
 

To what extent can agricultural production be expanded?

van Keulen H., De Wit C.T.

Workshop agroecology

Paris : CIHEAM
Options Méditerranéennes : Série Etudes; n. 1984-I

1984
pages 55-76

 

Article available on line / Article disponible en ligne à l’adresse :

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------

http://om.ciheam.org/article.php?IDPDF=CI010837 

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------

To cite th is article / Pour citer cet article

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------

van Keulen H., De Wit C.T. To what extent can agricultural production be expanded?.  Workshop

agroecology. Paris : CIHEAM, 1984. p. 55-76 (Options Méditerranéennes : Série Etudes; n. 1984-I)

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------

http://www.ciheam.org/
http://om.ciheam.org/

http://om.ciheam.org/article.php?IDPDF=CI010837
http://www.ciheam.org/
http://om.ciheam.org/


H. van and C. T. de Wit 
Centre fo r  

O. Box 14 
Wageningen, The 

The objective of this is to discuss the  capabilities of models, data 
ments, and the possibilities use  in The models how 

is affected by the physical and also the of 
inputs such models it  is possible to judge  the  capa- 

city expansion of in a given is not likely that one can 
capacity knowledge  of vegetation without detailed 

of the influencing 

El objetivo de este es la discusión de las  capacidades de modelos los 'datos 
que se y sus posibilidades de utilización en la de  la mode- 
los cómo el medio ambiente físico afecta  la de los cultivos e  igualmente el 
papel de los el del tales como y Con 
estos modelos, es posible capacidad de expansión de la en  un medio 
ambiente dado. WO que se pueda del 
conocimiento de las  tasas de de la vegetacicin sin una detallada de los 

que influyen en dicha 

CIHEAM - Options Mediterraneennes



56 

as the  human  acti- 
vity useful 
etc.) by means  of  plants  and  animals with the 

few in 

systems  have  developed 
that  enable  subsistence in 

sufficient  land is available. 

necessities. is an ani- 
mal species 
and  the  development of civilisation much 

with that of life. To maintain 

of 
than  the  subsistence level. This is only  possible 
if of 

within an  economic 
sufficient  .incentives 

use. is not 
may be 

classified yield 
yield 
pesticides.  Only yield 

With some 
well be  defined  as  the  human  acti- 

v i ty  
oil 

by 
tel,  this  volume). 

be expanded in 
ciple in two ways, by 

yield 
which can be 

ed by simple  means  within the  social-economic 
is 

so is 

expand machi- 
has to be  used to extend 

yield venues 
in which 

makes  sufficient  money his 
ducts  to pay 

of SO 

is possible 
the  food  situation in 

in view  of what is 

of the  food 

at level that 
at stabilisation of the on  the 

at level 
of 
of the a 

developing 
by 

to 
in 

of 
been the  focus of 

in 
and  Wageningen. this eco- 
nomic  models with the  main  emphasis on  the 

linked  into  a  global  model with the  aim  of 
of national 

possi- 
bilities of with 

of 
of focusses on  the physical and 

in and is the  subject 
of 

OF 

possibilities in with 
an eye on  making  quantitative  estimates of the 
yield levels of 
.and of needed 
zation. 

is 

1. 

soil 
given and, in com- 

bination with the level of 
the  land  quality level. 

may be changed by 
in 

well-defined. given land  qua- 
lity level, the yield potential is fixed 

of time,  and it may  be 
calculated with 

is not  to define 

ship between the yield and all  possible combina- 
tions of by 

R IAMZ-'84/ 
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of no uni- 
que  solution  to  such function exists. 

of 
be established that will in 

the yield level that is plausible in  view  of the 
land quality level. Thus, the yield level  is consi- ' 

by 
quality level, and as 

its 
is by of 

the in l :  the yield level 
as well as  away the yield level. 

to the distinc- 
tion is 
inputs. The field be 
in physical the 

length of 
lines,  etc. The 

ed these  activities is to  a extent inde- 
pendent of the yield level as they 
anyway.  The  total length of available 
to  do  the 
on soil  type 

is 
possible between activities 

on heavy 
associated  fossil 

and 
amounts  of 

and 
gen, by yield 
level, soil  type 

these is that 
they cannot be This is in 

the yield 
cides, available, e. g. 

_ _  

Figure Schematic representation of the hierarchical analysis  procedure. 
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use of 

. 

The  land  quality level is, 
mined by soil and  the 

by the level of a  schematized set 
levels  of be  distin- 

guished.  The lowest level to  land in 'an 
almost condition 
vities limited fuel wood 
collection  .and extensive next 
level the  land is so 
exist use with 

is fully 
is avoided  only if possible by simple  modifica- 
tions of by simple dams.  The 

level to by such 
as levelling, simple 

of excess 
level to  land in 

well levelled, 
with complete 

Sufficient is available  to 

land in a given it  is 

land to level. This  applies 
especially  to  the  amount  of  vegetation  and 
stones  to amount  of soil to be 
moved be built. 
This  aspect of the  analysis is in the 

- of 1. 
tion  can be with 

i t  has been said is 
since most of 

the that  could has 
been developed. The activities to be 

logical  levels  in of the  available  equipment. 

highest  hierarchical  production .situation 
in optimal  supply. 

yield is by the  type 
of level of 

suffi- 
to judge  the 

feasibility of 
define so-called 
time of 

field data 
may  be  combined  to  apply  models 

yield as  outputs. 

second  hierarchical  production  situation, 
it is also  assumed  that  the  supply of 
and is optimal,  but  the  influence of 

ductian of is 
supply  to  the  canopy is dependent mainly on 

and sometimes 
tion, is 
mined by physi- 

of the  soil  and  the  climatic 
of 

basis of these  data,  the balance is calculat- 
with 

excess of in 
with 

level. The models  also enable. the 
calculation of of in 
the field: in the  analysis 
of systems. 

At the third hierarchical production  situation, the 
at  

times limit 
diance. Special emphasis is  given 

its  costs 
and 
system.  The effect of 
and  the  amount of to 
achieve level 

between the  amount of is 
taken  up by yield gnd  that 
between this  uptake  and  the  amount of 
applied, its is in 

The of 
on  the timing of  the 

of uptake by 

bilization by and 
These 

being modelled,  but the  time 
being it  is still to 

of is 
of 

on  the of soil constituents  as alumi- 
nium and calcium  in with 
that  element,  thus  affecting its  availability  to  the 

is 
the / N in the  plant 

like potassium, calcium and magnesium 
in sufficient supply  and  the is in the 

is most  conveniently evaluated  by 
means of soil analysis. 

Subsistence  farming mall be  treated  as  a fourth 
hierarchical production situation. 

R 

;?lt 
IAMZ-84/ I 

i 
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may  bé  based 

of the 
yield level at , 

mum to 

in many cases. 
This implies that  the effect of 

has  to  be  judged  on  the basis of 

uptake of the  limiting  element.  Since  the  pos- 
sibilities to 
ed of low -;oil 
effects of 

to 
pest and disease 

.At any production level pests,  diseases and weeds 
may effect is by making  a 
distinction between diseases of special 

in  high yield situations  and  those in 
low yield types  of damage 
may  be  distinguished which in 

of damage ~levels. 

requirements 

in a given 

have to be specified. The neces- 
be divided  into site-specific data 

and data. 

a. Site-specific data 

To specific 
tion must be available  on its exact  location,  on 
the conditions,  and  on  the 

of the  soil(s)  on which 
should be noted,  that  a  distinction  has 

to be  made between in the 
sense with actual field 
data in a specific 
gical conditions of 
be known, 
such  as  estimation of 
of of meteo- 

be used. 

I The consists of: 

of sun 
is ne- 

of both CO, assi- 

59 

is 

of 
of especially 
the  calculation of 

be  used 
wet 

-Wind speed of 

of 

The soil is its physical as well 
as 

in the  soil,  such as 
of of solutes  and of 

-Soil 

in the soil 
must be to 

is held in 
ingly size and is diffi- 
cult to 

is to  as  the 
‘ soil p F  

of the soil: 

of soil. of  the 
same  phenomenon above,  the  con- 
ductivity is also  a  function of the soil  mois- 

The 

such  as  the  amount of 

the  mode  and  intensity of between 
the soil  and elements  applied as 

the 
soil  chemical  analyses,  such  as  those 

in 
soil of these 

special  analyses 
have to be existing  ones  must  be 

in combination with 
As a 

may be 

, 

R IAMZ-84/I 
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b. data 

is exist 
diffe- 

be 

taken  into  account. 

Assimilation  characteristics: to the 
of the plant with 

cess of CO, fixation by leaves in depen- 
dence of A distinc- 
tion is made between possessing  the C, 
type  of  photosynthetic  pathway such as small 

and  those  having  the C, type of photosynthetic 
pathway, like maize, 
Species having  the C, photosynthetic  pathway 

in 
of COz fixation, especially 

at high levels of 
sensitive to the last decade 

been 
mine the  photosynthetic  pathway of phnt 
species, so 

this is 

leaf leaf 
of 

incoming 

plants, like $1 living 
to  obtain biologi- 

cal of fixed 
in is utilized 

1974). Two 
main components  can be distinguished: 

which 
the  maintenance of existing cell 

of is 
to total  biomass  and is influenced 

by 
maintenance 

is dependent  on  the  chemical 
composition of 
which is all 

of specific values of 

with 
sion of 

of chemical 

mix- 
of simple 

in this 

magnitude of these  losses depends  on  the  chem- 
ical  pathways  followed  and  hence  on  the 
compoSition of oil 

efficiency 
ing of ... 

efficiencies in 
the  model each 

Crop  phenology: of a 
is by 

of of  vegetative 
tive of is a 

is 
of of, leaves is 

by 

sent  model,  daylength is because 
in and with the 

to be 
of 

whicfi vegetative like leaves and  stems 
of 

which 
in of heat  sums. A heat  sum is a 

that  have  to be 
accumulated - 

base - to complete  a  phase; 
e.  g. a  day with an of  15 O C  

15 
of O “ C .  These 

of cycle. of the  actua1”heat 
sum  at  any  point in time 
the  completion of is 
of of is 
defined  as  the  development  stage.  The  heat  sum 

of the  same 
species may also be by 

vs. long 

Distribution pattern dry  matter: 
is utilized 

successive 
such as leaves, 

dis- 
among  plant species and 

in time,  and is 
mic the  model  this is 
achieved  by  defining  the of  the  total 

of the 
of 

the  development  stage of 
species. 

to yield 
be  well supplied 
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with the 
insufficient 
the  limited  amount  that  can  be  taken  up  by.its 

system soil is utilized as efficiently 
as possible by 

of the  limiting  element. 
specific 

i. e. the  minimum  con- 

specific 

Some results 

of in 
of the CWFS, 

by long- 

.those by 
used. 

1: 

in 1 is 
defined of 

and physiolocial 

Such  condi- 
tions  imply  domplete of 
so excess 

no in- 
fluence of competition  by weeds effi- 
cient weed of pests 
and diseases. 

of accumulation 
of is by the 
amount of that  can be utilized  by 

of ,.CO, into 

of 
lized is a  function of and 
the of leaves,  capa- 
ble of utilizing 

. .  

in .a 
tively time of 
a level that is sufficiently high to 

so 

. .  . 

Figure 2. Time course of total above  ground  dry  weight  and  dry  weight  of  various  plant  organs  under 
optimum gr.owing conditions for  bunded rice transplanted  April 15 in  D.haka,  Bangladesh. 

April 15 
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of 
accumulated is 
mined  by  the  length of which 

The length of is on  one  hand 
ed by 

species 
by 

ment of at a 
cycle 

yield, the economically 
which is thus  only  a 

by of between the 
is 

again  to  some  extent  a 

' invest a 
of in the  econo- 

mic of 
economic yield yield,  the 
harvest  index is in to that of 

. .  - 

On  the basis of the so 
model is 

a calcula- 
tion is  given (1984a). 

- 
.- 

As a 

, planted  on 15. 2, the 
; of is 
\ as well between 'the 

of is invested  in stem tissue  .until 
anthesis, i. e. the  moment of 

of 
all available  assimilates to the 
ing while of the leaves 

senescence. The 

till of 86 

60. The  calculated 
yield is 

defined  depends on  the  definition of 

equals 6,350 kg of which  is 
.. equivalent  to  a yield of 7.3 t  ha-'  at a 

Figure 3. Time course of total  above  ground  dry  weight and dry  weight of various  plant  organs  under 
optimum growing  conditions bunded rice transplanted  December in Dhaka, Bangladesh. 

t ho-' 
14 . above ground t dry weight / 

/ grain 

- . ., 

I 
I 1 I I 

4 100 days 120 

December 1 
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. .  
. . “content of 0.14 value 

used in yield 

To effect of 
was executed  with 

the  same the 
beginning of daily 

values  as  low as 18.5 
. in 3: it now 

118 
ing so that 30 
to,  
the season: level 

* and with 

of the is in 
.60 
has  accumula- 

ted  only ha-’ 
8,700 

of 

conditions, in a final yield of 
16,300  kg ha-’ and  an yield  of 
8.5 t  ha-’  (at 14 % which is 

the 
of 

tion, the sea- 
son is calculated 

yields a value of  138 kg  ha-’  d-’ 
to 161 kg  ha-’ d.’ the in 

is 
which  wheat is 

so high, that  wheat 
be these high 

and is also  a that 
and be affected. 

the calculation  it was that 
wheat  was  sown at the end of 

5.  The of 

4),  shows  that the  length 
of 109 

taking place at  day 70, so filling 
39 days. 

14,200 kg  ha-’ and 
yield 7,100 kg  ha-’  (at 14 96 

content). 

The  calculated the yields 
ed  in this  section ‘may seem high, when 

\ 

. 

. -  

. ,  
Figure 4. Time  course of total  above  ground  dry  weight and dry  weight of various plant  organs undèr 

optimum growing conditions fow 5 in Dhaka, Bangladesh. .. 
. , .  

. .  

14 - above  ground 

t ha” 
dry weight 

wheat, Dhaka 

12 - 

10 

/ a -  

- grains 

_ _ _ _ X  _------ ------ X 

stems 

4 -  

/c:------ .--- - -  ‘ ---d 
dead ,eaveS -. 

2 -  
leaves 

/ y  t ime 
X-X I 

40 60 80 100 days 120 
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t 
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to  actual 
be 

optimal 
cycle. Such difficult 

to even 
let may be 

by wheat yields in 
10,000 kg  ha". 

Even on  the best soils and  an  optimum  supply 
with level  is 
achieved,  because of the  effects of so-called 

final  stages of filling 

in yield "losses  of  up  to 10-15 %. Even if 
is biological 

point of view, it 
is 

an  economic  point of view, taking  into 
in 

is 
why potential yields in 

2: influence of 

of 

connection of plants with 
which CO, can passages 
ed  by the stomata.  The walls  of these 

with because 
is 
open  stomata in 

is thus 
inevitably accompanied by loss of 

loss of 
is by if 

is available. is a 
of in the  soil,  the  suction  applied 

by is insufficient to all 
lost  by 

by closing of the  stomata in to 
loss. This  leads 

of CO, and hence to 
milation. will 
wilt and eventually die of is 

essential yield 
potential of all  times  sufficient 

is available in of 

in 
the soil is in 

effect yield 
can be estimated if of 

.- 
~ - __ - 

IAMZ-841 

it is to of the of 
supply  and loss of soil: a soil 

in the, soil  mois- 
(1984). 

given. 

The soil is in which solid 
with voids of 

they size dis- 
as  a  function 

of the size of of the  solid  phase. 
defined as classes. 

soil 
soil 

filled with 
and with 
ones fill up  also. 
cohesive 
so 

soil. be applied is 
to  the size  of in which 

is of 
is in 
high 
sufficient to 

the soil is wet, diffuses 
wet 

Such 
in in the  soil,  lead- 

ing of so that  evap- 
be 

of is enhanced if at  a 
depth in the soil a 

-a table- is 
is 

with 
The by the  plants which 

been discussed. 

Since  all  the involved in the soil 
be in quantita- 

tive of  this  system  can be added 
to  the  model of en- 
abling  the  calculation of the  amount 

this  amount 
is insufficient to meet 

1984b; 1958). 
is quantified it enables 

calculation of yield  in 
situations may 

1984~). 
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in 
is taken  as  a As explained, 
tant 

it is as- 
sumed  that  the soil is a  sandy  loam with 

(1984). 
Wheat was assumed  to  have  been  sown  at  the 
end of was  completed 

is 
is at field  capacity 

and  that the  plot is located 
the level  of is at 10 

so influence of the 
the 

supply  to 

The of the 5 )  show, 
which  this  wheat 

is only  a  limited effect o-f the 

12,600 
kg 14,200 
kg ha" in 
This is due  to 

65 
r 

(109 and 34 mm, , . 
is .. 

by until 80 
23) 

its that date;. 
'soil zone .-. 
values  below  field  capacity, . . 

the c.. 

end of the cycle, . ., 
by _ _  

in accumulation-,:.. T: 
is thus  at  the full  expense of the yield, :. 
which 5,400 kg .: ; 
ha-' 7,100 kg  ha*' (both at: 14 % .:.: 

in 
situation.  The I. 

value of 0.47 in 
situation  to 0.41 
tions. 

A when 
be 

the  end of 
5. conditions,  poten- 

. t.,' 1 .  , '  

-- .. 

Figure S. Time  course total  above  ground  dry  weight 5, under  opti- 
mum  growing conditions  and  under  natural  rainfall  in Dhaka,  Bangladesh. 

14 
t hã' 

12 

10 

above ground 
dry weight 

X 

/ X =potential 
natural  rainfall 

B = groundwater table 

X at 200 cm 

X / 
/- -%/T I I , t ime 

80 100 120 days 
November 5 
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tia1 14,800 
kg  ha-' in 107 

t i l l  
yield (14 % 7,050 
kg ha-',  hence  a 'index of 0.45. When, 

the is taken into 
6,a), is only 

6,700 kg yield 428 
kg ha-' , due  to 60 
is and 5 mm in 

Soil in the 
to values the 

wilting point  and the is just 
able to stay  alive,  its assimilation  being slightly 

. 

60 and  matu- 
the. deficit, that is the 

ence 
(in defined as 

to k 100 

to  apply  that  additional.  amount by 
be expected that 

tion is applied; is also some  additional 
soil 

of the  soil will :be wet 
magnitude.of which  will 

efficiency 
1984), so 

Fígure 6.. Time  course of total above  ground  dry  weight wheat,  emerging  December 5, under  opti- 
.mum growing  conditions  and  under  natural  rainfall in Dhaka, Bangladesh  (a);  cumulative 
transpiration a  wheat  crop  growing  under optimum  moisture'  supply and under  natural 
rainfall (b). 

/-- - 

' . ( I  : i  

14 above ground 

t ha-' 

12 I dry weight 

/ 

X potential - natural  rainfall 

2 t  i / 
I l t t ime 

2 0  40 80 100 120 days 
December 5 - 

transpiration 

( b )  i 
i 

100 ' 

I l I 
time 

20 80 100 120 daYs 

/'- . X potential 
X actual .c 

/ 

- .  R I 

i 

CIHEAM - Options Mediterraneennes



67 

l .  

Figure 7. Time course of total  above  ground d f y  weight wheat,  emerging  December 5, growing  on a 
sandy  loam  soil  and  on  a  heavy  clay  soil Dhaka,  Bangladesh  (a):  time course of volumetric 
soil moisture  content in the  root  zone in a  sandy  loam  soil  and  a  heavy  clay  soil (6). 

14 - above ground 

t dry  matter 

12 - X =sandy loam i = heavy  clay 

10 

i 
- i - - .  

i 

5~* - - - * - * - - -  i 
4 -  / 
2 -  / "  

x#x/7 1 I I time 
20 40 60 80 100 120 days 

0.50 

moisture  content 

O 

Ltime 20  40. 60 80 l00 120 days 

that it may well be to 1500 m3 
of system's 
achieve the  condi- 

of the  consequences of 
the in 
soil  types in 7. 7a 

on  a 
sandy  loam soil and  on  a heavy  clay, both ini- 
tially at field 
table at  a  depth of 200 cm 
face. The distinct: on the  sandy 
loam soil till the  end of 
its cycle (FiguJe h), 

& .  

. .  

and  only in the last days 
is that  the 

yield in this  case åmounts  to 6,67.5  kg ha-', 
of  only 375 to  the 

heavy clay. 
soil, ceases 50, the 

yield is negligible. in the 
clay soil than in the sandy 
loam,  as  evidenced by in 

field  capacity 731). 
clay  soil, a high of 

is in such  small even at wilting 
point, is still 

R IAMZ-841 
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0.36 cm3 cm-'. 
of the 

is in 
velocity of flow 

is 
nal to the heavy 
clay soil 

is only 16 
of O. 15 mm d.'  is 

too low to meet 
which 50 

is about 2.5 mm  d.'. the 
is 

between day 40 and day 60, capil- 
of 1.5 m.m d.'. so that 

the  decline in soil is much 

table  amounts  to  almost 100 mm.  The 
of 85 in 

soil 
wise i n  

with 

amount of to 
between field capacity and wilting point 

be 
of 7a. heavy 

clay soil with at 200 cm  below the 
soil yields less than in 

can  be explain- 
ed on  the basis of  available clay 
soil, 0.47 cm3 cm-7 at field capacity  and 0.36 cm3 
cm-"  at wilting point, implies, 
depth of l10 mm of available 

soil 0.25 
and 0.07 cm3 cm", which 
into 180 A sandy  loam 
soil is in of 

than  a heavy clay soil. 

3: of 
supply 

by the  plants 
not only and oxygen 

elements 
. of neces- 

which in small  quantities have 
specific functions in biological and biochemical 
functioning of plants. As an  example,  the 

pigment which plays a key 
in 

in 

the half of the last i t  was found 

",these 

of the 

ed that even in of 

was  fully of these 
elements in the too 
low to levels as  dictated  by 
climate  and soil To  achieve 
that,  a of these 

to  be needed. And  since  the 
supply of was much  limited 
by the limited availability of 

soils,  the  quantities  needed  could  be 
only obtained by the use of 
This is even so 

manifold. 

chemical 
to 

been 
way in which 

is in 8, using 
an with bunded 

at  the in Joydeb- 
in the 1982 yield  is 

given as  a  function of the  amount of 
is 

made of 

so that  they seem 
to be of little use 
tion. To i t  should be 

and'the economic 
yield, 

is applied  to  the soil 
in case of bunded 

be taken  up by the  vegetation. 
it must  be utilized by the 

Uptake of the element  by the  vegetation  may  be 
because 

es in the soil that  compete with 
limited amount of 

such as  fixation by the  solid  phase of 
the  soil, the  depth 
of 

pounds  that escape 
of 

the applied the vegetation. 

the element has been taken  up by the vegeta- 

R IAMZ-84/ 
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in of economic yield may 
still of 

is in 
of the yield. potentialset by the avail- 

ability of the  element  applied as To-  
judge  the of a 

it is to 
between 
in 

also be analyzed its  chemical  com- 
position. both yield and'  composition  have 
been ob'tained,  they  may be 

in 
in 8, and explained .in 

(1984d: 1982, 1977). 

9 in 
(a) is given between yield and  the 
total  uptake of the  applied  element  by  the vege- 

case the  uptake in 
is of the well-known 

tion  type, i. e. in 
is be- 

tween uptake  and yield. indi- 
cates  that  each  unit of the  element  taken  up 

in an  equal  amount of yield 
Examination of 

be 
is 

is of the 

69 

tancy of this  slope the  fact  that in the 
well as in 

exists as  an 
example,  the  element can be. 'diluted in 
to :the addition:.of 

;.- , . 
tion is of d q  

is. 
of elements  takes  place 

is' 
i s  a' 

tain element is 
element in the 

will  be at its minimum  value . . ' '  

and  the yield will yield- 
the  minimum  concen- 

is not  identical in (0.01 kg N . :. 
in (0.004 kg -N 

in 
in will influence  the * 

slope of to some  extent. 
When  availability  of element in- 

in 

because in 
is abcve  the  minimum.  Finally,  the yield . 

a plateau level, at  the  point the 
element the. 

is  in which  can be 

Figure 8. benlieen nitrogen  fertilizer application  and  grain yield f o r  bunded  rice  in  Joydepbur, 
Bangladesh,  boro  'season 1982. 

grain yield 

/ 
X-X- 

N-application 

1 00 150 kg ha" 
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situation 2) 
cycle l ) .  

example given in level  is 
so that it may be expected that 
of 

in 

the. uptake  axis 
with 

of a 
element  applied as 

and its uptake by  the (above of the) 
in 

full of 
which is 

between 
uptake by 
of the taken  up, which is called  the 

is independent of 
application. 

The in this  case is thus 0.24 kg 
N N applied, in 

of N in the 
to be applied  to uptake of one 

kg N by  the  vegetation.  (The actu’al 
will be.cause which 

not included  in  this .analysis also contain 
some is:  in less .than 
10 ?h of that in t,he 

not  uncommon  in  the 
of bunded 

len, 1977). is 
is applied  to 

which is 
of 

mobile 
in the system 

by flowing if the 
is low, by influence 

of zone the 
oxygen is low, because the 

is magnified by the 
top  of.the soil. this  low 

oxygen use 
the oxygen contained in 

of its 
gen into gaseous compounds  which,easily escape 

Figut .e 9. hetnleen ‘total nitrogen  uptake and  grain yield  (a),  that henileen nitrogen  ,fertilizer 
application  and  nitrogen uptake  (b)  and  the relation betitaeen nitrogen  .fertilizer  application  and 
grain  yield f o r  hunded rice in .Joydepbur, Bangladesh. boro season 1982. 
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to 
is in 

life cycle,  .when uti- 
lize only  small  quantities of the  element,  its  ave- 

time  in  the soil- system 
losses 

is applied in appli- 
stages  when  the plants’ 

can  utilize  the  element at even 
is the so-called  placement  of 

the in the low-oxygen 
ment.  The  absence 

of ammonium  ion  into  the 

of 
high as 0.6 to 0.7 has been achieved. using ‘this 

line in is thus.  on  one 
by 

by  its with 
the  uptake axis, the  base of the  soil. 

is as the 
is soil 

by 
tion of the  soil,  but  above  all its 

’the 
by libe- 

in of 
in 

immobilized 

balance  between the  two yields ,a ‘net 
gain depends 

being 
on 

of in 
below 15 will 

in net of 
will 

be the case. may thus  be expected that soils 
having  a high 
able  quality will Ease than 
soils low in addition  to  this, 
also play a because 

in the soil 
affect the activity and size of 
lation in the  soil and hence the  intensity of 

immobilized in the  body  tissue. 

soil 

in the absence  of  chemi- 

be in 
cesses 

N may be by 
tion, which especially in 
amount  to in bunded 

the 
capable of  fixing of 
which 

N is in the is l 

no 
a 

all the 
N unavailable to. the  plant,  also  act 

on N will 

coincide with of 
1982). 

The  analysis of 
so because of the 

high costs  and  the  fact  that  the soil-plant-atmo- 
is an  open system 

be 
the -and 

specific 
c’an  be establish: 

ed  and these  elements 
in way a s  GQ-0- 

gen (Van 1984d; 
1982). case  ôf 

by the  vegetation is, 

valid 

is most  common, i. e. the l 

‘ 

is caused by the  fact 

low solubi- 
lity compounds  play  a i igene- . ” .  . 

effective of 
pounds in the soil  system,  leading to a  situation l 

of l 

components in the soil 
less constant.  Thus, when is added  to ~ 

the  solution in the of 
is immobilized by the  soil 

plant  and  as -a 
between the solid 

phase of the soil is not of the 
same intensity all soils,  but  depends on the 

and 
of in 

the  solution and  the type of  clay 

R IAMZ-84/1 
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d. Establishment  of 

which 
in  a 

situat.i.on a n d  

mental.  data I 

question  as well ,as  some  estimate  of  the yield 
that  may"be. expected  in the  absence of 

(see Sections  above). 
the yield 

situation 1, 
situation 2 

is not likely to  have played  a 
the yield falls substan- 

tially of the expected level, the yield con- 
Weil have been one  of  the 

To which element is 
involved, chemical analysis of the plant 

is 
tion in 

is 
close to its it  is  likely 

been 
yield. 

and chemical composition  also 
by 
is 

of the 
As  detailed in the 

is not  independent of 
is always 

some if the manage- 
do n.ot change significantly,  such 

estimation of complete- 
ly 

will have to because 
of the basic 

cycle in the soil is 

such  changes  in a quant i ta t i ve   fash ion .  

the situation is known,  the  uptake- 
yield of 

, 

in the  tissue. the  case  of  the 
wheat 

on 5 was 
:1;4,800 kg: ha", of which  6,180 kg  ha'' is 

and  consequently 8,620 kg ha" consists 
of basis of  the  minimum  concen- 

in 
of 65 kg weight N 
.73 kg at- 14 9% is 
obtained.  This  slope is in 

the  schematized  set  up.  applied 
yield-uptake is 

. -. - ._ . . -. - - - . - ~  .. -. -- - 

R IAMZ-841 

up  to  the it 
yield of 7;050. to 

in mate- 
it can be 

least 95 kg N ha" must  be  taken 
up by achieve  the  potential yield 
(point A, 

The next question is how  much the 
tilized  soil will in this  situation.  The 

to analyze 
in an 

field possible iden- 
tical conditions. A can  be obtain- 
ed yield using slope  a  in 

10: yield without 
application was 1,200 kg  ha-', implying 

in 

ãdd6ion'al 79 kg N ha" When 
is 

of 
0.35 is a 

is 10 by 
extending  the ending in A till 

line and a line is 
to 

10). 
yield an  application of 
225 N ha-' is is 

while not  taken  into 
account. is applied in 
optimally timed  gifts, the can 

to values  between  8.5  and 0.6. 
Assuming  a  value of 0.55 line 

10 
can be 
tions,  the N is substantially 

144 kg N ha-'  to achieve a 
yield of 7,050 kg ha-'. 

225 
and 144 kg ha", that timeli- 
ness consi- 

efficiency of  the 

in- 
of 

especially to  judg- 
ment of the  optimum timing 
cation.  These skills  must not  only exist at  the 

be embodied  in  a ex: 
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cation  may also be  changed. As 
ed,  the use well as 

a possibility. Suppose 
that in legumi- 

be the wheat 
was  sown and  that  the  decomposition of that 

in of an 
additional 25 kg of N ha-' in 

is 'in 10, point E 
at a  value  of 98 kg N ha-' . 
that each additional  kg N that is by 

gives a 
saving of 2 kg of N. 

' 

Although in many  situations 
gen is likely 
influence of neglected. 
Especially, when as  a use of 
ing amounts of yields in- 

of 
with will 

of 
of potassium will 

Of on soil of phos- 
be 

on soils 
a situation is 

easily 
outlined in yield 
level obtained with appli- 
cation is 

2 (if is 
1 (if 

is if 
of 

a likely cause. 
it is assumed  that 

deficiency,  soil  acidity toxicity  does not 
play  a 

of 
elements  can be chemical  analysis 
of 

is substantially  above  the 
minimum level established it 

Figure 10. .of the  graphical  procedure to  determine  nitrogen  fertilizer  requirements ,for opti- 
mum  ~Yeld of )!$heat  (see te,st explanation). 

t ha- 

6 

1ooE. 

D 
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300, 
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is was  yield-con- 
Analysis 

may 

if is at  the 
minimum level, i t  cannot unequivocally be con- 

will in 
yield. be  a 

lation between of plants  and 

& 1982). The 
functions of the  two elements in 

in the 
nucleic acids, N is of the enzymes and is 
found in 

is, between the 

of in the  plant  and of 

field 
O .  when one 

of the elements is limiting and its 
in the  tissue is at  the  minimum  value,  the  con- 

of even though 
available in abundance, can be at 
its maximum  value. in 

of one element affects  the uptake of the 
effect  is in 

1 l by by to  the 
in a  long at  Joydeb- 

in which N and applied 

yield  is 3.4 t  ha-'  (14 ?h 
uptake of 40 kg N ha". 

grain 

N -applica t ion 

- 

I 
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slope of the of 85 
cal- 

culated  on  the basis  of / 
have 

been  83,  which is close enough.  Application of 
of 40 kg O, ha-' 

yield to 4.1 that  data 
point is still yield-uptake 

11). 
ponse is 

of 
and 

yield in  that way. This is also witnessed  by the 
/ in is 0.05  without 

application, hence at its minimum  value, 
of 

With  application of  40  kg O, ha-'  the / N 
in 0.052, slightly  high- 

Application of yield 
to 4.8 t  ha-', which  is not 

The of 
' gen is at 0.31  kg  kg-', 

was applied 
by 

the heavy place 

have  washed  down  most of that  application. 
Application of 

gives the  highest yield of almost 5.0 t 
of 

to the 
This is 
'not  be  explained  off-hand. 

to  the / N 
in plant tissue 

of 
ments. and 

l available, the / N 
in plant tissue  assumes an  optimum value of 
about 0.1. The be de- 

by multiplying  the  calculated 
by 0.1. The  amount of 

tion is not easily in the 
N-limiting  condi- 

tions,  i. e. the N in  the 
vested is at its  minimum  value,  does 

I not automatically  mean is not 
be 

yield in the situation,.  because  the 
/ 0.05 and 0.15. This 

still  leaves of 
the 

and  the  fact  that 
is 

does  not 

R IAMZ-8411 

because of of 
phosphates with  the solid'phase of the soil. 

On  the basis of so 
estimate of 
can  be  made, using discuss- 

was 95 kg  ha-', hence is 
9.5 kg ha-'. 16 kg 

ha-'  was taken  up,  hence the 

tween 0.8 and 2.4 kg ha-' between 
0.05 and 0.15). A value of 1  kg ha-' seems  a 
safe  estimate. it is assumed  that  the soil  is an 
alluvial clay soil, a of 0.1 

assumed.  The 
85 kg ha-', * 

equivalent to 195 kg h&-'. the 
to be 

limit of its class at  a value of 0.15, actual  uptake 
by the vegetation could  amount  to 13.75 kg P 
ha-',  which  could  lead to  a / N  in the tis- 
sue of 13.75/95 = 0.14, hence  still  within  accep- 
table  limits. 

this  Section  it is in many situa- 
tions  in the 
cess, yield 

of 
pose of the  activity, losses because of 
cultivation  inevitably  leads  to a decline in 
lity of the  soil (Schouten, 1984; 1974), 
and  hence  to yields, except 
on young  volcanic  soils 

of 

maintain the  availability of to 
sufficiently  high level. As has  been 

nishment of the with  the 

sufficiently high be maintain- 
ed to satisfy the  demand of 

is feasible 
point of  view and 

, 

question depends  on local 
of 

of 
availability  etc. 

of the  economic  feasibility, a - 
mate of and 
is a necessity and  the basis assess- 
ment is the  analysis outlined in  this  Section. 
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a 
of the  capabilities of 

of 
the CWFS, and  the  pos- 
sibilities use. 

a 
of  economic 

duction  situations,  as  affected by the  physical 
of these  calculations, 

of 
and 

levels. 

is to  judge  on  this  basis  the 
of 

in a given be emphasized 
in many  situations a 

system 
involves  a  change  in  the  mode of exploitation, 
whic may have a especially on 

cycle in  the 
vol.). will -if not 
impossible- to 

of 
ecosystem,  without  going  into  details  with 
pect to  the dynamics of 

1984. The soil and J. Wolf, Eds.) 

1984a. A  simple  model  of and J. Wolf, Eds.) 

VAN, 1984b. between use and J. Wolf,  Eds.) 

VAN, 1984. A  simple model and J. Wolf, 

VAN, 1984d. and J. Wolf,  Eds.) 

VAN, 1982. analysis  of to application. Syst. 9:  113-126. 

soils Wageningen (in 

soils and Wageningen (in 

soils and Wageningen (in 

soils Simulation Wageningen (in 

soils and Wageningen (in 

VAN, 1977. of with special 
no. 30,67 pp. 

VAN  and J. 1982. to  the  supply of 916, 
Wageningen, 46 pp. 

J., 1984. the of ecosystem (this  volume). 

W. 1974. utilization in 
plants.  Neth. J. Sci. 22: 40-44. 

F. W. T. and IYS2.  La l’action de l’azote et 
(F. W. T. and A. Eds.). La des sahéliens.  Une étude des sols, 

des  végétations  et  de  l’exploitation de 918, Wageningen, pp. 196-226. 
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1984. flows in 

1984. and J. Wolf, Eds.) wea- 

C. T. 1958. yields. 6, ’S 88 pp. 

C. T. 1974. concepts in soil Neth. Sci. 22:  319-324. 
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