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Department of Agrobiology and Forestry 
60-809 ul. Swierczewskiego 19 

Soil 

The of this is on net of 
and ecosystems of the zone. These data suggest that net is 

types of ecosystems, if suffiqient is available. An analysis 
of showed that the length of the season was of 
as was did not have effect on  net although yield 
is to the that have  been studied intensively at 

has been  shown that change in soil of speciai in maintaining 
ductivity. to humus levels  in soil involves the soil biota, inputs 0f 

and of and 

El del es el de la neta de 
ecosistemas de cultivos, bosque y pastos de la zona templada Estos  datos, que la 

neta igual todos los tipos de ecosistemas, si existe suficiente agua 
disponible el Un análisis de de la que’.la 

de la estación al igual que 10 una cantidad adecuada 
de agua. no tenian un efecto la neta, aunque la 

estaba muy con En los que se han estudiado con 
en se ha que los cambios en la del 

suelo son  de especial el mantenimiento de la El manejo los 
niveles de humus del suelo, implica un vivos del suelo, de los inputs de 
nica  en abono y abono un de la y 
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CONTEXT 
OF 

activity  focuses on yield, beink 
of which is the 

plant activity. of the  .immunity of basic 
photosynthetic to man’s  influence up 

of is to 
of which is 

used  by  man by manipulation of 
used 

of 
kinds  of  cultivated  plants  and  domesticated 
animals,  changes in conditions  and 
so on. 

be emphasized  that  the  achievements 
of 
the fluxes into 

useful ecolo- 
gical point of  view is con- 
nected  with  the  change of 
of the  ecosystem  to  magnify  goals  needed. by 
man,  but  not with an  expansion of the 
tion of by the  biota.  The  utilisation 
of by the vegetation 

like the  total vegetative 
is low, and in of stu- 

. died cases lies below 1 %. 
conditions  the efficiency of 

exceed 2 % (e. 

Lykowski et al., 1980). 

Shuffling the in 
ecosystems  to  maximize the of de- 

is accompanied by the simplifi- 
cation of by a 
in efficiency of between. 
the 1979 a ). 

the 
subsidy 

of as well as 
venting  development of succession 
cesses and so on.  

of 
in due  to efficiency 
of  eneFgy between levels and 
the second  connected with by man 
to achieve specific goals. 

New 
economic incentives 

in yields, especially of the 
since  the 

in 
histoy, in began to level  off  by 
the  beginning of the 1970’s 
of has been by 

cation of and 

technology was developed  without  sound  eco- 
system  knowledge,  mainly  by  detection of posi- 

of 
duction)  and  outputs (yields). Lack of 
standing of 
which  tie  inputs  to  outputs, is 
main  obstacle big yield 

intensifica- 
effects 

in 
i 

of sound l 

I 

unintended sink 
nants,  such as which  have a  potential 

et 
al., 1975; 1979). The  heavy applica- . 

also  have  led to 
upsets in 
the of aquatic  ecosystems  and 
the  development of levels of 
in 
solved  only  on the basis of of mat- 

cycles in 

. allows us to  make 
of components within 

livestock, and so 
in this context  inputs  and 

outputs  to the system. Such  a wholistic 
us to  evaluate 

of . 

of 
accumulation 

in many cases 
by of 

that is ,by and  animal  components 
of 
of soil,  especially  soil vege- 

as 
key of as well as the 

of an 

living in 
the  system, 

and so of 
cycles is 

of 
ecosystems. 

of mat- 
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cycling 
ficiently 

cycles  of mine- 

1972; 1974,  1979 b; and 
1965; 1977; and Golley, 

1977; et al., the  incom- 
pleteness of following 

of 
with ecosystems. Cultivated fields 

by human 
tion  at  an stage of succession  with  simple 

of and  open cycles  of 
of 

maintaining  the  stability  of  the  system is 
by man,  who 

1975). 
cal  as well as of view, the 

tegy of 

of 

ecosystems with 
out 

in 

OF 
OF ZONE 

of the 
logical in 

an of 
the scale of a 

of the 
as the  land  situated  between 30" and 

60" N latitude,  one  can  find 21 estimates of 
net in 

lands (Coupland, 1979) and 19 estimates in 
Angelis et al., 1981). et 

al. (1979) 
duction estimates in 
set-  of data was supplemented by new published 
data  as well as  by unpublished estimates  evalua- 
ted in the of 

To  date, it was 
possible to. 75 estimates in 

in 
Asia 

of estimation 
of ecosystems  studied  as 

well as within  each  kind  of  ecosystem. The  most 

b) 

IAMZ-841 

y 

79 

summation of above  and 
of plants, in'cluding 

including  fall of of plants 
by 

of 
1 besides  estimates of above 
j 

weeds, consumption and fall of 
samples, included  also 

estimates of self-sown plants 
seeds 

well of  weeds. 
to 

also was included in the  annual estimates of a 
field . 
Estimates of 
quently  made by of 
the 

t sizes and weights bush- 
es, synthesizing  the 

estimates by 
estimates of 

the methods used in 

Estimates of in 

include  sloughed cells- and  exudates of 
the  algal 

is of 
. 

achieved when is out. 

in 19 
was estimated to be 

1460  g.d.w.m-' 1). 19 estimates of 

woodlands  data set Angelis et al., 1982) 
decidous  and  3 The 

is  1438 g.d.w.m-*, 
while 

is  1580 g.d.w.mF2. The of esti- 
mates  within both subsets  of data  encompass 
the those 
two types of in 
the following  analysis the 
types of is used. 

The annual 
tion evaluated  on  the basis of  21 estimates ' 
(Coupland, 1979) is  1420 
estimates obtained in  two of five studied 

ecxystem  dominated by Calamagrostis epigeios 
and 
to 3100  g.d.w.m-' and in 
ted by Festuca  pseudovina and Artemisia  pontica 
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. . . . .  
. .  

Figure 1. Distribution of annual primary  productivity in diverse ecosystems. of tempera 

= 1460: N = 19 

te  zone, . 

Angelis‘et al 1981 . 

I = 1420; N = 22 
no = 1216; N = 17 

v) 
u W 1979 

Y 

X = 1174; N = 75 
1972, 1973 a,  b, 1975 

1979, & 1974 
1979, Titlyanova 1982 

in Wojtowicz in 

species = 1087; N = 50 
= 1230; N = 23 

X = 923; N = 27 

3470 g.d.w.m-*. 

% and 92 ?4 of the  total. 

nee, 
of 

and  amounted 
to 7’40 g.d.w.m‘2 The  methods of estimations 

(1977) estimates  included 
evaluations of the fall of above  and 
biomass  between  sampling dates  calculated by 

estimates mainly the 
five 
lation of ecosys- 

1216 
g.d.w.m-2. The 

in ecosystems (1460 
g.d.w.m-*) ecosystems without  the 

is on  the 
of  statistical  significancy (t = 2.22, p = 

= 0.0357). A 
between in 
ecosystems decision  of 
the  acceptzlion of confidence  limits of p = 0.01 
or- p = 0.05. 

IAMZ-84/I 
# 

in 
ecosystems was estimated  to be  1174  g.d.w.m-’ 

1). the  32  estimates  obtained  by  the 
staff  of in 
scape annual 

in 
is equal  to 1347 

is 
in 

well 
if 

not  included in calculation of 
43 

of is equal 
to 1113 g.d.w.m-’. The the 

the  tempe- 
is to 

estimates  obtained in 

duction of of 

50 
(1963) is 1). Some of the 

obtained in 

of individual 
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species is (1230 g.d.w.m-’) 
duction of species condi- 
tions (923 g.d.w.mF2). 

within 
Japanese 
iments”.  Climatic  conditions of studied 

intensive  cultivation  was  applied. 
estimate of 
oat, beet)  in in 
the field at least 200 days was 1680 g.d.w.mF2. 
This value is of 

potato 
(Table 1). 

(1974), of 
paddy 115-130 days  was  estimated to 
be 1449-1830 g.d.w.m-2. be 

of be obtained. 

The highest  value of 

amounted  to 2020 g.d.w.mF2 and was 
in an alfalfa 
ing climatic  conditions. 

well as 
of estimates of 

(1975) yields using an 
of net 

On the estimated  values of net 

the values  used  in attempts  to evaluate 
on. 

650 g.m-’ 
Likens, 1975; Golley,  1972)  and  880 g.me2 
(Olson, 1970). 

be analysis that  the 
in 

ecosystems  could be to the 
of 

lands  which.  do  not exist of 

To 
of the 

is needed. 

in is the 
of plant  photosynthetic activity 

and 

which the existence of plants in the field. 
of cultivated plants is simultaneous  and 

the  sequence  of  developmental  stages is highly 

Table 1. of the  length of the  growth  period on primary production. 

Crop 

as 

e 

Growth  period 
. (months) 

4.0 

9.0 

11.0 

3.5 

4.0 

11.0 

Number 
of estimates 

4 

10 

6 

5 

5 

5 

Average  productior 
( d m Z  year) 

1128 

1328 

1637 

907 

832 

1133 

author 

1973 a, b, 1975 

1973a, 1975 
Wójcik 1973, 1979 

1975 
and  unpublished  data. 

& 

& 

& 

R IAMZ-841 
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Table 2. Comparison primary  production in barley field and  meadow  steppe  (calculated from data for  
1973 1976, and Utekhin and Hoang  Chung, 1976). 

ecosystem biomass mean peak soil 

month (g) (g.d.w/m2) 
(months) 

350 2.14 1790 5 1752 steppe 

409  3.05 349 3  1228 

which is in 

values of when the ‘existence 
of in the field is 

of 
vegetation  season.  This  expectation was 
in studies  on  the effect 

of 
the field is fallow, soil is by 

weeds, and 
is achieved  than when of 

of cul- 
tivated in exists 
11 months  (Table 1). 

The  same when 
is in plants of 

the  same  method  the 
was estimated in 

by and 
the  climatic  conditions of 
is 11 months. and  potato culti- 

3.5 and and 
is 

duction of the l). The 
basis 

of of  existence  in the field is 
than in 

the 
well 

(e.g.. of 
weeds). 

exists 
in 

of even 
basis 

of 
be sup- 

by of 
in a 

side by side to  the native  meadow  steppe,  both 
2). 

biomass is about 

Table 3. ofsoil moisture on richness ofherbs in ryefields  (Wójcik 1983). 

Associations and 
subassociations 

Vicietum 
consolidetosum 

typicum 

T of soecies 
typical 

a 

27 .O 

25.5 

20.0 

25.2 

14.0 

I ~~~ 

38.0 

35.2 

26.5 

37.0 

35.0 
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83 l 

17 9% in the  meadow 
eco- 

system 
is 

about 43 % 
of in 

is due  to a leaf indices 

As is  well 

net was 

czyk (1976). The soil is 
to of the weed 

(Table 3). can be  assumed  that  the  most 
cial 
ship is of  a good  match ín 

intensive 
.Thus,  the  amount of 

a extent 

was found between the  amount of 
to  July  and 

2), while of the  amount 
of in 

of 

tion) and  the is 
insignificant.  The whole 1964 was 

to 1168 g.d.w.m-2. The light, lessive soil 
when 

the is cha- 
a 

half of deficit of 
is is 

is documented by the 
on 2. Slightly 

an 
of because 

of 

Above of the 

gated and 1963) 
of 

of 
of 

field conditions also show  the 

The influx of to  the field 
is to all  climatologi- 
cal  and in bio- 

between 
of scat- 

wave 
called 
of 

Figure 2. and productivity of rye  ecosystem. 

1600 

1200 

1000 

L 

Fall  (mm) 

R lAMZ-84/ 

. .  

CIHEAM - Options Mediterraneennes



84 

Table 4. Components of heat  balance in ayaya agroecosystern / day). A .  
inforkation). 

25.05 

11.6  16.08 

9.2 12.07 

13.0  29.06 

11.9  27.05 

2.6 

AE 

-2.5 

-6.9 

-10.9 

-5.8 

-5.9 

C 

-1.1 

-5.5 

-3.4 

-3.3 

-5.1 

G 

+ 0.8 

-1.0 

-0.1 

+ 0.8 

-1.1 

Balance 

-0.2 

-1.5 

-1.4 

+ 0.9 

-0.5 

of balance 
to 

-0.07 

-0.13 

-0.11 

+ 0.09 

-0.04 

used (AE), heat exchange with soil (G), exchange of sensible  heat with 
(C). 

of of waves 
- used + lost 

Table 5. of mineral  fertilization on total  primary  production. 

crop 

* 
* 

* 
* 

wheat 

wheat 

N 

41 
74 

34 
66 

120 

530 

O 

45 

O 

l80 

dose (kg/ha) 

P 

33 
72 

36 
72 

200 

420 

O 

290 

O 

O 

50 
120 

45 
90 

80 

200 

O 

O 

O 

O 

production 
(g.d.w./m*) 

1536 
1514 

1344 
1470 

1215 

1282 

1 l89 

1205 

912 

1032 

grain  yield 
(g.d.w./m2) 

426 
393 

359 
3 72 

325 

368 

294 

27 l 

176 

235 

below  ground 
production 96 

soil and  author , 
19 
14 

21 
20 

43 

31 

27 

30 

38 

32 

lessive, 
1975 

and unpublished 

lessive, 
1975 

and unpublished 

typical 
, 
1976 

podzolic 

Titlyanova et 
al. 1982 

podzolic 

Titlyanova et 
al. 1982 

I 
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of is usually 

used' ' 
the  amount of et 

, al., 1980). Ín 
by 

advection of 'fields 
of is not so' I 

intensive. . . .  . .  

of ' 
deficit 

field conditions (Table 4). This.. 
of 

ecosystems  hás  the  utmost  significance for 
. . 

' 

i s  the  finding  that 
small.-influence .on  total 

1 5 ) :  . 

knows influence 'of 
on yield 

is no need .. . ... 

man.  Cultivated. fields  in 
high '- .' 

. less and 'less  as  an  ecosystem  but  as  a 
. site  on man  could 

., be with the use of into 
. ' .a food .or (1980) pointed ' 

' . . out species  evolved 
'Wild 

less 
. soils; which  enable 

. .  

. .  

. them.  to ~ to 
less economical  use  of 

. wild selected 
. ; that. to 

of yields, but  .not 
of plant  biomass; .. 

' example, high-yield, wheats 
have less intensive less 

is com- 
'peñsated by less intqfisive 
this  suggestion yield 
obtained by application .of is 
slightly total 

by  thè ' u s e  of 'man ' 
changes ' th'e of 
t o .  his. the total , 

. amount of 
thesis 'is by ' of net 

in 
if 

tion is -made. 

Thus;..a;alysis ' of the,- net, 
' 

that  the length of the 

activity 6f.ptantS'::will 
found  impact  on 

The  second in the influencing 
net is . 

especially the timing of .with 
as well as the soil's ability3-. 

which 

of soil is influenced' by content 
of mechanical compo- 
sition' of soils Thus,  a content 
of humus as well as 

. .. .. 

-. 

Table 6. Witek 1979, , . ' 

. .  

,: 

Soil Yields (t ha) 

.type . oats !Ye 

heavy medium-heavy 
loam 

4.5 ' ' 4.6 5.2 sandy. loam . 

4.3 4.0 4.8 

medium 

medium sand heavy 

4.4 4.5 4.7 loess 

on  loam 

3.5  3.8 3.3 medium  sand light 

4 ..5 4.4 4.4 

. .  
. .  

K IAMZ-8r(/ I 

- .  
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Table 7. Type and richness herbaceousjlora in agroecosystems  (after  Wójcik 1983). 

~~ 

Soil made of: 

loose sand 

medium sand 

loam clay 

Average number of species in association 

12- 15 
. -  

20 - 25 

30 - 35 

less than 2 pm in effective 
of the  soil 

is one of why one 
tion  between  soil yield (Table 6). 

yield 
' is usually in fields  having  medium 

heavy to heavy soil. Of 
be in by  high 
fall. 

in methods used  by 
net 

in 
Taking  into  account  the small  influence of  mi- 

total net 

between soil net 

species of  weeds than 
on loose sand  (Table 7). 

(1977) 
- of 

is in 
tion of when 

made in ecosystems situated  on  loamy  soils. 
On  sandy was obtain- 

of the  lack of 
be 

made with to the total ecosystem 
tivity. 

seems that between 
soil with to yield 

be- 
tween these net 
of 

BETWEEN 

is a weak between 
net 

should be able to 
between of components 
of in 
stability of total net in 

in a 
situation when pests  eliminate  some  cultivated 

of  weeds 
in some  compensation of in 
place of  the  lost  plant  biomass. this is 
then tht of 
tion would be 

of 
be by com- 

of ( value  of 
by the  mean; G : X )  if 

of  estimates obtained 
by the  same  method of 

of  estimates analy- 
zed (Table 8). of five-cases  the 

of was the lowest. 
all of  weeds 
ductivity was all 
ecosystems the of 
was than  the of total  net pro- 
duction. Only in the case of 
tivity of than  total 

of 
l ity than net 

between components of 
ing in of total net 

which could be 
shown to in of 
ecosystems is shoot  elimination 

due  to . 

of l 

petition begins between plants  and  some of them 
of eliminated 

tion and the amount of biomass  eliminated  could 
be of 
between of net 

R 

. .. . I 
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Table 8. Variablity of productivity  components. 

I 

-. 

I “I 

1 327  25 19.6 

I 609 46 16.8 

weed I 33 2.4 69.3 

Total 

1328  100 14.8 

of 
estimates 10 

rye  barley 

1974 

potato potato 

---l--- 
212 19 26.6 1259 29 :::: 
398 35 24.6  198 22 . 25 2 2  104.0 

1133 100  10.1 907 100 19.3 

5 . I  5 . ,  I 

tion.  The  density of is 
of 

plants in 9). 
thë ‘lowe; 

weeds, the 
we have not  enough 

hypothesis 
of Loomis (1975) have  shown  that 
in maize,  when  competition  between  densely 

is 
no little 

415 50  23.8 1 493 45. 32.5 1 , 

- - - -  

5 6 32.0 231 22 91.0 

832 100 20.7 1050  100  25.8 

5 10 

Of 
of  plant  elimination  (Table (Bras- 
Sica napus) loses 
0,‘ in 
autumn.  This kind of 

meaning. 
big, elimi- 

nation of .even  a  few  plants  could  have  an 
impact on the 

Table 9. of shoots in rye cultures (calculated from data). 

Season. 1 Shoot density per one O / X  

~ 

. .  

884 0.34 760 1294  715 873 589 1251  1365  674  732 

386 0.12 424  442 371 438  392  384  317  327 384 

R IAMZ-84/ 
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Table 10. of shoots  in  various  crops  (Wójtowicz in press). 

Crop 

beet 

wheat 

maize 

(ind/m2)  at time of 

265 

27.3 

702 

8.1 

(Table 11). 
(Leptinotarsa  decemlineata) 

could  have  a impact on 
duction in 

on of cultivated  plants is depen- 
dent  on  the  timing of with the 

in June - August by voles has a 
effect on of 

and  June 
1982; 1982). Outside 

of 
even if it is intensive  because  of 
capacities of the  plants 
too lignifíed to be eaten by voles. 

is with 
is 

3). 
objective the 

of 
constitute  the yield -is up tÖ man’s will. 
example, in the field the yield could consist 
of 
choice  by  the of which 

69 

3.6 

360 

7.4 

T Elimination 

% 

74 

87 

49 

8 

field is by 
decision and culti- 

vated plant  kind  as well as  the  economical  needs 
of his 

The 
of 

yield of plant  ,cultivated (e.g. , in 
loss, because  of 

shedding  almost all 
is 

which causes a of total 
yield in 

b) influence of which 
in of individual 

of - 
tions when yield consists of of 

value  of is than when the 
of is 

as  the yield. was 
found between total net 

field by 
than between 

yields 4). 

Table Decrease of potato  productivity due to  plant  elimination  during  the  growth  period. 

R lAMZ-84/ 
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Fig. 3. in 

“E 
n 

1 

-$ 
W 

‘ 1  

y = 0 ,389~  -t 285 

= 0,59 
~ _ _  

1000- 

800- 

600- 

N = 3  1 O 

O 
O 

600 80 O 1000 1200 1400 1600 . l800 2000 

annual (g.dw/m2) . 
. .  - 

Figure 4. in 
unpublished). 

.Q 

(g.d.w./m2) 

K 

y 
IAMZ-8411 

CIHEAM - Options Mediterraneennes



90 

of 

tionships  can  be  expected  between  total  net 

between  theses 
In situations yield consists of a 
of  net low, if 

of 
compensation in com- 
ponents.. ' .  . . ' 

, .  

. .  . .  

- ' ' ' ,. . 
. .  . .  

. of any ' 

lions. is Thus, knowledge p f  
as. well a i  denote  the-  change 

stage of 

gement 
tion. 

of 
of 

coming of 
fields. Thus, of physical,  chemi- 
cal, pedologica1,-  climatological,  and  biological 

could be obtained. Also influences 
ed  by man could be evaluated in 

tion. should be pointed  out  that even such 

which in 
economic  evaluations  because of lack of quanti- 
tative  values, could be easily included by evalua- 
tion of of 

is a 
science enhancing 

evaluation  of  total  system  'functioning. To be 
be 

into a.) climatological  .(heat  balance: of. 
biological that is flow of 

channeled by activity,, and  c) 
by  men to  the system in 

specific 

in 
achieve specific 

duction is  less in 
than 

in 

values . x d  if is 
is an 

of  biochemical  analysis,  show- 
ing  that id.entica1 in 
all 
of is 
in in 

is is not 
of 

tion  of COz in photosynthesis  but  should  be 

influences  enzyme action-  as well 

.of' the. cell's influences plant 
too. 

seems that have effect 
o.n yields 
is selected to be 

to 
yields. 'yields . . . 

in of 
means  that 

the  input of soil is simulta- 
intensifi- 

cation of 
of 

of 
in between 

feed 

in 
in it was shown  that fall 

vided  additionally  about 360 g.d.w.m-? 

tion of is essential 
in 

tillage 
: : ' 1 

of humus in of'these .- . . 
whicki:is ' .. 

flexible' 1. . . 

of by fac-! . . . 

of ten,  due and 
chemical  condïtions  as well as 
tions. Also efficiency of dead cells by ._ - .  

by of seve.- . . 

. .* 
.. . l  

high flexibility 

. , 

mecha.nisms of decomposition,  espe-, . .. 

with was . . :. :. 
found $n studie2k.n. t.oi'a1 . ' 

. .  

~ . . .: . . - .  . - c . - -  . . .  
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in of 
to 

utilized by'the  total set of is 2.1 : 1 
in fields and 1.7 : 1 in a field with 

of 
kowski, 1975; 
1977). Such  a high is of 
successional stages in ecosystems (Odum, 
1971). of con- 
tained in 
by the  total set of system is 1.2 : 1 
(Woodwell 1968). 

of a unit  of  biomass  in 
is with loss than 
in be- 
tween input of 

'' is seems that these 
while the 

of is 
to Golebiowska and (1977), 

an  input of 1882 kcal. m-2 contained in 
was to 2498 
by in field. While 

an  input of 6088 kcal. m-2 in 
3957 kcal. m-2 by in a 

l 

l field with 

l Table 12. of agriculture  on humus 

l - 

l 

I Location 1 Ecosystem 

Fzll field 

cultivated field 

Steppe 

Cultivated field 

Cultivated field 

N - 135 kg/ha 
' -, l95 kg/,ha 

. . .  i .60--kg/ ha 
4-Yeats 

Cultivated field 
3300 g/m2 
4 

I . .  

an 

in the  two  situations. 

Complicated and 
between input of 

to say  nothing  about  humification 

why balance of in soil is achieved 
today by 

A in was 
in many  situations when ecosystems 

and (1980) have  shown  that 
50 of 

declined 30 to 50 % on clay loam, sandy  loam, 
and silty loam 
ed by and (1977) who  showed 

30-37 of 
was by 42-44 ?h and the effects 

of cultivation  can to a depth of 
120 cm  in many cases. The loss of 

is enhanced by soil which 
diminished  stocks of humus in Canada  and USA 

1980). 

content in chernozem (Lavrentev 1972). 

Period 
utilization 

Native 

67 

16 

30 

30 

30 

contents 

20320 

15390 

18850 

- 

4930 

1470 

21 870 I -  

2 1470 400 
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nution, of humus st,ocks  (Table .12). exam- 
ple, a in soil was 
ed  when cultivated without 

in was added 
in amounts of 3300  .g.m'* 
tion, a slighf in humus  content was 

30 
12). (1980) and 

es The  above  changes 
in caused by a  net 

of 
well as by wind 

. I  

of 
the 

loss 'of humus is in many 
tems,  and 

is 
of 

"soil 
sickness", Óf 

. .  

is the 
key of 

as well 
in abilities of ecosystems. Thus, 

is  of ecologi- 
cally 

One of achieve.ments of 
ecology is 
having a 
systems with to local 

cycles. 
in 

duced  compounds.  The  consequence  of  this 
is that  an 

self - an 
to be in 

of  cultivated  fields,  meadows,  shel- 
so on.  The 

evaluation of cycling in 

of 
taking  into  account  economic effects 

of 
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