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THE POSITION OF AGRICULTURAL ECOSYSTEMS AMONG
THE FCOSYSTEMS OF CONTEMPCRARY BIOSPHERE AND THEIR'
PRODUCTIVITY
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Awstract : o :
I.PUIA,V,.SORAN, I.RCTAR, E,.CHIRCA, 1995, The pesitiern ef agricul-

tural ecesystemns ame the ecesystems of ceantemporary slegpners

ane THELr Productivitye.(.iR Engiiaﬁi. Xet.Bet, Hert. igroio%.

Tiu], IXIV-XXV, The authorsm divide the ecesystems of centempe-

rary »iesphere inte twe great series: A) thes peries of natural

ecesystems and 3) the serie¢s of man-made ecesystoms {mee

fig.1). Ameng these seriss, feur distinctive groups ( see

fig.l) may »e separated accerding t- the ameunt #f energy that may

circulate threugh ( the se ¢alled energy flux)., Natural ecepystems’

pey have a8 lewer or a higher energy flux. Mea-made ecesystems

uave & cemparatively higher energy flux, but seme of them (ssme

silvesystems, agre-ecesyatens Bnd water ecemysiems centrelled .

¥y man) are productive frem & wielegical peint ef view wheregs

etherp ( the enes in villages, tewns, as well as ether kinde

of aystems wuilt up . by man ) are great censumers of erganic

substances and ether natural ressurces. - '
A clagsificetien of agro-ecesystems accerding te the

sutput/input ratic ef "cultural cnergy" is exinced (see f£ig.2).

Thw  authers diatinuish three greups ef agre-ccesystsms,namely:

1) Industrial agre-acesystema; II) Intengive agre-ecesysiems;

III) Extensive agré-ecesystemns. . _ :

Key wards: eceszystem, man-made scesystem, agre-ccesystenm,
cisgaificatien, cultural energy.
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Man's interference with the environment has bsen mani-
fest on multiple planes. It is absolutely compulsory, since no
living system can subsist without s permanent substsnce, ensrgy
and information exchange with the environment ceantaining the
natural resources of its existenca.

The nature and proportion of man's interferance with
the environment have ever been changing eloang history in sc-
cordance with men's social and bislogical needs, with ths meens
of production amployad in his exploration of the environment,

To cut a long story short, man's interference with the
envirooment , particularly in the bilcsphere, may historicelly
be divided into a few ages, such es:

. a) the age of man's thorough integretion into the siructural

and functicnsl order of natursl eccsystems, during which man is
an alement of ths tyrophic network of npatural ecosystems inter-
woven into its texture so as toc fill a certain positicn or eco-
logical niche of a certmin size. ¥an's action in the envircaoment
{s prevalently reduced tc his gettihg food (b5 harvesting snd
hunting), to minor, insigrzfican* chenkes of the envirsament

and - 0 a lesser extent - his exploration end exploitaticn of
cartain rescurces nececsary for the meking of tools. Within

the reepective age, the most significant changes cccured ket~
ween loo,000 and 30,000 yeers 3.,C. in en intervel of ebout
70,000 years, during which Neanderthaloid hominids cleered, or
set on fire largs forest areas, subsequently replaced by savsnonas,
pempas and steppes throngh the expansicn of Gramineas. It mey,
therefore, be stated, that during this early ege, the most
significant changes vrcught by man in the biosphere consigted

in the replacing of erborescent plent formations (tropicel
~forests with falling leaves during the droughty segson} b9y
berbages (in sevannas, parpas and stepypes) as well ag in g dras-
tic pumerical reduction verging on the extinction of certain .
herbivors by hunters towards the end of ihs Pgleeolishic (I.Puia

end V.Zeran, 1984);
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b) the sge of great scological transitiocns of lo millenia ago,
bound up with an essentiasl change in the way of getting food
through the cultivatiod of plants end the.tamgng of animals.
By quitting the positicn he held in natursl scosystems and
following their pattern, man was able to maeke rew ecosystems
(preemlnently agro-scosystems), whose gimplified siructure as
compared to the complex mechanism of nowedsys trophic chain
he could easily keep under contrcl., Started at s local level
man's geticn in the envircnment was cearried on gt s regionml and
finally reached the glotal plame. It jminly consisted in the
dislocation of nstural ecosystems by means of clesring and
fallowing lands more or less cut ol Irem the nsliurasl cirecuif
of matter; _ ' |
¢) the ege of cikumen extention, i1.e. of extending men's spe-
cific habltat, by meane of founding rursl and urban settlements,
linses of comnunication snd other great enterprises;
d) the mge of intensifving men's action upon the environment
10 the point where 1t btecomes a force of gn intensity *im;lar
to thzt in ths course of time have ected upon the planetary
environzent, This last stage brought sbout by the scientific
and technical revolution of the XIZth and TXth centuries in-
cludes both masn's nndelibevate apd his deliberate interferences
with the progress of the great bivchemical cycles on sarth.
Thig nltimately implies &h dedlogical sdministraticn at hoth
zlobal and loecal lavel 3o %hgt men Tyy orgenize his setivity
in such a wey ssg to protece$ his 1ife ovh all'phﬁsihﬁh Planai.

Such an administration of our environmend in its -
entiraly would raguire propsr knoeledge of the main types of
ecosystems nowadeys extant on Terra and of the Gagree %o which
man's interfering with them eould have berefis -r malefic
effects, - o o |

The ecosyftems nowalay® e%tant in the Tiosphere may
be 2ivided Linto two lafge £yt 1) hateral ecvaystems amd
2) men-made eccsystems (mahage? or impydved Yy himd.

45 ths result of a“long evoluotishary provees, natursl
gessystems were formed in tha biosphere. Some dY Their mpstl
common features are: s high degree of ¥poutaheodhs Eﬁlf*%ﬁgﬁniw
gaticn carried on in accordance with the genersl laws ©f the
evolution of metter; stability achiaved by mesns of ecsfeed-
back; an unperturbed, steady pvogress at the lavel of o*ogenche~
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mical cycles; and a clear-cut sirucitural diversity (merked amoﬁg
other things by a very largs number t? component spacies).

Unlike natural ecosystems mesn-made ones have no sponte-
neous self-organizeticn; their stebility is low because of the
few ecofeed~tacks they stir; their blogsochemicsl cyclas are
controlled altered; evan revskad by man and their ecological di-
versity (the number of component speciné) ig very small,

In spite of thz mentioned dlffe"ences, the structure
and functions of msn-made ecosystems are gsnerally similaer to
those of netursl onss. Yuman sgttlerenis, especially those of
the uroan ityre .seen to 5%s sn excepiion from the rule. Since in
towns plsnis rersly play a troghic part {they are ssldom rmeant
to feed the humen populetion of this ecosystan)} the proporiion
of primary producers csn cnly be low, For the msjority of th
natural resonrces on vhich they feed, urban settlements sre
highly depencan» upon éxtra-urben environments (agro-ecc ratems,
netural ecosystems, fuel and sre depesits). Irocm e iroohic point
of view they vaguely resemble such nminox nafural ecosysiens
(devoid of primary producers) as the deuendan. or inco*nle&e
ones from underground environments, or ocesn asbysses, whero
sunlignt doesn't penetrate. '

By analyzing from en ene*getic stendpeint the ecosys-
tems nowadays extant in the biosrhers of the earth, ve should
ba able to clessofy them on the ground of input enevgy as well
as of potentially accumulated chemical energy. From the outset
we have separated the series of natural from that of man-made
ecosystems (fig.l.). '

The former are important for life on earth as a whole,
including the 1ifae o2 the human species. All their chemical
elements pertzin to the structfure of living systems and are pe-~
riodically recycled. Their oxygen production is of about 16¢
Billion metric tons per annum, and the guantity of water rege-
neratad in them through respiratiocn is comparable with thet of
oXygen. Tha primary net production achieved in naturel ecosys-
tems is estimatad to circa 163 hillions metric tons dry metter
psr annum. Consequently, life on earth depends on the functions
fulfilled by netural ecosystems: the production of orgenic subs-
tance and the inclusion in its structures of radiant solasr erergy
eccunulated as potential chemicsl ernargy; cxygen out-put, and

P
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water regeneration. These processes are csrried oant in cycles
of differing duratlon. The quantity of free water extant on the
Barth is completely regeneraied by the bloaphere every 2 million
yeers; the oxygen in the stmosphere ls regenerated through '
photogsynthesis by land and water vegetation svery 2,000 yesrsa;
tha wholse quantity of 002 extent in the blosphere is included
in organic substence through s cycle fasting_for ebout 3oo
yesrs. ' : S
Mgn-made ecosystems pasrticipate to g far lesser extant
in the completion of the great biogecchemical - cyecles on Terra.
The contribution of egro-ecosystemg to the nst primary produc-
tion of the bioaphere is of cirecs 9=lo billions metric tons
- dry matter par annum, The oxygsn snd water production of these
ecosystems merely represents circa 5-6 % of the emount achie-
ved through photosynthesis end respiration on s biospheric
scele. The meln function of zgn~made ecosystems is, howeVer;"
not to keep life going on in the biosphere, but to provide the
human species with food, rew materiasl and an olkumen corres-
ponding to its materiel and spiritual reeds. '
We should menticn the fact that attempts at classi~
fying ecosystems extant on Terra were slso mede by Z,P.CDUNM
(im 1975), as well a5 by K.I.LUKASTV and I.K.VADKOVSRAIA (in
1976). Like us, B.P.0DU¥ distinguished four ecoayeten types,
whereéas the other two authors scknowledged only three baesic
~“groups of ecosystems, narmely: 1) of the orban and industrisl
- 2) of the agricultursl snd 3) of the nstural type. In our '
opiniocn, the srrangerent of the four btasic groups into two
distinet series (of netural and man-mede ecosystems) best
corresponds to objective reality. Of eourse, there are sona
cases in which the cholce for inclusion in one group or eno-
ther ig difficult to make., Por instence, m hay field or g
forest are more frequently snd to a greater extent endowed
with the specific features of a hatural ecosystem than with
those of a man~-made ona. Yan's control over the entity at
hand comes to nothing but a few imprevements {such és his sowing
of highly'productive gracses; utilization of manure end minersl
Tertilizers; parcelling; clearing of shrubbery). |
It wes only the close study of egro-ecosystems,that
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sctually revesled the- importance of man's.- part in unde rstan-
ding ecosysiems end his gxertion of g permanent control over
them.

A poseible 'classification of egro-acosystems bssed upo
the supplementary (cultural) energy introduced into ecosys-
tems by man's control over them is presented in fig.2., re-
produced from a recent work by I,PUTIA and V.SCRAN (printed
in 1%84). Depending on the two mentf%ned verareters, agro-
acosystems may be divided into .3 groups, namely: 1) industrial
egro-ecosystems; 2) ILntensive sgro-ecosysiems snd 3) extensive
agro-acosystens. ‘ '

The clageificgtion of agricultural ecosystens presene
ted in fig.2 offers e lot of informetion concerning ecosys-
tem energetics, which in the particular cess of zgro-ecosysiens
is strictly dependant dﬁon ths energy input of the asystenm.

The main source of energy which waintains the structu*e snd
l;fe of pcosystems is radiant solayr energy. :

Besices,_soler shergy a quant;ty of erergy - derizéd_
from it - can alsc enter in natursl and agro-gcosyster~. It
is the ceseg of tide energy released in the ares of estnaries'
evd corel-reefs; of rein energy "eleased in the case of tro-
pical. rain fo“esks, and of "cultural energy" introduced by
man into_agro—eh;_ystems x}. The largari the quantity of that'

x} The sintagma "cultural enargy™ was used in agro-acology by
WeG.COX and M.De ATKINS (in 1979) to designate the non-solar .
energy introduced under various aspects into agro-ecosystems
so a8 to stimulete biologicsl production in ths dirsction of
igrge crops. It represents the sum toital of biological energy
{men + 2aimel work) and of technological energy {ensrgy inves-
ted ir- :gricaliural work done with mechanlcal equipmsnt +
grnargy of chemicsls used in agriculture + chergy invested in
the fabrication of agricultural machinery aad chemicals)
_spaat on agro-ecosystens.
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kcal cultural energy input

kcal output

-l

50
f
{ INDUSTRIAL AGROECOSYSTEMS
INTENSIVE LIVESTOK FARMING AND OCEANIC FISHERY
0 INTENSIVE POULTRY HOUSING OR . BROILER INOUSTRY™ '
PIG INDUSTRY OR PIG . FACTORY - FARM ~
5 ECG INDUSIRIAL PRODUCTION
AQUACULTURE
GREEN HOUSE OR CLOSED GARDEN
ot b e ] —%TB&EW—LQI —————————— g . pr v e e
GARDEN INTENSIYE CULTURE / FATTENING THE CATTLE
CATILE GROWING AND INTENSIVE MANAGEMENT
I1 INTENSIVE
AGROECOSYSTEMS INTENSIVE MIXTE SYSTEMS
: FISNERY IN FRESH - WATER .
s IRRIGATED AGRICULTURE ' ,
' +
UNIRRIGATED  AGRICULTURE USING-
o5 FERTILIZERS: AND PESTICIDES
L'-— —————————— P---—— ——-L——————-—,—'—"‘-"—
ORCHADS _
{11 |EXTENSIVE ' | |
1 AGRQECOSYSTEMS; _ [
i ' “ i
- _ '\Estswz FIELD GULYURE |
: ' © N, CAITLE GROWTH FOR MEA!
O T C - - = - = — ]~ O ON NAIURA, GPASSLANC
r HALF - NATURAL AND
RATURAL ECOSYSTEMS
0.05 01 : a8 1 5 so 100 Kcal outpu
' CULTURAL ' keal eulture
: - / ENERGY \ energy input
TECHNOLOGICAL BIOLOGIC AL o
ENERGY ENERGY

Fig 2 Classification on caotegories and types of agroecosystems
according to the input of cutturat energy quantity and

other criteria
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non-solar energy input, the larger the output of solar enargy
fixed in organic compounds, i.e. as nevantial chemical energy
of an ecosystem. The log-log scele in fig.2, shows the enl-
tural energy input/output ratio to be linear in agro-ecosys-
tems. An essential difference betwaan nstural ecosystems and
egro-gcosystems is evident on the stivpcturel and funciional
plane. As E,P. ODUM remarked (way tack in 1969) large cuanti-
tles of organic substance yielded in estuaries, coral-reefs
and tropical rain forests on the one hand, and agro~ecosyswy
tems on the other hand are tha outcome of two different eco- |
~ logical strategies. The enargy input of the above mentioned
natural ecosystems ig allotted through many channels to g
large seriss of species. The share held by each population
in the pr oduction of o"ganic subs»ance ig rather small, but.
on the whole the great variety of snecies extant in the eco-
~system secures 1is high productivity. The same ccafficient is
low, however, in.sgro-escosystems, whose comporent species are
either few, or one only (in the frequent case of ths monoculw-
‘ture system). Consequantly, in an agzp o-ecosystem, the energy
~input focused oa-a single channel results in a large quanﬁ*ty’-
of organic subs«ance. According to the data pvavided in: fig.z__
" the highest broductivity ig reagched in agrc—ecosyatems, which -
are ultimately nothing but a hypertrophic link of thes food '
chein in an extensive gccsysten of "traditional" agriculture. -
| In conclusion, we'd like to' . back up the thesis” ac-
cording to which both natural ang men-made acosystems are
enrooted in structures end functions of a similar kind. An
argument pro'consists in uﬂe Tact (evzncad in flg.l) that in |
both ecosystem seriss there is a group, whose high nroductlon
of organic substance rould deaended on the energy input of .
the - svs~em.‘ ‘ ' ' ' S

Rezumat

Auteril Smpart ecosmsteﬁele biosferel contemnnrane

in douz mar;'serl*- A) seria eocosistemelor neturals gi seria
:c08istemsl on constwulte de omt (vezi £1g.1)s In cadrul acestor
lou¥ serii se pot separa patru grups digtincte - (cate dou¥ tn
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riecare serie) dup¥ cantitatea de ensrgie care olroulk fn
interiorul lor (aSa numitul flux ensrzetic)., Tcozistemele
naturale_pot-fi'caracterizate'nrintr-un flux socigut de energie
(o grup¥), sau printr-un flux erergetic ridicat (alt¥ grupd).
Scosistemela construite de om se caracterizeaz¥ - comparstiv -
printreun fiox energetic mai ridicat. Dintre ncestea, egro- -

ecosistdmela sunt clasificate des gutori dup® intensitatea flu-
xului de "energie culturald (veel fige2s) In sgroecoaisteme in-
dustriale, egroscosisteme intensive sl agroecosisteme axtensive.

-
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