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CAPACITY 
ARIZA 

AGRICULTURAL, 
Buringh, 

professor-emeritus of tropical science 
of  the Agrigultural University, Wageningen, 
the Netherlands. 

Land-use, 

The capacity of land of yield is  assessed in this 
-.The two land capable of 

in land use, and  the  capacity of achieve maximum on these  lands. The of 
based on of of 

scientists,  indicate  that  about 22 to 24 of the for 
tion. About li is 2000 indicates  that 

of of (now will  be somewhat 
by index, in many 

can be 

En este suelos del Las dos 
son, en la del suelo  capaz de cultivada y los cambios 

uso del suelo,  y 'en los 
ción óptima  de  dicha de en base  a  la de los 
estudios del y de los científicos, 
indican que 22 y el 24 de la del suelo  es  potencialmente  cultivable, y 
solamente un 11 en modos, la 
el  año 2000, indica que de y de 
pastos o bosque), en de cultivos, medida 
su indice de en muchos  países. 

- .. 
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of 
lamd have 

was that  not 

As 
of the 

All 
be 

of 

(1982). 

potential, e. 
is to 

to what is to be 

duction. Some 

capacity of some  land is 
low 

tive  capacity  depending  mainly on soil-and 
climate  conditions. 

still 
tional  system of 
be if a intensive system 
could be 
socio-economic 
have to be  solved. 

is still  confusion 
capacity of land consistingaof old,  outbased, 

soil 

soils. 

is of 
I 'is 

even 
of land 

all land,  indepen- 
dent of use. 

e)  highly  depends  on 
is 

only a 
the'#-whole economy  should be studied, which 
is bften a difficult  task. 

. .  
- .#. ~' 

is needed 
of2 

::" -.. . 
.f 

is it 
is F. A. O. 
nal  agencies,  as well 

is all 

g )  A? 
is 

give 
but  they  should be followed by 
ed  investigations. 

The list of 
the  capacity cf 

be 
will  be. given to  the  physi- 

cal and 
possible to 

be 
of 

duction will 

Crops and crop chartacteristics 

each of them with  its 
tics.  They 

and 

of 
lated by 

tion  techniques,  as  indicated by the  types of 
skill 

of 

Each has  a which 
of 

The  development of 
highly  depends  on soil- 
which specific is 

ity of 
is is 

is to be  a  dynamic 
biological  system  influenced by 

by a system is 

. ,  . .I 

CIHEAM - Options Mediterraneennes



system is 

a) is 
75 

of and 
maize 

of 
of 

of 
well 

give 

which 
site. 

b) 
yields 
five 
ihould be 

c) is 

ing have manipu- 
of these 

way 

of 
and 

be  known  at 

t Site characteristics 

its  specific  conditions  as 
by and soil 

of 
of these  data. 

in the 
field and 

and and  land use maps 
indicate  what is 

be 
way. The  distance  between  the 

points of 
depending  on  the  type of 

to be 
point of  view  of when  studying 

R IAMZ-8i/I 

8$7 

by climatolo- 
gists,  soil  scientists and biologists,  whose  object 
of study 
needs a 

its  deve- 
lopment,  which  also  depends  on  the  soil  tempe- 

gical  activity e.  g. decomposition of 
of humus,  etc.  Soil mine- 

late  exchange of soils, 
is 

depends 
to 

depend  on  the  stage of development of 
is of 

. 

Each of is by 

depends size, 

size 

of a soil also  depends 

content, etc. be given 
of 

when is taken  into  account, 
because  this  includes  all  living  subjects  in  a  soil, 

of 
of 

all  stages of 

of plants 
and  the  consum- 

of 

and soil  conditions  have to be 
studied  at  a conditions 

CIHEAM - Options Mediterraneennes
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Table World  area  harvested,  production, and  average  yield of cèreal crops (data from fo r  the 
year 1978). 

Crop 

Wheat 
(in husk) 

Oats 

e 

Total 

- 
Area harvested 

(lo6 ha) 

266 
145 
118 
94 

, 52 
28 
16 
55 

774 

Production 
(106 t) 

450 
386 
3 64 
194 
69 
51 
32 
36 

1582 

~~ 

yield 
t. ha- 

1.9 
2.7 
3.1 
2.1 
1.3 
1.8 
2.0 
0.7 

in 
sta- 

tions  can  be  used. Soil 
even 

Sam- 
ple  analysis available 

in 
ing of 

Not an  optimal 
of 

is with a of 
is no  optimal soil 

few weeks. The effec .. is a 
oí  

ments  can be diseases 

and  plagues,  which  often  also  depend  on  weath- 

management 

is of 
that also  includes is doing 

yield of e. g. 
of the seed-bed,  sowing,  weeding, 

of the 
simple type of 

of 
of is by 

little 
level of technology is  low 

and yields 

Table 2. World area  harvested,  proLluction,  and  average  yield of root  and  tuber  crops  (data f rom FAO 
for  the  year 1978). 

Crop 

Cassava 
Sweet potatoes 
Yams 

Total 

Area harvested 
(lo6 ha) 

18 
14 
13 
4 
- 

49 

Production 
(106 t) 

55 
49 
34 
7 

145 

yield 
t. ha-' 

2.9 
3.5 
2.6 
1.8 
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use machines, combine- 

of 
tion.  The level of technology  is  high,  based on 

it is 
all  types of 

tions  depending on 
gical and 

’cess of way that  the yield is 
it 

wants to 

of 
influenced by sowing 
time, by by 
Soil  conditions  can  be  manipulated  by  applying 

by 
plowing.  Finally  climatical  conditions  can be 
manipulated by 

is 

nomy of on 

nomists  believe is optimizing 

19 

is 
of 

of inputs viz.: 

l .  seed-bed 

2. 

3. Yield 

of seeds, 

zation). 

biocides). 

Crop yield in the world 

is 
ways and  that 

yields may  be  up to 600 
and even 1 

and Table 2 and 

get an  idea of of 
wheat  and in a of 

1 and 2 shows 5 and 

Figure 1. Average  wheat  yields  over 5 and 10 year  periods f rom 1800 to the  present in various  countries. 

The Netherlands 

/ 

1800 1850 1900 1950 1980 

R IAMZ-84/ I 
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Figure 2. Average rice yield in  Japan f rom 600 to the  present.  The  modern  average  yields  of  other 
natioos are located  on rhe yield curve for Japan. 

t .h ä l  

N + S  

Ch 

Pakistan 

6angladesh 
India 

I I I I I I Time 
30 800 1000 1200 1400  1600  1800 2000 

10 of 
of 

yields in the 
lands have doubled. 1900 till 1950 

was even  a 
last 30 

high so called 
lutions”  have been by (1983). 

yield is above  6 t.ha-’. A 
2) 

in 600 till 
yields obtained in 

on the line 
1976). do not  mean to 

be  as high  as 

in Japan; suggests that yields 
in .  both 

levels of 
levels of technology applied in 

of the eigh- 
on yields have  in- 

of what will be  the 
maximum yields to 

3). to explana- 
in the  section 

a 
maximum in 
which will be 7.2 to 7.5  t.ha-’. 

R IAMZ-841 I 
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Table 3. crops. 
in 

21 

Wheat . . 14.5 
26.0 (in 3 
21.2 
21.5 (in 3 

Sweet potatoes 65.2 
Cassava O0 

Soybeans 7.4 

15.7 
80 

Alfalfa 22.2 (hay) 

Data from  literkure,  most  maximum  yields are productive  soils of experiment  stations. 

with some have obtained 
yields of 10 

less 
yields. 
be used if new 

yield in 
even be than 7.5 t.ha-’. Yields obtained 

10 to 25 
than yields. 

is of highly 
land in land has 

that still is cultivated, although it is 
fitable to  do so, is 
tive be 
one location is 
able is not is 
land in be 
in in a 
high. 

USE 

of land use and modes of agricultural 

Since the  beginning of 10,000 
of been 

used 
ing  human  population  has  been  one  of  the 

was 
cultivated used intensively,  mainly  de- 

. production 

- 

pending  on  the availability  of  suitable land  and 
population of 

in of the 
technical  point of view at 
modes of be 
nized, viz : 

1. 

2. 

3. 

4. 

6. 

7. 

of shift- 
ing  cultivation 
of cultivation  followed  by 10 to 20 of 

of 

of 
and  one 

of 

of in 
with legumes, 

technological mode of 

and simple  mecha- 
nization), 

to 5,  and mechani- 
zation). 

specialized technological  mode of 
to 6, but a high amount of 

application of biocides and full  mechani- 
zation). 

. .  

R IAMZ-841 I , ” 
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- . : .  ,, . :. . . . .. , 6 ._. . 
EaC?i'&~e' 

.%he . 
. tktiz.cd -by '1:itge 
. (Le do 

inputs from outside 'the 
in,&ding These'. typés. :df 

inputs. 

of shift- 
ing  cultivation is at of 

of  view of 
levels, although  some 200 million people  depend 
on  .it,  ,mainly in in the 

of gives low 
yields,  because  it is mainly  limited by the  natu- 

of 

the  low  type' little is available, 
in be 

m'óde  of 
which deve- 
lopment  to  the 

is 

land Since 
technological  modes of put  into 

even been 

became  available 
because 

of land was needed feed 
is 

by of / 
capital, which means costs of 
and yields needed and 

. .  

, . .  - .  . .  

. . 

. I  

some of these  modes of 
the  same  time in 

World land use and its limitations 

is used as indicated in 
way in Table 4. . "  

h i d "  to 

.is mainly  tun- 
and mountainous  land. The main 

age  yield listed in Tables  1 and 2. 

Changes in land use 
will continue,  because 

of land use is 
(1983) have  calcula- 

ted  the  expansion of which was 432 
in 1860-1920, and 419 in 

1920-1976. The  expansion of the 
even may  have been 

of 
listed in Table 5. 

of 
in Table 6 to soil of the U S .  
Soil Taxonomy,  and in Table 7 to the 

soil units of (FAO). The  total ' 

of in these  estimates 
because of of calculation. 

Table 4. Gerleral categories of' land use the hectares. 

use Area 

Subtotal 

land 

Total 

R IAMZ-84/ 3 

1 i - 

1,500 
3,000 
4,100 ' 

400 
4,400 

13.400 

1,500 

14,900 
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Table 5. Crop  production  constraints the land area of the world (million  hectares). 

Ta ble I 

Constraints 

Too cold 

Too steep 
Too  shallow 
Too wet 

Subtotal 

Subtotal 

Tótal 

t 

Area Percentage 

1,490 10 

2,235 
17 2,533 

15 

' 2,682 18 

1,341 9 
596 4 
745 5 

1 1,622 78 

1,500 10 

1,100 7 
678 5 

3,278 22 

14,900 100 

- 

- 

5. World land area in different  soil  orders  (millions of 

Order 

Alfisols 

Entisols 

. 

Oxisols 
Spodosols 
Ultisols 

soils 

Total 

. .  

t , . . , . . , 
) >  

Potentially 

arable 

640 
80 

150 
1 

230 
630 ... 

650 
1 O0 
27,O 

230 
- 2  140 

3  120 i 

23.7 

Non-arable 
but 

grazeable 

690 
250 - 
290 
20 

230 
340 
350 
210 
330 .. 

60 
910 

3680 . 

27.9 

Non-arable 
non- 

grazeable 

400 
2  150 

650 
100 
710 
.l 60 

' 120 
250 
130 
30 

'1 670 

6 370 

'- 48.4 

total 

1  730 
2  480 
1  090 

120 
1  170 
1  130 
1  120 

560 
730 
230 

2810 
~~ 

13  170 

100.0 

percentage 

13.1 
18.8 
8.2 
0.9 
8.9 
8.6 
8.5 
4.3 
5.6 
1.8 

21.3 

100.0 

Source:  Soil  Geography Unit, Soil  Conservation Service, U. S. Dept. of Agr.,  Washington, 1973. 

. - -  . .  

R IAMZ-841 I .  
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. .  

. . .  
. .  . .  

, .  
. -  . .  

Table 7. soil units ?f the . .  . . . .  . . . . .  
. . . . .  . .  
. . '  ~ > .  . . .  

soil unit 

* .  

. 1 . . ,  . ,  

Andosols 
Cambisols 

Fluvisols 
Gleysols 

Luvisols 

Solonchaks,  Solonetz 

To ta'l 
. .  

. .  

'Total 

(million ha) 

1050 
1 0 1  
925 

, ,408 
' '-1Q68 

'3.i6. ..... 
623 
240 

2264 
922 
120 
478 
264 

1330 
268 
31 l 
896 

l l76 
. 420 

13180 

The limit between  low 
ductive  land is i t  

. . ' depends  on  the level  of  technology  applied by 
of knowledge 

is 
used,  and it is 

subsidized by 
level of of the 

be classified 
as 

soils on hill slopes  can be 
cultivated when soil.  management is done by 

if 
used such  land is 

land is by economic  conditions. 

The  evaluation of land in is based on 
because  these main 

is also  suitable 

be classified 
e. g., olives, 

be 

- .  

. .  
- 1 .. 

.. 

(%) 

8.0 
0.8 
7.0 
3.1 
8.1 

.. 
::*4.7 

.8 
17.2 
7.0 
0.9 ' 
3.6 
2.0 

10.1 
2.0 
2.4 
6.8 
8.9 
3.2 

.. 

(million ha) 

300 
80 

500 
200 
450 
250 
250 

10 
0 

650 
20 

130 
100 
30 
50 

150 
100 

0 
0 

3270 

(%l 

, 9  
2 

15 
c 6  
14 
8 
8 
O 
0 

20 
1 
4 
3 
1 
2 
5 
3 
0 
0 

is gene- 
not given much  attention by 

highly 
mits. is a of 
ductivity and  land  and  its  vegetation is often 

of this 
land  could be if it '. was  given the 

. 

The productive  capacity of land 

All land  has specific capacity 
On  land 

with  high yields 
may may have 
a 20 
50 needed to feed one  cow. 

of land is an 
highly on  the  mode 

of 
ductive  capacity  of  land is much 

by speci- 

. - t  

l 
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Table 8. Area arable  land  needed in various modes agricultural production. . , . . . .  
^ .  

mode of 
(ha per capita) production 

area of arable  land 

1. 
2. Low - 

3. 
4. 
5. technological 
6. 
7. Specialized  technological 

2.65 
l .20 
O. 60 
O. 17 
0.11 
0.08 
0.05 

i area arable  land  is  based on production cereal  grains (wheat,  rice,  maize) on land 

l grown annually. 
a  medium  productive  capacity.  The  areas  are  smaller when more  than  one  crop  can be . 

e. g. by 

of land  can 
l too, e. g. when land is when 

l it becomes  saline. 
is low level of 

technology,  e. g. in the  system of 

when a  high level  of technology 
is applied. 

which 
is always  low 

the  case of a high level of technology, when 
is sufficient yield, 

soil less 

l 

l in soil less 

i in 
i implies that in soil 

of the '. 

of land  at  a  high level  of 
low.  

level. 

in Table  8  indicate  how  much  land is 
needed 
modes of . :. / I  

The area of productive  crop land 

I 

on  the'following conditions: 

1. on a high level  of technology  (using ' 

2. soil  evaluation  based on the FAO,/ Unesco 

3. is 

- .,.I 

all 

(1974-1982) Soil of 

included. . .. 

l Table 9. Area on various continents ( lha) .  

l '  

Total PSAC 
Continent potential . land 

area area 

S. 

263 1040 . .  

465 21 10 N. 
894 4420  Asia . 

734 3010 
153 820 

. 681 1750 

'Total 13150 3190 
. - .  

I .  

-1 potential 

596 
199 
71 l 
887 
627 
399 

3419 I 
R IAMZ-841 
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D 

of 
by: 

a) The Science 
tee in 1967) tQ be indica- 
ted  as: 

b) Studies  (Ams- 

1975, and 
1977, and  Linnemann et al., 1979, 2) 
to be indicated  as: (CWFS). 

c) The  Food  and of 
the United  Nations,  (FAO, 1978 and 1979), 

be indicated as: (FAO). 

its soil 
map scale 1 : 1.5 by the US Soil 

in  13 
of a 

climatic the  soil map. 
The  CWFS-study is based on the new FAO / 

of the 1 : 5 scale 
222 soil 

Assessments each continent 
(Table 9). 

The  FAO-study is also  based  on  the FAO / 
of climatic condi- 

on this map,  and inves- 
tigations 

All made  to  supply basic 

duction in 
blems. That of the  FAO in 
used to investigate  the capacity of the 
land in the 
was of pos- 
sibilities of 

is na #e  studies  have  given 
of 

made by soil  scientists in 
using almost  the  same basic 

22 to 24 
of 

of the 
is cultivated at  this  moment. 

is a  need to be 

1 

capacity of is quite dif- 
cul- 

tivated  land  should be which is 
than  to  continue  to 

will 
land is lost 
because of use, 

degradation of land 

on losses  and 
dealing 

with of them  may  be 
is 

if be used  as 
land losses of land  to 

land use often not mentioned. 
The 

e. g. in Canada, 
the  USA,  Egypt 

published by (1981 and 1982) on 
the occasion of by FAO, 

is based  on all land of 
l 

Table use (1975) per land class (X ha). 

I land class 
I I I 

low medium high 

land 

400 
200 
l O0 

O 
O 

500 

400 300 
500 300 
600 

O O 
O O 

Total all land 1,500. 1,100 700 

zero 
~~ 

O 
2,000 
3,300 

400 
4,400 

10,100 

4- total 

1,500 
3,000 
4,100 

400 
4,400 

1 3 i400 

R 

~ 

IAMZ-84/ I 
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12. Land use (2000) per land  class (X 106 ha). 

Land use 

land 

land 

- I. 

Total.al1  land . . 
. .. ... . . 

high 

345 
170 
30 

O 
O 

545 

I medium 
I 

has  been  classified in 
classes its 

land 
of land is a  statis- 

tical 
has to be 

in the  study is,.1975 (Table 10). 

Losses of 
ductivity  class and / use  catego- 

have been assessed 

' 
of  new land 

This is of 25 
ending in the 2000.. Table 1 1 

the data used the  calculations. 

used possible  situa- 

(Table 12). 

five main  conclusions 
viz. 

1. of 
land will be by  4 $6 (this is less than 

is loss of highly 
will be  22 %. 

'2. The of 
will be by  24 %, how- 

of highly 
will be by 33 %. 
3. of !and will 
by 15 % 0.6 % annum,  which is  less than 
is expected by 

Land 

low zero 1 total 

710 
510 
230 

O 
O 

1450 

O 
2 O00 
3 140 

6.00 
4 500 

1 O 240 

1 800 
3 O00 
3 500 

600 
4 500 

13 400 

4. of 
will be 55 %. The 

will be 
by 70 %. 

5. 
(80 

will be 50 %. 

This  simple,  global  model  .has  been  checked by 
with those of 

dies,  which  always gave losses. 

Land 
10,000 of 

no of land will be 
left. Although this study  has all disadvantages 
of global  studies and of a  too simple model,  the 

to be 
subdivisions in 

it is 
has no  land has 

is 

in the 
will soon be used  up. 

.. .. 

- Agricultural production P 

of 

duction). on  land is induced by conditions  of  the 
and soil  con- 

ditions. 

is induced by the  conditions of 
by 

. " ,  . -  

R IAMZ-841 
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losses by plant  diseases, 
pests,  etc.  The  following  equation is valid: 

in which = = 
= (av,ailab!e $on 

E1 = 
= ' 

of 

low = 

= 
,+ modeFate: - L . c  

= 
+ high + low E1 - L 

.. ' 

- ,  

= 

high = 

= 

These equations  have  to be ~, 

is given in 
Table 13. 

+ high + mod. E1.- L 

+ + high E1 - L 

+ low + high E1 - L 

to densely 
is 

of 
of 
yields 

and 
Table 13. 

500 kg.ha-')  only can  be  obtained when  sowing 
and is done;  consequently,it  includes 

is 
giy,en a 

of 
of 

of 
duction, except  maybe 
a low . 

Crop production ability 

of 
of deve- . 
loped  a  detailed  model of . 

et al., 1984)  based on  physical  and;: 

in an 

_. . ... 

'. . 

. .  

_ -  ---- .- 

The of on the 
calculation of 
tion of its 

tics,  assuming  an  optimum  supply . Ò f  
of weeds, plant diseases 

and plagues.  This is followed  by  the  calculation 
of the  maximum biologic-al a-  .. - - r 
submodel  in which.  all 
quantity of 

supply  and  absence of weeds and  plant diseases. 

Table 13. subdivision of in 
productive  sods  with  various  modes of crop  production.  Symbols  arèexplained  in  the  text. 

of crop 
production 

2. Low 
3. 
4. 
5. 
6. 
7. Specialized  technological 

"P ' = NP + + E1 - 

750 o 250- *' . 500 
1 O00 

- - --l5 300 . . 200 500 6 O00 
~ 2 700- .i 806. 500 4 O00 

- 300 . ' 1 200 , 500 '* 2 O00 

: '  100 : 400 500 
- 
- 

3 O00 1 500 .. 1 O00 500 . ._ 
. l i  

- 
- 

:?p'" 

- , -. ' Two field system, one' in two 
... . 

field system, in 
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next sub- 
N, 

of yields 
if of 

with  weeding, 
of the  model is done by  using  it 
of of executed 

of this  model  and  some 

blished by (1978), CWFS 
(1980) (1982). 

of this  model of 
of the  submodel 

of soils is 

biologi- 
cal maximum  'yield of , 

a specific  site. As it is 
supply is .optimal  and weeds and  plant  diseases 

can be ,obtained  in. 

Even  yields .' - '  

simplify the calcu- _. . . ' ' 

. .  

. .. . . .  
. .  

. , . . '  
, .  . .  . .  - .  

Figure 3. The  wheat  crop  production  index (C. trend fo r  f rom 17.50 to  the  present. 
The wheat C. fo r  other  countries in about 1970-75 is also shown fo r  comparison. 
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lation  ít is  assumed  that  the  best, well-educated 
yield of 

70 of the  biological  maximum  yield. 

This yield is called  the crop production  ability 

= 0.70 

of 
be defined  as yield 

As,'the  biological  maximum is  dif- 

of the average actual crop yield (AAY) 

plied by 100  is performance  index 

= AAY X 100 

100 X 0.70-' 

100, 

always  some 
plant  development is 

As 
yield of 

be a 
5 of 

is the  possibility to com- 
of land of 

a of of 

all 

been taken  into 

is high  too. 
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. ,  

The . .. crop . _, performance index 

The was 
the 1978 1978) although 
it was was also 
used  in a  publication in 1982). 
With  the  data of an 

1975), some  unpublish- 
ed data and  the yields 
published by 

of a num- 
of and indi- 

3. . 

10 and 5 

= 100. 

The  position of on  the  line 

of 70 as used 

of 
3. 

of 
defined  by 

Table 14. 

yields. 
is and even to 

level  of 
of a 

conditions  and  situations. a way a 
be established. 

Table 14. Lower and upper limits of the  crop  production  index of  wheat fo r  various modes crop 
production. 

of wheat of 

2. 
3. 
4. 
5.  
6. 
7. Specialized  technological 

5 10 
10 17.5 
17.5  35 
35 55 
55 75 
75 ? 

L 
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capacities land of 
tion.  Up  to  now  this  has  not  been  dóne  because 

open  the  possibility of of the  limited  time  available.  Almost 
tion capacity of land of all land  in  the  mation  needed to 

is available. 
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