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INTRODUCTION

A wsmalor  factor responsible for the
comparatively low production of Nigeria™s
livestock under traditiohal husbandey
methods 15  malnutrition, particalarly
during the dry sedason when the guantity
of dry matéer availlable may be insuffigient
to meet energy requirentents. During the
wel season good grazing is available, but
inddequate feed and shortage of water
during the dry season prevent steady
growth and normal maturation hence
giving low reproductive rates. This situa-
tion i3 ageravated by the challenpe of
trypanasomiasia and othor endemic dis-
eases, the noidence and the spread of
which i related to epvironment.

To opvercome these envirommental
limitations cattle production has developed
ilong pastoril nomadic lines, following
the pattern of rainfall distribution in
search of pasture and to avoid (setse fly.
Although the rofe of cattle in peasant
ngriculture is limited lapgely to use as
draught amimals, the farmed arcas have
very important place m the nomadic
gwateny  For three months oF morein the
dry season {Deccmber to March) crop
restdues. from the amble areas are a
primcipal source of fodder. In some areas
their utilization i3 so complete that by
the end of March little edible material
remains (Van Raav and De Lesuw, 19700)
Hy mutoal agreement between Fulani and
farmers the residoes are ptilized primarily
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by Fulani cattlc but increasing use is now
being made by farmer-owned stock.

Under the present social and cconomic
conditions of subsistence farming and
nomadic  pastoralism  the choice of
improvements and innovation that can be
applicd to raise the level of cartle produc-
tiom 15 limited, Asswming the first objec-
tive to be the improvement of the situation
in the dry season the following may be
suggested: (1) Encourage  partnership
between peasanl farmers specializing in
the provision of grain and fodders (melud-
ing crop residues) and the Fulami o
provide adequate  Tations for stock
througheout the dry season: and (b) greater
integration of livestock with arable farming
by encouraging furmers to keep livestock
to utilize crop residues, surplus grain and
conserved fodders prown an the farm.
The use of higher Tevels of inputs, parti-
colarly fertilizers, will increase the amount
of dry matter in both the above.

Other technigues often proposed for
ratsing production such as  increasing
herbage production of the rangeland by
introduction of improved grasses and
legumes, the use of fertilizer and improved
management; the setting up of intensive
range farming at fattening centres; apening
of new grawing arcas by fiy eradictation
ete, are much mone expensive.

Irrespective  of whatever system 15
adopted an adequate supply of water for
fodder and grass production, as well as
drinking, 13 essential. The present paper



therefore assesses the reliability and ade-
quacy of water supply during the rains
for crop/pasture production, It estimates
the magnitudes of water resources of the
Northern. States for drinking, supple-
mentary irrigation and extensive origation.
Finally, it attempts to assess potential
productivity of various areas in terms of
dry maticr under rainfed management.

Water resources in northern Nigeria
Creneral

The main source of water i northern
Nigesin is 1ainfall.  Although the river
systems are fairly extensive, few rivers
sustain permanent flow throughout the
dry season. Towards the end of the dry
season only the MNiger, with its two
tributaries, the Sokoto Rima and Kaduna
rivers, show a significant flow in the
western pairt of northern Nigeria, while
in the eastern part the Benue and its
major iributaries flow throughout the
YEaT,

Ammual Rainfail

There is a high negative corelation
(r= -0.85) between the annual rainfall
(P) and latitude (X). The regression lne
is P—#9.3-4.7X. indicating that rainfall
decreases by about one inch per 15 miles
noithwards, The average range in annuzl
amount of rainfull at the southern and
the northern boundary of the northern
States is about 56 and 28 in respectively.
The reliability of annual precipitation
al 9:1 confidence limits in respect of
latitudinal position (X) iz given by the
following regressions: Lower limit P=
65.7-3.5%; Upper limit P=118.7-6.3X.

Lenzth .::l_,l';' the rainy In'?é'-'!fﬂt:-lr

It is clear that the northern states are
well supplied with annunal rainfall. Drou-
ght vears of the magnitude witnessed

during the 1973 season, drastically reduc-
ing crop yields or causing crop failure
due to reduction in the amount of rains
or in the length of the rainy period, are
very rare, 1here is a suggsstion from un
examination of long term records, that
severe droughts may have a periodicity
of about 30-33 years.

However, in  northern Nigeria the
distribution of annual rainfall 15 of
greater interest in relation to crop and
herbage production than annual amounts.
There are very pronounced dilferences
in the length of the rainy period and there-
fore in the potential production of dry
matter under rainfed management, which
are closely related to latitudinal position.

Fig. 1 shows the distoibution of the
length of the rainy period in the northermn
Stater of Nigeria.

The correlation cocfficient between the
latitude (X) and the length of the wel
season (L) is -00.914. The regression line is:

LP=367.8-204X davs et
suggesting that the rainy period increases
in length to the zouth by about 2004 days
per degree latitnde.  The rainy period
ranges from about 90 days at latitode
13°N  (Sokoto-Katsina-Nguru) to about
210 days at latitude 7°N ar the southern
boundary of the northern States. This
enormous range in the length of the rainy
pericd has pbviously a profound effect
on the potential productivity of agricul-
ture, a5 will be described later on in the
text.

Evaporation

The average annual evaporation from
a Tully covered vegetative surface ranges
from about 50 in at the southern Boundary
to aboul 70 in at the northern boundary.
The correlation coefficient between latitute
(X) and the annuval amount of evaporation
(Ey 15 0.79 and the rcgression line is
E=33.64+2.5X. Rouchly south of latitude
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7930 the amount of annual rainfall is
greater than cvaporation.

Notional water budget

The water resource of the country can
be conveniently assessed by means of
water budget accounting. This has been
reported by Kowal (1972) and here only
a brief summary of the notional water
budget in the six northern States is
reviewed,

Thie assessment is based on evaporalion
data obtained from 20 synoptic stations
and 148 rainfall stations covering an ared
of 281,782 square miles. The results aie
presented  graphically n Fig. 2 and
Table | using Thiesson polygoens to
demarcele aréas of average evaporalion.
The water balance account is computed
for cach polygon by comparing the
average values of the rainfall data within
the polygon with the evaporation data
of the centrally situated station in the
polypon for each 10 day period of the
year.

This procedure makes it possible to
distinguish in guantity and time scale the
following parameters:

Ft = computed cvaporation from a
surface fully covered by vegeta-
tion not lacking water for trans-

piration

P = Precipitation

WD — Water deficit, dilference between
Etand P

WS — Water surplus, difference bet-
ween P and Et

1P = Ineffective precipitation, showers
with total P of less than (L5 in
in any standard 10 day peried at
the beginning of the rainy season,
which are assumed to evaporatc
rapidly and are non-cffective n
hydrology and  agricultural

ulility
GC* — changes occuring m  the soil
waler rescryoir within the assu-
med storage capacity of 4 in.
AW* . components of ground water
and surface runoff

EP .- effective precipitation ie. the
amount of rainfall actually availa-
hle for crops (P-TP-A'W4,)

RESULTS

These are based on  interpretation of
Tables 1 and 2.

It will be noted that effective precipita-
lign (EP) 13 considerably lower than
annual rainfall (P)., ranging from about
20 to 45 in. This range in the amount of
available water to crops is well matched
to the length of the ramy period; to
evaporation rates and to crop water
requirements during the growing period.

The period of water surplus (WS) occurs
carly in the season, steadily inereasing in
amount to reach & peak in August/
seplember. This resulls first in the com-
plete recharge of the soil waler deficit in
soil profiles, which  usually oceurs in
July or early in August. Secondly,
m ground water recharge with a conse-
quent rise in the dry season water table
and flow of streams. The range in W.5
values 15 from about 5 in. at Ngury to
about 30 in, al Jos.

Of special interest are AW4 values
i.e. the amount of water lost in runoff
and ground water flow, The period
during which this occurs represents leach-
ing of the soil with consequent nutrient
loss and increased danger of accelerated
soil grosion. The AW4 values range from
about 1 in. at Nguru fo about 25 in. at
Jos polygon. Clatchment basin studies
al samaru show that on the averape about
60 % of AW4 is lost in ground water flow

and the remaining 40%; in the surface
runoff.
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The AW4 values are a useful guide 1o
the amount of water that can be conserved
in average years for dry scason use within
each polygon,! The last colum in Table 2
shows the approximate magnitude of the
amount of water which can be conserved
as a percentage of water deficit (WD)
The wvalyes arc much higher at lower
latitudes (with the exception of Mokwa
and 1bi polygons, where some 70-98%
of the dry season water deficit (WD-
could be met by water conservation
assuming 100 % efficiency of conseryation.

At high latitades the dry season water
deficit could be reduced by between 2 and
207 in average rainfall years, or in other
words an area of between 2 and 207
in the appropriate polvgons could he
brought into year-round cropping, It is
abvious that at high latitudes water is in
insufficient amounts for conscrvation and
subsequent use for very large irrigation
areas. At middle latitudes the potential
waler harvest is within the range of 20-70 of
Lhe annual water deficit,

Table 2 Modiona] water budget (i} in T-gday periods (oog-term averapges of rainlfall and

coxmpmiel ET
'w
Period i P {5 44] WS ig GC GCt | AmE EPid
Jan  1-10 1.44 (N | 147 1L
11-20 1.51 ({2 T.4% {02
21-31 1,70 .03 .67 (L0
Fel 1-10 1.&1 {02 1.70 LIRS |
1120 1.1} .03 4TE CEALE]
2128 .52 0.0 1,44 (L0
Mar 110 1,498 hi% L§5 ki3
11-20 1.597 GG T8 .12
2131 223 25 1.5 028
Apr 1-10 14 5 ) 1.72 043
130 R 067 .32 .67
Z1-30 1ay &l 116 .81
May 1-10 1,45 1.1 084 111
[1-20 192 .23 LR 133
X131 iR 1.4 .47 1.64
Jon o 1-18 .53 LLES Lz 0.0z L2 153
11-3 L62 1,54 032 .32 034 1,62
21-30 155 1.0 {132 L (L6 [.50
Jul 1-16 152 o .55 (L&55 1.3 .52
11-20 1.42 2.38 0,96 096 237 142
21-31 L6 3,20 1.74 1.71 . iR 1.46
Aug =10 1.28 AT8 .50 4.0 1.5 128
11-20 I.25 305 178 () 1.78 1.28
Z1-3F .28 A.70 2.3n .00 236 134
Sep 1-00) 1.32 2.98 1.66 4,00 .66 1.32
11-20 I.41) 2Rk 4% .00 1.43 140
21-30 .48 AR LGS 4.00 .63 1.48
Ot =10 1.52 1,57 002 .00 .02 1,52
11-X0) 1.57 (has 062 -L52 138 1.57
21-31 1,78 (k35 1.23 -1.23 215 |
Now  1-10 .53 L 1.36 -1.36 K75 I.53
1 1= 155 (kG [0 1,75 {158
21-H] L.56G 03 ;
Dec  1-I0 1.43 03 1.440
1I-2100 Iz L1 1,441
131 155 () s I.5%
Tirtils 5053 4098 311596 13.41 1.I% - - b 01 | I03R




Taking the whale 281,782 square miles
comprising the area of the six northern
Stales, the average weighted values of the
components of natiomsl water budgel
are as follows:

Average precipitation 42 in.
Average water deficit: 32 in.

Avorage evaporation: 60 1n.
Average water surplus: 36 in.
Ineffective precipitation: 1 in.

Secpapge +ranoff: 9.4 in.
Effective precipitation: 30 in.
Avcrage duration of tho wot scason:
160 days

Length of growing period with assumed
water storage of 4 in. 190 days,
Unproductive dry season, 175 days,

The weitest part of the season ocours
during the third 10 day period in August,
with 3.7 m. precipitation and 2.4 in. of
water sarplus. The period of water
surplus is 130 days from 1st June to 10th
October.  The recharge of the assumed
4.0 in, of 501l water deficit occurs during
the middle of July, The period of leaching
lasts for aboot 50 dayvs from 21st July to
[ Oth Oetober.

Climatic potential for dry matter production

The effect of variztion in the length of
the rainy period on potential production
of dry matter under minfed conditions
can he assessed with some precision.

Thus Kassam and Kowal (1973) have
described the crop productivity potential
of the BSavanma and Forest zones in
Nigelia, Their estimates show that mean
manthly net photosynthesis during the
year, in the savanna zong, has the Tollow-
ing values: Low photosynthetic capacity
plants (Cy-species e rice, groundnuts,
cowpea, cassava) at full cover may have
assimilation rates ranging from 13-19 gm
*! day, High photosynthetic capacity
plants (Cp-species eg.  maize, millet,

sorghum, elephant grasd) at ull cover may
have assimilition rates ranging from 24-
43 g m? day-'. At Samarp, under
condition of high fertility and good
management, a 117-day maize crop pro-
duces 18,600 kg ha ' lotal dry matter and
6,800 kg ha ! grain. This growth perlor-
mance of 16z m* day-! represents
energy conversion of 1,300 of the total
incident radiation (Kowal and Kassam,
1973). However, during the active growth
period in July and Awpust the tate of
arowth is about 28z m 2 day ', eguivalent
Lo energy conversion of 2,300 These data
illostrate the range in magnitude of dry
matter production potential in the savanna
areas of Migetiz.

For relative numerical asséssment of
dry maticr production by prassland,
forape and grain crops at various levels
of inputs 1. (fertiliser, management,
choice of plant material, elc) in respect
to the length of the rainy penod, data on
cficiency of total light utilisation(x) are
required.

By definition the cfficiency of energy
conversion (E) is the ratio of energy fixed
in crop dry matter (o lotal incident
encigy reveived. At present fow of theso
data available arc tabulated in Table 3.

Chuantitative relationships thal exisi
between latitudinal position (X) and
eertain relevant sgrometecrological para-
meters are described by the following
TEETEsSIOnS

Length of i1ainy period in days LP=

J6.TR-2.04 X (1)

Total amount of incoming radiation
during the rainy period (RLF)
RLP=129665-6423 X cal cm ~ scason
Gl I :

Average daily radiation income during
the rainy pericd RLP =288-4+11.6X
cal em 2 day=t (3) LP

Assnming the value of 4.0kcal as stored
energy contenl in Ig of plant dry
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Tuhle 3.

Approxwioabe elficiency of energy conversion for Migectan geasaland

calculated from data provided by P M, de Leeaw

TUpland shrub Shika

Crop
A Eovens
R
0, ol

e pr—

Fertilier

Fadaima Shika

matter (DM) the officiency of enorey
conversion () in respoet of latitudinal
position during the rainy period is:
4000 DM
129665-6423X  (4)

Choosing the appropriate efficlency of
enerey conversion valoe (T) the amouwnt
of dry matier in p m? season™ cam be
calculated for any locality in tho Morthern

DM, viglds
femiha Ex 10-4 fous/

67 Pp S oy 42 &2
=di= 00 M Gl @
ain= 200 a6 5.6
—ha- O 43 A
-do- 1N i " 5 4
-do= MW T 12
1} ] 3% 4.7
Lk JEr T a4 A58
i 200 A5 6.7
—_ 25 3.7
47 a8

States from equation 4, This esbmale of
productivity assumes that the ramny period
is wholly utilised, and i this respect it
probably reflects betler produstivity of
grassland and lorage crops than of grain,
For e¢stmales of grain production the
apmopriate correction factor of harvest
itdex must be inserted in the equation and
an  appropriate variety chosen to maich
the length of the rainy period (Table 4}

Tablo 4. Rappge in effliciency of coergy conversion (M)

Syslem  Sonree

Efficiency Femarks

s 104
Hubsstance farming 4-10 avera
Raneh Farming E-20) probahle best

10-100 BVETHES
Tntensive farming 2040 bahle bost

! 2545 Arge irmpuis

SETRILCL S8 PETiments ilk-|- 1 UVET SENlS0N

130 {153 thar maizc)
bdsize rain prodasction 234 during active growth
Pitbet 224-208 Kssum anad Kowal, 1973
Horghom Forafora 190 FKaseam and Kowal, 1573
Short Kaura 12K FKassany and Kowal, 1973
MK 300 DLk 122 Kassirn and Kowal, 1973
Theorefical vpper bt BO0- 1000

Example

Choosing an efficisncy of assimilation
of 100 which would entail moderote
fertiliser input and good management the
expected dry matter production at Samaru
{Lat. 11% would be:

48

(129665-6423% 11) 0.01 =0.14753 g em

4000
season ™ or 14,753 kg' /ha-Yseason-l.
The range of expected dry matter
production at the same level of efliciency



(1% Yyat 13" and 7N latitude is 11,500 kg/
ha and 21150 kg/ha, respectively.

CONCLUSIONS

In general Morthern Migeria iz well
endowed with water resources for rain-fod
agricultural prodoction. Even during
exceptionally dry years when agricultural
production is drastically affected in the
Sahel (300 square miles) and Sudan Fones
(93,000 square miles), areas south of
119 30" latitude is not allected by water
shortage to reduce yield of crops sipnifi-
cantly (Kowal and Kassam, 1973}

Distribution of ramfall and radiation
income during the rainy scason is fa vou-
rable for intensive agricultural production
justifying high inpuls with acceptable
risks. The length of rainy season markedly
affects seasonal productivity, which can
be estimated in respect of lalitudinal
position (X) at a chosen mput level (X-
from the following eqguation:

4000

season ™!

At higher and middle upper latitudes
the climate lends itself fo more intensive
grain production &inceé crops and crop
varietics may be more efficiently matched
to the lemgth of the miny period and
thereby utiliring more efficiently available
water and relatively higher radiation
income, As the rainy season is short,
very lasge amounts of fodder per unit
aréa would have to be produced and
conserved to sopport food requirement of
livestock for the dry scason. “Waler
harvest and comservation at higher
latitudes & limited in amount for larse
scale cxtension of the pgrazing period

At lower latitudes with a much extended
rainy period, a much higher water resour-
ces (that can be conserved and utilized in
irrigation) and a comparatively much
higher scasonal dry maller production,
livestock prodoction would be ensy to
accommoadate.  Here under a much
longer prowing period, grass and fodder
production are more favourable for effi-
ciemt utihzation of climatic conditions.
Obviously much less fodder for dry season
feeding has to be conserved thus easing
management problems and reducing costs
of livestock production during the short
dry season. Assuming elfective control of
trypanosomidsis and other health hazards
more prevalent  in the southern parts,
livestock production at lower latitodes
should be less costly, easier Lo muanage
and more productive. However, il must be
stressed that when these areas arc opened
Lo year round grazing, their management
must eénsure a proper balance berween
herbaceous and woody speciés in order
to avoid crosion and rangeland deteriora-
tiomn.
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