,53 12,4 1,2+0,12 5,5
Bera-rio0ynuabl 1,9+1,85 9,0 0,6 0,08 2,8
I"amMMa-T00yTHHBL 5,3+0,70 24,3 17,9 +£1,08* 82,1
Bcero 21,7+ 1,72 100 21,8 +1,42 100
Uroro, mna3sma+rameTsl 34,3 £3,30 32,2+2,44

Ilpumeuanue: *Paznnuns 1OCTOBEPHBI 110 CPABHEHHIO C IIETHHBIM CEMEHEM.
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W3 mannbix Tabmuil 1 u 2 ciieayet, 9To OETKOBBINA CIIEKTP CEMEHH OBIKa U MeTyxa pe3Kko orTnmyaercs. Ecim
B ITa3Me CEMEHH OBIKa peBaTHPYIOT anbha-riao0ymuas! (18,2+1,84), a B ramerax — ramma-riiooymuHb! (16,8+
3,27 Mr/Mipm), TO B CEMEHH TeTyXa, KaKk B IIa3Me, TaK M B TaMeTax, OOJIbIE BCEro ap0yMuHOB (6,0+£2,45
U, cooTBeTCTBeHHO, 11,810,47 mMr/mupn). OTIUYATENEHON 0COOEHHOCTHIO OEIKOBOTO CIIEKTpA SIBISIETCS U
TO, YTO B raMeTax IeTyXa COICPIKUTCS HAMHOI'O MEHBIIE TJIOOYJIMHOB, YeM B raMerax Obika (y IeTyxa
ob1ee comepkanne ainbga, 6era 1 TaMMa-riIo0yInHOB cocTtaBmiio 9,9+1,89, a y 6wika - 30,2+5,32 mr/mipn).

W3MmeHeHus: OENKOBOTO CIEKTpa MPU KPUOKOHCEPBAIMHM HOCAT CHEIU(PUUCSCKUAN JUIS KaXKJI0ro BHIA
xapakrep. M TOnbKO KOJNMYECTBO anb(a- U 0eTa-rIo0yJIMHOB B raMerax Oblka M MEeTyXa IpPU OTTAUBAHUU
OJIMHAKOBO YMEHBIIIAETCS.

[Iporecc kpHOKOHCEPBAIMM CEMEHH METyXa, B OTJIMYUE OT TAKOBOTO OBIKA, BBI3BIBACT CHUIKCHHE KOJIH-
4YecTBa abOyMHHOB. DTO MOXKET OBITH OOBSICHEHO JIeHATypalueil OSIKOB, 8 UMEHHO — aTbOYMHHOB.

[osBenue (hpaxuy raMmMa-riI00yJIMHOB B OTTassTHHOM IIa3Me CEMEHH IeTyXa, pe3Koe CHUKEHHUE COJIep-
JKaHWS aTbOyMHHOB B OTTAasHHOW TUTa3Me CEMEHH MeTyXa, Pe3KOe CHIDKEHHE CONIep)KaHus aabOyMHHOB B
ramerax Mo3BOJIAET OTMETUTh, YTO HU3KUE TEMIIEPATypbl MOTYT MHHIIMMPOBATH TPAHCIOKAIIMIO, arperaiuio
u nesarperanuto 6enkoB. KOHKpEeTHBIM TPOSBICHWEM STHX HAPYIIEHHHA MOXET OBITh CHIDKEHUE BS3KOCTHU
(hochommmumIHOTO OWCIION, YTO MPUBOIUT K HAPYIIECHUIO O0aphePHBIX CBOWCTB INIA3MATHUECKUX MEMOpaH B
LUKJIE KPUOKOHCEPBAIIVH.

[IpoBeneHHBIMU UCCIIEAOBAHUSMHU HE OBUIM OOHAPYKEHBI KPUOTEHHBIE W3MEHEHHS OOIIEero KOJUYeCTBa
0EITKOB IIJIa3MBbl M CIIEPMATO30UI0B. DTO CBUACTEIHCTBYET O TOM, YTO KaK JaTepallbHbIe, TaK U TPaHCMeMO-
panHble 6enku (puc.7) obragaroT BHICOKOW KPHOYCTOHYHMBOCTHIO MO CPABHEHHUIO C JIMMUAAMH, HE3aBUCHUMO
OT WX JIOKAJIU3aI[UK B OMOJIOTMYECKUX MeMOpaHax (puc.8).
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Puc.8. Jloxanmzamnus 6eTKkoB B OMOIOTHIECKUX MEMOpaHax.
A — natepanbHas, b,B — TpancmeMOpanHasi; A — MOHOTONIMYECKast, b — Outonuyeckas, B — monuronuueckasi.
VYka3zana nokanuzanus N- 1 C-KOHLIOB.
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Taxum 00pazom, X0Ts o01Iee copepkaHue OeKka CEMEHHU JKUBOTHBIX MTPU KPUOKOHCEPBAIMH HE U3MEHSIECTCS
(cM. Tabu. 1-2), ero OETKOBBIN CIIEKTP MpPETEpIICBaET JOCTATOYHO BBIpaXKeHHBIE Moaudukanuu. B nmpomecce
KPHOKOHCEPBAIlMM CEMEHH B €T0 IIa3Me M3MEHEHHs CollepKaHus aib(da-, 6eTa- 1 raMMa-TII00yJINHOB CIIEIH-
(bUUHBI 7711 KXKI0TO BHIA )KUBOTHBIX, B TO BPEMs Kak B raMeTax TUHAMHUKa ajib(a-, 0eTa- 1 raMMa-riIo0yJIMHOB
HOCHT Hecneuupudeckuii xapakrep [17].

[Ipu Temmnepatypax HUXe (HPU3UOIOTHIECKUX TPEIEIIOB BO3MOXKHBI CTPYKTYPHO-(a30BbIe MepexoIbl KaK
BHYTpY OMOMAaKpOMOJIEKYJ, TaK ¥ B MOJIEKYJISIPHBIX aHcamOisax. [IpoBeneHHbIe uccnenoBaHus Ha OONBIIIOM
KOJINYECTBE OCIKOB MCKYCCTBEHHBIX U OMOJIOTMYECKHX MEMOpaH TMOKa3aid, 4TO BCE MEepexo/Ibl, Habmoaae-
MbIe TIPH TeMIIepaTypax BBIIIE Mepexo/a BOABI B Jied, HOCAT oOpaTuMbIi xapaktep. [lepexonsl, Habm0gaE-
MEbIe TIpH 0oJiee HU3KUX TEMIIepaTypax, OOBIIHO HOCAT HeoOpaTuMbrid xapaktep [20]. CinenoBarensHoO, MpH
pa3paboTKe HOBBIX MTPUEMOB KPHUO3AIIUThHI OUOJIOTHISCKHX 00BEKTOB HEOOXOUMO CTHUMYJIUPOBATh 00OpaTH-
MBI€ MIEPEXO/Ibl U OTPaHUYMBATHL HEOOPATUMBIE TIEPEXOJIBI.
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APRECIEREA STARII FIZICE A SPORTIVILOR iNOTATORI (BAIETI SI FETE)
iN BAZA UNOR PARAMETRI FIZIOLOGO-BIOCHIMICI

Inga DELEU

Catedra Fiziologie Umana si Animala

The given article is intended for the studies of physical state of high qualification swimmers (boys and girls) according
to some physiologic and biochemical anthropometric parameters in pauses and after some physical efforts. The results
of the performed investigations revealed the essential differences both after the anthropometric, physiologic indices and
biochemical ones between boys and girls swimmers. The analyses of the obtained results allowed us to draw a conclusion
that all parameters of boys — swimmers and girls — swimmers.

Introducere
Inotul poate fi considerat un sport de masa prin influenta mare asupra ameliorrii sanatitii si poate fi
practicat la orice varsta, incepand cu primele luni ale vietii si pana la batranete, datorita usurintei cu care se
poate grada efortul. Gratie numeroaselor modificari pe care le produce in organism si conditiilor igienice in
care se practicd, inotul reprezintd unul dintre cele mai complete sporturi, favorizand dezvoltarea calitatilor de
rezistentd, viteza, indemanare.
Sportul, in general, si inotul, in particular, prezintd mai multe efecte:
e prin inot se dezvolta trasaturi pozitive de caracter, precum: hotérarea, curajul, perseverenta, rabdarea,
dorinta de a Invinge dificultatile;
e latura educationala se dezvolta in climatul sportivitatii, al eticii vietii sportive (obisnuirea cu ordinea si
disciplina, cu respectul si ajutorul reciproc, se repercuteaza pozitiv pe plan educativ);
¢ inotul trebuie studiat ca fenomen social. El poate fi o componenta a timpului liber, care trebuie valori-
ficat la maximum, bine organizat si create conditii pentru dezvoltarea inotului in viata moderna [1].

Influenta inotului asupra inimii si a circulatiei sangvine

Inotul este o activitate de rezistentd, care se dobandeste prin repetare, prin ,,arta de a respira in apa”, prin-
cipalul beneficiar fiind sistemul cardiovascular. Inotul influenteaza asupra activitatii aparatului cardiovascular
prin accelerarea contractiilor cardiace, cresterea tensiunii arteriale si a presiunii venoase, precum $i prin ma-
rirea volumului cardiac.

Aceastd influenta, cumulata cu efectul miscarilor executate in timpul inotului, duce la dezvoltarea muscu-
laturii inimii, respectiv a auriculelor si a ventriculelor. Fortificarea mugchiului cardiac influenteaza favorabil
activitatea inimii si circulatia in general. In repaos, presiunea sistolica scade, iar cea diastolica creste, adici
se Tmbunatateste tensiunea arteriala diferentiatd si se mareste elasticitatea vaselor. Sub influenta Tnotului au
loc modificéri in compozitia morfologica si chimica a sangelui.

Influenta inotului asupra respiratiei

Antrenamentul la Tnot dezvoltd toate functiile fundamentale ale organismului, dar are o influentd majora
asupra aparatului respirator. Din acest punct de vedere, inotul poate fi considerat unul dintre cele mai eficace
exercitii respiratorii. El poate fi recomandat, in scopul dezvoltarii aparatului respirator, tuturor sportivilor,
indiferent de specialitatea lor sportiva, deoarece dezvolta, in special, muschii respiratori si musculatura spa-
telui, avand influentd asupra respiratiei si asupra corectitudinii tinutei.

Solicitarea crescuta a tuturor grupelor musculare prin efectuarea miscarilor de inot, impreuna cu intensifi-
carea respiratiei, precum $i presiunea exercitatd de apa asupra corpului, duc la o dezvoltare substantiala a
muschilor respiratori, marind capacitatea respiratorie §i ventilatia pulmonara, realizdndu-se o apnee voluntara
si o dilatatie toracica [2].

Pozitia orizontala favorizeaza miscarile de inspiratie, iar pentru expiratie este solicitatd diafragma si mus-
culatura abdominali, care inving presiunea apei. Inotul contribuie la dezvoltarea cutiei toracice, dezvoltare
care asigurd o capacitate vitald mare in comparatie cu alte discipline sportive. Astfel, prin inot se realizeaza o
imbunatatire substantiald a ritmului respirator.
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Incepatorului i se pun probleme noi, printre care aceea de a-si putea pistra echilibrul corpului in pozitia
de inot, In conditiile executarii miscarilor pentru inaintare, coordonarea miscarii membrelor executate in
acelasi scop si coordonarea acestor miscari cu miscarile respiratorii. In ceea ce priveste simtul echilibrului si
al pozitiei corpului, un rol important il are analizatorul vestibular.

Influenta inotului asupra atitudinii corpului

Privit din punctul de vedere al adaptarii functionale, faptul ca inotul se desfasoara in pozitie orizontala
(folositd un timp indelungat, pe parcursul activitatii sportive) poate produce modificari semnificative asupra
sistemului osteoarticular: articulatiile fiind eliberate de greutatea corpului, lucreaza lejer, astfel explicandu-se
cresterile in inaltime, atat de cdutate prin practicarea inotului.

Aparatul locomotor se dezvoltad printr-o crestere proportionald a indicilor dezvoltarii fizice. Prin inot se
favorizeaza pozitia corectd pe apa a capului si a corpului care, asociat cu caracterul simetric si ciclic al misca-
rilor, duce la obtinerea unei atitudini corecte a corpului.

Eliberarea coloanei vertebrale de greutatea corpului, asociatd cu activitatea intensificatd a muschilor res-
piratori, exercitd o influenta profilactica si terapeutica in combaterea deformatiilor coloanei vertebrale. Mig-
carile de not, procedeele tehnice specifice maresc considerabil mobilitatea coloanei, intirind totodatd intreaga
musculaturd a trunchiului.

Practicénd notul se modifica si forta musculara. Fiind lipsite de incordari mari, miscarile contribuie la
dezvoltarea fusiforma a musculaturii. Este poate unicul sport la care toate grupele musculare se folosesc pro-
portional [3,4].

Inotul contribuie la dezvoltarea si la mentinerea proceselor vitale, iar corpul capiti o dezvoltare armo-
nioasa prin antrenarea in inot a intregului sistem muscular. Umerii se largesc, toracele cuprinde plamanii
bine dezvoltati, muschii sunt adaptabili in orice fel de activitate, sunt lungi si proportionali, oferind un bun
randament in munca.

In medicina sportivd moderna o atentie deosebiti se atrage testarii stirii fizice a sportivilor—inotitori. in
timpul determinarii starii fizice a sportivilor, este importanta efectuarea corecta a testarilor. De obicei, printre
multiplele metode existente (alergarea la tredbang, step test s.a), se aplicd si cele de veloergometru si, de
asemenea, diferite cercetari de laborator.

Cu toate acestea, 1n rezultatul analizei literaturii de specialitate s-a constatat ca nu existd vreun indice care
ar reflecta starea fizica in intreaga gama a eforturilor individuale disponibile. Aceasta este legat de faptul ca
in diferite zone ale intensitatii functioneaza si diferite mecanisme energetice [5,6].

Pana 1n prezent nu existd o parere unitara referitor la un sistem rational de cercetare, observare si monito-
rizare a eficientei exercitiului fizic. Aceasta a stat la baza cercetarilor efectuate.

Controlul asupra eficientei procesului de antrenament a fost efectuat ludndu-se in consideratie intreaga
gama de cercetari, printre care au fost aplicate metodele antropometrice, fiziologice si biochimice (nivelul
glucozei si al acidului lactic 1n sdnge) in repaos si dupa efort pe veloergometru.

Scopul acestei lucrdri a fost testarea sportivilor—inotatori de inalta calificare (bdieti si fete) dupa unii para-
metri antropometrici, fiziologici si biochimici (nivelul glucozei si al acidului lactic n sdnge) in repaos si dupa
efort pe veloergometru.

In procesul de colectare si prelucrare a materialelor au fost analizate datele despre anamneza sportiva si
parametrii de baza ai sportivilor-inotatori, precum si dinamica lor pe parcursul anilor de antrenament.

Masurarile antropometrice au fost realizate pana la si dupa efort fizic. Metoda daté a fost aplicata pentru
evaluarea nivelului de dezvoltare fizica si pentru specificarea morfotipului inotatorilor. Programa de cerce-
tare includea: indicele masei corporale (greutatea), inaltimea, volumul cutiei toracice, forta musculara a mainii
stangi si a celei drepte, perimetrul cutiei toracice, excursia.

In timpul analizei rezultatelor de cercetare s-au luat in consideratie parametrii statistici. Compararea para-
metrilor Tnotétorilor (baieti si fete) a fost efectuatd dupa criteriul T — Student.

La cercetarile efectuate au participat 12 sportivi — 6 baieti si 6 fete. Nivelul calificarii sportive a inotato-
rilor cercetati variaza de la categoria a I1I-a pana la maestru in sport.

Metode de cercetare: Pentru testarea sportivilor-inotatori au fost folosite metodele antropometrice, fizio-
logice, biochimice, statistico-matematice.
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Rezultate si discutii

Analiza rezultatelor experimentale ale cercetarilor antropometrice ne-a permis sa ajungem la urméatoarea
concluzie: dupd parametrii cercetati, Tnotatorii—baieti predomina asupra fetelor—inotatoare.

Astfel, baietii-Inotatori sunt caracterizati printr-o indltime si perimetrul cutiei toracice mai mari, respectiv
cu 8% si 10% In comparatie cu parametrii fetelor-inotdtoare, ceea ce confirma o dezvoltare fizicd mai buna a
baietilor—inotatori. De asemenea, si volumul cutiei toracice, forta musculard a méinilor (stanga si dreaptd),
excursia si alti parametri prezinta la ei valori mai inalte decat parametrii fetelor-inotatoare. Asadar, potrivit
cercetarilor efectuate, volumul cutiei toracice la baietii-Inotatori indicd o valoare medie de 97,33 cm, in com-
paratie cu acelasi indice la fetele-Inotatoare, a carui valoare este de 88,17 cm. O diferentd mare s-a determinat
si la masurarea fortei musculare a mainii stangi si a celei drepte la baietii-inotatori si fetele-inotatoare, res-
pectiv cu 44% si 40%.

Tabel
Indicii antropometrici, fiziologici si biochimici la sportivii-inotatori
Numele, Inaltimea Volumul | Excursia Forta Forta Nivelul Nivelul acidului
prenumele (cm) cutiei (cm) musculard a | musculard | glucozei in | lactic in repaos si
toracice mainii drepte| a mainii | repaos si dupa| dupa efort fizic
stangi efort (mmol/1) (mmol/l)
Parametrii baietilor—inotatori
1.G.,A., msmc 191 93 14 52 50 4,6/6,2 4,8/4,0
2.P.,T., m/s 183 103 10 60 51 5,7/5,9 4,6/4,2
3.A.,D., m/s 178 101 9 60 51 7,1/5,6 9,6/6,9
4B.D., 1 183 97 11 42 42 8,5/3,5 11,7/5,4
categ.
5.V..D., s m/s 178 95 8 42 38 7,3/7,0 6,4/5,0
6.G.,D., s m/s 188 95 12 58 50 7,7/5,9 8,7/13,7
M=£m 183,5+2,13 | 97,33+£1,58 |10,67+0,87| 52,33+3,47 | 47,0+2,27 4,8+0,88/ 7,6+1,16/
3,6+0,87 6,5+1,49
Parametrii fetelor—inotitoare
1.D., A, m/s 164 80 10 28 26 5,9/5,0 5,9/5,0
2.B,E., m/s 167 87 6,5 33 28 5,2/4,7 5,2/4,7
3.S.,A., m/s 170 90 4 25 24 5,4/5,0 5,4/5,0
4.M.,0., m/s 172 91 9 29 29 5,8/4,9 5,8/4,9
58.,1,sm/s 174 88 7 35 35 4,2/3,6 4,2/3,9
6.M.A., sm/s 170 93 7 28 28 5,3/4,4 5,3/4,4
Mzm 169,5+1,45 | 88,17+1,85 | 7,25+0,85| 29,67+1,5 |28,33+0,91| 5,3+0,25/ 5,3+0,24/
4,6+0,22 4,65+0,18

Controlul asupra nivelului stérii fizice a sportivilor-inotatori s-a efectuat luandu-se in consideratie si para-
metrii fiziologo-biochimici. Printre acesti parametri o mare importanta practica are cercetarea nivelului de
glucoza si a cantitatii acidului lactic in sange. Este cunoscut ca glucoza in sange se mentine la un nivel con-
stant datoritd mecanismelor reglatorii in limitele de la 3,3 mmol/l pana la 5,3 mmol/l (80—120 mg). Modifica-
rea continutului de glucoza in sdnge in timpul efortului muscular este individuala si depinde de nivelul de
antrenament al organismului, de puterea si durata efortului fizic. Efortul fizic submaximal de scurtd durata
provoacd marirea continutului de glucoza in sange, deoarece are loc mobilizarea intensd a glicogenului din
ficat.

Activitatea fizicd de lungd duratd provoacd reducerea continutului de glucoza in sange. La persoanele
neantrenate acest proces este mai evident decét la cele antrenate.

Continutul crescut de glucoza in sange indica la procesul de dezintegrare a glicogenului in ficat sau la fo-
losirea relativ mica a glucozei de cétre tesuturi. Continutul mic de glucoza in sange indica faptul ca rezervele
de glicogen 1n ficat au fost epuizate sau ca au fost folosite intens de cétre tesuturile organismului.

Dupa modificarea cantitatii de glucoza in sange se determind, de asemenea, si viteza oxidarii aerobe in
tesuturile organismului in timpul efortului fizic si mobilizarea intensa a glicogenului in ficat. Acest indice
(schimbarea cantitatii de glucoza) rar se utilizeaza de unul singur in diagnosticarea sportivilor, deoarece nivelul
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de glucoza in sdnge depinde nu doar de actiunea exercitiului fizic asupra organismului, dar si de starea psiho-
emotionald a organismului, de mecanismele de reglare umorala, alimentatie si de alti factori.

In timpul cercetirilor efectuate nivelul de glucozi in singe la biietii-inotatori (in repaos) este egali cu
4,8 mmol/l, iar la fetele-inotatoare este de 5,3 mmol/l (Fig.1).
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Fig.1. Nivelul glucozei la sportivii-inotatori in repaos (mmol/l).

Dupa efort fizic la veloergometru timp de 20 minute (175-200 watt), nivelul de glucoza la baietii-inotatori a
scdzut pana la 3,6 mmol/l, iar la fetele-inotatoare pana la 4,6 mmol/l (Fig.2).
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Fig.2. Nivelul glucozei la sportivii—inotatori dupa efort (mmol/1).

Este cunoscut faptul cd mecanismul de resinteza glicoliticd a ATF-ului in muschii scheletici se finiseaza
cu formarea acidului lactic, care ulterior ajunge in sange. Trecerea acidului lactic in sange, dupa finisarea
efortului fizic, decurge lent, ajungand la maximum in minutul 3-7 — dupa finisarea exercitiului fizic.

Continutul acidului lactic in sange (in norma) in stare de repaos este egal cu 1,0-1,5 mmol/l (15-30 mg%),
iar in timpul efortului muscular intens el se mareste semnificativ (Fig.3,4). In acest timp acumularea acidului
lactic coincide cu formarea lui intensa in muschi in timpul efortului muscular si poate ajunge la nivelul de
30 mmol/kg din masa corporald. Scaderea nivelului acidului lactic la unul si acelasi sportiv in timpul efortului
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muscular la diferite etape de antrenament sugereaza despre un nivel 1nalt de antrenament, iar cresterea nive-

lului lui — despre scaderea nivelului de antrenament.

Astfel, modificarea concentratiei de acid lactic Tn singe dupa efectuarea efortului fizic este legatd de
nivelul de antrenament al sportivului. Dupa modificarea continutului de acid lactic in sdnge putem determina

sportivilor, de dezvoltare a abilitatilor motrice, de control $i monitorizare a procesului de antrenament.
In timpul cercetarilor efectuate pentru determinarea cantitatii acidului lactic In sange, la baietii-Tnotatori s-au

constatat 7,6 mmol/l (pana la efort), in timp ce la fetele-inotatoare — 5,3 mmoli/I.
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Fig.3. Nivelul acidului lactic la sportivii—inotatori in repaos (mmol/l).

Dupa efort fizic la veloergometru, nivelul acidului lactic in sdnge la baietii-inotétori a scazut cu 15%, iar

la fetele-inotatoare — cu 13%.
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Fig.4. Nivelul acidului lactic la sportivii-inotatori dupa efort (mmol/l).

Deci, dupa efortul fizic, nivelul acidului lactic s-a micsorat nesemnificativ, atat la baieti cat si la fete, ceea
ce denotd o refacere durabild a sportivilor. Dupa valoarea acestor indici se poate judeca in ce masura sporti-
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s prezinte cel mai bun rezultat. Dinamica parametrilor biochimici reflectd, de asemenea, si toate perioadele

Concluzie

Rezultatele cercetarilor efectuate au constatat deosebiri esentiale, atat dupa indicii antropometrici, cat si
dupa cei fiziologici si biochimici intre baietii-inotatori si fetele-Tnotatoare. Baietii-inotatori depasesc fetele—
inotatoare dupa nivelul dezvoltarii fizice, ceea ce si determind rezultate sportive mai avansate decat la fetele—
inotatoare.

Referinte:

Olaru M. Inot. - Bucuresti: Sport si Turism, 1982, p.205-207.

Vasile L. Inot pentru sanitate. - Bucuresti: Editura Didactica si Pedagogica, 2007, p.112-117.

3. Topuakoka H.A. u nap. ®apmakonorus croprta / [lox obrueit pen. Oneitauka C.A. u ap. - Kumnasy: OnuMuiickas
nuteparypa, 2010, ¢.557-560.

4. Kosanenko B.A. ®usnueckas kynpTypa. - MockBa: Meaununa, 2000, ¢.342-348.

5. Jlax B.M. Konueniwms (U3MYECKOTO BOCIHTAHHS U O3JOPOBJICHHUS JIETCH M MOJIPOCTKOB.- MockBa: dusmueckas
KyJIbTYpa: BOCIIUTaHUE, 00pa3oBaHue, TpeHUpoBKa, 1996, c.5-10.

6. Maptupocos D.I'. MeTozs! ccaeoBaHus B CIIOPTHBHOM aHTPONOJIOTHA. - MockBa: du3ndeckas KyJabTypa: BOCIIH-

TaHue, 00pa3oBaHNe, TpEHHPOBKa, 1982,

N —

Prezentat la 25.01.2012

124



Seria “Stiinte reale si ale naturii”

Biologie ISSN 1814-3237

STAREA FUNCTIONALA A GLANDEI TIROIDE LA ACTIUNEA STRESULUI
COMBINAT (HIPOKINEZIA SI INANITIA COMPLETA)

Liuba PERCIUN

Catedra Biologie Umana si Animala

The work of many researchers has shown that hypokinesia leads to a sequence of disturbances immortal for body
functions, including disturbances the cardiovascular system tops.

Hypokinesia, whichever is leading to increased incidence of atherosclerosis, coronary disease, thromboembolism.
Hypokinesia is a powerful stimulant to all organs and organ systems in the human body and animals. Its consequences are
observed at all stages of operation of the body. Changes observed during the early essential, then other periods - an adaptation.

Prolonged hypokinesia leads to exhaustion hypothalamic system - the pituitary adrenal cortical layer.

For the achievement of the purpose were set the next tasks: the research balance of thyroid hormones (T; and T4) and
thyriotropine (TTH) in the plasma of blood of laboratory rats, subjected to action of hyperkinesias of different duration,
the determination of level of T; and T, in the plasma of blood of rats which were in full hunger list, the determination of
the concentration of thyroid hormones in the plasma of blood of rats subjected to action of hyperkinesias based on full
hunger list of different duration.

Introducere

La etapa actuald existd un sir de boli patologice (atacul cerebral, infarctul), care duc la micsorarea activitatii
musculare, ceea ce nu este altceva decat hipokinezia si inanitia completd de diferita durata.

Orice actiune legatd de implicarea omului, dependenta sau independenta de el, duce la dereglarea homeostaziei
si, ca rezultat, se rasfrange asupra intregului organism. Hipokinezia organismului, precum si inanitia completa,
duc la modificari ale procesului de schimb, inclusiv ale metabolismului apei si al electrolitilor, in rezultatul
caruia pe fundalul scaderii masei organismului se dezvolta atrofia spontand a musculaturii, se schimba bilantul
hormonilor, apar dereglari in circulatia sangvina.

Studierea actiunii hipokineziei asupra organismului, a neactivitatii musculare in combinare cu inanitia
completa pot clarifica patogeneza, etiologia unor dereglari, contribuind la perfectionarea metodelor de tratare.

Existd date privitor la actiunea inanitiei complete asupra organismului. De asemenea, exista date stiintifice
contradictorii privitor la actiunea hipokineziei asupra organismului.

Insa, un interes deosebit prezinta actiunea hipokineziei in combinare cu inanitia completi asupra organismului.

Din cele expuse rezulta ca cercetarile efectuate in acest domeniu sunt actuale si de o importantd majora.

Reiesind din importanta problemei, scopul cercetarilor a fost de a:

1) examina influenta inanitiei complete de diferitd duratd asupra nivelului de hormoni iodati si a
tireotropinei adenohipofizare la sobolanii de laborator.

2) studia actiunea hipokineziei pe fondalul inanitiei complete de diferitd duratd asupra nivelului de
hormoni tiroidieni si a tireotropinei adenohipofizare in plasma sangvina la sobolanii de laborator.

Material si metode

Pentru studierea bilantului de hormoni iodati ai glandei tiroide si a hormonului tireotrop adenohipofizar la
actiunea stresului combinat de diferitd duratd (hipokinezia si inanitia completd) a fost nevoie de alegerea
extern.

Asa obiect biologic reprezintd sobolanul alb. Masa generala a sobolanilor folositi in experientd constituie
200-230 gr.

Animalele de laborator au fost grupate in trei loturi (Tab.1):

lotul I — martor, sobolanii se aflau in conditii obignuite de vivariu, fara limitarea miscarilor si hranei;
lotul II — sobolanii au fost supusi inanitiei complete, timp de 1,2,3 zile;
lotul IIT — sobolanii au fost supusi actiunii hipokineziei pe fondalul inanitiei complete, timp de 1,2,3 zile.
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Hipokinezia s-a creat prin imobilizarea sobolanilor de laborator in custi speciale. Constructia custilor-
penal facea posibild ingrijirea sistematica a sobolanilor (curatirea custilor de urind si mase fecale, asigurarea
sobolanilor cu apa).

La inceputul cercetarilor sobolanii erau cantariti si rectal 1i se masura temperatura corpului.

In cazul inanitiei complete sobolanii au fost lipsiti de hran, iar apa o primeau in cantitati nelimitate. Dupa
expirarea termenului de experientd s-au colectat probele de sdnge pentru cercetarea hormonilor iodati ai
glandei tiroide si a hormonului tireotrop al adenohipofizei.

La toti sobolanii experimentali a fost cercetat bilantul de hormoni ai glandei tiroide prin metoda imuno-
fermentativa.

Tabelul 1
Caracteristica materialului experimental
lolt\lllrl.ui Numarul de sobolani Loturile experimentale Durata experientei (zile)
1 5 Martor 1,2,3
2 15 Inanitie completa 1,2,3
3 15 Hipokinezie + inanitie completa 1,2,3

Rezultate si discutii
Concentratia hormonilor tiroidieni si a tireotropinei adenohipofizare
in plasma sangvina la sobolanii martori

In lotul animalelor-martori au fost examinati sobolanii care se aflau in conditii obisnuite de vivariu.

Rezultatele obtinute in acest lot sunt expuse in Tabelul 2 si in Figura 1. Analizand concentratia hormonilor
tiroidieni i a tireotropinei adenohipofizare in plasma sangvina la sobolanii-martori, observam ca nivelul de
T4, T3 si TTH corespunde datelor din literatura stiintifica [1].

Tabelul 2

Continutul hormonilor tiroidieni (T5si T4, nmol/l) si a tireotropinei (TTH, nmol/l) la sobolanii-martor

Nr. T; (triiodtironina) T, (tiroxina) TTH (tireotropina)
crt. (nmol/l) (nmol/l) (nmol/l)

1 0,139 7,332 1,031

2 0,129 6,871 0,930

3 0,178 9,038 0,890

4 0,163 8,083 1,442

5 0,143 7,648 1,786

M+m 0,15+0,01 7,79 £ 0,36 1,22 £ 0,04

Actiunea inanitiei complete asupra nivelului de tireotropina adenohipofizara(TTH)
si a hormonilor iodati ai glandei tiroide (T3, T,) l1a sobolanii de laborator

In lotul II, experimental, s-a cercetat actiunea inanitiei complete asupra stirii functionale a sistemului
hipofizo-tiroidian, in baza cercetérii nivelului de hormoni iodati ai glandei tiroide si a tireotropinei adenohi-
pofizare, timp de 1,2,3 zile. Rezultatele obtinute in acest lot de experienta sunt cuprinse in Tabelul 3 si in
Figura 1.
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Tabelul 3

Concentratia hormonilor tiroidieni (T, T4, nmol/l) si a tireotropinei adenohipofizare (TTH, nmol/l) in
plasma sangvina la sobolanii albi de laborator supusi actiunii inanitiei complete de diferita durata

N 1 zi 2 zile 3 zile
crt. Ts T, TTH T, T, TTH Ts T, TTH
M+m 0,18 10,34 2,03 0,25 11,76 2,45 0,30 13,04 2,89
+0,01 +0,54 +0,03 +0,03 +0,20 +0,1 +0,04 +0,1 +0,04
P <0,1 >0,01 <0,1 <0,05 <0,05 <0,01 <0,05 <0,05 <0,05
Martor 0,15 7,79 1,22 0,15 7,79 1,22 0,15 7,79 1,22
M £m +0,01 +0,36 + 0,04 +0,01 +0,36 +0,04 +0,01 +0,36 +0,04

oTs3
BT4
OTTH

1zi 2zile 3zile martor

Fig.1. Nivelul de hormoni tiroidieni (T5 T4 nmol/l) si de tireotropind (TTH, nmol/l)
la sobolanii de laborator supusi actiunii inanitiei complete.

Dupa cum reiese din Tabelul 3 si din Figura 1, inanitia completd duce la o activare a sistemului hipofizo-
tiroidian, care se manifestd in cresterea nivelului de hormoni cercetati in plasma sangvina. Inanitia completa
cu durata de 1 zi duce la marirea nivelului de triiodtironinad de la 0,15 £0,01 nmol/l la sobolanii-martori pana
la 0,18 = 0,011 nmol/l; de tiroxinad de la 7,79 £+ 0,36 nmol/l pana la 10,34 = 0,54 nmol/l si de tireotropina
de la 1,22 £ 0,04 nmol/l pana la 2,03 + 0,03 nmol/l.

Marind durata de actiune a inanitiei complete, s-a constatat ca pe parcursul acestor 3 zile se manifestd o
tendinta de crestere atat a nivelului de hormoni iodati, cét si de tireotropina adenohipofizara.

Trebuie de mentionat cd la sobolanii supusi actiunii inanitiei complete s-a manifestat o agresivitate in
comportament, mai ales in primele zile. Acesta si este firesc, deoarece la animale se excitd centrul de foame si
lipsa hranii le creeaza o stare de stres, la care se activeaza functia sistemului hipotalamo-hipofizo-suprarenal.

Se stie ca la sobolanii aflati In inanitie completa scade nivelul de glucoza in sange [2]. Hipoglicemia, la
randul sau, stimuleaza secretia unor hormoni (a hormonului de crestere, a adrenalinei etc.) care poate duce si
la activarea sistemului hipofizo-tiroidian. Anume aceasta activare a fost observata in experientele efectuate.
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Actiunea hipokineziei pe fondalul inanitiei complete asupra concentratiei
de hormoni tiroidieni si de tireotropina adenohipofizara

In lotul I1I sobolani au fost supusi actiunii hipokineziei pe fondalul inanitiei complete.

Rezultatele obtinute in acest lot de experienta sunt indicate in Tabelul 4 si in Figura 2, de unde reiese ca
hipokinezia de diferita durata (1,2,3 zile) pe fondalul inanitiei complete are o actiune brusc stimulatoare asupra
functiei sistemului hipofizo—tiroidian. Pe parcursul intregului experiment asupra acestui lot concentratia hormo-
nilor cercetati in plasma sangvina s-a majorat fata de nivelul hormonal la sobolanii ce formau loturile I si II.

Tabelul 4

Concentratia hormonilor tiroidieni (T3, T4, nmol/l) si a tireotropinei adenohipofizare (TTH, nmol/l)
in plasma sangvina la sobolanii albi de laborator supusi actiunii stresului combinat
(hipokinezie + inanitie completd)

Nr. 1z 2 zile 3 zile
ert. T; T4 TTH T; Ty TTH T; T, TTH
M+ m 0,29% | 21,01% | 2,85% | 0,29% [21,90% | 3,06+ | 031% | 234% | 415%
0,45 1,04 0,052 0,38 0,72 0,041 0,44 0,90 0,07
P <0,05 <0,01 <0,05 <0,05 <0,01 <0,05 <0,05 <0,05 <0,05

Martor 0,15 7,79 1,22 0,15 7,79 1,22 0,15 7,79 1,22
M +m +0,01 +0,36 +0,04 +0,01 +0,36 +0,04 +0,01 +0,36 +0,04

oT3
BT4
OTTH

1z 2zile 3zile martor

Fig.2. Nivelul hormonilor iodati ai glandei tiroide (nmol/l) si al tireotropinei hipofizare (nmol/l)
la actiunea stresului combinat (hipokinezie si inanitie completa).

Nivelul de T; si T4 In plasma sangvind dupa 1 zi de actiune a stresului combinat creste, corespunzator,
pandla 0,29 + 0,45 nmol/l i 21,01 £1,04 nmol/I fata de 0,15 £ 0,01 nmol/I si 7,79 + 0,36 nmol/l la sobolanii-
martori. Cresterea concentratiei de hormoni iodati este cauzatd de marirea nivelului de tireotropina, care in prima
zi de experienta a stresului combinat constituie 2,85 + 0,05 nmol/l fata de 1,22 + 0,04 nmol/I la sobolanii-martori.

Tendinta spre o majorare mai pronuntatd a hormonilor cercetati se observa si dupad a 2-a si a 3-a zi de
actiune a stresului combinat (hipokinezie + inanitie completd), cand concentratia de Tj, Ty, si TTH constituia,
corespunzator, 0,29 + 0,38 nmol/l si 0,31 £ 0,44 nmol/I (pentru triiodtironind); 21,89 £ 0,72 nmol/I i 23,40 +
0,90 nmol/l (pentru tiroxind); 3,06 + 0,041 nmol/I si 4,15 + 0,07 nmol/l (pentru tireotropind).

128



Seria “Stiinte reale si ale naturii”

Biologie ISSN 1814-3237

Astfel, analizand datele obtinute la influenta hipokineziei pe fondalul inanitiei complete s-a observat ca
actiunea stresului combinat duce la modificari in concentratia hormonilor cercetati.

Este cunoscut faptul ca procesul inanitiei se caracterizeaza prin 3 etape:

etapa I: cand organismul refuza hrana

In sange are loc micsorarea concentratiilor de substante alimentare si apare un semnal in centrul foamei,
situat In hipotalamus. Centrul foamei se excita si actioneaza asupra segmentelor frontale ale encefalului ras-
punzatoare de alimentatie. Aceasta etapa dureaza 1-4 zile.

etapa II: este perioada de inhibitie

Simtul foamei dispare complet si se includ mecanismele fiziologice de alimentatie a organismului, in
primul rand se utilizeaza grasimile din organism. Dureaza 40-50 de zile.

etapa III: dacad organismul nu primeste hrand, in el se produc schimbari patologice ireversibile si daca se
pierd 40-45% din masa corpului, survine moartea.

Din datele literaturii este cunoscut cad hormonii tiroidieni se acumuleaza in tesutul diferitelor segmente ale
encefalului, mai ales al formatiunii reticulare. Marind tonusul acesteia, hormonii tiroidieni exercita o actiune
stimulatoare si asupra functiei diencefalului, unde sunt localizati centrii superiori ai sistemului nervos vegetativ.
Impulsurile transmise de la ei prin nervii vegetativi schimba activitatea organelor interne.

Intre continutul hormonilor tiroidieni in singe si secretia hormonului tireotrop existi o dependenti
inversata; deci, intre hipofiza si glanda tiroida exista o retroreactie.

Probabil, dependenta aceasta intre hipotalamus si hipofiza cu glanda tiroida si duce la marirea hormonilor
iodati.

Concluzii

1. Inanitia completa are o actiune stimulatoare atat asupra functiei hipofizare, cat si asupra glandei tiroide,
care se manifesta in intensificarea secretiei de hormoni in fluxul sangvin.

2. Actiunea stresului combinat (hipokinezie + inanitie completd) duce la o majorare brusca a tireotropinei
adenohipofizare si a hormonilor iodati ai glandei tiroide pe parcursul intregului experiment.
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INFLUENTA HIPOKINEZIEI ASUPRA STARII FUNCTIONALE
A GLANDEI TIROIDE

Liuba PERCIUN

Catedra Biologie Umana si Animala

Hypokinesia is a powerful stimulant to all organs and organ systems in the human body and animals. Hypokinesia
causes a fundamental change in the physiological state and body fully functioning and longer action, changes in the
body may become irreversible. Purpose of work is the research of hyperkinesias action based on full hunger list of
different duration (1,2,3,4, days) on the level of thyroid hormones and thyriotropine in the plasma of blood of laboratory
rats. For the achievement of the purpose were set the next tasks: the research balance of thyroid hormones (T3 and T,) and
thyriotropine (TTH) in the plasma of blood of laboratory rats, subjected to action of hyperkinesias of different duration,
the determination of level of T; and T, in the plasma of blood of rats which were in full hunger list, the determination of
the concentration of thyroid hormones in the plasma of blood of rats subjected to action of hyperkinesias based on full
hunger list of different duration.

Introducere

Hipokinezia prezintd o problema de stiintd inca din cele mai vechi timpuri, insa o atentie deosebita i se
acorda, 1n special, in ultimul timp. Revolutia tehnico-stiintifica, dezvoltarea intensd a industriei agricole au
schimbat nu doar caracterul si continutul muncii, dar i modul de viatd, mediul ce inconjoard omul. Dereglarea
legaturilor formate dintre organism si mediul inconjurator deseori duce la aparitia starii stresorice. Hipokinezia —
imobilizarea functionald, inactivitatea membrelor — provoaca dereglari morfologice si functionale in organism,
organe si in sisteme de organe.

La limitarea activitatii motorii, schimbari survin in primul rind in sistemul nervos. in timpul imobilizarii
savarsite experimental s-a demonstrat cd la oameni si animale se deregleaza functia sistemului nervos central [1].
Schimbari survin si in activitatea electrolitica a creierului [2,3].

Mobilitatea redusa, nemiscare ,,pe sezute”, in special n timpul experientei, excluderea completa a posibi-
litatii de a se misca inrdutateste si deregleaza functiile si provoaca schimbari atrofice in aparatul locomotor [4].
La fixarea unei parti a corpului se schimba starea muschilor imobilizati, a oaselor, articulatiilor. La o
imobilizare completa, dereglari apar in tot aparatul locomotor. Asa, de exemplu, la Intretinerea sobolanilor in
custe mici, dereglarea schimbului de Ca*" se detecteaza nu doar in oasele femurale, ci si in oasele parietale
ale animalelor.

Schimbari patologice survin si in circuitul sangvin al inimii. Gradul de dereglare depinde de durata starii
hipokinezice. In stadiul temporar de hipokinezie capilarele inimii se contractau, apoi se dilatau, se schimba
directia lor, apareau circumvolutiuni [5]. Tot in hipokinezie are loc o stopare brusca a greutatii corporale,
deoarece mai putin se alimenteaza; de asemenea, se observa o deshidratare puternica a corpului — consuma o
cantitate mica de apa, iar cantitatea de urina eliminata este mare. Temperatura corpului considerabil nu se schimba.

Cercetdrile efectuate asupra animalelor in hipokinezie au ardtat cd in aceste conditii animalele se
comporta diferit. In primele cateva zile la animale apare o neliniste, scade reflexul alimentar, animalele se
alimenteaza prost, apoi Incep sa se linisteascd, se acomodeaza la conditiile noi si incep sd se miste, le creste
pofta de mancare. De asemenea, le scade si potenta sexuald; ca urmare, numarul urmasilor se micsoreaza [6].

Perioada primara in hipokinezie are loc in baza stresului emotional, la care lucrul maxim al glandelor endo-
crine are loc in primele zile, dupa care urmeaza perioada adaptarii organismului la un nou mod de viata [7].

Glandele endocrine au un mare rol in realizarea diferitelor actiuni asupra organismului. Ele stimuleaza
activitatea altor sisteme si organe. Hormonii hipofizei, suprarenalelor, glandei tiroide joaca un rol principal
in mecanismele de adaptare si de protectie.

In stres, concentratia corticosteroizilor in suprarenale scade [8]. In hipokinezie la sobolani se mireste
continutul corticosteroizilor. Primele 30-35 de zile hipokinezia e urmatid de o sinteza brusca si secretie a
corticosteronului. Pana la 60 de zile se normalizeaza functia stratului cortical al suprarenalelor, ca rezultat al
inhibarii functionale.
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In hipokinezia experimentald, schimbari pronuntate au loc in primele zile ale siptaimanii, apoi se observi
o uniformitate a schimbarilor [9]. O hipokinezie indelungatd provoacd dereglari pronuntate in hemodinamica.
Cele mai caracteristice sunt: cresterea frecventei contractiei cardiace si scdderea volumului sangvin total. Tot
la o hipokinezie indelungata are loc schimbarea tonusului vascular, inclusiv al arterelor pielii, iar tonusul venelor
capului si ale bratului nu se schimba. Tonusul arterei labei piciorului scade, iar al vaselor mari (aortei, arterei
carotide) nu se schimba. Posibil, reorganizarea tonusului vaselor este unul dintre mecanismele ce favorizeaza
reglarea volumului sangelui circulant la hipokinezie [10].

Un interes deosebit prezinta starea sistemului endocrin la hipokinezie. La sobolanii aflati in hipokinezie
se observa 1n creier scaderea adrenalinei cu 19%, a noradrenalinei — cu 20%, in tesutul cardiac adrenalina
scade cu 34,2% si noradrenalina cu 18%; acetilcolina libera si legatd scadea 1n creier cu 56-80%, iar in tesutul
inimii cu 33% si 76%, corespunzator. Continutul corticosteronului in sangele periferic In aceastd perioada
creste cu 142% [11].

Cercetarile altor savanti au stabilit cd cantitatea considerabild de catecolamine in tesuturi si in diferite
organe la a 12-a zi a experientei scadea, de asemenea si cantitatea de noradrenalind in miocard (de 2 ori) si in
hipotalamus (de 5 ori) in comparatie cu martorul [12].

Imobilizarea sobolanilor pe spinare in decurs de 6 ore duce la majorarea activitatii sistemului hipofizo-
suprarenal. Regimul la pat duce la marirea cantitatii de lipide, colesterol si lipoproteide in sange [13].

S-a studiat influenta hipokineziei asupra continutului catecolaminelor si serotoninei in creier la sobolani.
A fost stabilitda majorarea cantitatii de catecolamine i serotonina in creierul sobolanilor supraexcitati prin
metoda izolarii la a 8-a — a 12-a saptamand, decat la animalele martor [14].

Stresul hipokinetic, care, dupa toatda probabilitatea, faciliteaza cresterea mare de catecolamine in creier,
serotonind — pentru transportul impulsului nervos, repede activeazd mecanismul de pastrare a impulsului
acestor amine la sobolanii cu o activitate emotionald deosebita. Rezultatele experientei demonstreaza ca in
timpul stresului sobolanii se deosebesc dupa reactia de raspuns, prin comportare, metabolizeaza aminele
biogene in creier cu viteza diferitd si, de asemenea, activeaza In masura diferitd mecanismul de control al
starii aminelor in timpul stresului. Cercetarile efectuate in acest domeniu sunt destul de actuale si de o impor-
tantd mare. Reiesind din importanta problemei, scopul lucrarii a fost de a cerceta actiunea hipokineziei de
diferita durata (1,2,3,4 zile) asupra starii functionale a glandei tiroide, determinand nivelul de T3, T4 i TTH.

Material si metode

Ca obiect de studiu au fost sobolanii albi de laborator, dat fiind ci ei usor se inmultesc si sunt cu mult mai
linistiti ca cei negri. Masa generala a sobolanilor folositi in experienta constituie 200-230 gr.

Animalele de laborator au fost grupate in doua loturi (Tab.1):

lotul I — martor, sobolanii se aflau in conditii obisnuite de vivariu, fara limite Tn miscare si hrana;
lotul I — sobolanii au fost supusi actiunii hipokineziei in decurs de 1,2,3.,4 zile.

Hipokinezia s-a creat prin imobilizarea sobolanilor de laborator in custi speciale, care reduceau miscarile
animalelor. Inainte de imobilizare sobolanii erau cantdriti si rectal li se misura temperatura corpului. La
sfarsitul experientei au fost colectate probele de sange pentru cercetarea hormonilor glandei tiroide si a
hormonului tireotrop al adenohipofizei.

La toti sobolanii experimentali a fost cercetat bilantul de hormoni ai glandei tiroide (T5 — triiodtironina, T4 —
tiroxina) si al hormonului tireotrop (TTH) al adenohipofizei in plasma sangvina prin metoda imunofermentativa.

Tabelul 1
Caracteristica materialului experimental
loIt\IIJrl.ui Numarul de sobolani Loturile experimentale Durata experientei (zile)
1 5 Martor 1,2,3,4
2 20 Hipokinezie 1,2,3,4
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Rezultate si discutii

Concentratia hormonilor tiroidieni si a tireotropinei adenohipofizare
in plasma sangvina la sobolanii-martori

In lotul animalelor-martori au fost examinati 5 sobolani, care se aflau in conditii obisnuite de vivariu.

Rezultatele obtinute in acest lot sunt expuse in Tabelul 2 si in Figura 1. Analizand concentratia hormonilor
tiroidieni si a tireotropinei adenohipofizare in plasma sangvina la sobolanii-martori, observam ca nivelul de
T, — tiroxind, Ts — triiodtironind si de TTH — tireotropind determinat in experientele noastre corespunde
datelor din literatura [7,10].

Dupa cum observam din Tabelul 2 si din Figura 1, concentratia hormonilor in plasma sangvina este diferita.
Concentratia de tiroxind in plasma sobolanilor-martori este mai inalta (7,79 + 0,36 nmol/l) decat a triiodtironinei
(0,15« 0,01 nmol/l) si a tireotropinei adenohipofizare (1,22 = 0,04 nmol/l), ceea ce e si firesc, deoarece
nivelul tiroxinei in organism este mai inalt decat cel al triiodtironinei si tireotropinei.

Tabelul 2

Continutul hormonilor tiroidieni (T3 si T4, nmol/]) si al tireotropinei (TTH, nmol/l) la sobolanii-martori

Nt ort. T; (triiodtironind) T, (tiroxina) TTH (tireotropina)
(nmol/l) (nmol/l) (nmol/l)

1 0,139 7,332 1,031

2 0,129 6,871 0,930

3 0,178 9,038 0,890

4 0,163 8,083 1,442

5 0,143 7,648 1,786
M+m 0,15+0,01 7,79 £ 0,36 1,22+ 0,04

aT3
BT4
OTTH

1z 2 zile 3zile 4 zile martor

Fig.1. Nivelul hormonilor iodati ai glandei tiroide si al tireotropinei adenohipofizare la actiunea hipokineziei.

E bine cunoscut faptul ca produsul initial al sintezei biologice a hormonilor iodati sunt aminoacidul,
tirozina si iodul anorganic.

Omul si animalele primesc iod anorganic cu hrana sub formd de iodurd de Na si de iodurd de K.
Continutul iodului in ratia alimentard timp de 24 de ore este de 100-200 pg. in organismul omului si al
animalelor se contin pana la 30-50 pg de iod, dintre care 15 pg se afla in glanda tiroida [7].
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Concentratia hormonilor tiroidieni (T4, T;) si a tireotropinei adenohipofizare (TTH)
in plasma sangvina la sobolanii de laborator supusi actiunii hipokineziei de diferita durata

Lotul experimental II a inclus 20 de sobolani, care au fost supusi actiunii hipokineziei timp de 1,2,3,4 zile.

Dupa cum reiese din Tabelul 3 si din Figura 1, hipokinezia ,,curatd” duce la unele modificari in nivelul
hormonilor iodati ai glandei tiroide si al tireotropinei adenohipofizare. Actiunea hipokineziei, timp de
1,2,3,4, zile, duce la cresterea nivelului de hormoni cercetati (T3, T4, TTH) 1n plasma sangvina in comparatie
cu concentratia lor la sobolanii-martori si constituie pentru triiodtironind 0,2 + 0,02 nmol/l fata de 0,15 +
0,01 nmol/l; pentru tiroxind 9,76 + 0,77 nmol/l fatd de 7,79 + 0,36 nmol/l; pentru tireotropind 1,75 +
0,03 nmol/1 fatd de 1,22 + 0,04 nmol/I.

Cresterea nivelului de hormoni iodati si de tireotropind in plasma sangvina la sobolanii supusi actiunii
hipokineziei este cauzata, dupa parerea noastra, de faptul ca organismul este supus stresului, si anume: apare
prima stadie a stresului — reactia de alarma. Organismul trece intr-o mobilizare generala a fortelor de aparare,
caracteristica fiind eliminarea hormonilor tiroidieni §i a tireotropinei in fluxul sangvin.

Deci, putem conchide ca la sobolanii supusi actiunii hipokineziei ,,curate”, timp de 1,2,3,4 zile, cantitatea
de hormoni cercetati in serul sangvin se mareste ca rezultat al reactiei stresorice si al activarii sistemului
hipotalamo-hipofizo-tiroidian.

Tabelul 3

Concentratia hormonilor tiroidieni (T3, T4, nmol/l) si a tireotropinei adenohipofizare (TTH, nmol/l)
in plasma sangvina la sobolanii albi de laborator supusi actiunii hipokineziei de diferita durata

Durata hipokineziei
Nr. 1 zi 2 zile 3 zile 4 zile
ert T, Ty TTH T; Ty TTH T; Ty TTH T; Ty TTH
nmoll | nmoll | nmold | nmoll | nmoll | nmoll | nmol | nmold | nmoll | nmoll | nmold | nmol/
1. 0,17 | 839 | 1,44 | 0,19 | 13,42 | 1,37 | 0,20 | 13,80 | 1,88 | 0,22 | 12,9 | 1,89
2. 0,16 | 816 | 1,79 | 0,19 | 839 | 1,55 | 0,25 | 10,57 | 1,73 | 0,24 | 11,4 2,0
3. 0,25 | 9,66 | 1,70 | 0,20 | 8,16 | 1,50 | 0,25 | 10,49 | 1,90 | 0,26 | 10,5 | 1,91
4. 0,19 | 12,51 | 1,84 | 0,19 | 9,01 | 1,64 | 0,28 | 10,09 | 1,88 | 0,27 | 11,9 | 1,88
5. 0,23 | 10,07 | 1,98 | 0,20 | 831 | 1,75 | 0,21 | 13,42 | 1,99 | 0,24 | 12,2 | 1,97
M 0,20 | 9,76 | 1,75 | 0,20 | 9,46 | 1,56 | 0,24 | 11,67 | 1,88 | 0,25 | 18,8 | 1,93
+ + + + + + + + + + + + +
m 0,02 | 0,77 | 0,03 | 0,003 | 0,99 | 0,06 | 0,014 | 0,79 | 0,003 | 0,009 | 04 0,16
P >0,05 | >0,05 | <0,05 | <0,05 | <0,1 | <0,05 | <0,05 | <0,05 | <0,05 | <0,05 | <0,01 | <0,05

In literatura de specialitate exista date despre activarea sistemului hipotalamo-hipofizo-tiroidian la diverse
stdri stresorice (trauma, stiri emotionale, operatii chirurgicale, incordare fizica etc.), insd unii autori [11] au
obtinut o micgorare atat a functiei hipofizare, cat si a glandei tiroide la aceste stari. S-ar parea ca acest
fenomen nu are cauza, dar totusi exista ipoteze care denotd ca in activitatea unor glande cu secretie interna,
cum este hipofiza si tiroida, se observa actiuni antagoniste la un anumit tip de stres.

Actiunea hipokineziei cu o duratd de 3 zile se manifestd in cresterea nivelului de tiroxina (T,) in serul
sangvin, care constituie 11,674 + 0,794 nmol/I fatd de 7,794 + 0,362 nmol/l la sobolanii-martori.

Aceeasi tendinta spre crestere a concentratiei de hormoni fatd de nivelul lor la sobolanii-martori am observat
si la cercetarea hormonului triiodtironinei (0,24 + 0,014 nmol/I fata de 0,15 £ 0,01 nmol/l) si a tireotropinei
adenohipofizare (1,88 + 0,003 nmol/l fata de 1,22 + 0,04 nmol/l).

Analizand datele obtinute la cercetarea actiunii hipokineziei ,,curate”, timp de 1,2,3,4 zile, putem conchide
ca diminuarea activitatii musculare a organismului duce la o activare neinsemnatd a sistemului hipofizo-
tiroidian si la o crestere nesemnificativa a nivelului de hormoni eliminati de aceste glande endocrine.
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Marind durata de actiune a hipokineziei (4 zile) asupra nivelului de hormoni iodati i de tireotropind
adenohipofizara, am observat o tendintd de majorare, ca in primele zile, ceea ce, considerdm, poate fi in
legaturd cu adaptarea treptata a sobolanilor la aceste noi conditii create.

Analizand datele obtinute la actiunea hipokineziei, timp de 4 zile, asupra nivelului de hormoni cercetati,
am constatat o majorare nesemnificativa atat a concentratiei de tiroxina i triiodtironina, cét §i a tireotropinei
adenohipofizare.

Astfel, nivelul de tiroxind constituia la sobolanii supusi actiunii hipokineziei, timp de 4 zile, corespunzator —
11,8 £ 0,4 nmol/l, concentratia de triiodtironina — 0,25 + 0,009 nmol/l, iar continutul de tireotropind adenohi-
pofizara alcatuia in a 4 zi 1,93 + 0,16 nmol/l.

Concluzii

1. Hipokinezia cu o durata de 1,2,3,4 zile duce la activarea functiei sistemului hipofizo-tiroidian, care se
manifesta prin cresterea nivelului de hormoni iodati si de tireotropind adenohipofizara.

2. Hipokinezia provoaca o schimbare esentiald in starea fiziologicd si functionald a organismului in
intregime si, la o actiune mai Indelungata, schimbadrile din organism pot deveni ireversibile.
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K BOITPOCY O ®YHKIHMOHAJIBHOM COOTHOIIEHUH
A®O®EPEHTHOI'O CUHTE3A, MOTOPHOM NAMSITU U
JOKOMOTOPHOM JESATEJbHOCTH YEJIOBEKA

Hlempy IIABAJIIOK, Anexcanop KOPJIDTAHY*, I puzope BAPMAPH

HUnemumym ¢pusuonozuu u canoxpeamonoeuu AH Monoogut
«
Kageopa buonoeuu uenogexa u s cugomHuvix

In articol este prezentati clasificarea diferitelor tipuri de memorie cu luarea in calcul a modalitatii, duratei de pastrare
a acesteia, a caracterului de manifestare, precum si a particularitatilor interactiunii dintre informatia aferentd, memoria
motorie §i activitatea psihica in conditiile locomotiilor simple si complexe. Se demonstreaza ca procesele principale ale
memoriei motorii se afld In raport nemijlocit cu activitatea locomotorie si psihicé a organismului, iar pentru formarea si
mentinerea ei este necesar un antrenament bazat pe o informatie aferentd voluminoasa.

In the article classification of various kinds of memory in view of a modality, storage period, character of display,
and also feature of interaction aferent information, motor memory and mental activity is resulted in conditions of simple
and complex movements. It is shown, that the basic processes of motor memory are directly connected with mental
activity of an organism and for its formation and maintenance are required long, based at great volume aferent
information of training.

Havanom u3y4yeHus cBsI3u MeXAy MaTEpHAIbHON OCHOBOM, IBUTraTEIbHOW aKTUBHOCTBIO U IICUXUYECKUMHU
MpoIeCcCaMH, TO €CTh HaMATHIO, a TAKXKE MPUHIUIOB HX B3aUMOJCUCTBUSA CUMTAIOTCA HCCIEIOBAHUS
N.M. Ceuenona [1] u W.I1. I1aBnoga [2]. [lamaTh 1 ICUXUKa YeOBEKa HE SBJISIIOTCS KOHCTAHTHBIMH, a MOJIH-
(UIUPYIOTCS B TEUCHHE )KU3HH, yUIACTBYS B pealTU3aIliH Pa3IHYHBIX (PU3NOJIOTHIECKHUX ITPOIIECCOB.

Jannbie nurepatypbl [3-6, 7-11] CBUIETENBCTBYIOT O TECHOW (DYHKIIMOHAIBHON CBS3HM JBUTATCIbHOU
AKTUBHOCTH, TaMSITH, IICUXUKH U 3MOIMI. EcTecTBeHHO mojarath, 4YTo »HEpreTHYecKas pojib SMOLUN TIPo-
SIBIIIETCS] HE TOJIBKO B MBIIIIEYHON aKTHBHOCTH, HO U B c(pepe ICHXMUYECKUX IPOIIECCOB, B TOM YHCIIE B MeXa-
HU3MaxX maMaTu. ICXo/s U3 3TOr0, IaMsATh OIpeIeseTCs U KaK ICUX0(U3HOIOTHICCKUHN JUTUTETFHOE BPEMS
COXPAaHSIOUIUICS MPOIECC, BHIMOJHAIOMUN (YHKIIUN 3aTIOMUHAHMSI, COXPAHEHUS W BOCIIPOU3BEICHUS OIIY-
[ICHUH TP peaju3alliy IBUTaTeIbHBIX aKkToB. Pesynmpraramu addepeHTHOTO CHHTE3a B MIPOIIECCE BOCIIPHS-
tus addeperTHON HHGOPMAMK SBISIOTCS OLITYIIEHHS, KOTOPBIE UCTIONB3YIOTCA B MPOIlecCe MHTETPALlNU U
BBEIPAOOTKH KOMAaHJ MPH pEaTH3aIlUU JIBUTATEIHFHOU IEATEIBHOCTH JINOO (DUKCHUPYIOTCS B MaMATH B BUIC
SHTPaMM C MOCTIEAYIONIMM UX BOCIIPOU3BEICHNEM B HOBBIX MOBEIEHYSCKUX CUTYAIIHIX.

bnaromapsi cozmanuro 3a MOCieAHHE AECATHIIETHS HOBBIX METOIMYECKHUX NMpHEMOB [16] mms m3ydeHus
MEXaHU3MOB TaMSTH U TICUXUYECKOHN NMESATEIHFHOCTA M UX POJU B OCYIIECTBICHUH JOKOMOTOPHBIX (yHKITHH
OpraHu3Ma, TCOPETHKO-NPUKIATHON MHTEPEC K UCCICAOBAHUIO B3aMMOCBSI3U YPOBHEH MHTErpaIuu (hU3uo-
JIOTMYECKUX JBHUTATENBHBIX M IICHXWYECKUX MPOIECCOB M MX B3aUMOBJIHSHHUS 3HAYUTEILHO BO3POC, CTAHOBSICh
po0JIeMOi TTEPBOCTENIEHHOI Ba)KHOCTH, Y€MY W TIOCBAIIEHA JJAHHAS CTaThsl.

[ToBeneHue, BKIIOYAS U ABUTATCIIbHYIO aKTUBHOCTh OPTaHU3Ma, BCETJa 00YCIOBICHO ACHCTBUEM Pa3iiny-
HBIX pa3fpakuTe]ed M 3aBUCUT OT COMATHYECKOTO W MCUXUYECKOTO COCTOSHUS MHAMBUAYyyMa. OpraHusM
JOJDKEH aJalTHPOBATHCS K YCIOBUSAM BHEIIHEH W BHYTpeHHEW cpenbl. OCHOBHYIO POJIb TIPH 3TOM HTPAOT
CJIOKHBIC HEPBHBIE IMPOIIECCHI, PAa3BOPAYNBAIOIINECS B IIEHTPAIBHONH HEPBHON CHUCTEME U MPOSBIISIFOIIHECS
PA3TUMYHBIMU TUTIAMU TIOBEJCHUS] — MHCTUHKTHUBHBIM, MTUILIEBBIM, arPECCUBHBIM, IPOU3BOIBHBIM U COLUAIBHEIM,
XapaKTepPHU3YsCh COOTHOIICHUEM «IOMHHAHTA-3aBUCHMOCTEY W (DYHKIIMOHAIBHBIM COCTOSIHUEM IIEHTPAIbHOU
HEPBHOM crucTeMsl [17].

MaTtepuaJbl M HX 00CyKIeHHE

JlBurarenpHas aKTUBHOCTh OpraHU3Ma — OJMH M3 OCHOBHBIX (PaKTOPOB, HOAJEPKHUBAIOLINX KU3Hb U BE-
OyHmux K GOpMUPOBAHUIO U BOCHPUATHIO PELIETITOPHBIMU 00Pa30BaHUAMH ONOPHO-IBUTaTENILHOTO anmapaTa
OOMIIFHON MPONPHOLENITUBHON, TAKTUIBHO-00JIEBOM U Ipyroil ahdepeHTHON HHPOpMaIiH, BCIEACTBHE KO-
JUPOBaHUS €€ B BHJE HEPBHBIX UMITYJIbCOB. IIponiecc KogupoBaHus B peLeNTOpax pasInyHON MOJATBHOCTH
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MPOUCXOAUT B PE3YJIbTATE ACTIOAPpHU3allii B YCIIOBUAX HeﬁCTBHﬁ Ha HUX MCXaHUYCCKUX CTUMYJIOB (HpI/IKOC-
HOBCHHME, JIaBJICHHE, TIOBPEK/CHUE, PACTHKCHUE U 1p.). OUIyIIICHHE MOXET OBITh OMpPEISICHO Kak Heo0Xo-
JTUMBIA DJIEMEHT TIEPBUYHON 00paOOTKM BIMSHUS BHEITHUX W BHYTPEHHUX (HDaKTOPOB, TO €CTh apdepeHTHOTO
CHUHTE3a, U IMPEACTaBIIACT TICUXUYECKUI mpounecc, 4epes3 KOTOpBIfI MMPpEAMETEI U SABJICHUSA CPEAbl OTPaXCHBI BO
MHOJKECTBE MX CBOWCTB KaK I[EJIOCTHOE SIUHCTBO.

B nayunoii nureparype [11] pasznuuatot paznudabie GopMbl namsaTi. Ha OCHOBE TaHHBIX HAyYHOU JIUTE-
paTyphl U COOCTBEHHBIX UCCIICIOBAHUI, C yUETOM XapaKTePUCTHK CEHCOPHO-TIEPIIENTUBHOTO Mpolecca, HaMu
MIpeACTaBIICHA KITaCCH(UKAITUS THIIOB IMaMsITH (CM. Tab.1).

Taoauna 1

Kaaccupukanus pa3jiuyHbIX THIOB MAMSTH YeJI0BEKA € Y4eTOM XapaKTePUCTHK
CEeHCOPHO-TIePUeNTHBHOIO Npouecca

MojansHOCTh HHPOPMAITUH,
No Kpurepuit JUTUTEIBHOCTD XpaHEHMUS, Tun mamsatu
MIPOUCXOXKICHHE
IIponpuonentruBHas Mortopnas
TaKTWJIbHAA, O0IeBas MOTOpHAS
MoganbHas
3pUTeIbHas 3pUTeIbHas
1 | cenuuvHOCTH
N CIIyXoBast CIIyXoBast
addepenTaruit
BKYyCOBast BKyCOBast
o0OHSTETbHAS o0OHSATETHHAS
MruosenHas (0,1-0,5 ¢)
IIpocTpancTBEHHO-
2 | Bpemennas JuTeasHOCTh COXpaHeHUs KpaTkoBpeMeHHas (oxoio 20 ¢)
p addepeHTHON nHpOopMaIH oTIepaTUBHAS
XapaKTepUCTHKA
JOJITOBPEMEHHAS
OMonuoHaIbHA
3 Bun ncuxodmsuonoruue- | AddepeHTanus, UCXoAsmas | CIOBECHO-JIOTHYecKasi, 00pa3Has
CKOTO TIporiecca OT Pas3IMIHBIX O0pPa30BaHUN | HEMPOU3BOJBHAS, TPOU3BOJILHAS
HETIOCPEICTBEHHAs, OTIOCPEIOBAHHAS
I'enetnueckas
[TocnenoBaTenbHOCTH
4 | T'enes HMMYHOJIOTHYeCKas
MIeproAa MPOUCXOXKICHHUS
HEpBHasI

OueBuiHO, YTO WHOPMAIIHSI, 3aJI0KEHHAs B YKa3aHHBIX (JOpMax MaMATH, U GOPMHUPYET MaTepHaIbHYIO
OCHOBY TNPOSIBICHUSI B OMPEICICHHBIX 30HAX KOPTEKCa M APYTHX OTAENAaX MO3ra MCUXUYECKUX CBOUCTB U
MIPOIIECCOB, PEATM3YIOIINXCS YacTO U B MOBEICHYCCKUX JABUraTeNbHbIX akTax [11]. K MmomanbHO-crieruduye-
CKuM (popMam MaMsTH OTHOCHUTCS MOTOPHAs MaMsTh, (ZYHKIIMHA KOTOPO#, KaK OBLIO TIOKa3aHO, TECHO CBSI3aHBI
¢ (pyHKIMAMEU pEIenTOpHBIX 00pa30BaHUI OMOPHO-IBHATATENHHOTO ammapara. Ha ocHoBe nH(bopMarum, mo-
Jy4YeHHOU TIPU OCYIIECTBICHHH TOTO MPOIECcca ITO/T BIUSHIEM BHEITHUX CTHUMYJIOB, Ha )OHE JABUTATEILHOM
akTUBHOCTH ((hUKcalus, 3alIOMHUHAHNE, CIIMYEHIE) B MOTOPHBIX 30HaX KOPBI (POPMHPYETCS MaMsATh, COCTAB-
JISIIOINAst OCHOBY BCEX ()OPM JBUraTeIbHBIX HaBBIKOB. [0/ MOTOPHOI MaMATHIO MOApa3yMeBaeTcsl PUKcaus
¥ COXpaHEHHE CII0COOOB MPOCTPAHCTBEHHOTO TOJIOKEHHUS W MEpPEeMENIeHHs Tella WM €ro JacTel C mocie-
IYIOIIAM BOCTIPOHM3BEICHUEM P HeoOXonuMocTh. OHa, €CTeCTBEHHO, TOCTUTAETCS MPH TTOMOIIHU CIOXKHON
KOOPJIMHALMKA U PETYJSLUUA CTEIICHU COKPAIICHUS PAa3HBIX TPYII MBI, ONPEIACHSIONNX Ty WUIH HUHYIO
(hopMy IBUKEHHUS WM O KaHUS O3B Tena.

B accomnmanuu, perynasiun ¥ KOOpIWHAIINA OPTaHU3MOM Pa3IHMYHBIX BUIOB IBUTATEIBHBIX aKTOB OTPOM-
Hasl POJIb MPUHAJICKUT CIOKHBIM HEPBHBIM MeXaHH3MaM, paboTaromuM Oyarofaps WHGOpPMAINH C TIEpH-
(beprUeCKUX PELENTOPHBIX OOpa30BaHUI KHMHETUYECKOIO ammapara. JTH HEPBHBIC CHTHAIBI YIPABISIOT
COKpall€HHUAMUA MBILII U ]_[eHTpO6e)KHBIMI/I CUrHajlaMy, IIOCTYIIaroNMMH OT pa3IMYHBIX CCHCOPHBIX HCPBHBIX
okonuanuii [10, 13].
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B PEIYIbTATC UCCICAOBAHUSA CIIOKHBIX HEHTPAJIBHBIX KOOPAWHAIITMOHHBIX HCPBHBIX MEXAHU3MOB B Haquoﬁ
auTeparype ObUTH MEepPeCMOTPEHBI KIIACCHYSCKUE B3TIISAABI HAa TUPAMUJIHYIO U SKCTPAUPAMHIHYIO CUCTEMBI.
B wactHOCTH, TIOSBMIIACh TEHACHINS OTPHUIATH CHENM(PUIHOCTH KOPTUKOCIHHANBHBIX BIHSHHUNA MO MHpPa-
MUJIHON CHCTEME U CBOAMTDH MX K oOJierdaronium 3¢ ¢dexraM Ha cCerMeHTapHbIe pe(ICKTOPHBIC MEXaHU3MBI.
OTU JaHHBIE CTUMYJIMPOBAIIU MOSBICHUE HOBBIX CBEJCHUN OTHOCUTEIILHO ACJICHUSI HUCXOMSAIINX CHCTEM Ha
JaTepallbHy 0, KOHTPOIHPYIOIIYIO AUCTAIBHYI0 MYCKYJIaTypy KOHEYHOCTEH M BKJIFOUAIONIYIO MHAPaMHTHBINA
" pyOpOCTTHHAIBHBIA TPAKTHI, U MEIUATLHYIO, CBI3aHHYIO ¢ (QYHKITHEH MPOKCHUMAILHON M aKCHAITbHON MY-
CKYJIaTyphI, B COCTaB KOTOPOIl BXOJUT PETUKYJIO- U BECTHOYJIOCIHHAIBHBIE CHCTEMBI, 00€ HETIOCPEICTBEHHO
y4acTBYOIIME B (POPMUPOBAHHH CIOXKHBIX TBUTATEIBHBIX PEaKIHid U akTOB opranm3Ma [12]. JlaHHbIe 3KcIIe-
PUMEHTAIBHBIX FCCIEIOBAHUA CBHUIETEIECTBYIOT HE TOJBKO 00 OOJerdaronmx, HO U O CHeNHaIn3upOBaH-
HBIX HUCXOOAMIUX BIUAHHUAX Ha JABUTATCIbHYIO aKTHUBHOCTH HaTepaJILHOﬁ CHUCTCEMBI. HeCMOTpH Ha TO, 4YTO
BIIUSHUS B MUPAMUIHOW U PyOPOCIHHAIBHON CHCTEME OJMHAKOBBHI, OJIHAKO OHM HE COBCEM HJICHTHYHBI.
Oo6patHast addepeHTanus 0 peamn3aniyl [BUTATEIHHBIX aKTOB, HECOMHEHHO, BHOCHT KOPPEKIUI0 U B HX
TIICUXUYECKUHA KOMIIOHEHT.

[Ipu mepemaue pa3mTUYHBIM BUJAaM JBUTATEIBHBIX aKTOB Pa3HBIX CBOWCTB (JATUTEIHLHOCTH, HHTCHCHUBHO-
CTH, 4acTOTHI TPOSBICHUS, IMOIIMOHAIBHON OKpacKH) Ba)KHOE 3HAYCHHE MMEeT KOHcoNuaanus (pyHKIui
MOTOPHOH MaMATH ¢ QPYHKIIUAMH IpYTHX (OPM MaMsATH, OCOOCHHO 3PUTENBHOM, CIIyXOBOH, a Y HEKOTOPBIX
BUJ0OB )XUBOTHBIX — U 00OHSATENLHON TAMSTH.

[Ipu peanmuzanuu IBUTATEIBHBIX PEAKIMHA PAa3WYHBIE (POPMBI MaMATH B3aUMOJICHCTBYIOT Ha OCHOBE
addepeHTHOTO CHHTE3a M U3BJICUCHHSI CJICJOB IMAMSITH IIPOILIOTO OIbITa (Ta0.2).

Tadoauna 2

B3aumooTHOIIEHUS] Pa3JIMYHBIX NPOSBJIEHHI IBUTATEJbHBIX AKTOB B YCJIOBHAX KOHCOJTUAAIMHU
¢yHKuMi MOTOPHOI NAMATH ¢ QYHKIUSAMH NAMSATH APYrux cnenudpuyecKux MoaaJbHOCTeMH

Buael namsitu Peain3anust 0poCTHIX U CIIOXKHBIX IBUTATENIbHBIX PEAKIIUI
Peanuzauus neuratenbHbIX peakuuil. Pasnuuenue u Bocnpustue
MotopHas JUIMTEJIbHOCTH, UHTEHCUBHOCTH, YaCTOThI, SMOLIMOHAIBHOM OKPACKU U ABUTATEIbHBIX
peaxkiuu.
Peann3zanus nBuraTenbHOM akKTUBHOCTH, OPUEHTHPOBOYHO-UCCIEA0BATENBCKHX,
3purenbHas MTOMCKOBEIX, 00OPOHUTENBHBIX peakiuuid. Paznuuenne u Bocrpusitue (opM IpeMeToB,

JIATbHOCTH, pa3MepoB, 00beMa, IIBETA.

BriroueHue 1BUTaTEIbHBIX (4aCTO CPOUYHBIX) M 3AIIUTHBIX PEAKIIHIMA.

Pasnuuenue u BocnpusTue TeMOpa, YaCTOTHI U MHTEHCUBHOCTH 3BYKOBBIX BOJIH,
nrymMoB. OcyIecTBICHUE PEaKIUi OXKHUIAHNUS, IPESIYITPEKACHUE OMACHOCTH TIPH
HamnaJICHUU.

PasButHe pa3IM4HBIX TUIIOB OTBETHBIX PEAKIUi (BKJIIOYAs JBUTATEIIBHBIC).
Bocnpustie NpUKOCHOBEHHH, TABJICHUS, TIOBPEXKICHUS, OOJIEBBIX OIIYIICHUHN MpH
OPHEHTHPOBOYHO-UCCIICIOBATENLCKUX U 3AITUTHBIX PEAKIUIX.

CogpeiicTBue hOpMHUPOBAHUIO OCHOB JIBUTATEIHHBIX AKTOB.

VYuyactue B peaJin3anuy 3alIUTHBIX ¥ OPUCHTHPOBOYHO-UCCIIEAOBATEIILCKUX PEAKIUH.
PaznuyeHue ¥ BOCTIPUSATHE 3aI1aXO0B.

VYdacTre B pealii3aiyy 3allUTHBIX PEaKIii P MOTyUYCHHN TTHIIH.

BkycoBas® Pasnuuenue u BocnpusTie BKyCOB (0COOEHHO MPH OIIEHKE KauecTBa HAITUTKOB,
MUIIEBHIX TPOAYKTOB U JIp.).

CryxoBas

TakTunnHas

*
Oo6oHsATeNbHAS

* BuOvl namsimu y 4enoeexa, He ueparoweti Cmoib 6ajCHOU poiu NPU 0CYuWecmeienu 08UAmMenbHblX PeaKyuil.

Omryienue, hopMupyloieecs Ha 60a3e BO3HUKAIOIICH B pe3yJibTaTe KOAUPOBaHUS aQPepEeHTHON UMITYJIb-
callfii, MOKET OBITh ONPECICHO KaK HEOOXOMUMBIN JJIEMEHT MEPBUYHON 0OpaOOTKU BIMSIHHUS BHEUTHUX U
BHYTpeHHUX (pakTopoB. OHO TpEACTaBIseT COOOM TCHXMYECKHU Mpolece, Yepe3 KOTOPBI MpeIMETh U
ABJICHUA CPE€Abl, HETIOCPCACTBCHHO BJIMAA HA OpraHbl YyBCTB, OTpa’karOTCAd BO MHOXKCECTBE HX CBOMCTB KakK
LENOCTHOE eAUHCTBO. CEHCOPHBIC BXOJIbI, ONMPEACISIONINE MPOCTPAHCTBEHHO-BPEMEHHBIC MO3TOBEIC IPO-
[ECChI, KOOPIUHUPYIOTCS U PETYIUPYIOTCS ISl MOJTHOTO CHHTE3a Pa3HOOOPA3HBIX OINLYIICHHUI.
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JlBurarenbHas mamsTh, IOCPEACTBOM €€ CIOXKHBIX MEXaHM3MOB, 00pa3yeT OCHOBY MHOXKECTBa M pPa3HO-
00pazusi MOTOPHBIX HAaBBIKOB (X0160a, Oer, CIOPTUBHBIC YITPAXXHEHUSI, IBHKEHNUS 1 UTPBI, TOJIb30BAHUE PyYU-
KOH WIJIN KapaHAaIlloM, pa3IndHbIe Tpo(decCHoHaIbHbIe HAaBBIKK B pab0Te Ha CTAaHKAX W MAIlTUHAX, YIIPABIICHHE
TPAaHCIIOPTOM U T.J.). J[BUTaTenbpHBIE HAaBBIKH, (HOPMUPYIOUIHECS TOCTETIEHHO W UIUTENBHOE BpeMs, NpH
JIOCTHYKEHUN COBEPIICHCTBA CTAHOBSTCS MOJMYaBTOMATUYECKMMH M aBTOMATUYECKHMH, TO €CTh B HHUX y¥Ke
YaCTUYHO HE MPUBJIEKAIOTCS TaKUE TICUXOJOTHYECKHE MPOLECChl, KAK BHUMaHUE U CO3HaHue. J[BurarenbHble
MOJTyaBTOMAaTHU3Mbl 1 aBTOMAaTU3MBbl COXPAHSIOTCS JUIMTENFHOE BpPEeMs U, €CIIM BO3HHUKaeT HEOOXOAMMOCTH,
YEJIOBEK BO3BpAIaeTCA K HUM JOBOJBHO YCIENIHO 0€3 MOBTOPHOro 00y4ueHus [15]. ABTOMATH3MEI BIUSIIOT
Ha MCUXUYECKUH MOPTpeT MHAWBUAYYyMa, TOJIEPKUBAIOT TICUXHYECKHE CBOWCTBA Ha CAHOT€HHOM ypOBHE B
KOHKPETHBIX yclnoBHAX. CyOBEKTHI ¢ Pa3BUTON MOTOPHOH MaMATHIO Jierde BOCIIPHHUMAIOT HOBBIE MOHSTHSA,
TEKCTHI, IeUHAULINN, TEOPEMBI H Jp. HE Ha CIYX MM IIyTEeM YTEHUS, a IPU UX HAIMCAHUH, H HA000pOT, eCln
Oosee pa3BuTa 3puTenbHas WK ciayxosas namsath. K. J[.Ymmackuii [16] mucan, yto 6e3ommbodHass opdo-
rpadus npruoOpeTaeTcs TaKKe yIPAKHEHUEM PYKH.

MoTopHas maMsTh TECHO CBSI3aHA U HEMOCPEACTBEHHO 3aBUCHUT OT TAKTHWJIBHOM MaMsITH. DTOT BUJ MaMATH
BOCHPUHUMAET, PUKCUPYET U COXPAHSIET OLIYIIEHHS OT BO3JEHCTBHS ()aKTOPOB MPUKOCHOBEHHS, TABICHUS,
pacTsDKeHUs], TIOBPEXKISHHsI, 00beMa, pa3MepoOB KaKOTO-THO0 mpeamera. TakTHIIbHAS MaMSATh XOPOIIO pas-
BUTA y CKYJBIITOPOB, Y CYOBEKTOB ¢ QYHKIIMOHANBHBIMU Ae)eKTaMu 3peHHs, CIIyXa U JIp., B HEKOTOPOii cTe-
[IEHU y Bpayeil, crienualbHOCTh KOTOPBIX CBA3aHA C MAJbIUPOBAaHUEM, Y MAaCCAXXUCTOB U T.1. Ciemnble noau
MIPH TTOMOIIX TAKTHIBFHOW MaMATH ¢ OOJBIION BEPOSTHOCTHIO MOTYT Ha OIIYIh y3HATh JIUIO cOOECenHUKa,
€ro MCUXUYECKOe HACTPOCHHE U COCTOSTHHUE.

B 0OBIYHBIX KU3HEHHBIX YCIOBUSX (YHKIMH ATHX (OPM MaMSATH KOHCOJIUIUPYIOTCS, CBSI3aHBI MEKIY
c000¥t Ipy TOCTMKCHUH KOHKPETHOM NBUTaTEIBHON 3a7a4d. B 4iCTOM M30JIMPOBAHHOM BHJIEC TIPAKTHUCCKH
MX HEBO3MOXXHO OTAEIHUTH, CKAKEM, YUCTO 3PUTENIbHYIO WM CIyXOBYIO OT TaKTUJIBHOTO BOCIPUATHS, KaK U
Y XUIIHBIX XUBOTHBIX MOTOPHYIO OT 0OOHSTEIHHOH, CIlyXOBOH M 3pUTEIILHON MIPH MIPECIeTOBAHIH KEPTBEI.

bnaromapsi B3auMOIeCTBHIO CIIOKHBIX MEXaHH3MOB OOecTiedeHHnsT KOHCOMHAAUN (PyHKINH pU peau-
3aliy JBUTATENBHON aKTHBHOCTH, (pOpMHUpOBaHME W TOJIep)KaHWE MOTOPHOW MaMSATH B CAaHOTCHHBIX Ipe-
JieNax MPOUCXOUT MOCTETIeHHO, TpeOyeT UIMTENbHON (H3NdecKkoil TpeHUpOBKU. B mporecce 3Toi TpeHH-
POBKH YCTPaHSIOTCS JTUITHUE ABMXKCHUS U KOMIIOHEHTHI MOACPKAHUS MO3bI TeJla U TOCTUTAETCS CAHOTCHHO
HEOOXOJMIMOE BBITIOJIHEHHE KOHKPETHOTO JIBUTATENFHOTO aKTa. Y CTpaHEHHE JMIIHUAX JIBMKCHUH HATJISIIHO
OTMEUAeTCs y JETEH MpU TEPBBIX MOMBITKAX PUCOBAHUS, BBIPE3aHUs PHCYHKOB U IPH JPYTHX MOJOOHBIX
3aHATHUAX, KOTJa y HUX OTMEYaeTcsl HEeHY)KHOE KadaHre TOJI0OBOH, BRICOBBIBAHHE S3bIKA, JPO’KaHUE KOJICHEH
U Jp., OT Y€TO OHM MTOCTETICHHO N30aBIIsIroTCs [17]. B 00mielt clioXHOCTH, KOMITIIEKC KOHKPETHBIX JBUTATCITb-
HBIX aKTOB (WJIA MOBEJIEHYECKUX PeaKklnii) OyIeT moAnepKuBaTh Ha CAHOTEHHOM YPOBHE MOTOPHYIO HaMsITh,
KOTOpasi ¢ IpyruMu (popMaMH MOJAITEHO-CIIEIUPUIECKON aMsITH 00pa3yeT OCHOBY HE TONBKO (DU3HOJIOTH-
YEeCKHUX, HO U IICUXMUYECKUX MPOLIECCOB MIPH OCYLIECTBICHUH JBUTAaTENbHON aKTUBHOCTH opraHusma [8, 19].

PesynbTarhl TpeHUPOBKH Pa3IMYHBIX (POPM HMaMATH MOATBEPKIAIOT (aKThl MPEUMYIIECTBEHHOTO Pa3BU-
THUSI T€X WM WHBIX U3 HUX B CBSA3U C OCOOCHHOCTSIMH ITPpOQeccHii, KOorJa B OTICIBHBIX cIydasx Ooliee pa3BHuTa
MoTopHas (y JIETKOATJIETOB, MPHITYHOB, TYPHCTOB, OCTYHOB W JZIp.), 3pUTENbHAS (Y YUHUTENIEH, CTyJACHTOB,
BOJUTEIICH TPAHCIIOPTA, XYIOKHUKOB U IIp.), OOOHATENbHASA (Y IKCIEPTOB-TaphIOMEpOB | Jp.), CIyXoBas
(Y My3BIKaHTOB, Y JIIOJIEH, N3y4JaIONINX HHOCTPaHHBIC S3BIKH), BKycoBas (y IeHHTelNei BuH, Yast, Tabaka) [11].

TpeHupoBKa MOTOPHOH MAMSTH MPOBOAMTCS ITyTEM ITOBTOPSHHS IBUTATEIBHBIX CTUMYIIOB Yepe3 oIpeie-
JICHHBIC MHTEepBabl Bpemenu [20-24]. [Iponecc BocnpusaTus u GUKCAIUH IIPH STOM MOCTymaromeil nHdop-
Mallui peaju3yercd B BHJIE€ MHOTOKPAaTHBIX TOBTOPEHHUH 3a OJUH ceaHc, a MpH HEOOXOAMMOCTH — 3a He-
CKOJIBKO CEaHCOB, MHTEPBAJl MEXIy KOTOPBIMH 3aBHCHUT OT TOTO, CTABUTCS JIM 33ja4a 3allOMMHAThH JBUTA-
TENBHYIO PEaKIWI0 M IBUTATENbHBIN aKT Ha KOPOTKOE WJIM JUINTENbHOE BpeMs. B 3TOM ciydae oTBeT Ha
TAHHBIN BOTIPOC pemIaeT MHANBUAYATbHO KK CYOBEKT C YU4ETOM OCOOCHHOCTEW BOCIIPHSTHS M TIAMSTH.
Ha ocHOBaHMH NICHXOJOTHYECKUX HUCCIIENOBAHUN CUMTAETCS, YTO CHadaja CIeAyeT MPOBECTH CEaHC J[BUTA-
TENBHOM aKTHBHOCTH B TIOJHOM 00BeMe, YTOOBI YCTAHOBHUTH €0 OCHOBHBIE y3JIOBEIE 3eMeHTHL. [locne dero,
WCIOJB3Yys UX, MEPEXOIUTh K 3alIOMHHAHUIO JABUTATEIBHOM peakIUM WIM aKTOB IIO3TAMHO, YEpe3 CTPOro
YCTaHOBJIEHHBIE MHTEPBaIbl BpeMeHH. [JIMTENIbHOCTh MOBTOPEHHUSI CEaHCOB YCHIIUT Tpouecc (UKCAHU U
COXpaHeHHUs MHPOpPMalUY B aMATH. bricTpoe, MTHOBEHHOE 3alIOMUHAHKE OKa)XeTcs Hempo4HbIM. Bo Bpems
MIEpPEepBIBOB MPOUCXOANUT TiepepaboTka WH(POPMALMK B IEHTpAX MOTOPHOW HaMsTH, CIEIUICHHE €€ C yXKe
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MMEIOUINMHCA 3/1eCh TOJMyYeHHBIMU paHee HaBblkaMH. OJHAKO TepephIBBI MEXKIy CEaHCaMU He JOJKHBI
OBITH Yepecuyp JUIMTETbHBIMH, KOO0 BMECTO 3alIOMUHAHHS U 3ayYHBaHUs MOKET HACTYIIHTH MPOlece 3a0bIBa-
HUSI, TO €CTh IPOLECC MCKIIIOYEHUS U3 MaMsATH «0Opas3loB) JIBUIaTENbHBIX OTBETHBIX PEAKIMH WM HadH-
HaroIuX (HOpMHUPOBATHCS ABUTATENIbHBIX akTOB. [lo3ToMy B Hayane npouecca ux GopMUpOBaHUS HEPEPHIBBI
JOJKHBI OBITH KOPOTKUMH (HECKOJIBKO YacoB), a IO MEPE MX YCBOCHHUS MEPEPHIBBI MOXKHO YIJIUHATH 1O HE-
cKoNbKUX THei. [Ipu TakoM moaxojie mpolecc 3aloMUHaHus OyJeT YCHIIMBAThCS U TOCTUTaTh Oosiee BBICO-
KOT'O YPOBHSI 10 CPABHEHHUIO C IPEBIAY LM [25].

Jna mopnepkaHusl Kak COMaTHYECKOro, TaK M TCHUXUYECKOTO 3/I0POBBS, CYOBEKT JIMYHO MOAOUPAET U
npoBepsieT 3PPEKTUBHOCTH MPUEMOB 3aIIOMUHAHMS U (PUKCAIIMK WM CO3JaeT Hanbonee yaoOHbIe i ceOst
IIpHUeMbl. 31eCh APKO BBICTYIAeT NPUHLIMI WHAWBUAYAJIBHOTO IIOAX0AA B caHOKpeartojoruu [7]. A ycioBue
MOJKET OBITh JIUIIb OJTHO — TPEHUPOBKA MPOIIECCOB, CBA3aHHBIX ¢ MEXaHM3MaMH MOTOPHOH MMaMSTH H IOJIE3-
HOCTBIO HH(POPMALIUK AJISI OCYIIECTBIICHUS Pa3InYHbIX ICUXUYECKUX MpoueccoB. [Ipu 3ToM BaxkHOE 3HaAUe-
HHUE UMEIOT: KOHICHTPALMsI BHUMaHU, TIpaBIIbHAsE OpraHu3anusl o0bemMa IBUTaTeNbHBIX PEakuid U aKToB,
[OJUIEKAIINX 3aIIOMUHAHUIO, IPOLIECCOB MPOU3BOIBHOIO U3BJICUSHUS U3 IaMATH TOW WM MHON MHGOpMaIUu
IIPU OCYIIECTBICHUN ABUTaTENbHOM aKTHBHOCTH.

[IpoBeneHHbII aHaIM3 OMUCAHHBIX (HOPM MaMATH KaK OCHOBBI COMAaTHYECKHX U MCUXMUYECKUX PEaKUUN U
IIPOLIECCOB MOKA3bIBAET, YTO UX HEJb3s pa3AeiiTh. JleJeHre MOXKeT ObITh TOIBKO ycioBHBIM. Ha camom nene
MamMATh 4eJIOBeKa MMEEeT MOJMKOMIIOHEHTHBIN XapakTep. [Ipu ocyiiecTBneHnn nBUTaTeIbHON aKTUBHOCTH,
(OopMHPOBaHNH KOHKPETHBIX ABHUTATENBHBIX aKTOB PacCMOTPEHHBIE BhIIIE (OPMBI MAMATH TMOJ BIMSHHUEM
pa3HbIX TUNOB adepeHTannii KOHCOMUAUPYIOTCS, B JaNbHEHIIeM GUKCUPYIOTCS M COXpaHsAoTcs. B ciydae
BBITTOJTHEHUS Pa3IMYHBIX JBUTATENBHBIX MPOrpaMM 3Ta HHPOpPMAIHs CHavdalla MOCTyaeT BO (PPOHTANBHBIE 1
TEMEHHBIE aCCOLIMATHUBHBIE MOJIS, & 3aTEM B MOTOPHYIO KOPY, MOCTIE Yero U3BIEKAETCS U3 MOTOPHOU MaMsTH.
[Ipu 3TOM HEOOXOIUMO TAaKKE YUUTBHIBATH M MOJOKHUTEIbHBIE SMOLMOHATIBHBIE KOMIIOHEHTHI, KOTOPBIE He-
IIPEMEHHO YCWJIAT 3alIOMUHAHNE TeX WM MHBIX JABUIATENbHBIX aKTOB, 4 B JaJIbHEHIIEM — U UX MCIOJIb30Ba-
Hue. W auie MHAMBUAYAIbHO MPU PA3TUYHON IIUTEIHHOCTH TPEHUPOBOK MOXKHO JTOOWTHCS MPEUMYIIECT-
BEHHOTO TeHe3a TOH WM MHOH ee (OopMBI, 3a UCKIIOYEHHUEM CITy4aeB, KOTJa 3TO MPEUMYIIECTBO CBS3aHO C
BPOX/ICHHBIMH CBONCTBAMU BOCIPUSTHS OLIYILICHUH Ha CHCTBUE BHEIIHUX U BHYTPEHHUX CTUMYJIOB.

TakuM 00pa3oM, U3NOKEHHBIE IaHHBIE YOSTUTEIBHO JOKA3bIBAIOT HETIOCPEACTBEHHYIO CBSI3b PA3ITUYHBIX
($hopM nmaMsATH, B TOM YHCIIE MOTOPHOH, C COMaTHUECKON M ICUXWYECKON AESTENbHOCTBIO OPraHu3Ma, B3aUMHO
BIMSS APYT Ha Ipyra B IpoLEcce BBIPAOOTKU Pa3lUYHBIX (OPM AMHAMHYECKOH M CTATUYECKOM aKTMBHOCTH
U CJIOXKHBIX ()OPM JBUTATEIbHBIX aKTOB.

BoIBOaBI

1. Undbopmarnus, 3anoxeHHas B Pa3IMIHbIX (hopMax mamstd (MoIalbHO-CIielu(pUIecKoil, Mpon3BOILHON
WM HETIPOU3BOJILHOM, KPATKOBPEMEHHON WIIM JIOJITOBPEMEHHOM, HETIOCPEICTBEHHOM UIIM OTMOCPEIOBAHHOM,
00pa3HOH, SMOLIIMOHATIEHON, CIOBECHO-JIOTHYECKON U Jp.) M KOTOpas MpH Pa3HbIX BHUIAaX NEATEIbHOCTH MO-
XKeT OBbITh U3BJICUCHA U3 Hee, JOPMUPYET OCHOBY TPOSBIICHHS B OIPEACICHHBIX 30HAX KOPTEKCa MEXaHU3MOB
MOAJICP>KaHMs Ha CAHOT€HHOONTUMAIBHOM YPOBHE COMAaTHUECKHUX U MICUXUUECKUX CBOMCTB U MPOIECCOB.

2. MortopHas namsaTh — pa3HOBHUIHOCTh MOJATBHO-CIIEIIN(PIYECKON TaMITH, TECHO CBA3aHa C OCOOEHHO-
cTsaMU adepeHTalMi B KOHKPETHBIX YCJIOBHMSX BHYTPEHHEH M BHEIIHEH Cpelbl Kak pe3yibTara (pyHKIUH
PEIENTOPHBIX 00pa30BaHMA OMOPHO-BUTATEIIBHOTO amiapaTa, COCTaBIISIONMX OCHOBY BOCHPHUATHS U 00pa-
30BaHUs OMIYIICHUH, UX (PUKCalny, 3alIOMUHAHKS U BOCIIPOW3BENIEHHS B IeHTpax Mo3ra. TpeOyer cpaBHH-
TEJBHO JUTUTEIILHOW, OCHOBAaHHOW Ha 00jbIIOM 00beMe adhepeHTHON MH(POPMALIUK TPEHUPOBKH, CIIOCOO-
CTBYIOUICH YCTPaHEHUIO JHUIIHUX ABUKCHUN M KOMIIOHEHTOB MOJAJEP)KaHMS MO3bl TEla, YTO MPUBOAUT K
YCHUIICHUIO CBSI3U MEKIY MOTOPHOM MaMATHIO M COMAaTHYECKOW U TICHXUYECKOH IeATEIbHOCTRIO YEIIOBEKa.

3. OCHOBHBIMH TpOIIECCAMH MOTOPHOW MaMATH, KaK U IPYTUX (OpPM ITaMATH, SIBISIOTCS 3alIOMHHAHUE,
coxpaneHue ((pukcanys) U BOCIIPOU3BEIEHIE YMEHHUI U IBUTATEIBHBIX aKTOB, HETIOCPEIACTBEHHO CBSI3aHHBIX
C TICUXWYECKOH NIeITeIbHOCTBIO.

4. Tlpu mepenaue pa3iMYHBIM BHAAM JIBUTATCIBHBIX aKTOB PA3HBIX CBOWCTB (4acTOTHI, MHTEHCUBHOCTH,
JUTUTEIIEHOCTH pean3allii, SMOLIMOHAILHON OKPACKHU) JUISl TOCTHXKEHUS OCYIIECTBICHUSI KOHKPETHOM NBU-
raTenbHON 3aJa4l WM TPEHUPOBKH Ba)KHOE 3HAUYECHHE MMEET KOHCOJUAAIUS MOTOPHOW MaMSITH C JPYTHMHU
(hopmamu MOTATBHO-CIIEITH(HUTUIECKOM TTaMSATH.
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5. Koopauaupyromwii u peryaupyromuid aclekT HUCXOMAIIUX BIMSHUN (C y4eTOM HEOOXOAMMOCTH
BOCIPOU3BECHUS 3aJI0)KCHHON B MOTOpPHOW MaMsaTh WH(OpManuu) GopMUPYETCS B pe3yibTare YCIOBHO-
pedIIeKTOPHBIX MepecTpoeK Ha pa3HBIX YPOBHSIX IBUTATENBHON OpTraHW3allid, KOTOPHIE MMEIOT MECTO IO
MPSIMBIM BO3/IeHicTBHEM a(DEepPEHTHBIX BIMSHUMN, BHaYale BEChbMa CICIUAIM3UPOBAHHBIX, a TAKIKE C YIaCTHEM
SMOLHMOHAIBHOTO U ICUXUYECKOTO JEUCTBYOIIUX KOMIIOHEHTOB.
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EFECTELE UNUI PRODUS AUTOHTON SI ALE CATOZALULUI ASUPRA
STARII FUNCTIONALE A FICATULUI LA PUII DE GAINA PENTRU CARNE

Victor PUTIN

Universitatea Agrara de Stat din Moldova

Taking in consideration the urgent need of the livestock sector in harmless growth promoters for animals and
humans, the specialists of the Moldovan Academy of Science have managed to obtain a product from the microalgae
Spirulina platensis that has been submitted in this study for testing on broilers. The study was carried out on 5 lots, 40
broilers each. The BioR remedy was studied on 3 lots of broilers with different doses and administration regime.

It has been experimentally proved that this remedy used on broilers beginning with the 7" day of life shows good
effects on liver and especially on the proteosynthetic function of this organ also positively influencing the bioproductive
indexes in broilers. It has been experimentally shown in production conditions that the optimal dose and the best
administration regime of the BioR remedy is 0,3 ml per animal on the 7" day after hatching and 0,5 ml per animal on
the 21 day of life of broilers.

Introducere

In ultimii 40-60 de ani avicultura a atins, la nivel national si international, performante remarcabile atat in
plan biologic, cat si economic. Acest lucru a fost posibil gratie combinarii armonioase a realizarilor stiintelor
biologice, veterinar-zootehnice si ale businessului, avand ca scop primar asigurarea populatiei cu produse
alimentare accesibile, calitative si ieftine, cea ce, in ultima instantd, contribuie la realizarea dezideratului
principal — ridicarea calitatii vietii umane [3,8,21,22,23]. De mentionat si faptul cd majoritatea producétorilor,
urmérind n principal sporirea cantitatii productiei avicole, apeleaza la utilizarea stimulatorilor de crestere,
care nu totdeauna influenteaza benefic bunastarea pasarilor si chiar pot prejudicia sdnatatea publica.

Totusi, In conditiile actuale relativ bune de crestere si exploatare a pasdrilor, cel mai afectat organ este
ficatul, fiindca nici un alt organ nu are de prelucrat o cantitate atat de mare de diverse toxine. Nu 1n zadar se
mentioneaza ca acesta este organul central de dezintoxicare, de neutralizare a toxinelor, pregatindu-le pentru
eliminarea din organism [29].

Prin urmare, este important a evidentia efectele produselor banuite cu impact asupra functiei ficatului si, in
mod deosebit, asupra metabolismului celular, functiei proteosintetice a acestui organ, capacitatilor hepato-
protectorii, parametrilor care reflecta starea de sanitate, schimbarile survenite in organismul animal in urma
interventiei factorilor stresogeni, care se reflectd atat asupra starii de sandtate, cat si asupra indicilor biopro-
ductivi [1,18,20,27].

Luand in consideratie varietatea factorilor negativi care influenteaza organismul pasarilor in ansamblu si
ficatul 1n special, un rol deosebit revine masurilor si procedeelor moderne, care au menirea de a regenera cea
mai mare glanda din organismul animal si de a o proteja de diverse toxine [29]. Din gama relativ mica de
preparate ecologic pure cu proprietiti hepatoprotectorii un loc aparte revine produsului autohton BioR, obtinut
in conditiile Republicii Moldova din Spirulina platensis [7,9,20]. De mentionat cd remediul BioR a fost
studiat de noi pe puii de carne in diferite doze si regimuri de administrare elaborate in studii anterioare [16],
precum si comparativ cu produsul Catozal. Insi, influenta lor asupra ficatului nu a fost elucidati. Acest
preparat contine un complex de substante bioactive, cum ar fi: aminoacizi, in special imunoactivi, ficobiliproteine
(C-ficocianina), oligopeptide, microelemente §.a.

Reiesind din cele relatate, am incercat sa verificim §i sd examinadm unele mecanisme prin care se realizeaza
efectele regenerative — protectorii ale remediului BioR, administrat in diferite doze si regimuri puilor pentru
carne, in confruntare cu Catozalul, prin aplicarea acestuia unui alt lot de pui.

Material si metode

Studiul a fost realizat pe 5 loturi a cate 40 pui-broiler In conditiile fabricii avicole ,,Avicola Saver”,
subdiviziunea Mereni, R. Moldova. Principiul de organizare a experientei cu utilizarea remediului BioR si a
Catozalului este redat in Tabelul 1.
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Tabelul 1
Schema administrarii remediului BioR si a Catozalului puilor-broiler la a 7-a si a 21-a zi de viata
Doza si regimul de administrare,
Loturile de pui Nr. . - - ml/cap - Ca.leg de
de pui pentru prima oara — a doua oara — administrare
laa 7-a zi de viata laa2l-azide viata
0,4 ml 0,8 ml
Martor 40 sol. 0,9% NaCl sol. 0,9% NaCl
Experimental 1 40 0,3 ml BioR 0,5 ml BioR Intra-
. ] muscular
Experimental 2 40 0,4 ml BioR -
Experimental 3 40 - 0,8 ml BioR
Experimental 4 40 0,2 ml Catozal 0,4 ml Catozal

Remediul BioR, testat de noi cu scopul de a evidentia doza optimald, a fost administrat in doze diferite.
Pasarile antrenate in studiu au fost monitorizate: periodic s-a determinat temperatura corporald, miscarile
respiratorii §i masa corporald. Pasarile au fost cazate in acelasi adapost, hrana a fost administrata la discretie,
iar apa a fost asigurata prin adapatori automate. Pentru efectuarea examenului biochimic s-a recoltat sdnge de
la cate 5 pui din fiecare lot luat in studiu: la a 7-a zi de viatd pana la administrarea atat a remediului BioR, cit
si a Catozalului si ulterior de 2 ori consecutiv — la a 28-a zi de viata si prealabil sacrificarii, la a 42-a zi de viata.

Activitatea i nivelul parametrilor investigati (activitatea alaninaminotransferazei [ALT], pseudocolinesterazei
[PCE], fosfatazei alcaline si nivelul colesterolului) au fost determinate n serul sangvin la analizatorul
biochimic FP-900 (firma ,,Labsystems Finlonda”), prin metoda cinetica si fotometrica cu utilizarea seturilor
de reagenti ai firmei ,,Eliteh” (Franta) conform instructiunilor anexate.

Rezultate si discutii

Rezultatele cercetarilor intreprinse denota ca preparatul propus pentru testare pe puii pentru carne pe o perioada
de 35 zile, in conditii de productie, nu a provocat reactii adverse sau alte abateri In sanitatea si dezvoltarea
tineretului avicol. Cele mentionate mai sus sunt valabile totalmente si pentru produsul Catozal studiat de noi.

B 1recoltare O 2recoltare B Irecoltare O2recoltare
1672.73
33,_8?
1362,42"
L 1187.88 1265.45
1134.54 1149.09
1032.73 [ ] [ | 1056.97 E‘l E!Sl
974.54 0 20.84
19,32 19.67
17.81 13.39
1i8 I 15.05 16.18

Debut Martor Exp.l  Exp.2 Exp.3 Exp.4 Debut Martor Exp.l  Exp.2 Exp.3 Exp.4
Fig.1. Activitatea pseudocolinesterazei (PCE) Fig.2. Activitatea alaninaminotransferazei (ALT)

la puii pentru carne tratati cu remediul BioR, v/l la puii pentru carne tratati cu remediul BioR, u/l

*P<0,05 *P<0,05
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Actualmente este acceptata ideea cd un loc aparte printre indicii metabolismului celular al ficatului revine
pseudocolinesterazei (PCE), enzima hepatica, care constituie un test de apreciere a functiei proteosintetice a
acestui organ. Valorile comparative ale acestui indice sunt redate In Figura 1. Pe parcursul studiului s-a
constatat cd cea mai inaltd valoare a PCE se inregistreaza la debutul cercetarilor, aceasta constituind in
medie 1672,73 u/l, indice care cu vérsta atat la prima, cat si la a doua recoltare diminueaza la toate loturile de
pasari antrenate 1n experiment. Tendinte similare de manifestare a dinamicii PCE cu varsta la puii pentru carne
au fost semnalate de noi anterior [14], precum si de alti autori la tineretul porcin [9,10]. Pe parcursul studiului,
atat la prima recoltare, cat si la a doua recoltare, nivelul functional al PCE este inalt la loturile tratate cu BioR,
in raport cu doza si termenul sau regimul administrarii, existind si diferente semnificative.

Astfel, la a doua recoltare valori mai superioare ale acestui parametru au fost semnalate in lotul experi-
mental 1 (cu 15,4%) si, respectiv, cu 11,5% in lotul experimental 3 comparativ cu lotul martor. O actiune
similard a remediului BioR asupra nivelului functional al PCE a fost constatata si la porcii tineri [9]. Mai
mult ca atat, rezultatele analizate n aceasta lucrare coincid cu cele publicate de noi anterior, care de ase-
menea atesta ca nivelul functional al PCE in serul sangvin la puii-broiler este mai mare la cei care au fost
tratati cu BioR in doze mai mici [13,14]. Prin urmare, rezultatele obtinute denota ca remediul BioR a contribuit
esential la ameliorarea functiei proteosintetice a ficatului la puii pentru carne. Rezultate similare despre proprie-
tatile proteosintetice ale acestui produs sunt semnalate si de alti autori, care au constatat ca preparatul BioR
contribuie esential la ameliorarea functiei proteosintetice a ficatului la tineretul porcin, alimentat cu ratii
carentate [11]. Totodata, nivelul PCE 1in lotul experimental 4, tratat cu Catozal, practic s-a mentinut la nivelul
lotului martor.

Este unanim acceptatd opinia despre rolul si locul transaminazelor (ALT si AST) in aprecierea starii
functionale a ficatului, Indeosebi sub influenta stimulatorilor de crestere [17,29]. Din datele expuse in Figura 2
constatdm ca nivelul alaninaminotransaminazei (ALT) la puii din lotul martor la prima recoltare si la a doua
recoltare putin diferd de valoarea acestui indice la debutul studiului. Totodata, nivelul acestei enzime in unele
loturi tratate cu remediul BioR s-a majorat la a 28-a zi la prima si, respectiv, la a 42-a zi la a doua recoltare
cu 10,4-17,0% si cu 21,1- 75,3% fata de lotul martor, existand si o diferenta semnificativa la a doua recoltare
in lotul experimental 1 fata de martor (p<0,05). O tendinta similard s-a constatat si in lotul experimental 4,
tratat cu Catozal la a doua recoltare, la finele studiului. Rezultatele obtinute privind evolutia transaminazei
ALT pot fi considerate benefice, dat fiind cd mai multi savanti sustin cé valori putin crescute ale transamina-
zelor serice si, In special, ale ALT denota intensificarea proceselor metabolice in ficat [15, 32].

Despre actiunea benefica si, totodata, inofensiva a produsului testat indica si analiza nivelului functional
al AST, care cu varsta manifestd o tendintd de crestere la puii pentru carne la toate loturile antrenate in
experiment (Fig.3). La primul termen de examinare investigatiile efectuate atestd ca valoarea AST la puii
tratati cu BioR este mai mica cu 5,4-8,7% fatd de lotul martor. Aceasta tendinta de diminuare a AST 1n serul
sangvin este mai accentuata cu 27,5% la puii tratati cu produsul Catozal.

B lrecoltare O 2recoltare B lrecoltare O 2recoltare
63.79 63.67
=kl — 3.05
59.43 pOIS 58.78 3.0 2.97 2.02 30 ;g5 298 , ;298
] 2.71
ares =2 T 45.74 46.91 2.32
| I 35.97
Debut Martor Exp.1  Exp.2 Exp.3 Exp.4 Debut Martor Exp.1  Exp.2 Exp.3 Exp.4
Fig.3. Activitatea asparataminotransferazei (AST) Fig.4. Concentratia colesterolului la puii pentru
la puii pentru carne tratati cu remediul BioR, u/l. carne tratati cu remediul BioR, mmol/I.
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De mentionat ca rezultate similare in manifestarea transaminazei AST au fost semnalate si de alti autori,
care au testat acest produs pe puii pentru carne [30]. Dimpotriva, la a doua recoltare, prealabil sacrificarii, nivelul
seric al AST in toate loturile tratate cu BioR manifesta o slaba tendinta de crestere (2,1-7,2%) fata de lotul
martor, fapt ce confirma inofensivitatea produsului testat, mai mult ca atat — proprietatile lui stimulatorii. Datele
obtinute vin in concordanta cu rezultatele altor cercetatori, care au studiat efectele stimulatorii ale unor preparate
de origine vegetala ecologic pure. Astfel, savantii rusi, in urma administrarii la tineretul avicol a unui preparat
fitobiotic din ierburi si extracte din plante, au semnalat o crestere in serul sangvin a transaminazei ALT cu
7,1% [32]. in acest context, unii cercetitori au obtinut valori mai mari ale activitatii transaminazelor AST si ALT
in serul sangvin (p<0,01) la caii de sdnge pur, rasa Trachen, comparativ cu cabalinele care nu sunt de rasa [26].

In ultimii ani se depun eforturi spre diminuarea nivelului de colesterol in produsele alimentare si, in
special, In oud si In carnea de pasare [5,6]. Un rol important in aprecierea efectelor metabolice pozitive ale
produsului testat 1l poate avea elucidarea influentei lui asupra nivelului de colesterolul (Ch) in serul sangvin,
valori redate in Figura 4. S-a stabilit ca nivelul Ch la puii din lotul martor practic nu s-a modificat, acesta
mentinandu-se la un nivel constant, fapt ce vorbeste despre conditiile optimale de exploatare si alimentare a
pasdrilor antrenate 1n acest studiu. Rezultate similare privind nivelul Ch in sange la pui au obtinut si alti
cercetdtori [25,33]. Studiul efectuat demonstreaza ca remediul testat a contribuit la mentinerea Ch practic la
acelasi nivel, fapt ce atestd inofensivitatea acestui produs asupra proceselor metabolice derulate in ficat.
Totodata, s-a constatat ca utilizarea remediului BioR a contribuit la diminuarea nivelului de Ch, mai ales la
puii din lotul experimental 1, tratati cu produsul testat de doud ori consecutiv, in doze si regimuri optimale.
Concentratia acestuia s-a redus cu 9,7% la prima recoltare i, respectiv, cu 21,9% la a doua recoltare fata
de lotul martor. Rezultatele discutate coincid cu cele publicate de noi anterior, care de asemenea atestd ca
remediul BioR contribuie la diminuarea Ch in sange la puii-broiler [12]. Tendinte similare de reducere a
nivelului Ch au fost inregistrate si la tineretul porcin, de asemenea tratat cu BioR [9]. In ultimii ani, o tot mai
mare atentie se acorda preparatelor cu actiune similard si la pasari. Astfel, savantii JL.LH. bakaesa si .M.
Tonypus, In urma administrarii la géini a unui produs cu selen (Sel-Plex), au semnalat o diminuare veridica a
colesterolului n oud — cu 11,2% [24]. Alti autori au obtinut rezultate similare Tn urma administrarii puilor
tineri a unui produs biologic activ — Gumival; nivelul Ch s-a diminuat cu 4,4% fata de lotul martor [25].

Nivelul fosfatazei alcaline (FA) in serul sangvin este un test functional hepatic, care indica starea
functionala a acestui organ ca atare, precum si in cazul utilizérii sau testarii remediilor banuite cu proprietati
biostimulatorii si antistresorii [2,4,9,30].

Rezultatele cercetdrilor noastre, redate in Figura 5, releva ca nivelul functional al FA la puii de 7 zile,
pana la administrarea produsului testat, constituie 186,27 u/l, semnaldndu-se ulterior o tendinta fiziologica de
diminuare, fapt semnalat si la tineretul porcin [9], precum si la om [31].

Analizand nivelul acestei enzime la prima recoltare
(varsta 28 zile), s-a confirmat influenta beneficd a
produsului BioR privind ameliorarea proceselor meta-
bolice derulate in ficat, exprimata prin valori mai mari

woes 20726 ale enzimei FA (de 1,2-1,4 ori) fatd de lotul martor.
186.27 Fapt ce denotd ca mecanismul de actiune a acestui

YA preparat este de lunga durata si, in special, in perioade
143.14 [i143.78 cand se impune o necesitate fiziologicd in aceasta
117.01 116.6
95.43

W lrecoltare @ 2recoltare

248.05
230.27

enzima. Aceeasi tendintd de majorare a acestei enzime
se inregistreaza si la puii tratati cu Catozal. Acest fapt
s-a realizat In perioada optima de crestere si dezvol-
tare a puilor-broiler, in special a tesutului osos, extrem
de necesar pentru organismul tandr in perioade de
dezvoltare si crestere maxima. La finele studiului
Debut Martor Exp.1 Exp.2  Exp.3  Exp.4 (varsta 42 zile) s-a confirmat ipoteza inaintatd mai sus
prin diminuarea acestei enzime la toate loturile tratate
Fig.5. Activitatea fosfatazei alcaline totale la puii cu BioR, precum si la cel tratat cu Catozal, fapt ce

pentru carne tratati cu remediul BioR, u/l. denota ca produsul BioR se implica in situatii de mari
necesitdti fiziologice, astfel evidentiindu-se proprie-
tatile lui adaptogene.
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Rezultatele cercetarilor efectuate [28] releva ca preparatul BioR administrat succesiv la puii de carne in
perioadele critice de imunodeficientd si in stari fiziologice de mari solicitiri metabolice manifesta proprietati
moderate antistresorii, de diminuare a colesterolului, hepatoprotectorii §i proteosintetice de lunga durata.

De remarcat cd la testarea remediilor banuite cu proprietati antistresorii, adaptative un rol important
revine si parametrilor bioproductivi. In acest context, specificim faptul ci masa medie a puilor la 42 zile, in
lotul martor, a fost de 2205,0 g, pe cand in cele experimentale, tratate cu BioR, aceasta a fost mai mare cu
135,0-233,0 g. De specificat ca indicele zootehnic sus-mentionat la puii din lotul tratat cu Catozal a constituit
2325,3 g, cu 120,3 g mai mult decat in lotul martor.

Mai amplu, indicii bioproductivi la puii pentru carne
se reflecta in sporul mediu zilnic, redat in Figura 6. Mai
mult ca atat, parametrul analizat la puii tratati cu BioR a
fost mai Tnalt cu 6,6-11,3% fatd de lotul de referinta. s 8254 62.78 62.94 62.33
O influenta pozitiva a fost semnalatd si in cazul lotului tratat | — =2 54.76 54.8 54.41
cu Catozal, la care sporul mediu zilnic a fost mai mare '
cu 5,8% fata de lotul martor. Un argument suplimentar
privind standardele inalte de crestere, alimentatie si igiena
este si viabilitatea in studiu, indice care a constituit 100%
la toate loturile incluse in experiment.

Astfel, rezultatele obtinute oferd dovezi suplimentare

B Sporul mediu zilnic pe parcursa 42 zile,g
O Sporul medin zinic pe perioada experimentali 35 zile (7 Ia 42 zile,g)

s Martor Exp. 1 Fxp.2  Fxp.3  Fxp. 4

in organismul puilor si, in special, la nivel de ficat, prin
administrarea preparatului autohton BioR, rezultate
confirmate §i prin analiza unor indici bioproductivi.

Fig.6. Efectele remediului BioR asupra
sporului mediu zilnic la puii pentru carne.

Concluzii

1. Preparatul BioR, obtinut prin tehnologii moderne din Spirulina platensis, administrat puilor de carne,
are o toleranta locald si generald buna.

2. In conditii de fabrici avicola s-a dovedit, experimental, ci remediul BioR fiind aplicat puilor de carne
de la a 7-a zi de viatd manifestd efecte benefice asupra ficatului si, in special, asupra functiei proteosintetice
a acestui organ.

3. S-a stabilit, experimental, in conditii de fabrica avicola, ca preparatul BioR administrat puilor de carne
influenteaza pozitiv indicii bioproductivi, ceea ce se manifestd prin cresterea sporului mediu zilnic,
comparat cu lotul de referinta.

4. Prin intermediul studiul realizat s-a demonstrat experimental, in conditii de productie, cd cea mai
optimald doza si regim de utilizare a remediului BioR este de 0,3 ml/cap la a 7-a zi dupa ecloziunea puilor
si de 0,5 ml/cap, respectiv, la a 21-a zi de viata a puilor.

Referinte:

1. Baciu E. Aspecte metabolice ale proceselor reparative in ficat la regresia cirozei hepatice experimentale si efectele
administrarii trifluoracetatului de zinc cu y- picolina: Autoreferat al tezei de doctor in stiinte biologice. - Chisinau,
2001.

2. Braun J.P. Methodes biochimiques de 1’exploration hepatique chez le mouton. II- Tests des fonctions hepatiques //
Revue Med. Vet., 1998, vol.149, no 4, p.289-300.

3. Chilimar S. Sectorul zootehnic: realizari si perspective. - In: Realitati si perspective in zootehnie, biotehnologii si
medicind veterinard: Materialele simpozionului stiintific cu participare internationala, 6-8 octombrie, Maximovca,
2011, p.62-78.

4. Dunca I. Cercetari privind tehnologia de crestere a puilor de gdind pentru carne: rezumat al tezei de doctor. -
Cluj-Napoca, 2010.

5. Elkin R.G. Reducing shell egg cholesterol content. I. Overview, genetic approaches, and nutritional strategies //
World's poultry science journal, 2006, vol.62, no4, p.665-687.

6. Elkin R.G. Reducing shell egg cholesterol content // World’S poultry science journal, 2007, vol.63, nol, p.5-32.

145



STUDIA UNIVERSITATIS
Revista stiintificd a Universitdtii de Stat din Moldova, 2012, nr.1(51)

7. Grosu T., Macari V., Gudumac V., Rudic V. Procede de stimulation de la productive des porcins. In: EURECA '96:
45 Salon Mondial de L'invention, de la recherche et I'innovation industrielle. - Bruxelles, 1996, p.267.

8. Hodges J. Emerging boundaries for poultry production: challenges, dangers and opportunities // World's poultry
science journal, 2009, vol.65, nol, p.5-21.

9. Macari V. Aspecte fiziologico-metabolice ale actiunii preparatului BioR de origine algala asupra organismului animal:
Autoreferat al tezei de doctor habilitat in biologie. - Chiginau, 2003.

10. Macari V., Rudic V., Gudumac V. Influenta remediului BioR-S1 asupra nivelului functional al pseudocolinesterazei
in serul sangvin la tineretul porcin // Anale Stiintifice ale Universitatii de Stat din Moldova. Seria ,,Stiinte chimico-
biologice”. - Chisinau, 2000, p.48-49.

11.Macari V., Gudumac V., Donica A. Influenta remediului BioR asupra pseudocolinesterazei in serul sangvin la
tineretul porcin alimentat cu ratii carentate // Lucrari stiintifice, USAMV ,,Jon lonescu de la Brad”. - Iasi, 2008,
vol.51(10): Medicina Veterinara, part. I, p.87-89.

12.Macari V., Putin V., Gudumac V. Efectul remediului BioR asupra starii functionale a ficatului la puii-broiler.
- In: Simpozionul stiintific international ,,35 ani de invatimant superior medical veterinar din RM”. Chisiniu,
15-16 octombrie 2009, p.19-23.

13. Macari V., Putin V., Gudumac V. Activitatea pseudocolinesterazei si nivelul seric al glucozei si ureei la puii-broiler
tratati cu BioR // Lucrari stiintifice, USAMYV ,.Ion lonescu de la Brad”. - Iasi, 2009, vol.52, partea II, p.1070-1074.

14. Macari V., Rudic V., Gudumac V., Putin V. Activitatea pseudocolinesterazei in serul sangvin la puii de carne tratati
cu remediul BioR din a 2-a zi de viata. - In: Diversitatea, valorificarea rationala si protectia lumii animale: Materialele
simpozionului international. - Chiginau: Stiinta, 2009, p.1074-1077.

15. Macari V., lacub N., Matencu D., Macari A., Pavlicenco N. Effects of The Remedy BioR on Certain Hepatic Indexes
In Young Rabbits // Lucrari stiintifice, USAMV ,,Ion lonescu de la Brad”. - Tasi, 2010, vol.53(12): Medicina Veteri-
nard, partea III, p.425- 429.

16. Macari V., Rudic V., Putin V., Macari A. Procedeu de stimulare a productivitatii puilor broiler: Brevet MD nr. 4101.
Data depozitarii: 2010. 06.01.

17. Parvu Gh. Supravegherea nutritionala a animalelor. - Bucuresti: Ceres, 1992.

18. Parvu Gh., Costea H., Costea M. Nutritia, rdspunsul imun si sanatatea animalelor. - Bucuresti: Ceres, 1996.

19. Rudic V., Gudumac V. Preparat medicamentos. Brevet de inventie nr.545 // BOPI, 1996, nr.5.

20.Rudic V., Cojocari A., Cepoi L., Chiriac T., Rudi 1., Gudumac V. Macari V., Codreanu S. s.a. Ficobiotehnologie -
cercetari fundamentale si realizari practice. - Chisinau: Tipografia ,,Elena V.I.” SRL, 2007.

21. Sumanschii A., Bizgu ., Modvala S. Studiul dezvoltarii sectorului avicol la nivel national si international // Lucrari
stiintifice ale Universitatii Agrare de Stat din Moldova. 2010, vol. 26: Zootehnie si biotehnologii, p.122-126.

22. Sumanschii A., Bizgu 1., Harea V. Starea actuala si perspectivele de dezvoltare a sectorului zootehnic in Republica
Moldova. - In: Realizari si perspective in zootehnie, biotehnologii si medicina veterinar: Materialele simpozionului
stiintific cu participare internationald, 6-8 octombrie, Maximovca, 2011, p.5-22.

23.Zoltan P., Voinitchi E., Betivu Iu., Baldnescu S. Situatia actuald si tendintele dezvoltarii sectorului avicol din
R. Moldova si la nivel international. - Chigindu, 2011.

24. bakaeBa JI.H., Tonmypus I'"M. Bnustane npenapara Cen-Ilnekc Ha opranm3M Kyp Hecyurek. - B: Marepuanst V-ro
Me:xyHapoAHOrO BETEpUHAPHOIO KOHIpecca 1o NTULEBOACTBY, 21-24 anpens 2009. - Mocksa, 2009, c¢.166-168.
25. bysnama B.C., Jlonronosos /I.B. u ap. BiusiHue 6eHTOHUTONA HA MHTEHCUBHOCTH CBOOOHOPAANKAIIBHBIX ITPOLIECCOB
B OpraHu3Me LBIUIIT MIACHOTO Kpocca. - B: Marepuanel V-ro MexayHapoIHOro BETEpUHAPHOIO KOHIpecca I0o

NTULEBOACTBY, 21-24 anpens 2009 r. - Mocksa, 2009, ¢.193-195.

26.TonoBaxa B.M., Jlymsunuk C.B. ®yHKIMOHaNbHOE COCTOSIHME T€YeHH y kepebuoB. lccienoBaHus MOJOABIX
YUYEHBIX B pELICHHH IpoOJeM >KMBOTHOBoAcTBa / COOpHMK crareil: MexayHapoaHas Hay4YHO-IPAKTHYECKas
koH(pepeHmws, 22-23 mast 2001. - Buteock: BCTABM, 2001, c.44-45.

27.KanuronoBa E.A. u ap. PekomeHganuy mo NpUMEHEHHUIO HKOJIOTHUECKH YHCTBHIX MPENapaToB B MPOMBIIUIEHHOM
nruieBoacTse. - Buteock: BTABM, 2010. ISBN 978-985-512-374-4.

28. Kapmyte U., babuna M. IIpodunakTnka IMMYHHBIX OEQHUIUTOB H XKEITyTOYHO-KUIICYHBIX OOJE3HEH Y IBIILIAT-
opoiinepos // IItunedadbpuka, 2005, Ned, ¢.66- 67.

29. Komsbepr H.A., CagosaukoB H.B. Pojib nmeyenn B oOMeHe BernecTB IThil. Mop(}hoJorHuyecKue H3MEHEHHS B IICYCHU
NTHULBI TIPH UCIIOJB30BAHUN aHTUIOMOTOKCHUECKOH Tepamuu. - B: Marepuansl V-ro MexiyHapoIHOro BETEpHHAPHOIO
KOHrpecca 10 NTULEBOACTBY, 21-24 anpens 2009 r. - Mocksa, 2009, c.14-20.

30. MerepsikoB H.I1. Micnonb3zoBanue Karo3ana st yyuleHus 300poBbsi )XMBOTHBIX // Berepunapust, 2003, Nell, c.8-11.

31.Hazapenko I'.U., Kumkyn A.A. Knuandeckas OneHKa pe3ylbTaToB JaOOpaTOPHBIX HCCIeAOBaHHUA. - MoOCKBa:
Menuuuna, 2000, ISBN 5-225-04579-0.

32. CaBuenko C., CaBuenko B. Cnaiic-mactep mis monosusika / IltueBoactso, 2007, Ne3, ¢.14-15. ISSN 0033-3239.

33. Caanyn I1.A. DddexTuBHOCTH MpUMeHeHHs OpoitnepaM KoHIeHTpara ButamMuHOB E m F w3 pamcoBoro macna //
VYuensie 3amucku BureOckoii 'oc. Akanemun BerepuHapHoi MenuiHbl, 2007, Tom 43, Beimyck 1, ¢.210-212.

Prezentat la 31.05.2012

146



Seria “Stiinte reale si ale naturii”

Chimie ISSN 1814-3237

REDUCEREA EMISIILOR NOCIVE ALE MOTOARELOR CU ARDERE INTERNA PRIN
UTILIZAREA OZONULUI iN FORMAREA AMESTECULUI DE ARDERE

Alexandru CRACIUN, Viadimir ENE", Vasile PLAMADEALA ", Ilie BEIU"

Universitatea de Stat din Moldova
Academia de Transporturi, Informatica si Comunicatii
Universitatea Tehnica a Moldovei

The paper studies the influence of ozone enriched air, obtained through electro- synthesis, on the reduction of harmful
emissions in the exhaust gases generated from burning of working mixtures in an engine with internal combustion.

Introducere

Pe parcursul ultimilor douazeci de ani domeniile de utilizare a ozonului au devenit tot mai vaste datorita
implementarii noilor elaborari, care poarta un caracter continuu. Dezvoltarea pe larg a tehnologiilor cu utilizarea
ozonului este determinata de puritatea ecologica a acestuia. In reactiile chimice ozonul se descompune in oxigen
molecular si Tn oxigen atomar — produsi care nu polueazd mediul si nu contribuie la formarea substantelor
cancerigene, spre deosebire de oxidarea cu clor sau cu fluor.

Una dintre metodele de diminuare a emisiilor nocive cu gazele de esapament ale motoarelor cu ardere
internd (MAI) se bazeaza pe utilizarea aerului imbogatit cu ozon pentru crearea amestecului aer-benzina in
motorul cu benzind si a incarcaturii aeriene in motorul Diesel, precum si pe introducerea unui astfel de amestec
in canalul de evacuare pentru oxidarea partiald a componentelor nocive din gazele de esapament (GE).

La obtinerea ozonului o parte din oxigenul atomar, care nu a interactionat cu oxigenul molecular, la fel va
contribui la plenitudinea arderii carburantilor pentru motoare.

Motorul cu ardere interna este un generator ecologic de energie mecanicéd doar in cazul functionarii lui in
regim de putere maxima (nominald), cand se respecta cu strictete raportul stoechiometric intre cantitatile de
aer si combustibil la formarea amestecului combustibil-aer.

Pentru diminuarea emisiilor nocive (CO si C,H,,) este necesar de a spori eficienta (plenitudinea) arderii
amestecului benzina-aer in motorul cu benzina si a amestecului aer-motorina in motorul Diesel, ceea ce se
poate realiza prin mentinerea coeficientului necesar de exces de aer sau prin sporirea continutului de oxidanti
efectivi in aerul alimentat in galeria de admisie a MAI. Oxidanti eficienti sunt ozonul, hidrogenul atomar si
oxigenul, peroxidul de hidrogen, radicalii HO, si hidroxilul OH.

Ozonul poate spori substantial plenitudinea arderii amestecului aer-benzind, ceea ce va duce la diminuarea
cantitatii de emisii nocive, cum ar fi CO, C,H,, si NOy, contribuind esential la diminuarea cantitétii de emisii
nocive ce revin conversiei in neutralizatorul catalitic, sporind durata de exploatare a acestuia §i reducand
cantitatea de emisii nocive in atmosfera. Plus la aceasta, o parte din ozonul format poate fi introdus 1n galeria
de esapament a gazelor, dupa neutralizatorul catalitic, iar cantitatea de emisii nocive se va reduce si mai mult.

Influenta aerului imbogétit cu ozon asupra diminudrii emisiilor nocive ale MAI am demonstrat-o in [1].
Ozonul se formeaza din oxigen, inclusiv din oxigenul aerului. Sinteza acestuia poate fi realizata prin diferite
metode, cea mai eficienta fiind sinteza electricd cu utilizarea descarcarii de tip corona [2].

Partea experimentala

Pentru obtinerea aerului Tmbogatit cu ozon, utilizat la arderea amestecurilor aer-carburant In MAI, mai
acceptabild este descarcarea prin efectul corona de bariera, care permite realizarea mai compacta a ozonizo-
rului, pentru amplasarea lui sub capota automobilului (compartimentul motorului), precum §i o constructie
mai simpli a acestuia. In acest caz este de dorit ca si sursa de tensiune inaltd si fie de dimensiuni mici, pentru a
putea fi amplasatd in compartimentul motorului. Noi am elaborat si am confectionat doud modificari ale
ozonizoarelor cu utilizarea descarcarii prin efect corona al stratului de baraj (Fig.1,2) si sursda de curent de
inalta tensiune si de inalta frecventa.
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Fig.1. Ozonizorul (modificarea-1):

1 — tub; 2 — suport in forma de cruce; 3 si 4 — electrozi din fire;
S — bratara; 6 — confuzor; 7 — ventilator.

Ozonizorul (modificarea-1) este prezentat in Figura 1 in sectiune longitudinala si reprezintd o constructie
in forma de tub (1) din material dielectric, in interiorul caruia se afld o cruce piramidala (2), din material
electroizolant, pe care sunt Infasurati electrozii din sarma (3) si (4). La iesire electrozii se cupleaza la sursa
de tensiune. Pe tubul (1), cu ajutorul unei bride (bratari, scoabe) (5), se fixeazd confuzorul (6), prin care cu
ajutorul ventilatorului (7), alimentat de la o sursd de curent continuu de 12 V, aerul intrd prin tubul (1) si
trece printr-un cAmp electric, creat la descarcarea prin efect corona cu ajutorul electrozilor (3) si (4), alimentati
cu tensiune inalta, aerul devenind saturat cu ozon. La iesire din ozonizor, aerul, imbogétit cu ozon, intra in
galeria de admisie a MAL. O parte din acest aer poate fi adusa la sistemul de evacuare a GE, pentru a intensifica
oxidarea componentilor nocivi ai acestora. Ozonizorul propus este cu echicurent.
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Fig.2. Ozonizorul (modificarea-2):

1 — suport din fire; 2 — teava; 3 — capac (orb); 4 — tija; 5 — borna firului electric; 6 — saiba;
7 — indrumar pentru aer; 8 — bratara; 9 — confuzor; 10 — ventilator; 11 — borna firului electric.

Modificarea a doua a ozonizorului (sectiunea Iui longitudinald) este prezentatd in Figura 2 in forma de tub
si este executatd prin analogie cu modificarea-1.

Ozonizorul (modificarea-2, Fig.2) prezintd urmatoarea constructie: teava (2) din material dielectric care
contine in interiorul sdu o carcasd unicd, care constd din capacul (3), patru tije (4) si o saiba (6) cu orificiu
pentru trecerea aerului. Carcasa unica este fixata de teava (2) cu ajutorul unui suport din fire (1). Exterior
carcasa, pe tijele (4), este infasurata cu doua fire de tensiune 1nalta si joasd unite la bornele (5) si (11). Curentul

148



Seria “Stiinte reale si ale naturii”

Chimie ISSN 1814-3237

de aer, format de ventilatorul (10), trece prin confuzorul (9), prin conducta (7) si prin orificiul din saiba (6) in
zona de actiune a descércarii prin efect corona, unde are loc formarea ozonului.

Spre deosebire de modificarea-1, in ozonizorul modificarea-2 curentul de aer se imbogateste cu ozon, In
timpul trecerii fortate prin zona descarcarii cu efect corona, creat de doi electrozi de sdrma, Infasurati pe
tijele (4), datorata capacului (3), care impiedica cursa directa a aerului.

Ozonizorul modificarea-2 este alimentat de o sursa de curent alternativ de tensiune inalta, alimentata, la
randul ei, de o sursa de bord de curent continuu cu tensiunea de 12 V.

Pentru intensificarea procesului de obtinere a ozonului la descércare prin efect corona cea mai eficienta
este utilizarea tensiunii alternative de Tnalta frecventa.

In acest context, noi am elaborat si am executat o sursd de curent de inalta frecventd de tensiune alternativa,
care permite a avea o tensiune la iesire de cca 3 £V, iar intensitatea curentului, consumat in reteaua de bord,
constituie 2 4, puterea consumata fiind de 24 W.

Au fost masurati parametrii electrici ai ozonizorului. Schema masurdrii curentului si a tensiunii ozonizorului
este prezentatd in Figura 3. Tensiunea inaltd se masoara cu ajutorul redresorului de varf de inaltd tensiune
(dioda de inalta tensiune /11 tip 2CL72, condensatorul C1 si rezistorul de incarcare R; tip KOB-0,5); curentul
ozonizorului se masoara cu ajutorul puntii de joasa tensiune pe diode KJI 521 si rezistorul de incarcare R2
tip MJIT-O.

gy 2CLI2
N
1A
Qzonizor
2 _Le
11' = Sursa de tensiune inalta : [vm-smy
a curentului alternativ ‘ -
Intrare | cu frecventa inalti H 150 M
12V
_@ ]
KA 521 =

Fig.3. Schema masurarii tensiunii i a curentului ozonizorului.

Pentru a determina valorile de lucru ale tensiunii si curentului, este necesar a lua in considerare forma
impulsurilor acestora, durata si perioada lor. Oscilograma tensiunii pe rezistorul de incédrcare R2, care
corespunde curentului ozonizorului, este prezentata in Figura 4.

~=--q1---r--°a---71

F--q-=--pF---

Fig.4. Oscilograma tensiunii.
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Durata impulsului Ty = 0,2 us, perioada T = 0,6 us. Amplitudinea tensiunii Uy = 10 ¥V, ceea ce pentru R2
corespunde amplitudinii curentului 10 zA4.
Valoarea de lucru a curentului se determina cu relatia:

1, 1
I=1,. |- ="M _4.4
M\Nor 2,45 nd

Intensitatea curentului prin rezistorul R1 este de 44 uA, ceea ce corespunde amplitudinii de Tnalta tensiune:
U;=44+150=6,6 kV.
In acest caz, valoarea de lucru a tensiunii se determina in mod similar:
U= U;/2,45=274 kV.

Obtinerea ozonului a fost realizatd prin electrosintezd cu utilizarea descarcarilor prin efect corona la
ozonizoarele de o constructie originala (Fig.1,2), alimentata de o sursa de inalta tensiune (de ordinul 3,0 V)
de Tnalta frecventa (3000 ... 4000 Hz).

Ozonizoarele au fost instalate direct pe carburator, fara folosirea ventilatoarelor.

Incercarile ozonizoarelor au avut loc pe motorul cu carburator cu patru cilindri pentru automobilul
BA3 21011 in conformitate cu prevederile GOST-ului 17.2.2.03-8 ,,Concentratia limitd admisibila a
substantelor toxice in gazele de esapament”, folosind standul de incercari pentru motoarele de automobile.

Pregatirea motorului si regimul lui de incercare au fost determinate de metodica incercérilor pe stand,
aplicatd in laboratorul Catedrei ,,Transportul auto", UTM, la regimul mersului in gol al motorului, la doua
valori ale turatiilor arborelui cotit: ny;,= 900 rot/min $i nye= 4500 rot/min (0,8 n.).

Controlul emisiilor nocive (CO si C,H,,) In teava de esapament a fost realizat cu ajutorul analizorului de
gaze ABTOTECT-01.03M 1n absenta ozonului si in prezenta acestuia in canalul de admisie a motorului.

Rezultatele testarilor sunt prezentate in Tabel.

Tabel

Emisiile nocive ale motorului

Frecvena d N rota‘g.ie Oxid de carbon — CO, Hidrocarburi — C,H,,
a arborelui de cotit, 1 ’
cot/min. vol.% min" " (ppm)
In absenta ozonului
Nmin= 900 3,6 (3,5) 1300 (1200)
Nmax= 4500 1,8 (2,0) 700 (600)
In prezenta ozonului (modificarea-1)
Nmin= 900 3,1(3.,5) 1100 (1200)
Nmax= 4500 1,6 (2,0) 600 (600)
In prezenta ozonului (modificarea-2)
Nmin= 900 2,0 (3,5) 1000 (600)
Nmax= 4500 1,3 (2,0) 500 (600)

Nota: in paranteze sunt indicate cantititile admisibile (GOST 17.2.2.03-8) pentru un motor cu patru cilindri.
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Concluzii

1. Testarea motorului alimentat cu aer imbogatit cu ozon a indicat cd concentratia CO in gazele de
esapament se reduce de 1,12-1,18 ori, iar cea a C,H,,, — de 1,16-1,4 ori.

2. Reducerea concentratiei emisiilor nocive In GE permite a spori durabilitatea straturilor catalitice ale
neutralizatorului GE.

3. Péana la atingerea temperaturii de lucru in straturile catalitice ale neutralizatorului, motorul va produce
o0 cantitate mai mica de emisii nocive, prin alimentarea lui cu aer imbogétit cu ozon.

Referinte:

1. Craciun Al., Ene V., Plamadeald V., Beiu 1. Cercetari cu privire la utilizarea ozonului in motoarele cu ardere interna
in scopul reducerii emisiilor nocive // Studia Universitatis, 2010, nr.6(36), p.143-146.
2. http: //www.waterline.ru/content 217. OOO «TpuoTexHnka» - HHKeHEepHO-TeXHU4ecKui 1eHTp 2008.

Prezentat la 09.02.2012
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N3YYEHUE ITPOHECCOB AHADPOBHOI'O ITIOJIYYEHUSA BUOBOJOPOJA

B.B KOBAJIEB, O.B KOBAJIEBA, B.A. BOFEHKA, B.3. HEHHO, I.T. JIYKA

Hayuno-uccneoosamenvcxuil yenmp npukiaoHou u 9K0102U4eCKOU XUMUU

A fost studiata influenta substantelor biologic active asupra cineticii de degajare in procesele de fermentare anaeroba
a borhotului din producerea alcoolului. S-a stabilit rolul biohidrogenului in procesele de metanogeneza. Au fost deter-
minate conditiile de stimulare a proceselor de obtinere a hidrogenului molecular, conditiile de inhibare a stadiului meta-
nogen pentru dezvoltarea tehnologiei de biohidrogen.

The influence of natural bioactive substances on the kinetics of gas evolving has been studied during the anaerobic
fermentation of the distillery grains, the role of biohydrogen in the methanogenesis process was revealed, the conditions
were determined for stimulation of the molecular hydrogen obtaining under the conditions of the methanogenic stage
inhibition, in view of the development of the biohydrogen technology.

Beenenue

B cBs3m ¢ cokpamieHneM 3amacoB Ha 3eMiie CHIPbEBBIX MCTOYHHKOB MPHUPOITHOTO YIIIEBOIAOPOIHOTO
TOIUIMBA, B TIOCJICHNE TOBI BO BCEM MHpPE MPEIIPUHIUMAIOTCS YCHITUS 110 TIOUCKY HOBBIX aJbTEPHATHBHBIX,
HETPaIUIIHOHHBIX UCTOYHHKOB SHEpPrur. OTXO/bI CENBCKOXO3SIMCTBEHHOTO U TIepepadaThIBAIONIUX ITPOU3BOJICTB
MOTYT COCTaBUTh OCHOBY OHOJOTMYECKHX MPOLECCOB MOJNyueHHs Ouorasa Kak 3QQEeKTHBHOTO MUCTOYHHKA
sHepruu. Tak, B Monaose IeHCTBYIOT 32 CIIUPTOBBIX IMPOU3BOACTBA, HA KOTOPHIX IpH MONydyeHud 1 1 cmupra
pexktudukara obpasyercs 10-13 1 6apasl. EskeromHO B OKPYKAIONTYIO Cpemy cOpachIBAIOTCS ACCSITKH THICSY
TOHH TOKCHYHOM Gap/Ibl, TOI/a KaK U3 STHX OTXOJI0B MOXKHO T'€HEPUPOBATh CBBIIIE 42 MIIH. M’/To]1 GHorasa.

B mocnennee BpeMsa ocoboe BHMMaHHE YIeNseTcsl BOAOPOIHON 3HEpreTHKe, ABIAIOLIeiics Hambosee
sKoJIornyecku yuctoii [1]. Bomopon cunTtaercss MHOrooOemarOnM HCTOYHUKOM TOIUIMBA C BRICOKHM JHEp-
reruyeckuM BbIxogoM (122 xJx/r). Kak mpaBuio, ChIpheBbIM HCTOYHUKOM ITOJIYYCHHUST BOJOPOJIA SBISAETCS
BO/a, KOTOpas MPaKTUYECKH ITOJTHOCTHIO BO3BPAIIAETCA B MPUPOAHYIO CPEdy IOCIe TMOMydeHHs] SJHEPTUN B
SHEPTETHUYECKUX CHCTEMax MNpPU CTOpaHHM BOJOPOJA JIO KOHEYHOTO MpoayKTa BoAbl [2]. M3bIckuBaroTcs
pa3IuyHbIE CIIOCOOBI YICIIECBICHHUS POLIECCOB AIEKTPOn3a BobI [3]. Cpeau HUX — OJTHA U3 HAIIKX pa3padoToK,
BKJIFOYAIOI[asi HOBBIE MPOLIECCH M YCTAHOBKU C UCTIONB30BAHUEM CIIELHAIBHBIX 00BEMHO-TIOPUCTHIX JIEKTPO-
JIOB C HM3KUM TIepeHANPsOKEHHEM BhIJeNeHus Bogopoaa [4]. JloctomHCTBOM 3T0# pa3pabOTKH, B YaCTHOCTH,
SBIISIETCSI BOBMOXKHOCTH IOJTyYEHHUSI YUCTOT0 BOAOpoAa M Ooiiee HHW3KME dHEpreTHYecKre 3aTparhl. boiee
JCIIEBBIM SIBIISIETCSI OMOXUMHYECKUN ITyTh MOJyYeHHs] BOAOPOJA U METaHa, TJC CHIPhEM SIBIISCTCS BOJA U
pasyaraeMble OpraHUYeCKUE OTXOMBI, & HCTOYHUKOM SHEPTUH CITyKaT Ta3bl, BEIpadaThiBaeMble MHKpPOOpra-
HU3MaMH B IIPOLIECCE MX JKU3HEACATSIBHOCTH.

B o0mem Bume, MUKPOOHOIOTHUYECKUI MpPOIECC, BIUSIONINN Ha COCTaB Oworasa, oOpasyromierocs B
pe3ynbTaTe OpOXKEHHS OpPTaHMIECKOTO CyOCcTpara, MOKHO MPEACTABUTE UCXOIS U3 YCIIOBHM [5], 9TO MPOTYKTHI
pacuienyIeHUs] OPraHuuecKoro cyOcTpaTa ciy)arT OJHOBPEMEHHO M JIOHOpaMH, W aKLENTOpaMH BOJOPOA.
B 3THX ycloBUSX KiIeTKa MUKPOOPTaHM3MOB M30aBIISieTCsl OT OKHCIEHHOTOo yriepoaa, Beiemsis CO,. Otaensb-
HBIE ATalbl OKHCJICHUS TPEACTABISIOT cOO0M MpoIecchl JeTHAPUPOBAHHS, P KOTOPHIX BOJOPOA MEpeHO-
cuTCS Ha HUKOTHHamMuA ajeHuH nuHykieotun (NAD). [Ipu cOpakuBaHnM yIIeBOMOB U psia APYTUX Opra-
HUYECKHX BEHIeCTB 00pa3yroTcs (110 OTAEIHHOCTH MM B CMECH) TaKue TMPOAYKTHI, KaK 3TaHOJ, JIAKTAT, TPO-
nuoHar, hopMuaT, OyTHpaT, CYKIIMHAT, KalpoHar, aleTar, #-0yTaHo, 2,3-0yTaHIuoJ, alleToH, 2-IPOTaHoI,
CO, u H,. B aToM cityuae akientopaMu BoJopoa, coaepxkaromierocst B coctase NADH,, ciyxxar npomexy-
TOYHBIE MPOAYKTHI pacuiemienus cyocrpata. [Ipu perenepaumu NAD mocieanue BOCCTaHaBIMBAIOTCS, a
MIPOJYKTHI BOCCTAHOBJICHHSI BRIBOJIATCS M3 KIIETKH.

[MepBrie MccnenoBaHUs aHA3POOHBIX MPOIECCOB, IPOBeIcHHbIe B Hayane XX Beka B.JI. OmenbsHckum [6],
BBISIBHJIM, YTO OpokeHHe OmoMacchl He BCerja HaYMHAIOCh C BBIIEJIICHHS METaHa, a 3aJepKUBaJioCh Ha
cTamuu 00pa3oBaHMs MPOMEKYTOUYHBIX COEAMHEHUH, IPU 3TOM BMECTO MeTaHa 00pa3oBBIBAJICS BOIOPOI,
TTO3TOMY OH Ha3BaJl 3T0 OpOXKeHHE 6000poonbiM. OH TTOKA3al, YTO METAHOBOE OPOIKEHHE MOYKHO 3aTOPMO3UTH
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U MIEPEBECTH €ro Ha BhIJICNIEHHE BoAopoaa. Tak, B pe3ysbTare HarpeBaHus WK O] BIMSIHAEM APYTHX (ak-
TOPOB MPOUCXOIAT U3MEHEHHUS YCIOBUH M CHIKEHHE ()ePMEHTATHBHON aKTHBHOCTH BO30YyIMTENeH mporecca
METaHOBOT'O OPOXKEHUsI, IIPU ’TOM MUKPOOPIaHU3MBI IIPOJIOJDKAIOT CYIECTBOBATh 3a CUET HEMOJHOI0 Pasjo-
JKCHHUSI OpTaHMYEeCKHX BelecTB. MeTtaHOOpa3yromye OakTeprH MPH STOM HE MOTHOAIOT, a JHIIh YaCTUYHO
WM BPEMEHHO YTPauMBaIlOT CBOIO (PepMEHTATHBHYIO aKTHBHOCTH. B majbHeiInem, Koraa mporecc cTaHo-
BUTCSI HHTEHCUBHBIM, BOJOPOJHOE OPOKEHHE 3aTyXaeT U NPOUCXOAUT BBIICICHUE METAHA.

Omnucanne 0COOEHHOCTEN 3TUX MIPOLIECCOB, B 3aBUCUMOCTH OT MHOTHX ()aKTOPOB U MEXaHU3MOB UX IIPO-
TEKaHMsI, HAIIUIO OTPaKCHUE BO MHOTHX UccienoBaHusx. Otmedaercs [7,8], 4TO BOIOPOI SABISIETCS COMYT-
CTBYIOIIMM 3JIEMEHTOM BO MHOTMX OMOXMMHYECKHX PEaKUUsIX. B MeTaHOreHHOH TEXHOJIOTMM OH BhIJe-
JISIeTCsl Ha alleTOTCHHOW CTaguu Opo>KeHHs. ALETOreHHble OaKTEpUH, KOTOPHIE COCTABIIAIOT OTHOCUTEIHHO
HEeOOJIBIIYIO TPYIITY, CPEI KOTOPBIX MOKHO OTMETUTh Methanobacillus omelianskii, B mpoliecce MeTaHOTeHe3a
pacUIeTISIOT CIUPTHI U KUPHBIE KUCIOTHL € 00pa30oBaHMEM YKCYCHOW KHCIIOTHI, BOZOPOJAA M YTJIEKHCIIOTO
rasa:

C,HsOH + H,0 «» CH;COO + H' + 2H,.
CH;CH,COO" +3H,0 <> CH;COO + HCO;+H" + 3H,.

Bwmecre ¢ Tem, Obu10 0TMedeHO [9], 4TO HAaKOIUIEHHE BOJOPOJA B cocTaBe OMorasa, mpesbiatomiee 1 %,
WHTHOMpPYET METaHOTeHHOEe OpOKeHHWE M BBIJEIIEHHE MeTaHa. Pe3ymbraToM OBICTPOTO akKyMyiupoBaHus H,
B OMorase OOBSCHSIOT, B YaCTHOCTH, TEXHOJIOTMYECKUE CIOXKHOCTH YBEIIMYCHHUS COACPKAHUS B HEM METaHa
6onee uem Ha 70% [10,11]. DTuM e 0OBACHIETCS OTHOCUTEIBHO HU3KOE COJIEpKAHUE BOJIOPOJa B COCTAaBE
Omorasa.

OHaKO MPEUMYIIECTBA OMOXUMHUYECKON BOJOPOJHON TEXHOJOTHM JCIal0T HEOOXOIMMBIMU TOUCKHU
HOBBIX IyTEH MPEOAOICHUS TPYAHOCTEH, BOHUKAIOIINX MPU TOJIYYSHUU BOJIOPO/IA.

CrumynupytommmM (GakTopoM Ui pa3BUTHS ITOH TEXHOJOTHHU SIBISICTCS JEIICBU3HA OMOXUMHYECKUX
MIPOIIECCOB IO OTHOIICHWIO K APYTHUM, HaJM4We HEIOPOTroro BO30OHOBIIIEMOTO PACTHTEIHHOTO CHIPHS U
ITPOU3BOJICTBEHHBIX OTXOJIOB U CHIDKCHHE 3aBHCUMOCTH OT MCKOTAEMbIX BHJIOB TOIUIMBA, a TAKXKE MOJIyYCHUE
SHEPTOHOCHUTENSI C CYMMapHBIM HYJIEBBIM BBIOPOCOM IMAPHUKOBBIX Ta30B. Pa3BuTHE OMOXMMHYECKOW BOJO-
POIIHOM TEXHOJOTHH CBSI3aHO TAaKXKe C HEOOXOAMMOCTHIO PEHISHHS APYTHUX CMEXHBIX MPOOJIEeM, TaKUX Kak
HEOOXOUMOCTD YBEJIWYCHHUS COJepKaHUs BOIOPOJa B cocTaBe OHorasa, MHTEHCH(UKAIMH TIpoliecca BhIIe-
JICHHUST BOJIOPOJA W OIpPENENICHUs MyTel YIpaBICHHs 3TUM IPOLECCOM, ONTHUMH3AIMK KOHCTPYKIU Ouo-
peakTopoB, co3maHus dPGEKTUBHBIX M HEIOPOTHX CHUCTEM OYHCTKH OMOBOIOPOJA, OC30TMACHBIX CHCTEM €0
XPaHECHHUS U PacIpeC/IiCHHs, & TAK)KEe COBEPIIICHCTBOBAHMS TOIUTUBHBIX 3JIEMEHTOB. MiMeeTcst psa cooOiieHui
00 ycrmexax B 3Toil o0Onactu [9], 0HAKO, HECMOTPS HA BBICOKYIO HEPCIEKTUBHOCTh 3TOH TEXHOJIOTHH, B
HACTOsIIee BpeMsl TPOU3BOICTBO OMOBOAOPOa HE BBIILIO 32 MPEAeibl OMBITHRIX (MTUIOTHBIX) YCTAHOBOK, a
TEXHOJIOTHS TPeOyeT TaTbHEHITIETO pa3BUTHS U COBEPIICHCTBOBAHUS [12].

Hamwm mpenpinyiiyge MCCACHOBAHUS IO BIMSHUIO MPHUPOIHBIX OHMOJOTUYECKH aKTHBHBIX BEIICCTB Ha
MIPOIIECCH OMOTAa30BOI TEXHOIOTHH TP aHA3POOHOM cOpakuBaHUH OMOMAcCHI [13] BEIBIIIA HOBBIN TOIXO0/
K pemieHnto 3Tux npobieM. Tak, HEKOTOpBIE W3 HCCIENOBAHHBIX HAMH COEIWHEHUH M3ONPEHOMAHON MpH-
ponbl (CKBasieH, OCTYIUHON W IPYTHE) MO3BOJWIN YBEIUYUTEH B 2-3 pa3a MPOU3BOIUTEIBHOCTE MPOIIECCOB
aHa3’poOHOTrO COpakMBaHUA U cojliepkaHue meraHa 10 90 % u OoJiee B cocTaBe Ouorasa, uTo SBISETCS CyIIIe-
CTBEHHBIM. B TO e Bpemsl HEKOTOphIE COCTUHEHHS 3TOTO KIacca, B 3aBHCHMOCTH OT WX MOJIEKYISPHOTO
CTpoeHHS U (QDYHKIIMOHATBHBIX TPYII, HA000POT, MHTMOMPOBAIU METAHOT'CHHBIHM MPOIECC, HAMPABIISISL €ro B
CTOPOHY BOJIOPOJTHOTO OpO’KEHUS U BhIJENeHUsT 0noBogopoaa [14]. [lepcrnekTHBHOCTE 3TOTO HANPaBICHUS
MIpeIoTpeieTiIIa TOCTAHOBKY CIIEIIHATbHBIX UCCIICIOBAHUN.

MarepuaJjibl 4 MeTOIbI MCCIIEI0BAHMI

W3yyeHue BnMsHUS OMOJIOTHYECKM AKTHBHBIX BEIECTB HA MPOIIECC METAHOTEHE3a MPOBOIMIN Ha CIie-
UAITBHO pa3paboTaHHON yCTaHOBKe, onvcaHHOW Hamu B [13]. [yig uccnenoBaHuil ObUTa B3STa MOCIECIUP-
TOBas 0ap/a OT MepepadOTKH HEKOHAUITMOHHOTO 3epHA CIEAYIONMET0 XUMHIecKoTo cocTasa [14], B %:

PactuTtenbHbIE BEleCcTBa 0,51 + 0,53
Dypdypon u okcumeTunPpyphypoin 0,0645+ 0,067
Oprannyeckue KUCIOTHL, BKIIOUas JeBYJIWHOBYIO kuciory 0,932 + 1,071
AOCOIIFOTHO CyXHe BEIeCTBa 1,46 -+ 1,49
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Momnocaxapuabl, apaduHO03a, KCHI03a 0,856+0,071
Anpnernanl 03 =+ 0,5
XIIK (xumMudeckoe noTpeOIeHUEe KUCIOpoa), Mr/am> 22333 + 23040

BIIK (6ronormaeckoe moTpeGIeH e KHCIOPOIa), MI/IM 18300 + 19233

Brusiaue 6uonornyecku akTuBHBIX BenlecTB (BAB) Ha OmoxuMudeckuii poIece ONeHUBAIOCH TI0 H3Me-
HEHHMIO CKOPOCTH BBIAEIEHUs OMOrasa W COAep)KaHHI0 B HeM Bojaopoja. VccimemoBanock MX BIMSHHE Ha
CTHMYJTUPOBaHUE MUKPOOHOJIIOTUYECKON aKTUBHOCTH JUISi YCKOPEHHsI OMOXMMHUYECKUX IMPOIECCOB U TMOBHI-
[IeHHUs BBIXOJIa OMoras3a, a TakKe WX CEJIEKTHBHOE JEHCTBHE IS YIPABICHHUS IPOIECCOM BBIICIEHUS OHO-
Boznopona. bAB BeiOMpanu u3 yrciaa NpUPOAHBIX COETUHEHUH PACTUTEIBHOTO MIPOUCXOKICHHS, C YIETOM HX
OHMOIOrMYeCcKO aKTHBHOCTH, MPOCTOTHI AKCTPAKIMOHHOTO BBIAETICHHUS M JOCTYITHOCTH CHIphS. B kauecTBe
CIUMYIUPYIOWUX MUKPOO0DABOK W3 Kilacca OMOJIOTWYECKH aKTHBHBIX PAaCTUTENHHBIX BEIIECTB MCIIOIB30BAIN
COeZIMHEHHS MU30IPEHOUTHON CTPYKTYpHL. VX TOCTOMHCTBOM SIBIISETCSI BO3MOXKHOCTD BBOJIa MUKPOKOJIMYECTB
B mpenenax 10°...107 macc.% B cocraB o6paGaThiBacMoii GroMacchl. IIpy 3TOM, MPOLECC CENEKTUBHOTO
MOJTyYEHHUs MOJIEKYJISIPHOTO BOJOPO/ia TipoBoawH ipu pH = 7,2 -7,5 B Me3o¢uiibHbIX ycnoBusix mpu 33 + 2 °C,
MIpH MTepEMEIIIBAaHIH OFIOMACCHI 1 HEITPEPHIBHOM OTBOJIE BOJIOpOIa U3 OHopeakTopa.

Jnst uccnenoBaHust ObLTH B3ATHI PUPOIHBIE COeAWHEHUS [15]: THIICOreHNH (WM TIIMKO3UIBI THIICOT€HIHA,
rae R u R’ — H, wim yrnesogusle pyHkiuoHanbHele rpynmnsl) (1), 1 canmonnH HeoTuroreHnHa — crepous Cor-
criupocranoBoro psna (II) co caemyronumu CTpyKTypHBIMU (hOpPMyJIaMH, COOTBETCTBEHHO:

CH; CH3

RO

CH3 CH3 |

l'uncorenun siBiseTcs O€NbIM U €1a00-KENTHIM IOPOIIKOOOPA3HBIM BEIIECTBOM, COCTOSIIIUM M3 CMECH
TPHUTEPIICHOBBIX TJIMKO3HIOB KOpHEH pacTeHuil (O0oTaHW4ecKux BHIOB) poaa Gypsophila. OOnamaer MHO-
rUMU (PU3MOOTHYECKMMH CBOMCTBaMH M TpUMeHseTcsl B MeauuuHe. CamoHMH COIEPXKHUTCS BO MHOTHX
BUJaX pacTeHuil pona Jucca, UMEIOLNX apeasl paclpOCTpaHeHHs B CYOTPOIIMYECKUX U TPONUYECKUX 30HAX
U KyJbTHUBHPYEMBIX BO BCEX UAaCTAX 3€MJIH, K IIPUMEPy — B TOMATax, U U3BJIEKaeTCsA YKCTpakiue. 13 pactu-
TEJILHOTO ChIPBS TUIICO3U/ BBIACISACTCS IKCTPAKIMEH BOAHO-CIUPTOBOH CMECHIO.

CocTtaB oOpazyromerocsi 6morasa onpeaessuid ra3oxpoMaTorpagpuaecKkuM METOJIOM Ha aHAIH3aTOpPe MapKu
«'a30xpoM-3101» B aHATHTHYECKOI TaGOPATOPUH IKOTOrHIECKOro AreHTCTBa MHHAKOMOrMHE MOIIIOBHI .

Pe3ynbTaThl HCc/IeN0BaHUI M UX 00CyKIeHHE

KuneTnka HayaJdbHBIX CTaauii Mpomecca aHA’POOHOro cOpakmBaHuA Oapawl. VccienoBanue mpo-
rmecca aHa’pOOHOTO OPOKCHHS MCXOMHON Oapapl B OTCYTCTBHE OMOJIOTMYECKHM aKTHBHBIX BemecTB (BAB)
CBHJIIETENLCTBYET O JOCTATOYHO CJIOKHOM COUETAHUH PA3UIHBIX OMOXUMHUYECKUX PEIOKC-TPOLIECCOB.

Kak cBumeTenscTBYIOT AaHHBIE (puc.l), HOMyYeHHBIE HAa OCHOBE Ta30XpOMaTorpaUyecKux UCCIeIOBaHUN
KOJINYECTBEHHOT'O COCTABAa BBIIEJIAIOLIEIOCS OMOrasza, KWHETHKa OMOXMMHYECKOTO IMpOoLecca B OTCYTCTBUE
BAB rmocie ero MHOKYJSIMU XapaKTEpU3yeTCs MEpBOHAYAIBHBIM BBIICICHHEM BOAOPOIA, COICpKAHUE
KOTOpPOTO B BBIJIENAIOMEMCS] OnMoraze TOCTENIeHHO Bo3pacTaeT a0 Makcumyma 7-10% uepes 4-6 cyTok,
octaibHoe cocTaBisieT CO,.

3areM KoJIM4YecTBO OMOBOAOPOJA HAYMHAET CHIKATHCH, M B COCTaBe OHMOrasa MOSBISECTCS yrapHBIA Ta3
(CO), conepxanue koToporo Ha 9-11 cyTku mpouecca Takke MPOXOAUT depe3 MakcuMyM (okomno 7%). U
TONILKO Ha TpeThel cramum mporecca (depe3 10-12 cytok), mo mepe cHmxkenus conepxkanus H, u CO, B
cocTaBe Omorasa IMOsBIIICTCS METaH, KOJMYECTBO KOTOPOTO B Ta3e MOCTEIIEHHO Bo3pacTaeT u uepe3 16-20

*
ABTOpBI BBIpakaroT 6iarogapHocTs UHK. V. J[parynany 3a nmpoBeaeHue aHaau30B Ouorasa.
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CYTOK cTabuimsupyercs Ha ypoBHe 62-65%. Ilpu stom Omomormuecku motpedmsemsrii kucimopon (BIIK)
oOpabaThiBaeMoii cpelibl CHUXKaeTcs B Onopeakropax ¢ 23200 mrOy/n no 2500-2800 mrO,/.
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MpogomKUTeNnbLHOCTE BMOXMMUYECKOro npoluecca, CyTKH. CIIHPTOBOTO MPOU3BOJICTEA.

OTH TIPOIECCHI, TPOTEKAOIINE B aHA’POOHBIX YCIOBUSAX Ha TIEPBOHAYAIBHOU AarleTOTeHHOW CTaauu
OMOXMMUYECCKUX PEaKIMii, MOXKHO CBsI3aTh C O0Opa30BaHHMEM  MPOMEKYTOUYHBIX MPOIYKTOB OpOXKECHUS —
nmupyBuTa, (popMmara, ameTanbleruiia U BOCCTAHOBIIEHHOTO HUKOTHHAMUIAIEHUHINHYKICOTHI(HOoCc(aToB
(NAD(P)H,). B pesynbraTe, KOHCOPIHYM MHKPOOPTaHM3MOB CIIOCOOEH MpH OpPOKEHWU BOCCTAHABIUBATH
MIPOTOHBI, H30aBIASACH OT U30BITKA BOCCTAHOBUTENSA. B pe3ynbTare MpoucxoauT BeienacHue Bogopoaa (Hy) u
CO, cornacHo cxemawm [16]:

[Mupysut — Anermin-Ko® + CO, + H,
®opmuar — CO, + H,

Auneranspnerng — Aunerat + H,
NAD(P)H, - NAD(P) + H,

IIpu sTOM BBIZIEICHHE BOAOPOJA KaTaTU3UPYETCS OJHOBPEMEHHO MBYMS (hepMEHTaMHU: THAPOTCHA30U U
cneruduueckoit CO-ruaporeHasoii. B ¢Bsi3u ¢ 3TUM, B OTCYTCTBHE KOHEYHOTO aKIIECNITOPa 3JEKTPOHOB (KHC-
JOpojia, HUTPATOB W HUTPUTOB U JIp.), HAUMHAET BELAEIAThCA yrapubeii ra3z (CO). ns mpoTekaHus 3THX
peaknmii aHa3poOHOTO OPOKEHIS KOHCOPITUYM OaKTEpH HCIIONB3yEeT OpraHndeckue coeauHeHus. Cpenn ux
MpelcTaBUTeNe HaineHo 25% pomaoB Oakrepwii, Takux kKak Escherichia coli, a Takke MaTOTeHHBIC IS
yenoBeka 0akTepuu Sal/monela, peCTaBICHHBIX B onpeaenuTene 6akrepuii bepru. Hapsay ¢ BeinenerneM
BOZOPOZa YacTh HEBHICBOOOXKICHHOIN SHEPTHH, BBIIEIAIONISHCS B MpoIleccax OpOXKEHHS OPraHUYeCcKOTO
BEIIECTBA, PACXOAYETCS Ha 00pa30oBaHUE JPYTUX MOOOYHBIX MPOAYKTOB, CPEAN KOTOPHIX YKCYCHAs! KUCIIOTA,
o0ycIoBIMBaroIias HEKOTOpoe cMeleHue pH cpeibl B KUCITYIO CTOPOHY.

3areM, 1Mo Mepe pa3BUTHS OMOXUMHYECKOTO IMpoIiecca MPOUCXOANT MeTaHOTeHHas: TpaHcopmanus CO,
U BOJIOPOJA C APYTHUMH MPOMEKYTOUHBIMU COSAMHEHUSMH C BBIJCIICHUEM METaHa, BBIXOJ KOTOPOTO CTaHO-
BHUTCSl TIpeBaUpyIOMKM. B mporeccax MeTtaHooOpa3oBaHUs OaKTEpUU UCHOIB3YHOT OrPAaHUYEHHOE KOJIH-
YeCTBO CyOCTPaTOB, CpeAr KOTOPHIX CAMBIM BaXKHBIM sIBJIseTcs aneraT (1o 75 %), a Takke yriIeKUCIbIA ras,
(hopMuaT, MeTaHOI, METHIIAaMUHBI, OKHCH yriepoaa. [Iporekaronue OHOXHMHUYECKHE TTPOIIECCH MOTYT OBITh
MIPEJCTABIIECHBI CIEAYIOINMH YpaBHEHUAMU [16]:

COZ +4 Hz — CH4 +2 HzO,
4 HCOO +4 H — CH,4 + 2 H,0 + 3 COy;
4CO+2H20—)CH4+3C02,
CH3COO— + H+—> CH4 + COZ;
4 CH;0H — 3 CH4 + CO,+ 2 H,0;

155



STUDIA UNIVERSITATIS
Revista stiintificd a Universitdtii de Stat din Moldova, 2012, nr.1(51)

4 CH;NH;" + 2 H,0 — 3 CHy + CO,+ 4 NH,;
2 (CH3),NH, + 2 H,0 — 3 CH4 + CO,+ 2 NH,;
4 (CH3);NH + 6 H,0 — 9 CH, + 3 CO,+ 4 NH,".

Jpyrue yriepoAHble COEIWHEHHS MpOIleCC POCTa METAaHOTEHHBIX OakTepuil He mojuepkuBaroT. llpum
atoM a0 90-95% mcnoiap3yeMoro yriiepoga OHH TpaHC(HOPMHUPYIOT B METaH, OCTaJIbHasl YacTh PacXOIyeTcs
Ha pocT 6uomacchl. CorjacHo JaHHBIM M30TOIHOTO aHallU3a, ObIIO YCTaHOBJIEHO, YTO MPH BOCCTAHOBJICHUU
CO, mpuHHMaeT y4yacThe ero MoJIeKyJsipHas gopma, a He KapOOHAT-MOHBI, a BOJOPOJ IS 0Opa3oBaHUS
MOJIEKYJI METaHa MHUKPOOPTaHU3MBI TTOYYaroT U3 BOMbL. llepBHYHON cTaguel »Toro mporecca sIBIIETCS HX
B3aMMOJICHCTBHUE, CTUMYJIMpOBaHHOE OakTepusmMu Mb. Termoautottrophicum, ¢ 06pazoBaHHEM MPOMEKYTOU-
HBIX COETUHEHUI — MeTaHodypaHa u popmuiameranodpypana (MD):

Hz + COZ — MO + Hzo

[Tox BnusiHUeM Oosbioro KojnuecTBa MetanoreHoB CO, BoccraHaBiuBaetrcs 10 CHy, pu 3ToM pacxon
Oromaccel Bappupyet oT 1,6 1o 2,7 r cyxoro Beca Ha 1 Monb CHy s opraHu3MoB, KOTOPBIE PACTYT TOJIBKO
Ha H; u CO,. JIpyrue Mukpoopranusmel, Takue kak Mb.formicicum n Ms.barkeri, natot Oonee BBHICOKHI
BBIXOJI METaHa, COCTABIISIIOIMi 3,5 u 6,4-8,7 1/MOJIb, COOTBETCTBEHHO.

TepMoIMHAMHYECKH 3TH PEAKIMHU IPOTEKArOT Oosiee 3(p(HEKTUBHO MpH yIaIeHUH BOJOPOA, OCYIIECTBIIEMOM
METaHOTCHHBIMH OaKTepHUsMU. 3HAYCHHUS MAPIHUAIBHOTO JaBISHHUS BOJOPO/IA, BBIIIE KOTOPOTO AEATEIbHOCTh
AIIeTOreHHBIX MHKPOOPTaHM3MOB [PEKPAIIACTCS, HAXOMATCS (IS PasHBIX COSAMHEHMI) B penenax ot 9,107
at™ 10 0,15 atm. Takum 00pazom, HU3KOE MAPIUATHHOE TaBICHHUE BOJOPOAA SBISETCS HEOOXOAMMON Tpe/I-
MTOCBUIKOW JIJISl ONTHMAIbHOTO (D)YHKIIMOHUPOBAHHS aHA3POOHBIX MUKPOOHBIX CHCTEM W KOHBEPCHH alleTara
B MeTaH. OTHOW M3 MPUYMH ATOTO SABJISAETCA TO, YTO BOAOPOJA MHTHOMPYET POCT YHCTHIX KYJIBTYP METaHO-
TeHOB, UCTIOIB3YOMNX alleTaT, TaK KaK alleTOKJIACTHYECKask PEaKIlys SIBIACTCS MEHEee YHEPTeTHYECKH BBITO-
IHOM, yeM BocctaHoBleHue CO, BOIOPOIOM.

BinsiHusi OMOOTMYECKH AKTHBHBIX BeleCTB HAa BbIIeJeHHEe OHOBOAOPOAA YUHTHIBAas XapakTep
prusHUST BAB Ha mermmporeHasHyro akTHBHOCTB, TIPOBEACHBI MCCIEIOBAHUS MPOIECCOB B MPUCYTCTBUU
J00aBOK, HHTHOUPYIONIUX METAHOT'CHE3 M CTUMYJIUPYIONIMX OMOXMMUYECKOE BhIICJICHHE OMOBOIOPOAa. DTH
MIPOIECCHI TIPEACTABISAIOT MPAKTUYECKYI0 BaXKHOCTH JIJISl pa3BUTHSI OMOBOIOPOIHOM SHepreTuku [17, 18].

Kak ciemyer u3 momydeHHBIX AKCIEPUMEHTATBHBIX JaHHBIX (pHC.2), B IPUCYTCTBUU T00ABOK THIICO3HA
U CIIUPOCTaHa COACPKAHUE BOJIOPOAA B TeUeHHE MEpBBIX 10 CyTOK HapacTalio M JOCTHUTIIO 3HA4YCHUU 67,8 u
40,2% nuist runICO3UAa U CIUPOCTaHA COOTBETCTBEHHO.
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Puc.2. 3menenne coaepkanus BOAOPOA B cocTaBe Onorasa B mpucyTcTBun bAB, 5-107 macc.%:
1 — rumco3um; 2 — COUpPOCTaH.

Crenyer OTMETHTh, YTO, B OTJIMYHE OT JAHHBIX IO MCCICAOBAHHIO KWHETHUKH IPOIIECCa B OTCYTCTBHE
BAB, Brienenne Bojopoaa He MpUBOAUT K OonbiiomMy cHmkernro BIIK: 3nauenne BIIK B aTHX ycmoBusix
3a 24 cyTtku m3MeHmI10ch ¢ 23200 MrO,/m s 1o 19500 MrO,/n. Orenka 6anmaHca KOJIHMYECTBA BRIICIICHHOTO
BOJIOPOJIa M PJIEMEHTOB OPTaHUYCCKUX COCAMHECHHI B OMOMacce SIBHO CBUACTEILCTBYET B MOJIB3Y TOTO, UTO
OTILIEIUICHHE BOJIOPO/Ia IIPOMCXOJIUT HE CTOJIBKO BCICICTBHE X OMOXUMHUYUECKOTO PACIICIUICHUS 1 MUHEPATH3AI N
OpPTraHNYECKHX BEIECTB, a MPEUMYIIECTBEHHO C yYacTHEM aTOMOB BOJIOPO]Ia MOJIEKYJT BOABI B 3TOM IIPOIIECCe.
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OOmBsicHeHHEe MEXaHU3Ma JISHCTBUS TAKMX OMOJIOTMYECKU aKTHBHBIX T0OOABOK C M3OMPEHOUIHOMN MOJIEKy-
JSIPHOW CTPYKTYpPOWH CBSI3aHO, MO-BHIUMOMY, C CEICKTHBHBIM WHTHOMPOBAHUEM JESTEIHLHOCTH METaHOT'CH-
HBIX OakTepwil, KOTOpble CHIDKAIOT aKTHBHOCTH JETHAPOTEHa3bl. B CBSA3M ¢ ATHM BOIOpPOM, KOTOPBHIA B
orcyTrcTBre BAB ncnons3yeTcss MeTaHOTeHaMH JUTS BBIICTICHUS METaHa, MEepEeOpUEHTHPYETCs Ha BBIJEIICHUE
B MOIIEKYJIIpPHOU (hopMe.

OpHa U3 OCHOBHBIX OMOXMMHYECKUX PEaKLHi, CBSI3aHHBIX C BBIICICHHEM BOIOpOJA B pe3yibTaTe TaK
Ha3bIBaEMOH wughm-peakuuu (T.e. peakUul KOHBEPCHH), OOyCIOBJIeHa TNPOTEKAaHHEM B OMOXUMHYECKHX
ycnoBusix B3anmoaercTBus CO ¢ MonekynaMu Bojsl o ypasHenuio: CO + H,O — CO,+ H, Muxpoopra-
HU3MBI B JIAHHOM CJIy4ae HCIIONB3YIOT 3Ty PEaKIMIO IJIsl TOTONHUTEIBHOTO MONy4YeHus sHeprun. [lo mepe
pa3BUTHS OMOXHMHUYECKOTO Tpoliecca, KomudecTBo Beimesstonierocs CO B cocraBe OWorasa CoKpaliaercs,
BILJIOTH JI0 €T0 TOJHOTO OTCYTCTBHUS, B PE3YJIbTATE €T0 B3aMMOJCHCTBUS C MOJEKYJaMH BOJbI, 1 HAYHMHAET
BBLICTIATHCS TOJIEKO BOJIOPO/I.

Wuarunbupyromas crnocoOHOCTh MPEATIOKEHHBIX M30MPEHOUAHBIX COSANHEHHH B KaYeCTBE CTaOMIN3aTOPOB
OMOBOJOPOAHOTO TIpOIIecca 3aKIIIoYaeTcsl, MO-BUAUMOMY, B CUIIBHOW HEHACHIIIIEHHOCTH UX MOJIEKYJI, CTPYKTypa
KOTOPBIX XapaKTepU3yeTCsl HATMYUEM JIBOMHBIX CBSI3€i: (IO ABYX-TpEX B MOJEKYJaX MOHOTEPIICHOMIIOB W
JI0 CEMH-BOCBMH — B TeTpaTepneHouaax (kapareHoujax). pyroil ocobeHHOCThIO SIBISETCS pazHooOpasue
OUKIMYECKAX CTPYKTYp: oT | muKma 1o 5-6 MUKIOB B CTPYKTYpPE WX MOJEKYJ B Pa3UYHBIX COYETAHMIX:
COUWICHEHHBIX, KOHJICHCUPOBAHHBIX, TPEX- , SATH- U MIECTUWICHHBIX IMKIIOB U T€TEPOIUKIIOB, COJIEPIKAIINX
KHCIIOPO/I.

Eme ogHO#M 0c0OEHHOCTBIO MOJIEKYIISIPHOTO CTPOSHHMSI M30IIPEHOUIOB SIBIISIETCS COYETaHHE B OJHOM U TOH
e MOJIEKYJIE Pa3IHYHBIX (YHKIMOHAIBHBIX TPYI M CTPYKTYPHBIX ITPYIIIMPOBOK, HAIPUMEDP B CIIUPOKETAIIb-
HOH TPYNIHPOBKE — CTEPOUTHBIX CAMOTEHHHOB. biaromaps TakoMy pa3HOOOPa3HI0 XUMHYECKHUX CTPYKTYp-
HBIX 3JIEMEHTOB, COSAMHEHHS TPEIJIOKEHHBIX HaMH OMOJOTMYECKH aKTUBHBIX 0OABOK M3 Kiacca pacTu-
TEJNBHBIX BEIIECTB M30IPEHONIHOMN MIPUPOIBI BBITOIHSIIOT POJIb MEPEHOCYUKOB KHUCIOPOIa U 3JEKTPOHOB B
OMOXMMHUYECKUX MPOIIEeccaX, a TAKIKE CIOCOOCTBYIOT MPOSBICHUI0O MEMOPAHOTPOITHON aKTHBHOCTH, CIIOCO0-
CTBYIOIICH M3MEHEHHIO MPOHHUIIAEMOCTH MEMOpaH MUKPOOPTraHW3MOB M UX DJIEKTPUYECKOTO MOTEHIMAIIA.
B cBoro ouepenn, M3MEHEHHE MPOHUIIAEMOCTH KIETOYHBIX MeMOpaH MPUBOIUT K HApPYIICHUIO TOMEOCTasa
KJIETOK MHUKPOOPTaHU3MOB, BCIICICTBHE YETO HEKOTOPBIE OPTaHEIUIbl U SH3UMBI yTPaYMBalOT CBOU (DYHKIIHH,
KOTOpBIE B TIPOIleccax METAaHOTEHHOTO OpOKEHUS MPUOCTAHABIMBAIOT (PYHKIIMOHWPOBAHWE THUIPOTEHA3 U
WHTHOUPYIOT TPOIlecC MEeTaHOTeHe3a, YTO MPHUBOJUT K MEPEOpPUEHTAIMN Ipollecca MeTaHOOOpa3oBaHUs Ha
xouBepcuto CO u H,O mist BeImeneHus MoJieKyJisipHoro 6uoBogopona. Ilpu atom, Tombko 20% OGuomaccsl
WCTIONB3YeTCs B OMOBOJOPOIHON TEXHOIOTHH, OCTAIFHOE KOIMYECTBO OMOBOAOPO/IA BBIACISIETCS U3 MOJIEKYIT
BOJIBI 110 BHILICTIPUBEICHHON w/u¢hm-peaKkLiny.

BcnencrBue 3Toro, 0CHOBHBIM HCTOYHHKOM TIOJTy4aeMOTO MOJIEKYJIIPHOTO OMOBOJOPO/a SBISIETCS BOJA,
Tak Kak 10 80% sHeprum Ormomacchl He HUCIONB3YETCsl B ATOM mporecce. [loaToMy nenecoodpa3Ho MpoBO-
IUTh OMOXMMHUYECKHH MpoLece B ABE CTAAWU: HA NEPBOW CTalWM OCYLIECTBIATH CTAOMIN3UPOBAHHBINA MPO-
[IecC TOJTydeHHus] OMOBOIOPO/IA, MMOAAEPKIBAs KOHIEHTPAIIMIO CTUMYJIHMPYIONMX MHKPOAO0ABOK Ha OMNTH-
MaJbHOM YPOBHE, a Ha BTOPOHM CTaAWH Tpolecca, Ui 0ojee MONHOTO HCIOIb30BaHUS YHEPIHU OMOMACCHI,
MIEPEKIIIOYUTH paboTy OMOpeakTopa Ha METaHOT€HHBIM OMOXUMHIUYECKUH TIpoIiece I MOJydYeHus: buomMeTana
10 U3BECTHOM TEXHOJIOTHH, ¥ 3TOT MPOIECC MPOBOAUTH B OTACITFHOM OHMOpEaKTope.

Takum 00pa3oM, BBoJUMBIE B OMoMaccy Oapabl B Mpolecce ee aHadpOOHOTO cOpaKUBaHUsI OMOJIOTUUECKH
aKTUBHBIC TOOABKM M3 KJIacCa PACTUTENFHBIX BEIIECTB M30MPEHOUIHOW MPUPOABI M30MPATENTFHO CHIKAIOT
AKTUBHOCTBH JIETHIIPOT€HA3bl, HHTHOMPYIOT pab0Ty METaHOT€HHBIX MHUKPOOPTaHW3MOB W TIPEAOTBPAILIAIOT
pa3BUTHE METAHOTEHHOTO Tpolecca pepMeHTan. B 3THX ycIoBusx mporecc hepMeHTaun n30upaTeabsHO
MIEePeKITIoYaeTcs Ha PeaKIiy, CBA3aHHBIE C OMOXMMHAYECKHIM B3aMMOAEHCTBHEM ITEPBOHAYAIHFHO 00pa3yro-
merocst CO ¢ monekynamu Bojsl o cxeme: CO + H,O — H, + CO,, a Takke U Ha ApYTHe peakiiy, KOTOpbIe
00ecIevnBaloT NPEUMYIIECTBEHHOE BBIJENIeHHEe OHOBOZOpoaa. [Ipu 3TOM 3a cH4eT TOPMOKEHHS MPOIECCOB
MeTaHOTeHe3a MPAKTUIECKH MPOMCXOIUT TIOJTHOE MPEeKpallieHne BhIAeNIeHHsI MeTaHa. VICTOYHIKOM moTyJae-
MOT'O BOJIOPOJIa SIBIISICTCS TJIABHBIM 00pa3oM BOJIAa M B MEHbIIIEH CTETICHN — OpraHnveckuii cyocrpar. B cym-
MapHOM OMOXMMHYECKOM IIPOIlECCe HE HMCIONB3YEMBIH B STHUX YCIOBHSIX METAaHOT€HAMH BOAOPOJ BBIIEIS-
eTcsl B CBOOOJHOM MoJeKysipHoM Buzae (H;) B moBbIICHHBIX KoJMuecTBax. boyee Toro, B 3TUX yCIOBHAX
OoJyiee aKTUBU3UPYETCS YacTh KOHCOPIHMYMa MHKPOOPTaHWU3MOB, OTBETCTBEHHBIX 3a PEaklul OHMOXUMHYeE-
CKOTO BBIZIENIEHHUS BOJOPO/Ia, CITOCOOCTBYS TOBHIIIEHUIO 00IIeH 3 (PeKTHBHOCTH 3TUX IIPOIIECCOB.
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Taxum 00pa3oM, MOBBIMIAETCS MTPOU3BOIUTEIBHOCTD IMpOIiecca OMOXUMHIUYECKOTO MOMYUYEHUST MOJEKYJIsIp-
HOTO OMOBOZIOPOZA M €ro BBIXOJ B cocTaBe Omorasa yBenmunBaetcs moutu 110 70 %. Vcnons3oBanue opra-
HUYECKOTO cyOcTpara, coepikKamierocst B cocTaBe Oap/Isl BBUAY AUCTHIUISIIIMA BUHOMATEPHUAIOB B CIIHPTO-
MIEPETOHKH, YIEHIEBIISIET MPOIECC ero OMoXuMuIeckoro monydeHus. Ctabunmusanus mporecca BhIICICHUS
BOJIOPO/Ia B 3TOM CJIydae MOXKET OBbITh JOCTHTHYTa MOAJEPKaHHEM KOHIICHTpaIuU TpeaiokeHHbIX BAB Ha
3a/IaHHOM YpOBHE.

Crnemyer OTMETHTD, YTO BBIJCISIONIMICS B OHOPEAKTOPE MOJISKYJISIPHBIA BOJAOPOJ OJIOKHUPYET aKTHBHOCTD
MUKPOOPTaHU3MOB, TIOATOMY IMPH Pa3pad0TKe OMOPEaKTOPOB HEOOXOAMMO MPEANPUHATH COOTBETCTBYIOIINE
Mepbl TI0 MHTEHCH(HUKAIIMH TPOILIECCOB MaCCOOOMEHa W MAacCOIIEPEHOCa W HEMPEpPHIBHOTO OTBOZA M3 peak-
TOPOB TOBBIIIEHHBIX KOJIHMYECTB OMOBOIOPO/IA.

[Homygaemsrii 6noBogopon cocrasisieT 50-70% comepikanus ero B Omorase, OCTalbHOE — MPEUMYIIEC-
TBeHHO CO,, MOXET HCIOIB30BATHECA B CBOEM HMCXOIHOM COCTOSHHH 0€3 CIIeNHaTbHON MOATOTOBKH Kak
3¢ (heKTHBHOE IHEPTreTHIECKOe CPEACTBO IS TIOMYUESHHSI TeTUIOBOM M 3JIEKTPUIECKON SHEPTHH ITOCPEICTBOM
MIPOMBINIICHHBIX KOTEHEPAITMOHHBIX YCTAHOBOK, JIMOO KaK Ta30BOE TOIUIMBO IS AaBTOMOOMJIBHTO TPAHCIIOPTA,
a TakKe B KaUeCTBE CHIPHEBOM 0a3bl B XUMHUYECKOH MPOMEBILIEHHOCTH. [lomydaeMbrii 6MoBo0poa, mOCe
€ro O4MCTKH OT mpuMmecedt apyrux razoB (CO,, CO, H,S), MOXKHO Takke MPUMEHATH ISl SHEPTETUUECKUX
TOTUIUBHBIX 3JIEMEHTOB.

BoIBOaBI

1. M3ydeHsl OCOOCHHOCTH KHHETHKH AalleTOT€HHOTO W METAaHOT€HHOTO IPOIECCOB OMOXUMHHYECKOTO
cOpakrBaHHUS TOCIECTIMPTOBOI Oap/Ipl, BBIABIEHBI ycioBus (opMupoBaHus Bogopona mo 7-10 06.% Ha
MIEPBUYHON CTaJAWH, KOJWYECTBO KOTOPOTO 3aTe€M CHIDKAETCS M TapajUielbHO HAYMHAETCS  BbIIEICHHE
yrapuoro raza (CO), ¢ mocleayomuM pa3BUTHEM METAaHOTEHHOW CTaud, Pe3yJIbTaTOM KOTOPOH SBISAETCS
B3aumoyeiicteue H, u CO ¢ BemenenueM Omomerana no 62-65 00.%, mpyu OAHOBPEMEHHOM CHUXCHUH Ha
nopsiaok 3Hauennit XI1K u BITK.

2. PaccMOTpeH MexaHHM3M TPOIIECCOB, CBSA3aHHBIX C OOpa30BaHUEM MPOMEKYTOYHBIX MPOJYKTOB, NpPU
KOTOPBIX KOHCOPLIMYM MHKPOOPTaHU3MOB CIIOCOOCH MPU OPOIKEHUH BOCCTAHABIUBATH MPOTOHBI, N30ABIISSACH
OT U30BITKAa BOCCTAHOBUTEIIS, B PE3yJIbTaTE Yero Ha MepBOi ctaauu mpoucxoaut Beiaenenue Hy u CO,.

3. OOHapyXeHO, YTO TPU BBEACHUH MHUKPOKOIMYECTB H3ONMPEHOUIHBIX COCTUHEHHH, CTPYKTYypa KOTO-
PBIX XapaKTepHU3yeTCcsl HEHACHIIEHHOCTHIO0 MX MOJICKYJ U HAIMYHEM B WX MOJIEKYyJIaX JIBOMHBIX CBsI3eH, CTa-
Ommu3npyeT OMOBOAOPOIHBIN TpoOIlecC, B pe3ysIbTaTe Yero COAepKaHNe MOJIEKYJIIPHOTO BOJOPOA B TEUe-
Hue nepBbiX 10 cyTok mocruraer 3HaueHui 67,8 u 40,2% nns TUIICO3UAa U CIMPOCTaHa, COOTBETCTBEHHO. B
9THX YCJIOBHSM METaHOTEHHBIH MPOIlecC MHTHOMpYyeTCs U BBIACTICHHE MeTaHa He mpoucxoauT. Ha ocHoBe
CTPYKTYPHBIX XapaKTePUCTUK CTUMYIUPYIOMX BAB 1 mX HHruOupyIOmero BO3AeHCTBUS Ha METAaHOTEHHBIE
MHUKPOOPTaHU3MbI, TIPEJIOKEH MEXaHU3M CTa0WIM3alKUY Tpoliecca OMOBOIOPOIHON TEXHOIOTHH.

4. YCTaHOBJICHO, YTO TOJBKO 20% OMOMACCHI UCMONB3YETCSI B OMOBOJOPOJHON TEXHOJOTHH, OCTAILHOE
KOJIMYECTBO OMOBOJIOPOJIa B OMOXMMHUYECKUX YCIOBHSX BBIJCISACTCS U3 MOJICKYJ BOJIBI 33 CUST B3aMMOJICH-
ctBus CO ¢ Monekynamu Bojsl 1o wiugm-peakuuu: CO + H,O — CO,+ H,, pu 3tom 1o 80 % Ouomacce B
9TOM TIpOIIeCCe HE YYacTBYeT. B CBs3M ¢ 3THM, MpeAIoKEeHO MPOBeIeHne OMOXMMHYECKOTO TpoIiecca copa-
JKUBaHUs Oap/bl B IBE CTAJUH, Ha TIEPBOI CTaJMH KOTOPOTO B OTACIHHOM OHMOPEAKTOPE OCYIIECTBISITh CTa-
OMIM3UPOBAHHEIN TIPOIIECC MOYUYCHHSI OMOBOAOPOIa, a s OoJiee MOTHOTO HMCIOIL30BaHUS SHEPTHH OWO-
Macchl Ha BTOPOH CTaJInH, IPOBOJUMON B CIIEAYIOIIEM OHOpeaKkTope, MEPEKITIOYNTh ero paboTy Ha METaHO-
TCHHBIN OMOXMMHYECKHUI TIPOIIECC IS TTOydeHHs OMOMeTaHa, 9YTo odecreunBaeT 0ojiee BRICOKYIO d(h(EeKTHB-
HOCTb 3TOTO Tpoliecca.

Hacmosuwas paboma evinonnena npu gurarncogoii noodepacke @onoa STCU # 5393 u T'ocydapcmeennou Ilpoe-
pammbsl no nayke u unnosayusm 11.820.08.93.STCU.A/5393 “Combined Bioreactor with Useful Products and High
Efficiency of Biomethane as Alternative Energy Source”.
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CTUMYJIMPOBAHUME ITPOHECCOB METAHOT'EHHOI'O BPOXKEHUA
AKUIKUX OPTAHUYECKHUX OTXO0/10B

B.B. KOBAJIEB, B.D). HEHHO, B.A. FOBEHKA, H.A. CEHBKOBCKAA,"
O.B. KOBAJIEBA," JI.B. YHT'YPAHY""

Hayuno-uccnedosamenvckuii yenmp npuxkiaonot u sxoaocuieckou xumuu Monoasckoeo eocynusepcumema
«
Unemumym nousogedenus, azpoxumuu u 3auyumst nouevl um. H.A. fumo
*ok o
Texnuuecxuti ynusepcumem Mondogwvl

Se propune un concept nou tehnico-stiintific privind utilizarea deseurilor de la producerea vinului si de la procesele
de distilare. Sunt aratate rezultatele cercetarilor complexe privind efectul substantelor biologic active asupra procesului
de metanogeneza, microorganismelor si activitatea dehidrogenazica a deseurilor industriale de distilare a vinului si
alcoolului. S-a demonstrat ca substantele testate ridica de 3-4 ori eficacitatea fermentdrii, iar continutul metanului in
biogaz — de la 58-60% pana la 90-95% — activeaza dehidrogenaza. Se discuta efectul substantelor biologic active asupra
procesului de metanogeneza.

A new scientific-technological concept of the utilization of wastes wine and alcohol production is proposed. The results of
complex research are given, related to the effect of biologically active substances on the process of methanogenesis,
microorganisms and dehydrogenase activity of winery and alcohol industry wastes. It was shown that the test substances
increase the efficiency of the fermentation by 3-4 times, the methane content in biogas from 58-60% to 90-95% and
stimulate the dehydrogenase. The effect of biologically active substances on the process of methanogenesis is discussed.

Beenenue

[Tonydenue Ouorasa SIBISETCSA BaXKHOM YacThIO OOIICH KOHICIIMKA YCTOMYUBOTO Pa3BUTHS, OCHOBAHHON
Ha MPOU3BOACTBE BBICOKOIHEPTETUYECKUX TOIUIMBHBIX areHTOB — CHUPTOB, Macej, Ira30B, MPECCOBAHHBIX
OpUKETOB M3 BOCCTAHABIMBAEMOTO PACTHTEIBHOTO CHIPhS, C PACUETOM YACTHYHOW 3aMEHBI M SKOHOMHUH He-
BO300HOBIIIEMBIX BUIOB JHEPTETHUYECKHUX PECYpCOB — HE(PTH, YIJIs, IPUPOIAHOTO Ta3a.

Pa3zButHe TexHOIOTMI aHaYPOOHOTO COPAKUBAHUS KUIAKUX U TBEPIBIX OTXOJOB MPEANPHUATHIA MO TIEpe-
paboTKe CEeNbCKOXO3AMCTBEHHONW MPOIYKIIMH SIBIISIETCS OJHUM M3 MEPCIEKTUBHBIX HANPABICHUN B MPOU3-
BOZCTBEe OMOraza W3 PacTUTENBFHOTO CHIPhS M OPTaHMYECKHX OTXOJOB arpONPOMEBIIIJIEHHOTO KOMILIEKCA.
3HepFeTquCKHM MaTepuajioM MOTYT CIYXHUTb XUIAKHUE OTXOIAbl BUHOACIBYCCKOI'0, CIIHMPTOIICPETOHHOIO,
[MMBOBaPEHHOTO, JPOXIKEBOTO M MSICOMOJOYHOTO MPOU3BOJCTB, TBEP/BIC U XKHUIKHAE OTXOJBI ITepepaboTKu
Pa3IMYHBIX BUIOB 3€PHOBBIX KYIBTYp, KapTodens, caxapHOH CBEKIBI, ()PYKTOB M OBOIIEH H Ap.

Buoras — mpoayKkT aHa’poOOHOTO pa3oKEHHsI OpraHMYECKUX BellecTB. IlepeueHb opraHHUYECKUX CyoO-
CTpPATOB, KOTOPBIE MOYKHO HCIIOJIB30BATh JIJIsl MPOU3BOJICTBA OMOTa3a, SBISETCS OTPOMHBIM 110 CPAaBHCHHIO C
MepeyHeM TeX, KOTOpbIe IPUMEHSIFOTCS B HACTOSIIIee BpeMs. Y CTaHOBJICHO, 4T0 86% OMOra3oBOro rmoTeHIma€a
COZIEPIKHUTCS B CEITbCKOXO3AHCTBEHHOM ChIPBE M JIAIIH 8% — B IPOMBIIIIEHHBIX K KOMMYHAJIBHBIX 0TX0/aX [2, 4].

[Toxxo/, OCHOBaHHBIN Ha YTHIU3AIUH OTXOJOB C IEJIBIO MOMyUYeHUS OUorasa, MMeeT Psijl HEOCTIOPUMBIX
MIPEUMYIIIECTB:

- CYIIECTBEHHOE TOBBIIICHNE CTETICHH MepepadOTKHA OTXOJ0B CEIbCKOXO3SIICTBEHHOTO TPOHU3BOJICTBA,
OoJiee MmosHas UX YTUIM3AINS;

- COKpalleHHE TUIOMIalel CEeIbCKOXO3SHCTBEHHBIX 3€MENb IS BBIPALIMBAHUS PACTCHUM, HMMEIOIINX
3HA4YEHHE C TOUKHU 3PEHUS YHEPTETHUKH;

- 3HAYUTCIIbHOC CHMIXCHUEC COACPIKAHUA OPIraHNYCCKUX SaI‘pH?’HI/ITeHeﬁ B CTOYHBIX BOJaX HpCZ[HpPIS[THfI,
YMEHBIICHUE HArpy3KU Ha OUMCTHBLIC COOPY)KCHHSI U CMSTYCHHUE HEraTUBHOI'O TEXHOIEHHOTO BO3JEH-
CTBUS Ha OKPYKAOIIYIO CPENY.

B nacrosmmee BpeMs pa3paboTaHO M MPUMEHSETCS JOCTATOYHO OOJBIIOE KOJTHMYECTBO TEXHOJOTHI MOITy-
YyeHHs OMora3a, OCHOBAaHHBIX HA WCIOJIb30BAHUM PA3JIMYHBIX YCIIOBUH €r0 MPOU3BOJCTBA: TEMIIEPATYPHOTO
peXuMa, BIaKHOCTH, KOHIIGHTPAlMi MHUKPOOHOH OMOMAcCHI, [UIMTEIHHOCTH MPOTEKAHWUS MHUKPOOHOJIOTH-
YECKUX TPOIECCOB M Tak manee [9]. OmHaKko CyIIeCTBYIOMNE TEXHOJIOTHH U 00OpYIOBAaHKE IO CHX IOp HE
obecrieunBaiy MoJdy4YeHne Ouorasa U3 OTXOJ0B C MAKCUMAJIbHO BO3MOXKHBIM BBIX0JI0M. COIJIACHO TEXHOJIO-
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THYECKUM MapaMmeTrpam, Tosbko 30-60% opraHnyecKux MpuUMeceil B cOCTaBe OTXOJOB IOJBEPraioTcs Mpe-
BpallleHHIo B OMoras, a cojiepkaHue MeTaHa B Ororase B OOJBIIMHCTBE CiIyyaeB cocTaBisieT He 6omnee 60-70%.

Pemenne mpobnembl MOBBITICHUS 3G(OEKTUBHOCTH TPOM3BOJCTBA OHOrasa M3 OTXOIOB MEepepadOTKH
CEIbCKOXO3AHCTBEHHON MPOIYKIIMK JOHKHO OBITH OCHOBAHO HA YJIYYIICHHH TPOU3BOJICTBCHHBIX MapaMeT-
poB (cHmKeHUs pacxonoB, moseimenus KIT/ u ap.), o0opyaoBaHUs ¥ TEXHOJIOTUYECKUX CXEM, a TaKKe Ha
pa3paboTKe ¥ BHEIPEHUH HOBBIX TEXHOJIOTHH C YIETOM DKOJOTHYECKOM Oe30MacHOCTH.

B OuoTexHOJIOTHM TOTyYeHHs Onora3a U3 OpraHHIeCKUX OTXOJIOB QOIJICHbL YYUMbIBAMbCS OCOOEHHOCU
memanoeenesa. COrmacHO COBPEMEHHBIM MTPEACTABICHUSIM, TPEOOPa30BaHUE OPraHMIECKUX OTXOJ0B B OHoras
MPOMCXOJHT B Pe3yibTaTe LeJoro KOMIUIEKCA CIO0KHBIX OMOXMMHUYECKUX MPEBpalIeHHH Ojarogapsi MUKpO-
opranusmam [§, 11, 12] u B cooTBeTCTBUU CO cxeMoii (puc. 1).

CyMMapHas peaxIis 3TOro Impoiecca MOKEeT OBITh OIHCaHa CIICTYIOIIIM 00pa3oM:

Oprannueckue marepuains + H,O — 6uomacca + CHy + CO, + H, + NHj.

KauecTBo Onora3sa ompenensieTcs B IEPBYIO O4epellb COJIep)KaHUEeM MeTaHa. J[ByOKUCh yriiepoja pa30as-
JsieT OMora3 M CHIDKAeT ero SHepreTuieckue mokaszareinn. Kpome Toro, mo 0alaHCOBOMY pacueTy KOJIMYECTBO
00pas3yIoIIerocs: BOJ0POa SBISIETCS HEAOCTATOUHBIM st oOpazoBanust CHy. [ToaToMy akTyaibHOU SBISETCS
pa3paboTka OMOTEXHOJIOTHIA 10 YBETHMUCHHIO COJIEPIKAHUS METaHa B Ouorasze. OT0 MOXET OBITh JOCTUTHYTO
CCJICKTUBHOM OYMCTKON Omoraza ot comytcTByronmx razos (CO,, H,S), onTummsanmeli TEXHOJIOTUU €ro
MOJIy4YCHU IMyTEM BBOJA OMOJIOTMYECKHA aKTUBHBIX COCI[I/IHCHI/Iﬁ, CHOCO6CTBYIOH_[I/IX Pa3BUTUIO MCTAHOT'CH-
HBIX OaKTepuit.
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MeTaH

Puc.1. [Tyt merabonu3Ma OpraHUuECKUX COSAMHEHNI
Ipu aHa3poOHOM OpoxkeHHH [4]

[Ipu BBeieHNN OHMOCTHMYIISITOPOB B OMOXMMHUYECKHI MPOIIECC AaKe B HE3HAYUTENBHBIX KOJIMYECTBAX T10-
BBIIIIACTCS CKOPOCTh POCTa OAKTePHUi K UHTCHCUBHOCTH aHA3POOHOT0 COPayKUBAHUSL. DTO MPUBOJIUT K CHIDKCHUIO
BPEMEHHU TIPOLIECCa, YTO, B CBOKO OYEPEIb, MOKET CYIIECTBEHHO CHU3WUTH KAIMTAJIBHBIE U 3KCIUTyaTallMOHHBIE
3atpatsl. [lomydens Xxopore pe3yabTaThl P UCTIONB30BAHUH IS ATHX Ielield «MenadeHay — CHHTETHYECKOTO
CTUMYJISITOpa Pa3BUTHS PACTEHUH, SBISFOIIETOCS MEIAMHHOBOH COJBIO OHC(OKCHMETHIT)(hOCHUHOBOM KHACIOTHI
[1]. st m3yueHMs MPOLIECCOB MHTEHCU(UKAIIMY METaHOTEHEe3a HAMH BEIOPAHO HAIIPABJICHHUE 10 TOIYYCHUIO
U UCIIBITAHUIO B KAY€CTBE OMOJIOTHYECKU aKTUBHBIX BemlecTB (BAB) mpupoaHBIX H30TPEHOBBIX COSIMHEHMI
C BO3PACTAIOIIAM KOJIMIECTBOM (PYHKIIMOHAIBHBIX TPYIIIT B MOJIEKYJIE.

OnHUM U3 TTyTel COBEPIICHCTBOBAHUS OMOXMMHYECKON TEXHOIOTHUH ISl TIOBHIIIEHUS BBIX0/1a OnoMeTaHa
SIBIISIETCSL pazoenieHue ayemoeHH020 U MemaH02eHHO20 NPOCMpAncme 6 buopeaxkmope, ¢ UeNblo OTACICHUs
BeIeIsromerocst CO, OT apyrux MPOIyKTOB alleTOTCHHON CTaIuU MPOIEcca U €ro MOCISAYIOIEero CMEeIIH-
BaHHs B METAHOT€HHOM IIPOCTPAHCTBE C BOLOPOIOM.

Lenp mpeAnpuHSTHIX UCCIEOBAHNN — MHTEHCU(DHUKAIS aHadpOOHOTO cOpakuBaHUs Oapipl BUHHOTO U
CIUPTOINEPETOHHOTO MTPOU3BOJICTBA MTPY TIOMOIIY MPUPOTHBIX OUOJIOTUYECKH aKTUBHBIX BEIECTB JJIsl TOBBI-
IIICHUS BBIXO/1a OMoTasa, Co/epyKaHusl B HEM METaHa ¥ CHIKCHHSI SHEPTOEMKOCTH OMOXUMHIYECKOTO MpoIiecca.
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MarepuaJjibl M METOABI UCCJIET0BAHUI
V3yuenne BiusHASL OHOTOTMYECKN aKTHBHBIX BEIIECTB HA IPOLIECC METAHOTeHe3a IPOBOIUIN Ha CIICIHAIbHO
pa3paboTaHHO yCTaHOBKE, COCTOAIIEeH U3 4-X OnopeakTopos (puc.2).

Puc. 2. Cxema 1a00paTOpHON YCTaHOBKHM s OHO-
XUMHYECKOTO TeHEpHPOBaHKs OMora3a M ero OYHCTKH
oT mpumeceil: 1 — GuopeaxTop; 2 — 3arpysKa s
MIPUKpEIUIeHUs] MUKPODIOpsl; 3 - 6 — BEHTWIH;
' L% 7 — €MKOCTb ITUTATEIBHOTO PAacTBOPa; 8 — CTaKaH;
Sedls == 9 — &éMKOCTP C TapHpPOBaHHBEIM O0O0BEMOM;
10 — émxocTu xpaHeHus Bojabl; 11 — Tepmocrar;
12 — yCTpOHCTBO AJIA OYUCTKH OHoTrasa

O6mmit 00beM Kakmoro 6uopeakTopa coctapisier 5000 cM’, monesHsii 00beM — 3500 cM’. VcraHoBKa
COCTOWT W3 TepMETHYHOro OmopeakTopa 1, pasMemEHHOTO B TEPMOCTATe, YCTPOMCTBA BBIBOJIA M KOHTPOJIS
00BEMOB TOITydaeMoro 6uorasa, 00pa3yromnierocs 0cajaka i OYUIIEHHON KUAKOCTH. Takas ycTaHOBKa TO3BO-
JsIeT OJHOBPEMEHHO M3ydaTh MPOIecC OYUCTKH Ororasa ot npumeceit CO, u H,S.

buoras, nmomyueHHslit B OuopeakTope 1, akKyMyJInpoBajca B TAPUPOBAHHON EMKOCTH 9, BBITECHSS U3 HeE
Boxy B €MKkocTh 10. IIpu 3TOM KOHTPOJHMPOBAIHCH MapaMeTphl oOpasyromerocs ouoraza — o0b6éM (Vi) u
nasienue (P), koTopoe onpenesnsioch Mo pa3HOCTH BEICOT YPOBHEH BojbI. [locie HakoTIeHUsT Hy )KHOTO IS
JKCIepHUMeHTa 00bEéMa OMorasa BEHTHJIb MOJaud OMorasa 4 mepekpbiBaics. 3a cUET yBeTUUEHHS Pa3HOCTH
BbICOT EmKocTel 9 u 10, B 00b€Me 9 co3maBanoch AaBlieHHE, HEOOXOIUMOE ISl TIPOIYCKaHUs Tra3a depe3
ycTpoicTBO 1o ero ounctke 12. [Toctynaromias u3 EMKOCTH XpaHeHUs: BoJbI 10 KUAKOCTh BRITECHSIA a3 U3
TAPUPOBAHHOW EMKOCTH M C HEOOXOIMUMBIM JABICHHWEM W PACXOJOM HaIpaBlsia €ro B YCTPOWCTBO S
OYMCTKH raza. ['a3, mporeamuii o4ucTKy, coOupancs B yCTPOUCTBE, COCTOALIEM U3 TAPUPOBAHHON EMKOCTH
9 u émxoctu s xpaHeHus Boasl 10. Ha BeIxose U3 ycTpoiicTBa MO OUMCTKE OHorasa Takke KOHTPOJIUPOBa-
ek 00seM (V,), naBnenne (P,) u Temmeparypa rasa.

YcTaHoBKa TO3BOJSAET KOHTPOIUPOBATh PA0OTy Pa3IMYHBIX YCTPONCTB MO OYMCTKE OHOTa3a, MoCie0Ba-
TENFHO MOAKIIIOYAs UX B CXEMY.

st co3manust JONOJIHATENFHON TTOBEPXHOCTH, CIIOCOOCTBYIONICH NMMMOOHIM3and MEKPO(IOpEI, B OHO-
PEaKTOPbI OBUTH MOMEIICHBI IPYThsl BHHOIPAIHOMN JI03BI ¢ OOLIeH TOBEpXHOCTBIO 3arpy3kn 8000 cm” [13].
DKCMEPUMEHT IPOBOIMIICS B AHASPOOHBIX YCIOBUAX, IIPH MOCTOSHHOM Temmepatype 33,0 = 0,1°C.

KynbruBupoBanue u aganrtanms aHa’poOHOM MHMKpO(IOpHI Belach MO HM3BECTHOW METOAMKE IMyTEM
WHOKYJISIIUA OCaJIKa CTOYHBIX BOJl OYMCTHBIX coopykeHui T. KummueBa. B TeyeHue Mmecsma B Onopeak-
TOpax HapaluBaiachk OmoMacca METaHOTEHHBIX MUKPOOPTaHIM3MOB B KOHTPOJIMPYEMBIX yCIOBHSX IpoIiecca,
IIPH TTOCTOSTHHOM J00aBIIEHUM B HUX MHTATENLHOW CMECH, conepikariei caxap u Monoko (3:1). KynpruBu-
poBaHHe MHUKPOGIOPH MPOU3BOIWIOCH MEPHOAMYECKUM IHUKINYECKHUM BBeJeHHeM cyOcTparta. Muaukaro-
paMu mepexoja OT aleTOreHHOM K METaHOTeHHOW CTaguH B OMopeakTopax ObUIO IOCTHKCHUE 3HAYCHUH
pH=7,4-7,6 u crabunpHBI 00BEM BBIENIAEMOTO OHorasa. PesxkuM BBEJICHHS MUTATEIHHOW CMECH OCTaBaJICS
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HeusMeHHBIM — pH B OuopeakTopax mojaepkuBajcs Ha ypoBHe 7,4-7,6. OIHOBpEMEHHO MPOBOIMINCH
3aMepsl 00bEMa BBIZETSIEMOTO Ta3a U ero coctaB. OMHAKOBBIC 3HAUYEHUSI JTOTO MMOKA3aTels B TeUeHHe 5-7
CYTOK CBHUJIETEILCTBOBANIY O 3aBEPIICHUH TIpoIiecca BhIpAIUBaHUsI MUKPOMIOPH B OMOpeaKkTopax.

3areM NMPOMU3BOIMIOCH MTOCTENEHHOE 3aMENIeHNe MUTATeNbHON cMecH (TopuuoHHO, Ha 25%) Ha Oapmy
CIMPTOIIEPEroHHOT0 3aBojia «bapmapy, 00pasyrouIyrocs B pe3ybTaTe IeperoHKd BUHOMATEPUAIOB Ha KOHBSIYHBIH
cnupt. [locne kaxa0ro 3aMenIeHus BBIACPKUBAIOCH BpEMs J0 MOJMYYCHHs CTa0MIILHBIX TOKa3aTelNeil BbI-
xoja raza. OuH U3 OMOPEaKTOPOB CIYkKHUI KOHTpojieM. [locie mpoBeaeHUs IEPBOM CepUU IKCIIEPUMEHTOB
OMOpPEeaKTOPHI MIEPEBOMIIIUCH HA SIUHYIO U BCEX MUTATENBHYIO CMECh, U TIOCHIE JOCTIDKEHUS CTAOMIBHBIX
nokazatenei pH, 06péMa 1 coctaBa raza OHM OBIIM TOTOBBI K MIPOBEACHHIO CIIEAYFOIIEH CEpUHU SKCTIEPUMEHTOB.

Bnusuue BAB Ha npoliecc MeTaHOreHe3a OILIEHUBAJIOCh TT0 U3MEHEHHUIO CKOPOCTH BBIJICJICHHS ra3a U co-
JiepkaHus B HeM MeTaHa. M3mepenust mposoaw ¢ 10 1o 54 1 ¢ MoMeHTa BBeeHUS cBexel Oapypl. [lokazanus
CHUMAJTU TOCTe 2-X IMKJIOB MOJKOPMKH U TOCICAYIOMUX 3-X IMKJIOB MoAKopMkH. OOmiee BpeMs OZHOTO
sKcnepuMeHTa coctapisiio 300 yacos.

buonozuuecku axmuensle seujecmea. B xavectBe OMOJOTHUYECKH aKTUBHBIX BEIIECTB, KOTOPHIE, Kak
MIpenoaraiock, OyayT CTUMYIHUPOBATh MUKPOOHOJIOTHIECKYIO aKTUBHOCTh, YCKOPATH TPOIIECC METaHOTe-
HE3a M TOBBIIIATH BBIXOJ METaHa, UCIIBITHIBAIN CKEAIeH U Oemyaunosl B Pa3IUUHBIX KOHIleHTpalusax. BAB
OTOHpaIM C YYETOM HX OMOJIOTHYECKON aKTHBHOCTHU, IPOCTOTHI CHHTE3a WM KCTPAKIIMOHHOTO BBIICICHUS,
a TaKXKe JOCTYITHOCTA HCXOJHOTO CHIPBSI.

Ckeanen (2,6,10,15,19,23-rekcamernnrerpakosa-2,6,10,14,18,22-
TeKCacH) TMOJy4Yalld M3 HEOMBUIIEMOW (paKIMH Maciia amMapaHTa
IIpH JEHCTBUHM COJSHOW KHCIOTHI IYTEM €ro SKCTParupOBaHHUS
MAaJIOTIOJIIPHBIMUA OPTaHUUYECKUMU PACTBOPUTEIIAMH — XJIOPO(GOpMOM,
WM alleTOHOM, WM TeKCaHOM, WM neTposieiHbiM ddupoM. [pen-
CTaBJsIeT COOOW YTIEBONOPOJ TPUTEPIIEHOBOTO psiia MPUPOAHOTO
npoucxoxaeHus. [IpuHaIeKuT K TpyIne KapOTHHOUIOB U COAep-
JKUTCSA HE TOJBKO B COCTaBe CeMSH aMapaHTa, HO U B CEMEHax
XJIOTIKa, JIbHA U Apyrux. ComeprkaHue CKBaJieHa B CEMEHAX aMapaHTa
cocranister §8-10%.

bemynunon (C;)Hsp0,) — kpucTaITH4eCKOe OpPraHMYECKOE BEIIECTBO, Cojepxkaiieecs B 0ep&30BOM COKe
U JICTTE, 3alOJHSIONIEE TOJIOCTH KIETOK IMPOOKOBOW TKaHM OEpPe30BOI KOPBI, MpUaBas OelbId I[BET CTBOJIAM
Oepesbl. OH NIETKO AKCTparupyercs u3 OepecThl, coAepiKallell TPUTEPIICHOBRIE COCMHEHUS, OCHOBHBIM H3
KOTOPBIX SIBIIIETCS OemyiuH. CHa

berynuH HE pacTBOpUM B BOJIe, HO CPAaBHUTEIHFHO XOPOIIO pac- HaC—
TBOpsieTcss B criupre. OONagaeT MHUPOKUM CIEKTPOM OHOJorHYe- '
CKOTO BO3/ICHCTBHS HA MUKPOOPTaHU3MBI. biarogaps aHTHOKCUIaHT-
HOM, aHTUTUTIOKCAHTHOW Y aHTUMYTAareHHON aKTHBHOCTH, OH CTaOH-
JTU3UPYET KIETOYHbIE MEMOpaHbl MUKPOOPTaHW3MOB, MTOBBIIIAET HX
YCTOWYHBOCTH K TIOBPEXKICHUIO B YCIOBUSAX HEIOCTATKA KUCIOPOAA
U OJHOBPEMEHHO C 3THUM NPEMSTCTBYET MEPEKUCHOMY OKHCICHHIO
JIUTTUJIOB. HO

TectupoBanue BAB ¢ 1enpio mpoBepKH MX BO3MOXKHOTO aKTH- HC
BHPYIOIIET0 (MHTHOUPYIOIIETr0) IeWCTBUS Ha MHKPOOPTaHHU3MBI
MIPOBOJIMJIN B AKCIIEPUMEHTE C MCIOIh30BAHNEM IHUTATENBHOM Cpelbl ¢ J00aBIeHHEM WX B KOHIEHTPAIIHSIX
107...10° %. TecT-00BbEKTOM CIyKHIH adpo0Hble OAKTEPUM Oapibl CIMPTONEPErOHHOrO MPOM3BOICTBA
(CII), oToOpanHON M3 KOHTPOJIBLHOTO OMOpeakTopa. TecTupoBaHHWE aMmapaHTa U OCTYJIMHOJA B aCIEKTE UX
BIIUSHUS Ha JCTUAPOTEHA3HYH) AKTUBHOCTH Oapibl OCYIIECTBIISLUIA B JIONOJHHUTEIHHOM SKCIICPUMEHTE, B
aHa’poOHbIX ycnoBusix. BAB npumensnu B konuentpauuu 0,033%.

Xumuueckue noxazamenu. llpenpaputensHo oneHuBanu pH, BIaXHOCTh, COJEpIKaHIE CYXOTO BEIIeCTBa,
coJiepKaHue 0oOIIero yriepoaa B MCXOAHOM Oapie cTaHmapTHRIMUA MeTofamHu. [lokazaTenn XMMHUYECKOTO U
ouonormaeckoro motpedmenus kuciopoaa (XIIK u BIIKs) perucrpupoBaim 1Mo cTaHIapTHONH METOAMKE, 00BEM
ras3a — BOJIFOMOMETPUYECKUM METOAOM, COCTaB OMOraza — XpoMaTorpagpuaeckuM METOJIOM.

Muxkpobuonoeuyeckue u susumamuyeckue noxazamenu. Mukpoobnyro o6uomaccy (MB) B ocanke cTOYHBIX
BOJI OMPEJISIISLTN PErUAPATAlIMOHHBIM METOA0M. UHCIEHHOCTh MUKPOOPTaHU3MOB (B TOM YHCIE adpOOHBIX

CHy ©Ha

CHs
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reTepoTPOMHBIX) OMPEIEIIIIH METOJIOM TIOCeBa Ha TBEP/IbIe MUTATEIbHBIC cpeabl [3, 5]. MeTanobpasyroune
OakTepuy B WCXOIHOM Oapne ompenermsuid 1mo Meroamke Xaureta. CO,-MpoayIupyoNnyo CIIoCOOHOCTh
ocaJlka OLCHHMBAJIM METOAOM THUTPOBAHUA. AXTHBHOCTD ACTUAPOTrCHA3bl ONPEACIIIIN KOJOPUMETPUYCCKUM
meroaoM [5].

Pe3yabTaTthl Hecief0BaHN M UX 00Cy:KIeHUE

XapakrepucTuka 0apabl CHHPTONEPEroHHOI0 MPOM3BOACTBA M OcajJKa cTOYHBIX Boia. bapna CII
MpeCTaBisieT OO0 KUIKYIO CYCIIEH3UIO JKEITOBATOTO I[BETA C BIAXKHOCTHIO 91,3-91,6%, ¢ He3HAUUTETHHBIM
coJiepkaHueM Cyxoro BemiecTBa — 8,4-8,8% u xucnoit peaknueit cpenst (pH=5,4). Conepkanue o0mero
yriepoaa coctasisiio 4,25% ot ceipoil u 49,5% ot cyxoit Maccsl 0TX00B (Tabi.1). OTX0AbI XapaKkTepu3yroTCs
BoIcoknMU mokazatessiMu XIIK u BITKs — 28250 u 17800 mrO,/n cootBeTcTBeHHO. McXomnas 6apaa comep-
kKaJia a3poOHYI0 reTepoTpodHy0 Mukpodiopy (tadm.1). [Tocne HelTpanu3aluu U MOIICIaYUBaAHUS, TaKas
0apna MCroIb30BaIach Kak cpenia Ut KyJIbTHBHPOBAaHUS METaHOOPA3yIOMINX OaKTepH.

Tabamna 1
XuMHYeCcKUi 1 MUKPOOHOJIOTHYecKnii cocTaB ucxoaHoii 6apast CII
Cyxoe c C I'erepoTpodHbie
BraaxHoCTb, y % ot % or XIIK, BIIKs, pOTP
Otxo/5! pH o BEILIECTBO . . OaxTepum,
%0 o CBIDOH | cyxoi MrO,/n MrO,/n KOE-10%/m1
0 Macchbl | Macchl
bapna
CII 5,4 91,25-91,59 | 8,41-8,75 4,25 49,5 28250 17800 7,39

*B Tabnunax KOE — xonoHneoOpasyronue eanHILbL

MHUKPOOHOIOTHIECKHE UCCIICIOBAHMUS OCaJKOB CTOYHBIX BOJ| MMOKA3AJIU, YTO OHH SIBJISIOTCS MATEPHAIIOM CO
cnabomenounoi peaknued (pH=7,5), 001a1af0T BEICOKUM COAECpKAaHUEM OPTraHUIECKOTo BelecTBa (B cpe-
HeM 21,3%). DTo 00yciaBiMBaeT BBICOKYIO YHCICHHOCTH Oakrepuii, CO,—poayHpyoOLIyl0 crocOOHOCTb
OTXOJIOB U MX JCTHAPOTreHA3HYI0 aKTUBHOCTD (Ta0.2).

Taoaumna 2

MukpoOuoJiorudyeckasi 4 OHOXMMHYECKasi XaPaKTePUCTHKA 0CAJAKOB CTOYHBIX BOJ

I'erepo- Nocar- | AxTusomi- Metano6pa- Herunpore-
Mb TpodHBIE . 3YIOIIHE I'pu6sI CO, Ha3Has
dia LIETHI
OakTepuu OakTepun AKTUBHOCTh
mr C/r KOE=10/ KOE=10*/ r Mr/100r/24 | - wr TO/
q 10 T /244
2,5 1286,8 | 2493 | 2238 350 | 54 1,91 11,8

Y CTaHOBJICHO, YTO OCAJIKA CTOYHBIX BOJ SBJISIOTCS OMOJIOTUYECKH aKTUBHBIMU MaTepUAIaMU, B MHKPOO-
HOM CO0OIIecTBe KOTOPHIX IMpeobnamaroT Oakrepuu. YnciaeHHOCTh rpuOOB He3HauuTenbHa. CopepikaHue
MHKpPOOHOTO yriepoaa coctapisieT 2,5 mr C/r ocaaka. OqHa TOHHA OTXOMOB COIEPXKUT B cpemuHeM 5,0 kr
Cyxol MUKpoOHOH Oromacchl. OcaoK CTOUHBIX BOJ| COACPIKUT MeTaHOOpa3yrole OakTepuu B KOJIUIECTBE
350 +10° KOE/ .

Onrumu3zanus ycjioBuii anas3podHoro npouecca. CKOpocTh BBIICTICHUS OMOTa3a HaXOAUTCS B 3aBHCHU-
MOCTH OT JUIMTENBHOCTH TIpoIlecca W BUAA MuTaTenbHOU cMmecu (puc.3). Ha HagampHOM 3Tare MpoucXOAuT
ajanTamys MHKPOOHOTO cOOOIecTBa K HOBBIM HCTOYHHKAM IMUTAHMS, 3aT€M HAOIIOaeTCs WHTEHCHBHOE
BBIJICJICHUE Ta3a U MOJKHUCICHUE TUTATEIBHOMN JKUIKOCTH B PE3yJIbTaTe alleTOreHHOU (ha3bl OpokeHust. B ycnopusix
Kucnoi peaxiwu cpenst (pH = 3,8 -5,0) BeimeneHue 6mora3za NpakTUYECKH TOTHOCTHIO MOAABISIETCS U BO3HUKACT
BHOBB TOJIBKO IpH JOCTHXeHuM 3HaueHWit pH >7,0. CkopocTh MpoayIMpOBaHUs Ta3a pe3KO HapacTaeT B
TedeHre 10-15 gyacoB u oTpaxaeT 3KCIOHEHIIATBHYIO (ha3y pocTa MUKPOOPraHU3MOB. B TeueHue mocieyro-
mx 10-30 gacoB (ITpw MOANUTHEIBAHUY CMECBIO caxap + MoJIoKO) B 15-50 JacoB (MpH MOIIUTHIBAHUHN Oapaoi
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CII) peructpupyercs cTabuiam3arnusi 3TOro mokaszateinsi. B Teuenne nocienyromux 20 9acoB MPOUCXOANT CHU-
JKeHUe BBIJENICHNA ra3a: pe3koe — MpH MOAMUTHIBAHUK CMECHIO caxap + MOJIOKO U TUIAaBHOE — MPH MOIMTUTHIBA-
unun Oappoii CII. I'padmk 3aBUCHMOCTH CKOPOCTH BBIJeNeHMs] OHora3a OT BpeMeHH OpO’KeHHUS! COBIagaeT C
KJIACCUYECKOUM KpUBOW pocTa OakTepuil B mepuoandeckoil Kyiptype [10]. Crienyer oTMETHTH, UTO BhIIEICHUE
ras3a IpH UCIIOJIb30BAaHUN CMECH caxap + MOJIOKO B JIECSITKH pa3 MPEBHINIAET TAKOBOE IIPH MEPEBOJIC aHAIPOO-
HOTO MHKPOOHOTO cooOmiecTBa Ha moamuThiBanue Oapmoit CII. DTo CBHIOETENBCTBYET O TOM, YTO OPTaHU-
YeCKOe BEIIECTBO OTXOJIOB SIBIISIETCS ISl aHA3POOOB 00JIee CII0KHBIM JIJIsl Pa3JIoKEHHS CyOCTPaTOM.

140 g
120/ (A)—, i

2100

s 80 -

o

E- 60 §!

L o P _'

&0

4 % 5

2 . |

§ 5 ® F\\\\

= 4

A / i

g ° 7

§ 2 [ Puc.3. V3MeHeHune CKOPOCTH BBIIEICHUS

o1 Ouoraza B 3aBHCHMOCTH OT MHUTATENbHOM
0 . cMmecu: A — cMech caxap+moioko; b — 6apaa

0 10 20 30 40 50 60 P : P
Bpems,u CIIUPTOBOTO MPOU3BOACTBA

Bimsinue BAB Ha npoinecc MeranoreHne3a. beTyuH U CkBaJieH CITIOCOOCTBYIOT MHTEHCU(DUKAIIUH TTPO-
1ecca aHa3poOHOT0 COpaKUBaHMS OPTaHUYECKOTO CyOcTpara 0ap/bl U KakK CICICTBHE — MOBBIIICHUIO OOIIEro
BBIXO/Ia OWOTa3a, a B psjie CllydaeB — U COJEp)KaHWsA B HEM MeTaHa. DKCTPAaKT amapaHTa (JelCTBYIoIIee
BEIIeCTBO — CKBaJieH) B 3-4 pa3a MOBBIMIAET CKOPOCTh BBLIETICHHS Ta3a M MPOW3BOAUTENBHOCTH IpoIlecca
MeTaHoTeHe3a. Mcmonb3oBanue 6eTyrHoNa (IeHCTBYIONIEE BEIIECTBO — OETYJIMH) HE OKa3bIBACT 3aMETHOTO
BITUSTHUSI HA CKOPOCTh OMOXUMHYECKOTO TPOIIecca, OAHAKO MPUBOINT K YBEIIMUYSHHIO JTOJIM METaHA B COCTaBE
6moraza ¢ 65-70 % no 90-95%. B cBsi3u ¢ 3TUM TpEACTaBIIIO HHTEPEC M3yUnTh BiIMsHUE cMecH bAB Ha
METaHOTCHHBIN nporiece. [IpuMeHeHre 100aBOK MOBHIIIACT B 2,5-3 pa3a CKOPOCTh BbIICNICHUs Ouorasa (puc. 4,
tabum. 3). [Ipu aToM coneprkaHue B HeM MeTaHa yBenuuuBaeTcs ¢ 58-60% Ha koHTpoe 10 90-92% Ha BapuaHTax
C UCTIONB30BaHUEM cMecH OeTynuHoN + amapaHT. BAB mo3BONSIOT moydaTh MPAaKTUYECKH TOT K€ 00BeM
Oumorasa, 4To U Ha KOHTPOJIE, TOJIBKO B 3,7 pa3a ObICTpee, MPH 3TOM CKOPOCTH BBIICTICHUS Orora3a mourty B 4
pa3a BeIe. YBenuueHue KoHIeHTpaiuun BAB cBeime 5,0 Mr/n Gapisl HE CONPOBOXKAACTCS YBEIMYCHUCM

CKOPOCTH MTPOAYIIMPOBAHUS T'a3a U YCIJICHHEM HHTEHCHBHOCTH METaHOTEHE3a, TIOATOMY SIBIISIETCS HEIeIeco00-
Pa3HBIM.

16

5

Puc.4. CKOpocTb BBIICIICHUS OHOTa3a B 3aBUCHMOCTH
oT koHueHTpauuu BAB (Gerynaunon + amapaHT B
cooTHomeHnu 1:1):

1 — KOHTpOJIB;

L] (=]

CkopocTh BelaeneHna Buoraza, oy
o

2 —2,5 mr/m;
% 3-5,0 mr/m;
04 4 —10,0 mr/m.

Bpewma, u
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Tadauna 3

Biausinue cMecu 0eTy IMHOJIa M aMapPaHTA HA 00bEM U CKOPOCTH BbleJIeHUs OHorasa

Konnenrpanus 100aBok cMecH OETyJIMHOJIA B aMapaHTa
Bpewms, KoHTpors B MX cooTHomeHnuH 1 : 1, B Bec. %
! 2,510 5,010 1,010
c 00BEM, | CKOPOCTH, | O0O0BEM, CKOpOCTh, | 00BEM, | CKOPOCTh, | 00BEM, | CKOPOCTH,
Havaja MII MIT/4 MII MJI/4 MII MIT/4 MIT MIT/4
0-18 18 90 5,6 250 13,9 325 19,1 300 16,7
19-25 7 40 5,5 75 10,7 75 10,7 100 14,3
26-45 20 100 5,5 50 2,5 0 0 0 0
46-69 24 110 5,0 0 0 0 0 0 0
70-93 24 75 3,1 0 0 0 0 0 0
HUTOI'O 415 4.8 375 8,3 400 16,0 400 16,0

Heo0x0auMo OTMETHTB, YTO HCIIOJIL30BAaHUE CMECH OCTYIMHON + amMapaHT HE TOJbKO COKpaIllaeT Jiar-
(hazy u akTUBUpYET OBICTPBIA POCT MUKPOOHOTO COOOIECTBA B OMOpPEaKTOpax, HO U CYIIECTBEHHO YKOpa4H-
BaeT CTAIHOHAPHYIO a3y ero pa3BUTHsI. ITO CIIOCOOCTBYET YCKOPEHUIO MPOTEKAHNI ONOXUMHUIECKHX METa-
HOTEHHBIX MPOLIECCOB, MOBHIIICHUIO BBIX0/1a OMOra3a U MO3BOJISET ObICTPEE YTHIN3UPOBATH OTXOBI.

C mpakTHYECKO# TOYKH 3pEHUS 3TO 00YCIaBINBACT BO3MOXKHOCTD COKPAIICHHS KATUTAIbHBIX U SKCILTya-
TAIMOHHBIX PACXOJ0B Ha CTPOUTEIHCTBO OMOPEAKTOPOB U OYMCTHBIX COOPY KEHUH B IIETIOM.

Bausaune BAB Ha MUKPOOPraHM3Mbl M JAeTrHAPOTreHA3ZHYI0 aKTUBHOCTb. V3BECTHO, YTO Ha METaH-
00pa3yIue MUKPOOPTaHU3MbI CTUMYJIHUPYIOIIES BIMSHAC OKAa3bIBAIOT OMOMAcCCa W DKCTPAKTHI Pa3IHYHBIX
BHUJIOB PACTECHUH — JaBaHIbl, 30JI0TAPHUKA, THICAYEIUCTHUKA, UTTIOMeH, amapanTa [12, 13]. [Ipennonaraercs,
gyT0 BAB cmocoOCTBYIOT MHTCHCH(pUKANNS TIpoIlecca aHa3pOOHOTO OpOKEHUS OPTaHWYIECKOTO CyOcTpara
Onaromapsi MX aHTHOKCHUAAHTHOW, aHTUTHUIIOKCAHTHONW M aHTUMYTarceHHON OMOXMMHYECKO# akTuBHOCTH. bAB
CTaOMIM3UPYIOT KIETOYHBIE MEMOPaHbI MUKPOOPTAaHW3MOB, CHIDKAIOT MEPEKUCHOE OKHCIICHHE JIUIUIOB U
TIPETSITCTBYIOT MTOBPEKACHUIO KIIETOYHBIX MeMOpaH. HeMaoBakHOe 3HaUeHHE UMEET U TOT (DaKT, 9To OEJIOK
JINCTHEB amMapaHTa MO0 CBOEMY aMHHOKHCIOTHOMY COCTaBY OJHM30K K HICATHPHOMY M 00JaJaeT BBICOKOH
MUIIEBON LIEHHOCThIO. B mureparype oOCY»KHarTCs MEPCHCKTHUBBI MPUTOTOBICHUS HA OCHOBE aMapaHTa
MUTATENbHBIX CPEJ AJIS BHIPALLIUBAHUSI MUKPOOPTaHU3MOB.

Yucjie HHOCTh TeTe POTPO(HBIX 29POOHBIX

OakTepui
4- T2
3,51
3 *
k.
E 2,51 :{3,8
=R
*
8 1.5
<
1
0,31 ey
0
1 2 3

Puc.5. CtumynupoBaHre pocTa reTepoTpodHBIX a3pOOHBIX OaKTEpUil B IKCIIEPUMEHTE C JIA0OPATOPHBIMHU
o6uopeakropamu: 1 — kKOHTpOJIb; 2 — amapanT 0,0005%; 3 — 6erynunon 0,0005%

YCTaHOBIICHO, YTO aMapaHT U OETYJIMHOJN CTUMYIHPYIOT B 2,2-2,4 pa3a pocT U pasMHOKEHHE TeTepoTpod-
HBIX a’pOOHBIX OakTepwii (puc. 5), 9YTO MOXKET aKTHBHPOBATH a’dpoOHYyI0 ¢a3y mepepabOoTKH OTXOIOB U
YIIyYIIUTh WX TMOATOTOBKY K MPOIECCY METaHOreHe3a. DTH Pe3yJibTaThl KOCBEHHO CBHJCTEIBCTBYIOT O
CYIIIECTBOBAaHUHU MEXaHH3Ma OMOJIOTUYECKH aKTUBHOTO JIEHCTBHSI 3TUX BEIIECTB HA MUKPOOPTaHU3MEI.
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MexaHu3M HEPreTHYeCKUX MPOIIeCCOB METAHOTEHOB ellle He paciIu(poBaH, HO 00IIHe TPUHIHUITHATIEHBIE
MOJIOKEHUST yCTaHOBIEHBI. [lomyyeHne sHepruM, Mo KpaiiHel Mmepe mpHu okucieHud H,, compsbkeHHOM c
BoccraHoBieHueM CO,, CBsI3aHO ¢ (YHKLMOHUPOBAHUEM 3JIEKTPOH-TPAHCIIOPTHON CHCTEMBI, BKJIFOUAIOIIEH
JETUIPOTEeHA3bl, TIEPEHOCUYNKOB JIEKTPOHOB M pEAyKTa3bl. B kadecTBe IeruaporeHas MICHTUDHUINPOBAHEI
rHIporeHasa u GopMuaTIeruaporeHasa.

TectupoBanue 2-x BuoB BAB npoaeMOHCTpHPOBaO CTUMYJIHPYIOIIEe BIMSHUE aMapaHTa U OeTyJIHMHOJa
B koH1eHTparyn 0,033% Ha akTHBHOCTH JIETUAPOTEHA3HI (pHC. 6).

AKTHBHOCTb /1€ THIPOTre Ha3bl
0,6
0,51
= 0,51
z
QE 04 ] 035
S 03 0,28
2 -
S 02
g
0.1 1
0
1 2 3

Puc.6. Biussaue BAB Ha aktuBHOCTH AeruaporeHassl B 6apae CII:
1 — koHTpOINB; 2 — amapant 0,033%; 3 — 6erynunon 0,033%

AMapaHT aKTHBHPOBAI JIETHIporeHassl Ha 25%, OerynmHON — B 1,8 paza. Otu BAB npu3HaHBI IEPCIIEKTHB-
HBIMU JI UX MCIIOJB30BaHUA B KAQYCCTBEC CTUMYJIATOPOB METAHOTCHHOT'O IIpOoIEcCa. ,Z[EUIBHCI‘/'IHH/IC HCCIICO0-
BaHUS MPEAINOJIAraeTCs MPOBOJUTH C PACIIUPEHUEM HOMEHKIATYphl BAB m pa3paboTKoil ONTHMaIbHBIX
YCIOBUMN MX MPUMCHCHUS.

BriBoabl

1. Pemenue mpoOyieMbl YTHIM3AIMH )KUJKAX OTXOJI0OB BUHOJIEIBUECKON U CITUPTOIIEPETOHHOMN ITPOMBIIII-
JICHHOCTH BO3MOJKHO Ha OCHOBE pa3pabOTKH JKOJIOTHMYECKH OOOCHOBAHHBIX TEXHOJIOTHH HMX aHa’dpOOHOTO
cOpaxuBanus. [loBeimenne 3 PpeKTHBHOCTH MPOU3BOJCTBA OMOTa3a ¢ yBETUYEHHBIM COJACPKaHHEM B HEM
OnomeTaHa W3 PACTHUTEILHOTO CBHIPbS U OTXOIOB MEPEepPadOTKH CEIbCKOXO3SHCTBEHHON MPOAYKLIUH MOKET
OBITh OCYIIECTBIEHO MOCPEICTBOM HCIIOIH30BAHUS PA3IUYHBIX OMOJIOTHYECKH aKTUBHBIX BEIECTB MPHUPOJI-
HOTO TIPOUCXOKACHUS.

2. bapaa cnupTOneperoHHOTO MPOU3BOACTBA MPENCTABISET cOOOM KUIKYIO CYCHEH3MIO C BIAKHOCTHIO
91,3-91,6%, He3HAUUTENbHBIM COACP)KaHUEM CyXOro BemiecTtBa — 8,4-8,8%, U ¢ KHUCION peakuuend cpenbl
(pH=5,4). Conepxxanue obmiero yriaepona coctaBisieT 4,25% ot ceipoit u 49,5% 0T cyxoit Macchl OTXOMOB.
Otxonpl xapaktepusytotcs: Bbicokumu mokazarensimu XITK u BITKs — 28250 u 17800 mrO,/1 cOOTBETCTBEHHO.
Bapna conepxutr a3pobHyro rereporpodHyro Mukpodmopy. [locine HelTpanu3anuu 1 MOAIIEIaYBAHAS OHA
MOJKET OBITh HCIIONB30BaHa KaK Cpea Ui KyJIbTHBAPOBAHUS METAaHOOPA3yIOMNX OaKTEepHH.

3. TexHomorust aHa3poOHOTO cOpaKUBaHU OapAbl OCHOBaHA Ha HEUTpaTU3allui KHUCION PEeaKkIMy Cpebl
orxonoB 10 pH=7,0-7,2 1 ucrnons30BaHUU OMOIOTHUECKH aKTHBHBIX BEIIECTB B KauecTBE 0OABOK, CTUMY-
JUPYIOMINX TMPOIIECC METAHOTeHE3a.

4. Vcmonp3oBadue OETyJIMHOJA W JKCTPAKTa amMapaHTa B MX COOTHOMmIEHWH | : 1 W KOHIEHTparuu
5,0-10*...1,0-10° Bec. % sBnsteTcs S(BEKTUBHBIM CIOCOOOM YCKOPEHHS GHOXHMHUYECKHX METAHOTEHHBIX
MIPOIIECCOB. DTH BEIIECTBA IMOBBIMAIOT AKTHBHOCTH JETHUAPOTEHA3bl, COKPAINAOT Jar-(asy, akKTHUBUPYIOT
9KCIMOHEHITNANBHBIA POCT MEKPOOHOTO COOOIIECTBA M CYIIECTBEHHO YKOPAYMBAIOT CTAIlMOHApHYTO (hasy ero
pa3Butus. [IpuMeHeHue cMecu GeTyIMHONA M AKCTPaKTa aMapaHTa IMOBBIIIIAeT BHIX0A Ouorasa B 2,5-3 pa3sa,
YBEJIMYUBACT COJEpKaHue B HeM MeTaHa ¢ 58-60% mo 90-92%, uro nmo3possiet 6onee 3(h(HEeKTUBHO U OBICTPO
YTHIU3APOBATH OTXOBI.

5. beTynMHON M IKCTPAKT aMapaHTa 00JaJaloT CIIOCOOHOCTHIO CTUMYJIMPOBATH POCT adPOOHBIX T€TEPO-
TpOpHBIX OaKTEpUH, YTO MOXKET OBITH MCIOIB30BAHO B adpOOHON CTAaAMW YTHIM3AIHMU KUIKHUX OTXOA0B
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BUHOJCJIBYCCKOTO U CIIUPTONCPETOHHOTO MPOU3BOACTBA U IJId YIIYUYIICHUA UX IMOATOTOBKU K aHa3p06H0171
cTanuu. Mexanu3M OMOJIOTUYECKOTO JeHCTBHS J00aBOK Ha MPOIECC METAHOTEHe3a U B I[EJIOM Ha MUKPOOP-
TaHU3MBI 00CYKIaeTCsI.
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STUDIUL INFLUENTEI SUBSTANTELOR SURFACTANTE ANIONICE ASUPRA
PROCESULUI DE INLATURARE A COLORANTILOR DIN SOLUTIILE MODEL LA
TRATAREA LOR PRIN METODE FIZICO-CHIMICE

Vera MATVEEVICI, Maria GONTA, Gheorghe DUCA, Larisa MOCANU
Catedra Chimie Industriala si Ecologica

It was studied process of elimination of direct red dye in the presence of anionic surfactant (sodium lauryl sulphate)
of model solution, with their combinated tratation with aluminium coagulant, catalytic oxidation with hydrogen peroxide
and sorbtion of remain compounds from activated charcoal by depending of concentration of aluminium ions, dye,
surfactant and time of catalytic oxidation.

It was obtained that direct dye can be eliminated from model solution with initial concentration of dye from 50 to
200 mg/l in presence of anionic surfactant (only to 40 mg/l) by applyind of combinated methods of coagulation with
aluminium coagulant and adsorbtion from activated charcoal. Consume of coagulant in presence of surfactant rise from
2-3 time comparated with removal of dyes in absence of surfactant. It was founded that catalytic oxidation the mixture
of direct dyes and anionic surfactants, molecules of surfactant degrades more difficult than dye molecules at the catalytic
oxidation in presence of hydrogen peroxide, catalysed by Fe (II), and concentration of remain organic compouds can be
reduced only on adsorbtion by activated charcoal. Cleaning concentrated solution, that contain direct dye and anionic
surfactant with 200 mg/l and 60 mg/l concentration, can be realize only with combination of coagulation, catalytic
oxidation and adsorbtion with activated charcoal methods.

Introducere

Intreprinderile si fabricile textile folosesc o cantitate mare de apa naturala in procesul tehnologic, pe care
apoi o evacueaza 1n sistemul de canalizare. Volumul mare de ape reziduale, care se formeaza in rezultatul
activitatii industriale, este partial epurat, iar restul este deversat direct in sistemul de canalizare, care apoi
ajunge la statia de epurare biologica ordseneasca, unde compusii organici nebiodegradabili practic nu se
degradeaza si nimeresc in bazinele acvatice. Acestea prezintd un pericol destul de mare pentru vietuitoarele
acvatice. Principalii poluanti ai apelor reziduale textile sunt surfactantii si diferiti coloranti textili, precum si o
serie de compusi auxiliari textili (alcooli, polialcooli, fenoli, aldehide, stabilizatori, fixatori, dispergatori etc.),
aplicati in procesul tehnologic de vopsire a tesaturilor de diferita natura.

Surfactantii sunt substante nebiodegradabile si, patrunzand in bazinele acvatice, duc la diferite dereglari
ale procesului de autopurificare a apelor, fiind toxice pentru vietdtile acvatice. Concentratia surfactantilor
in apele reziduale textile este de 40-60 mg/l, iar concentratia colorantilor variaza de la 50 mg/l pana la
200-250 mg/1, in dependenta de procesul tehnologic. Concentratia minima a surfactantilor in apele tratate si
in cele naturale, folosite pentru industria piscicold, trebuie sa fie de 0,5 mg/l pentru surfactantii anionici si
de 0,05 mg/l pentru surfactantii neionogeni [1,2]. Atat surfactantii, cat si colorantii sunt substante stabile din
punct de vedere biochimic si in procesul tratarii biochimice se oxideaza foarte greu.

Pentru inlaturarea surfactantilor din apele reziduale se aplicd diferite metode fizico-chimice, chimice si
biochimice. Metoda de coagulare se aplica cu succes pentru inldturarea concomitenta a colorantilor si surfac-
tantilor la etapa de pretratare a solutiilor, care duce la o concentrare a componentilor organici pe suprafata
coagulantului de aluminiu [3]. Efectul inlaturarii depinde de concentratia colorantului si a surfactantului,
deoarece in solutii mai concentrate, cand se atinge concentratia critica de formare a micelelor, se formeaza
micele mixte dintre colorant si surfactant, care duc la dispersarea particulelor asociate de colorant. La a doua
etapa de tratare se aplicd metoda de concentrare a compusilor organici remanenti prin metoda de ultrafiltrare [4].
Metoda de ultrafiltrare este aplicatd pentru inlaturarea concomitentd a colorantilor activi i a surfactantilor
anionici si cationici. In prezenta surfactantilor cationici se micsoreazi impermeabilitatea membranelor,
respectiv se micsoreaza retinerea colorantului si a surfactantului [5]. In ultimul timp se aplicd metodele de
oxidare avansatd, care duc la degradarea compusilor organici in compusi mai simpli sau la oxidarea lor pana
la compusi anorganici, ca dioxidul de carbon si apa. Surfactantii anionici sunt degradati cu ajutorul radicalilor
OH*, care se obtin fotocatalitic cu ajutorul electrozilor nanoporosi de Ti/TiO, [6]. Timpul de iradiere cu
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razele UV este de 90 minute. In rezultatul oxidarii si mineralizarii surfactantilor anionici carbonul organic
total se micsoreaza pana la 94%, iar concentratia lui remanenta se incadreaza in normele sanitare. Formarea
particulelor active de radicali OH* are loc pe suprafata electrodului de titan, acoperit cu oxid al titanului,
conform urmatoarelor reactii:

TiO, + hv — TiO, + e o, + TiO, + h'y,

TiO, + h'y, + H,O,— TiO, + OH,+H"
TiO, + h*,, + OH, — TiO, + OH"

Surfactantii se oxideaza si degradeaza cu participarea radicalilor OH*, care se formeaza si la descompunerea
fotocatalitica a apei cu participarea oxidului de titan sub forma de particule marunte. Gradul de degradare
depinde de natura substituentilor (grupa metil, etil etc.) de la atomul cuarternar de azot si de natura anionului
exterior (clorura, bromura). Gradul de mineralizare a surfactantilor ajunge pana la 60-80% [7,8].

In literatura de specialitate sunt indicate si descrise metodele de adsorbtie a surfactantilor de catre carbunii
activi sau alti adsorbenti naturali si sintetici. Inlturarea surfactantilor pana la normele sanitare se realizeazi
prin aplicarea metodelor combinate, care constau in concentrarea surfactantilor prin metodele de extractie —
flotare cu degradarea lor la a doua faza de tratare [9].

Insa, cu mult mai greu se inlatura surfactantii din apele reziduale textile, unde ei sunt impreuna cu acolo-
rantii textili, fiind stabilizati de alte substante auxiliare textile, care se aplica in procesul tehnologic de vopsire a
diferitelor tesdturi. Pentru aceste ape reziduale aplicarea metodelor de adsorbtie cu ajutorul carbunilor activi
este limitatd din motivul ca numai in jur de 2-4% de surfactanti i coloranti sunt inldturati, deoarece o parte
mare din microporii $i mezoporii carbunilor activi nu sunt accesibili pentru particulele asociate ale acestor
poluanti organici. De aceea, la prima etapa de tratare a apelor reziduale textile de poluantii organici mentionati
se aplica metoda de coagulare cu ajutorul sarurilor de fier sau aluminiu, care, prin dizolvarea lor in apa
tratatd, formeaza particule coloidale, in stare sa neutralizeze si sa sedimenteze surfactantii si colorantii. Dupa
cum a fost mentionat anterior [10-11], colorantii se inlatura eficient cu ajutorul coagulantilor de aluminiu la
prima etapa de tratare a solutiilor model. Marirea eficacitatii de Inlaturare a colorantilor textili din solutiile
model s-a obtinut la aplicarea combinata a metodelor de coagulare si oxidare catalitica cu peroxidul de hidrogen
a colorantilor textili [12]. De aceea, la etapa a doua de tratare a apelor reziduale textile se poate aplica
procesul de adsorbtie pe carbunii activi sau oxidarea cataliticd a poluantilor organici remanenti (surfactantii
si colorantii) dupa procesul de coagulare la prima etapa.

Prin urmare, procesul de tratare si epurare a apelor reziduale textile reprezinta o problema complicata si
complexa, care poate fi rezolvatd numai prin combinarea eficientd a metodelor mecanice, chimice, fizico-
chimice si biologice.

Cu acest scop a fost studiat procesul de Inlaturare a colorantilor textili in prezenta surfactantilor anionici
la tratarea lor cu coagulantul de aluminiu, urmata de oxidarea catalitica cu peroxidul de hidrogen sau de
adsorbtia lor de catre carbunii activi in functie de valoarea pH-ului, concentratia ionilor de aluminiu, coloran-
tului rosu aprins direct (RAD), surfactantului anionic, peroxidului de hidrogen si de timpul oxidarii catalitice.

Partea experimentala

Cercetdrile au fost efectuate dupa cum urmeaza: solutiile model, care contineau colorantul RAD cu con-
centratia de la 50 mg/l pana la 200 mg/l si surfactantul anionic (lauril sulfat de natriu) cu concentratia de la
20 mg/l pana la 60 mg/l, se tratau cu solutia de sulfat de aluminiu la diferite valori ale pH-ului si la diferite
concentratii ale ionilor de aluminiu, se agitau si se ldsau o ora pentru coagulare si sedimentare. Apoi, solutiile
se filtrau si in ele se determina concentratia sumara a substantelor organice remanente, dupa valoarea CCO-Cr,
conform metodicii prezentate in [13].

Adsorbtia compusilor organici remanenti dupa procesul de coagulare a solutiilor model a fost efectuata cu
ajutorul carbunilor activi BAU 1in felul urmator: la solutia filtratd cu volumul de 100 ml se adaugau 5 g de
carbune activ si dupa amestecarea lor timp de 60 minute se determina concentratia remanenta a compusilor
organici prin determinarea valorii CCO-Cr.

Oxidarea catalitica cu peroxidul de hidrogen s-a efectuat dupd procesul de coagulare in felul urmator:

solutiile filtrate se tratau cu peroxidul de hidrogen cu concentratia de la 1-10° moli/l pana la 3-10° moli/l in
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prezenta ionilor de fier (II) cu concentratia de 3-10™* moli/I prin amestecarea permanenta timp de 10-60 minute

la agitator magnetic. Dupa ce procesul de oxidare lua sfarsit, in solutii se determina concentratia remanenta a
substantelor organice, la fel prin determinarea valorii CCO-Cr. In baza rezultatelor obtinute s-a calculat efectul
inlaturarii si gradul de oxidare si de mineralizare a compusilor organici din solutiile epurate.

Rezultate si discutii

In cercetirile anterioare [10-12] s-a stabilit ci colorantii directi se pot inlitura din solutiile model pana la
normele sanitare la tratarea lor combinata cu coagulantul de aluminiu si prin oxidarea lor ulterioara catalitica
cu peroxidul de hidrogen, catalizat de ionii de fier (II). In aceste conditii, consumul specific de aluminiu se
micgoreaza de 2,5-3,0 ori in comparatie cu tratarea lor numai prin aplicarea coagulantului de aluminiu.

Insa, apele reziduale textile contin impreuna cu colorantii si substante surfactante nebiodegradabile, care
trebuie sa fie Inldturate concomitent cu colorantii in procesul de epurare a lor.

De aceea, 1n prezenta lucrare a fost studiat procesul de diminuare a concentratiei amestecului de colorant
RAD si de surfactant anionic din solutiile model la tratarea lor combinatd cu coagulantul de aluminiu si la
oxidarea compusilor organici remanenti de catre peroxidul de hidrogen, care este catalizat de cétre ionii de
fier (II). Solutiile model, care contineau colorantul RAD cu concentratia de 100 mg/l si de 200 mg/l si
surfactantul anionic lauril sulfat de sodiu cu concentratia de 60 mg/l, au fost tratate cu sulfat de aluminiu la
valoarea pH=6,5 la prima etapa de tratare, apoi solutiile s-au filtrat si au fost supuse oxidarii cu peroxidul de
hidrogen in prezenta ionilor de fier (II) timp de 10 minute. Dupa finisarea procesului de oxidare in probele
studiate s-a determinat concentratia remanentda a compusilor organici intermediari prin determinarea valorii
CCO-Cr. Rezultatele obtinute sunt prezentate in Tabelul 1.

Tabelul 1

Diminuarea gradului de oxidare si de mineralizare a compusilor organici remanenti dupa coagulare,
la tratarea solutiilor cu peroxid de hidrogen, in dependenta de concentratia ionilor de aluminiu

C(Fe")=3-10"* M, C(H,0,)=3-10" M, C(surf.)=60 mg/I.

C(RAD)= 100 mg/l; C(RAD)= 200 mg/l;
C(AF) CCOp=150 mgO/1 CCOp=240 mgO/1
me/l ’ CCOrem., CCOrem., CCOrem., CCOrem.,
dupa coag., dupa oxid., Gr.oxid., % dupa coag., dupa oxid., Gr.oxid., %
mgO/1 mgO/1 mgO/1 mgO/1

54 18,75 7,75 56,7 82,00 12,50 84,5
10,8 11,87 7,37 37,9 57,50 12,50 78,3
16,2 25,00 5,75 79,0 21,90 12,63 423
21,6 25,00 5,25 79,0 21,20 12,14 42,7
27,0 20,00 5,25 73,7 13,70 13,70 0,0
32,4 20,00 4,00 80,0 11,20 11,20 0,0
37,8 15,63 4,00 79,4 13,10 13,12 0,0

Din datele prezentate in Tabelul 1 rezultd ca in procesul de oxidare cu peroxid de hidrogen a compusilor
organici remanenti dupd procesul de coagulare se micsoreaza concentratia compusilor organici pana la nor-
mele sanitare in cazul concentratiei colorantului RAD din solutiile model de 100 mg/l, care se afld in amestec cu
surfactantul anionic de 60 mg/l, fiindca si concentratia compusilor organici remanenti dupa valoarea CCO-Cr.
nu este prea mare (in jur de 15-25 mgO/l). Prin aplicarea metodei combinate de tratare cu coagulantul de
aluminiu si a oxidarii catalitice cu peroxid de hidrogen, concentratia remanentd a compusilor organici
intermediari se micgoreaza pana la normele sanitare; se micsoreaza de 2 ori §i consumul specific de aluminiu.
Cu marirea concentratiei initiale a colorantului RAD in solutiile model pana la 200 mg/l, epurarea solutiilor
are loc pana la normele sanitare prin combinarea acestor metode. Insi, concentratia remanenti a compusilor
organici dupa procesul de oxidare poate fi micgorata prin adsorbtia lor suplimentara de cétre carbunii activi
si consumul specific de aluminiu, necesar pentru neutralizarea si coagularea particulelor asociate de colorant
in prezenta surfactantului anionic, se mareste de la 5,4 mg/l ioni de aluminiu pana la 27,0 mg/1.
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Prin urmare, prezenta surfactantului anionic in solutiile model, care contin colorantul RAD, duce la marirea
consumului specific de aluminiu pentru epurarea acestor solutii si la micsorarea procesului de oxidare. Ca
urmare, concentratia remanentd a compusilor intermediari poate fi micsoratd pana la normele in vigoare numai
prin adsorbtia lor suplimentara de catre carbunii activi. Aceasta se lamureste prin faptul ca surfactantul anionic
este destul de stabil si se oxideazd optimal in primele 10 nimute de tratare cu peroxid de hidrogen, iar
concentratia remanentd a compusilor organici remanenti dupa valoarea CCO este de 18,75 mgO/1 (Tab.2),
care este cu mult mai mare decat limita admisibild, prevazuta pentru apele epurate care pot fi deversate in
bazinele acvatice.

Tabelul 2

Dependenta gradului de oxidare si de mineralizare a surfactantului anionic lauril sulfat de sodiu
de timpul oxidarii catalitice la diferite concentratii ale peroxidului de hidrogen

C(Fe*")=3.10" M, pH = 2,5, CCO, = 75 mgO/l.

[H,0,]= 1-10” mol/l [H,0,]= 310" mol/l
¢ min CCOrem., Gr.oxid., ¢ min CCOrem., Gr.oxid.,
’ mgO/1 % " mgO/1 %
10 20,0 73.3 10 20,0 73,3
20 18,75 75,0 20 18,75 75,0
40 18,75 75,0 40 18,75 75,0
60 18,75 75,0 60 18,75 75,0

Astfel, s-a obtinut ca si procesul de oxidare a amestecului de colorant RAD si de surfactant anionic din
solutiile model la tratarea lor cu peroxidul de hidrogen, catalizat de catre ionii de fier (II), este mai putin
eficient in comparatie cu oxidarea numai a moleculelor de colorant (Tab.3). Faptul se ldmureste prin stabili-
tatea mai mare a radicalilor organici alifatici din compozitia moleculelor de surfactant fatd de moleculele de

colorant, care contin inele benzenice mai putin stabile fatd de oxidantii chimici.

Tabelul 3

Dependenta gradului de oxidare si de mineralizare a surfactantului
anionic lauril sulfat de sodiu si a colorantului RAD de timpul oxidarii catalitice

C(Fe*")=3-10" M, pH = 2,5, CCO,= 75 mgO/l.

Colorantul RAD. CCOy=63,0 mgO/1 Colorantul RAD + surfactant. CCOy= 135,0 mgO/1
¢ min CCOrem., Gr.oxid., ¢ min CCOrem., Gr. oxid.,
’ ' mgO/1 % i ' mgO/1 %
5 16,87 73,2 5 33,12 75,5
10 12,50 80,2 10 31,25 76,8
20 11,25 82,1 20 31,25 76,8
40 9,37 85,1 40 31,25 76,8
60 7,50 88,1 60 31,25 76,8

Prin urmare, daca se oxideaza cu peroxid de hidrogen amestecul de colorant RAD si surfactantul lauril
sulfat de sodiu in prezenta ionilor de fier (II), procesul de oxidare si de mineralizare pentru moleculele de
colorant este mai eficient si gradul de mineralizare a compusilor organici intermediari este mai mare, ceea ce
duce la micsorarea valorii totale a CCO, iar procesul de oxidare al moleculelor de surfactant este mai incetenit
si mineralizarea compusilor intermediari este mai mica, ceea ce duce la marirea valorii CCO- Cr. (Fig.1).
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Fig.1. Dependenta concentratiei remanente a compusilor organici (surfactantului anionic si a colorantului RAD)
de timpul oxidarii catalitice cu peroxidul de hidrogen, catalizat de ionii de fier (II).

C(surf.) = 60,0 mg/l, C(RAD) = 75,0 mg/l, C(H,0,) = 3-10° mol/l.

De aceea, la finalizarea procesului de oxidare si mineralizare valoarea totala a CCO-Cr. este mai mare
(In cazul tratarii amestecului de colorant RAD si de surfactant anionic) decat limita admisibild si aceste
solutii se cer epurate in continuare prin metoda adsorbtiei cu ajutorul carbunelui activ. Adica, etapa de oxidare
cataliticd este mai putin eficientd Tn procesul de epurare a solutiilor concomitent de colorantii directi si
surfactantul anionic $i nu permite diminuarea concentratiei compusilor organici remanenti pana la normele
admisibile, care permit evacuarea lor in bazinele acvatice.

Pentru a clarifica care din substantele componente (colorantul RAD sau surfactantul anionic) raimane in
solutie dupa procesul de coagulare s-a méasurat densitatea optica a solutiilor si s-a determinat concentratia
colorantului RAD ramasa, in comparatie cu valoarea sumara a CCO-Cr. Rezultatele obtinute si cele calculate
sunt prezentate in Tabelul 4 si in Figurile 2 si 3.

Tabelul 4

Dependenta concentratiei remanente a colorantului RAD de concentratia ionilor de aluminiu
la tratarea solutiilor model cu sulfat de aluminiu in lipsa si in prezenta surfactantului anionic
Ceo. =200 mg/l, Cyyr.= 60 mg/l, pH = 6,5.

Colorantul RAD; CCO = 160 mgO/1 COl"rélg‘gfigﬁggﬁmm’
Casdt, Cent, OO, Casdt, Cent, OO,

mg/1 mg/l dupd coag, mg/l mg/l dupd coag,

& & mgO/l & & mgO/l
54 11,49 8,12 54 10,69 82,0
10,8 4,00 6.87 10,8 7,70 57,5
16,2 0,55 437 16,2 6,80 35,0
21,6 0,40 437 21,6 0.25 35,0
27,0 0,34 3,75 27,0 0,25 20,0
32,4 031 3,75 32,4 0.25 112
37.8 031 5,00 37.8 0.25 13.1
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Fig.2. Decolorarea solutiilor model, care contin colorantul RAD de concentratia ionilor de aluminiu la tratarea
lor cu sulfat de aluminiu in lipsa si in prezenta surfactantului anionic. C., =200 mg/1, Cy,;=60 mg/l, pH=6,5.
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Fig.3. Dependenta consumului chimic de oxigen al colorantului RAD si al surfactantului anionic
de concentratia ionilor de aluminiu la tratarea solutiilor model cu sulfat de aluminiu in lipsa si
in prezenta surfactantului anionic. C., =200 mg/l, Cg,=60 mg/l, pH=6,5.

Din datele prezentate in Tabelul 4 si in Figurile 2 si 3 reiese ca in rezultatul coagularii cu ajutorul sulfatului
de aluminiu are loc diminuarea concentratiei colorantului RAD in lipsa si in prezenta surfactantului anionic
si concentratia remanenta a colorantului in solutiile epurate se micsoreaza pana la normele sanitare in cazul
inlaturarii colorantului in lipsa surfactantului anionic, la adaugarea a 10,8-16,2 mg/l de ioni de aluminiu pentru
concentratia initiald a colorantului RAD de 200 mg/l. Aceste solutii model epurate corespund normelor sanitare
si dupa valoarea CCO-Cr. Pentru solutiile, care contin concomitent cu colorantul RAD si surfactantul anionic
(concentratia colorantului RAD este aceeasi, iar a surfactantului este de 60 mg/l), inldturarea colorantului
RAD are loc la un consum mai mare de coagulant de aluminiu (dupa concentratia remanenta a colorantului
efectul diminarii se observa la concentratia ionilor de aluminiu de 21,6 mg/l (Tab.4, Fig.2), iar dupa valoarea
CCO-Cer. solutiile model nu se epureaza de substantele organice pana la normele sanitare, nici la valori mai
mari de ioni de aluminiu (C(AI’") = 32,4-37,8 mg/1).

Aceste rezultate comparative indica la faptul ci in rezultatul coagularii cu coagulant de aluminiu molecu-
lele de colorant RAD se neutralizeaza si se inlatura, insa o parte din molecule de colorant, stabilizate de catre
moleculele de surfactant, raméan in solutia tratata si nu pot fi inldturate mai departe cu ajutorul coagulantului de
aluminiu. Insi, cea mai mare parte din compusii organici remanenti revine moleculelor de surfactant, care nu
se inlatura eficient cu coagulantul de aluminiu. Despre aceasta indica si datele experimentale cu privire la
inlaturarea numai a surfactantului cu ajutorul sulfatului de aluminiu din solutiile model (Tab.1,2).
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Acesta se explica prin urmitoarele. In solutii apoase colorantii textili se asociaza si formeaza particule
asociate cu dimensiuni mai mari, care au sarcina negativa si pot fi neutralizate cu particulele coloidale de
hidroxid de aluminiu. Gradul de asociere a moleculelor de colorant depinde de concentratia lui initiald (Fig.4).
Cu marirea concentratiei initiale se atinge acea concentratie critica, la care gradul de asociere devine optim
pentru formarea particulelor asociate. Pentru colorantul RAD concentratia criticd de formare a particulelor
asociate, adica a micelelor, este in jur de 125-130 mg/1.

N
a
o

N
o
o

C(col.) in sol.,mgl/l
=
[8)]
<Q

100+

50

0 25 50 75 100 125 150 175 200 225

C(col.), mg/l
—— RAD —= RAD+surf, (col.), mg

Fig.4. Dependenta concentratiei colorantului RAD, in lipsa si in prezenta surfactantului
din solutiile model, de concentratia lui initiala.

In prezenta surfactantului anionic, particulele asociate de colorant se disperseazi datoritd interactiunii
dintre moleculele de colorant si moleculele de surfactant, care sunt atrase de catre moleculele de colorant si
le inconjoara, formand un strat de protectie, modificindu-le dimensiunile §i sarcina electrica [12]. Prin
urmare, in prezenta surfactantului se formeaza particule asociate, se pastreaza aceeasi valoare a concentratiei
critice de micelare, insa concentratia particulelor formate este mai mare decat in cazul numai a colorantului.
De aceea, pentru neutralizarea si coagularea lor se cere o cantitate mai mare de coagulant, ceea ce s-a
confirmat si in cercetdrile efectuate. Modelul acestor micele este prezentat in Figura 5.

Surfactant
micelles ™| bige
|~ UF membrane
Free
surfactant

Fig.5. Schema formarii particulelor asociate de colorant in prezenta surfactantului.

Prin urmare, concentratia amestecului de colorant RAD si surfactant anionic se micgoreaza la prima etapa
de tratare cu ajutorul coagulantului de aluminiu si la aceastd etapa preponderent se inlaturd moleculele de
colorant RAD, iar concentratia remanentd a moleculelor organice (dintre care cele mai multe sunt de surfactant)
poate fi micsoratd in continuare, la etapa a doua de tratare, prin oxidarea lor cu peroxidul de hidrogen, catalizat
de ionii de fier (II). Insa, datorita stabilitatii mai mari a moleculeor de surfactant fata de oxidanti, concentratia
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remanentd a produselor de oxidare este mai mare decat cea admisibila (in cazul solutiilor concentrate) si
aceste solutii nu pot fi deversate in bazinele acvatice.

In continuare a fost studiat procesul de diminuare a concentratiei colorantului textil rosu aprins direct (RAD)
si a surfactantului anionic din solutiile model la tratarea lor combinata cu sulfat de aluminiu la prima etapa
de tratare, care este urmatd de etapa de adsorbtie a compusilor organici, remanenti dupa etapa de coagulare,
de catre carbunii activi. A fost studiat procesul de diminuare concomitentd a concentratiei colorantului RAD si
a surfactantului anionic In functie de concentratia initiald a surfactantului la diferite concentratii ale ionilor
de aluminiu, care se introduc prin adaugarea sulfatului de aluminiu. Rezultatele experimentale sunt prezentate
in Tabelul 5.

Tabelul 5

Diminuarea concentratiei colorantului RAD si a surfactantului din solutiile model
la tratarea lor cu sulfat de aluminiu si cirbune activ la diferite concentratii ale surfactantului.
C(col.RAD)=200 mg/l, pH=6,5.

Metoda de coagulare Metoda de adsorbtie pe CA
3+
(Ijr‘l*é " Crcn(;fgjf"h M., mg Edim,% | M(CA),g Cfn(;g“}f‘“’ E dim, %
Cy(surf.) =20 mg/l; CCOy= 135,0 mgO/1
5,4 8,75 126,25 93,3 5,0 3,12 69,3
10,8 8,75 126,25 93,3 5,0 3,12 69,3
16,2 7,50 127,50 94,4 - - -
21,6 7,50 127,50 94,4 - - -
27,0 7,50 127,50 94,4 - - -
32,3 7,50 127,50 94,4 - - -
Cy(surf.) = 40 mg/l; CCOy= 160,0 mgO/1
54 19,37 140,63 87,9 5,0 10,63 45,1
10,8 16,87 143,13 89,4 5,0 10,00 40,7
16,2 13,75 146,25 91,4 5,0 4,37 67,0
21,6 13,76 146,25 91,4 5,0 4,37 57,0
27,0 11,25 148,75 92,6 5,0 5,00 55,5
32,4 11,25 148,75 92,6 5,0 4,50 60,0
37,8 10,63 149,37 93,3 5,0 4,50 58,8
Cy(surf.) = 60 mg/l; CCOy= 185,0 mgO/1
5,4 82,0 103,0 55,7 5,0 51,3 37,4
10,8 57,5 127,5 68,9 5,0 41,6 27,6
16,2 21,9 163,1 88,2 5,0 18,0 17,8
21,6 21,2 163,8 88,5 5,0 14,4 32,0
27,0 13,7 171,3 92,6 4,0 13,6 12,1
32,4 11,2 173,8 92,9 5,0 11,2 12,1
37,8 13,1 171,9 92,7 5,0 10,2 22,1
432 13,2 171,8 92,7 5,0 10,1 22,1

Din rezultatele prezentate in Tabelul 5 si cele obtinute anterior [10-12] rezulta ca colorantul RAD se inlatura
eficient din solutiile model cu concentratia de 200 mg/1 cu ajutorul coagulantului de aluminiu cu concentratii
ale ionilor de aluminiu de 5,4 mg/l. In prezenta surfactantului cu concentratia de 20 mg/l solutia model, care
contine amestec de colorant direct RAD, cu concentratia initiala de 200 mg/1, si de surfactant anionic se epureaza
pana la normele sanitare deja la o concentratie a ionilor de aluminiu de 16,2-27,0 mg/l. Marirea concentratiei
surfactantului din solutiile model pana la 40 mg/l duce la marirea cantitatii ionilor de aluminiu pana la
32,4-37,8 mg/1 (adicd, de 2 ori in comparatie cu solutiile care contin surfactant cu concentratia de 20 mg/1),
iar concentratia remanentd a amestecului de colorant RAD si surfactant in solutia epurata atinge valoarea de
7,5-11,2 mgO/1 si intrece cu mult valoarea limitd admisibild. Efectul diminudrii amestecului de compusi
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organici se mareste neesential cu marirea concentratiei ionilor de aluminiu — de la 93,3% pana la 94,4% si cu
marirea concentratiei surfactantulu de la 20 mg/l pana la 40-60 mg/l se micsoreaza de la 94,4% pana la 92,7%.

Prin urmare, s-a constatat ca consumul specific de aluminiu necesar pentru epurarea solutiilor model, care
contin amestec de colorant RAD (C(col.) = 200 mg/1) si de surfactant (C(surf.)=60 mg/l) s-a marit de 2,5-3,0
ori in comparatie cu consumul specific de aluminiu, necesar pentru inlaturarea numai a colorantului RAD din
solutiile model. Concentratia remanenta a compusilor organici dupa procesul de coagulare se mjicsoreaza
pentru solutiile, care contin surfactant anionic, de la 40 la 60 mg/1 cu ajutorul carbunilor activi, care diminueaza
concentratia lor pand la normele sanitare numai pentru concentratia surfactantilor pana la 40 mg/l. Solutiile,
care contin colorantul RAD si surfactant anionic cu concentratia pand la 60 mg/l nu se epureaza pana la
normele sanitare.

Astfel, marirea concentratiei de surfactant din solutiile model duce la cresterea cantitatii de coagulant,
necesar pentru diminuarea concentratiei amestecului de compusi organici la prima etapa prin procesul de
neutralizare si coagulare a particulelor si micelelor formate. lar epurarea acestor solutii in continuare se poate
realiza fie prin oxidarea lor catalitica cu peroxid de hidrogen, fie prin aplicarea metodei de adsorbtie la etapa
a doua de tratare a solutiilor, insd in ambele cazuri epurarea solutiilor concentrate de colorant nu se poate
realiza pand la normele sanitare (Fig.6).

[AI3+], mg/l
g

RAD RAD+surf.anion.

prezenta surfactantului

O coag.oxid. W coag.+adsorb.CA ‘

Fig.6. Dependenta consumului de aluminiu in functie de prezenta surfactantului, la tratarea combinata a solutiilor
model, care contin colorant RAD, cu coagulantul de aluminiu, urmata de oxidarea catalitica cu reagentul Fenton
sau de adsorbtia lor de citre carbunii activi. [col. Init.]= 200 mg/l; [surf.anion.]= 60 mg/I

In continuare a fost studiat procesul diminuarii concentratiei colorantului direct RAD din solutiile model
cu concentratia colorantilor de 200 mg/l in prezenta surfactantului anionic cu concentratia de 60 mg/I prin
combinarea metodei de coagulare, oxidare catalitica si adsorbtie pe carbunii activi. Rezultatele obtinute sunt
prezentate in Tabelul 6.

Tabelul 6

Diminuarea concentratiei colorantului RAD si a surfactantului din solutiile model la
tratarea lor cu sulfat de aluminiu, oxidarea catalitica si adsorbtia pe carbunele activ
C(col.RAD) =200 mg/l, C(surf,) = 60 mg/l, pH = 6,5.

C. Metoda de coagulare Metoda de oxidare Metoda de adsorbtie pe CA
Al >
mg/l CCOrem col, 0 CCOrem col, 0 CCOrem col, . 0
mgO/1 E% mgO/1 E% mgO/1 E dim, %
16,2 17,50 92,7 20,00 91,7 9,37 96,1
21,6 18,13 92,4 18,12 92,4 4,37 98,2
27,0 14,40 94,0 18,75 92,2 5,63 97,6
32,4 17,50 92,7 21,25 91,1 7,50 96,9
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In baza cercetarilor efectuate s-a constatat ci in rezultatul procesului de oxidare a moleculelor organice de
colorant si surfactant, care raméan in solutie, dupa tratarea lor cu coagulant de aluminiu, concentratia lor
practic nu se schimba, insa se schimba structura lor, ceea ce duce la marirea efectului de inlaturare a lor prin
procesul de adsorbtie cu carbunii activi pana la concentratia remanenta, corespunzatoare normelor sanitare.

Concluzii

1. S-a stabilit ca colorantii directi se pot inlatura din solutiile model cu Co = 50-200 mg/l in prezenta
surfactantului anionic (numai pand la concentratia de 40 mg/l) prin combinarea metodei de coagulare cu
coagulantul de aluminiu si de adsorbtie pe carbunii activi. Consumul coagulantului in prezenta surfactantului
se mareste de 2-3 ori in comparatie cu inldturarea colorantilor in lipsa surfactantului.

2. S-a constatat ca la oxidarea catalitica a amestecului de coloranti directi si surfactanti anionici, moleculele
de surfactanti degradeaza mai greu decat moleculele de colorant, la oxidarea lor cataliticd cu peroxidul de
hidrogen, catalizat de Fe(Il), si concentratia remanenta a substantelor organice poate fi micsorata numai prin
adsorbtie pe carbunii activi.

3. Epurarea solutiilor concentrate, care contin concomitent coloranti directi si surfactant anionic cu con-
centratia respectiva de 200 mg/1 si de 60 mg/l, se poate realiza numai prin combinarea metodelor de coagulare,
oxidare catalitica si adsorbtie pe carbunii activi.
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