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"Nutrient Budgets in relation to the sustainability of indigenous

farming systems in northern Nigeria."
Summary

The Kano close-settled zone (CSZ) has been the site of an intensive farming
system for many years, and for at least the last 30 years all available land has
been under annual cultivation. This appears to be a sustainable farming system,
but there have not previously been any detailed studies on soll fertility
management of this system.

A two year case study has monitored in detail the soil fertility
management practices of three farmers within the Kano CSZ. Inputs from
organic manure and inorganic fertilizer, Harmattan dust deposition and
biological nitrogen fixation by leguminous crops, and outputs in harvested
products, have been quantified at the field level. Chemical analyses of these
inputs and outputs has enabled a nutrient balance to be calculated for each
landholding. The balance varied according to the farmers' management of
individual fields, and the effect of rainfall on the size of the harvest, which is the
main factor determining nutrient removal from the fields.

It transpires that the key to this farming system is the integration of
crop and livestock production. Small ruminants consume crop residues and
weeds, and their nutrients (together with those in household waste) are converted
to manure, which is transported back to the fields. Legume grains are sold,
allowing farmers to purchase inorganic fertilizers if they so wish. Cation
nutrients and micronutrients are added to the system in Harmattan dust in the
dry season.

The ability of the three farmers to control soil productivity was
compared, and the constraints centred on the availability of labour and their
relative abilities to invest in yield-enhancing technologies. However, our results
demonstrate that the nutrients cycled are able to support this farming system in a
sustainable manner.

The results contrast with reports elsewhere from semi-arid west
Africa, that crop-livestock systems can only support farming at lower intensities.
We have shown that the extra labour available from increasing populations can
manage an intensive system of annual cropping in a sustainable manner, when
integrated with livestock production.



of wasting money with the deluded notion of teaching modern methods to the
northern Nigerian farmers we should be better employed in endeavoring to find
an answer to the puzzling question of how it is that land which for centuries has
been yielding enormous crops of grain, which in the spring is one carpet of
green, and in November one huge cornfield white unto harvest, can continue to
do so", quoted in Hill (1982).

The objective of the work reported here is to answer Morel's question
from the vantage point of our current understanding of the needs of crops for
nutrients and water. By detailed monitoring of farming practices (in particular
the use of inputs such as livestock manure, inorganic fertilizers, compound
wastes, the role of the Harmattan dust, biological nitrogen fixation, and the
measurement of thetr outputs in harvest yields) and the chemical analysis of all
of these components, a nutrient balance has been constructed that indicates
whether indeed farmers are managing to restore to the soil the nutrients
removed in annual harvests. An additional objective is to understand how the
farmers maintain soil fertility. The results will allow us to assess whether it is
likely that the farming systems of less densely populated areas could intensify
production to meet the demands of increasing populations.

2. Methods of study

The perspective from which this work has developed is the concept of a
sustainable farming system, i.e. one which will continue or endure, but this
involves not just the physical environment and the biological components of the
farm, but the whole household involved in the enterprise, including the social
and economic factors that affect the farming system (Castillo, 1992). However,
fundamental to this is the maintenance or improvement of the natural resource
base as expressed in its chemical and physical properties, and in particular the
nutrients required for the crops and stock. Thus nutrient cycling and nutrient
budgets are the focus of this work.

A simple nutrient cycling diagram for a cropping situation is shown in
Figure 2, but when livestock are involved they may be considered as interacting
with the cropping system, consuming fodder and releasing nutrients in manure
and urine as shown in Figure 3. However, it soon became obvious that in the
Kano CSZ the livestock enterprise is an integral part of the farming system, and
the more appropriate theoretical basis for the study is the diagram shown in
Figure 4, where crop and livestock are closely integrated. To achieve the general
objectives outlined above, we need to put numbers onto this diagram for the



taken into consideration in calculating the nutrient balance because in any one
year the crop would be benefitting from the previous year's manure as well as
the current year's supply, and we considered only the total annual input.

Manure deposited by grazing animals during the dry season 1s another
possible input. Estimates were made of this by sampling fields with quadrats, and
the amounts were found to be very low. Most of the dry season manure 18
deposited in the compounds when the antmals are tethered at night.

3.2 Inorganic fertilizers. A small amount of inorganic fertilizer was used by
some of the farmers. The amounts of fertilizer used by the three farmers on
their various fields were weighed, samples of the different types were analysed,
and the inputs resulting from this for the two years are given in Tables 6 and 7.

3.3 Harmattan dust. It has always been considered by the local farmers that
Harmattan dust makes a significant contribution to soil fertility. Detailed studies
of the nature, amounts and chemical composition of harmattan dust have been
made in the past. Dust collecting traps were erected both at Tumbau and at Kano
(the latter to allow us to relate the Tumbau depostions to the extensive data sets
obtained in the past for Kano), and the dust analyses in the literature were used

to make an estimate of the inputs to the fields under study. These are given in
Table 8.

3.4 Nitrogen fixation. The growth of the leguminous crops cowpea and
groundnut, mostly intercropped with the cereals millet and sorghum, would be
expected to make an important contribution to the nitrogen budget. It is difficult
to measure nitrogen fixation accurately without sophisticated equipment. An
experiment was performed in 1994 based on the N-difference method Hauser
(1992). A small plot of land was borrowed from one of the farmers, and a trial
involving the synchronous growth of maize, groundnut and cowpea was
undertaken to estimate the increase in N uptake by the legumes over that taken
up by the maize. Knowing the numbers and distribution of these leguminous
crops in the fields being studied, it was then possible to make an estimate of N
fixation for all the fields being monitored. This is shown for 1993 in Table 9,
and for 1994 in Tables 10, 11 and 12.

3.5 Total nutrient inputs. Using the data already described, these are
summarised in Table 13. The 1993 data indicated that the cation nutrients K, Ca
and Mg were in unlikely to be limiting, and in view of both some difficulties that




has to be considered in relation to the use made of the harvested material, shown
in Figure 8. An important point coming out of this is that the amount of fodder
from one year determines the amount of manure for the next year. Higher
rainfall gives higher yields all round, which permits farmers to earn a profit,
some of which may be invested in fertilizers; it also produces more fodder
which permits formers to keep more livestock through the dry season and hence
have more taki in the following season.

The detailed data for the nitrogen and phosphorus cycling between the
various components of the biomass for the two seasons are given in Figures 9
and 10. Most of the phosphorus input has come from the manure, but a
considerable proportion of the nitrogen input has come from fixation by the
leguminous crops. The [eguminous fodder is a nutritious animal feed, but the
nuts and beans are mostly sold in the markets. The latter is a nutrient leakage
from the system, but it may allow the farmers to replace the leakage by having
sufficient money to buy some fertilizer.

Livestock convert crop residues and weeds into manure, which when
applied to the land gradually decomposes and releases nutrients to crops and soil.
The added organic matter can also be assumed to make a small increase in the
cation-exchange capacity, the water-holding capacity and the structural stability
of these poor sandy soils, although these components were not measured in this
study.

The Harmattan dust provides mainly K, Mg and Ca, small amounts of
micronutrients and a little organic matter.

The data produced here may be taken as an indication of the balance
rather than a definitive quantitative balance, both because the actual balance
clearly varies strongly between seasons, and because the estimate of nitrogen
fixation was relatively crude. However, identifying and quantifying the various
components of the nutrient flow through the system has helped us to understand
how this sustainable farming system works. The negative nitrogen balance in
1994 may be partly due to under-estimation of N fixation, but is clearly also due
to the high yields obtained by the higher rainfall that year. Because this is likely
to produce more manure the next year, these seasonal fluctuations would be
expected to even out the nutrient balance over a number of years, and the soil
will provide sufficient reserve to feed crops in a particularly demanding year.



These conclusions are presented diagramatically in Figure 12, and
indicate that the transition from separate livestock and crop enterprises at a fow
level of production to an integrated crop-livestock system at a higher level of
production requires more labour and so can only take place when population
increases. This carries with it the important conclusion (following Boserup,
1965) that an increased population density, far from leading to land degradation
and unsustainable agriculture, is in fact a necessary component of a higher
production system, which we have shown here can have a balanced nutrient
budget and be sustainable in the long term.
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Table 1

The three farmers selected for the study

size of lancholding
no. of fields

location of fields

range of field sizes (ha)

predominant soil type

taki production in 1992
(t/ha)

use of ingrganic
fertilizer in 1992 (kg/ha)

livestock owned inp 1962 -
1993

astimated grain yield in
1992 (t/ha)

family size

Farmer I Farmer Y Farmer 8§
1.4 ha 3.0 ha 0.66 ha
3 4 2

3 adjacent L
Compoung o compound, RS

? 4th distant P

0.2871 - (G.5948 - .07 -
0.7505 1.0275 0.2054
red white mixture
3.9 3.1 3.3
28 il 0
5 goats 1 goats
Z sheep 1 ox g ggz;:
1 donkey 1 donkey
1 G.65 2.3
4 9 2
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© . Nutpent content of harvest, 1893,

Table 1

Crop Pan Nitrogen Phosphorus™ Potassiurn  blagnesium  Calcium
% g e % %
Early grain 1.03 0.15 1.887 0.13 0.201
millet chaff 0.9 .09 1.758 0.135 §.304
sticks 0.33 §.05 1.22 0138 053
stalks 0.34 g.12 1.507 0.24 042
Cowipea  heans ] 043 1.52 0.52 0.41
pods 1.356 .15 1.43 0.21 0.38
straw 1.23 .23 1.33 0.33 0.59
Sorghum  grain 0.33 9.29 G.993 0.227 0.214
chaff 0.5 0,38 0.57 0.145 012
sticks (.32 g3 (.355 §.208 0.21
stalks 0.22 919 G.757 §.147 0.291
Groundnut nuts 3.53 0.55 1.08 0.54 0483
pods’ 0.96 0.09 0.38 0.07 0.11
haulms 1.45 0.1t 1.76 £.32 0.54
Late grain 1.37 0.27 0.54 0.171 0.535
millet chaff 0.69 0.37 0.527 0.149 0.136
sticks 0.47 0.23 1.72 0.13 0.2186
stalks * 0.35 0.33
Gamba 0.27 0.18 0.333 0.115 0.363
grass
Weeds " 1.32 013 1.65 0.297 0.573
Henna 0.443 0.56 1.25 0.194 0.272
Maize carn G.75 0.14 0.145 0.16 0.27
husks 043 0.02 0138 0.15 0.2t
cobs 0.372 0.G3 G5 0.04 0.1
stalks **~
Pepper fruit 2.33 0.26 2.64 0.22 0.3
Cassava tuber 0.336 0.11 2.04 6.102 0.2

* average of values determined in 1984
** average of analysis of samples from 1993 and 1984

*** data not available



Phosphorus content of harvested crops

Table 17

*

crop no. samples mean P content range
(%

early millet grain 15 G.15 A2~ .18
chaff 18 6.08 Q07-.15
sticks 17 0.05 02 - .63
stalks 16 0.12 06 - 18
iate millet grain g 0.23 A0 - 44
chaff 3 0.37 .07 - .69
sticks 3 5.23 06 - 34
stalks 5 .33 3135
sorghum grain 19 0.29 10 - 59
chaff 13 0.38 A9 - 87
sticks 16 0.13 g2 - .32
stalks 18 0.18 01 - 38
groundnut nuts 12 0.65 40-113
shells 13 0.08 03-.23
haulms 17 0.11 04 - .28
early cowpea beans 13 37 .05-.73
pods 13 g.15 .03 - .38
late cowpea beans 15 0.48 g1-1.18
pods 15 0.15 02-.35
covipea straws 30 0.23 04 - .73
cohipea average * beans 33 0.43 0t -1.19
pods 0.15 03-.73
wieeds 3 9.18 A1 -2.06
gamba 3 0.18 85 - .38

in 1993 no distinction was made betwieen early and late conpea
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Figure 1
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(Source: Mortimore 1970 p.138)
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Figure ©

Use of harvested material

i

cash ; 1

. crop !

wg;te 11 cereal i

o - grain /
19%

construction
material
33%

e
by o

construction

sorghum
and fuel

stalks
= 20%

:_;:g
tivestock
1

manure



ure 9

o
)

i

F

{87zt [ Bzt J 9tg | veel segL | e vy | SPIL | ¥G6l
[Eei T30 [seor] coeh IVEE | OEIE | 1568 | €66l
g A | $ A 1
preL exedn Juann
[ee2 | oyt Joezh | vess ’
[ o | zo¥ | L€l | €663
s A _ pley ey uo
Jezynie) ouebious Buupwel

synpold jue|d

(S5 [ die | viv | vee

Tsvz [ reo | see | esor | ADOLSIAIT
s A ]

ajsem punodwoaysy

{21 favit f o6z | vesk
[§§§710v0r | ez el | eo8l

S A I
eppo
["§§§ 1395 | sav | ve6t 1eppod T—— INV1d
[ s6€ | gve | 542 | eest
S A 1
aONNAOJWNOD
[eeoy [ 1e°6t | ¥8i2 | ¥661
[ 284 [ B85S | 18°9% | €661
s A ' [5z02 [ 6652 [ OVat | 66t
poo} pejssAleH [68's {0111 | S50t | ee6s
g A i
uohexy ueBoIN
[¥56E | 2c 2l | EE'EE | ¥86}
P ¥F2 1 9921 1 96°¢l | €861
8 A i
sdolo pjog ST AT T L
s8¢ (081 [ e | ce8l

s A ]
|BllBjewW BOONRSUOD

(wp ey/by) oU0Z PBIIBS-95010 ouey Byl L BuyoAs usbolliN



Figure 1

h .
[[E80 | c80 | €60 ] vest
[T€g0 | T80 | €50 | ©eel
g A !
uejjeliep}
[EE6z [ vl Teez) | voos [+e€L [ 8i8 [saas § renl
[6rv | 855 | 258 | eeak (25 § 92 | 298 : eeel
s A ] 5 A !
el exeldn jueuinN
fegs | ivh | 8L2 | vees
{ 0 [ ¥60 | €9z | ©e8i
° g _ piel} ey uo
tozie) ojuebloy) Bupstewes

syenpoid jueld

{eet [ sso | avk | ves

[zz0 [oso | ss0 | esst | MOOLSINAIN

s A |
2)SRM PUNOdIIOSY

{1t [ t6¢ | €99 | v66l
- {90z | viz | ovZ | esal
$ A I

FaaT TEFO 6607 vest 1eppod /A:l_ INVYId
F 551 | 810 | €50 | tasl
s A 1
ANNOdWOD
[ #s2 | 68z | ¥29 | ve6s
[Cev'i | 9ET j JZ€ | tesy
s A I
poo} peiserleH
[ 599 [ 9t [ €I | veBl
[ }ve | 122 | 05T | cesl
s A t
sdolz plog | 80z [ OEE | SS9 | vesl
1291 [ eeo | sz'e | cosl
§ A !

[eHeIRW YOPONHSUDD

(wp evy/bYy) sUOZ Pales-8s0(d oury oyl u BunoAo snioydsoud



Figure 11
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