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ØEcological:  To demonstrate that agricultural resource use efficiency can be improved by a global homogenisation of input
intensity and the use of comparative site advantages between temperate and tropical areas

ØSocial: To show that for maximising social welfare globally, national borders of social accountability have to be removed
corresponding to free trade regulations of the WTO

Objectives

Conclusions
⇒ Ecological:

The global land and nutrient use efficiency can be improved
(i) by using comparative site advantages of perennials in the
subhumid and humid tropics and of cereals in temperate regions
(ii) by homogenising fertiliser intensities.

⇒ Social:
The social benefits from agricultural investments are far higher in
poor countries considering life-saving a higher humanitarian
value than increasing wealth.

Perennials can use the high NPP in the tropics as efficiently as
corresponding crops in the temperate zone; thus input intensity can
be reduced in the temperate zone

The global average fertiliser nutrient use efficiency (NUE) is
optimised by a homogeneous input intensity relative to
maximum yields due to response curves of diminishing returns

Results

B. Closing the tropical yield gap

Many tropical crops produce only 10-20% of the Net Primary
Production (NPP), temperate crops up to 100%

§ Cereal yields in Africa are not higher than meat production per
ha in Germany
§ Meat yields from tropical pastures are much lower than in

Germany although the potential would be higher in the tropics
using aquaculture (Fig. 2) or stall-feeding systems (s. Fig. 3)

FAO and experimental yield data were related to net primary production (NPP) in tropical and temperate zones. Inefficiencies in the avg. global fertiliser use caused
by inhomogeneous nutrient input intensities were modelled with standard curves of diminishing response.

Fig. 2: Data sources: meat from Steinmüller  et al. (1998), cereals (1997-99 yields of developing African countries) from FAO (2000), fish from Lopez et al. (1995)

Fig. 3: Wheat yield (cereals in 1998 to 1999) from BML (2000); sugar cane (6-yr avg., trash blanket, well-drained soil) from Wood (1991); cassava in the subhumid
tropics (4-yr avg. root yield of fertilised no-tree control and Cajanus cajan  alleys) from Akondé et al., (1996); oil palm (1997 to 1999 FFB yields of Cameroon,
Colombia, Malaysia) from FAO (2000) multiplied by 25% oil extraction rate (22.5% mesocarp oil (Prioux , 1999) +  2.5% kernel oil (9:1 mesocarp :kernel oil ratio; Noel
et al., 1997); plantation trees (avg. of 9 tropical species, douglas fir in the temperate zone) from IPCC (1996, p.5.21); temperate forages (avg. of 8 grass species and
maize silage) from Quade (1993, p.142;256;464); tropical forages (Elephant grass) from Preston (1988); NPP: humid tropics = 24.4 t dry matter ha -1 yr-1 , subhumid
tropics = 19.4 t, temperate = 14.3 t; from Melillo et al., (1993) assuming 45% C in dry matter (Scholes & Hall, 1996)

Methods

Fig. 1.

Global agricultural
productivity relative
to NPP in 1990
(Esser, 1994).

Fig. 3.

Food, tree and
fodder production
relative to NPP in
temperate
(Germany) vs.
subhumid and
humid tropical
zones.

Fig. 2.

Meat yield levels
in temperate and
tropical zones
compared to fish
and cereal yields
in the tropics.

•  Ecological benefits
A) Unused yield potentials in the tropics
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Fig. 4.

A) NPK fertiliser
response curves
(Malinsky et al. (1990,
modified);
B) corresponding avg.
NUE of 350 kg
fertiliser input by two
unequal intensities
(e.g. (100+600)/2=350
kg) rel. to the max.
NUE at the medium
intensity of 350 kg.

2. Social benefits

§ Returns to life-saving investments are much higher in poor than in
rich countries: the implementation of basic needs services such as
nutrition, education, health care and safe drinking water for
preventing 17 mill. deaths per year caused by communicable
diseases in developing countries costs only 40 billion US$ yr-1 or
0.2% of global GDP as compared to 10.5% of GDP for health ex-
penditure alone in Germany 1997 (WHO, 2000; UNDP, 1997, p.138)

§ Current public discussions about ‘social standards’ and ‘fair trade’
suggest that market integration of developing countries will facilitate
the opening of national borders for social accountability
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