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INTRODUCTION

Sub Sahara Africa region is characterized by chronic
food deficit (World Bank, 1984), caused by fast
population growth rate and slowest pace of food
production (FAO, 1981}, The slow pace of production
is attributable to many factors among which are
vagaries ol weather, notably unavailability and uneven
monthly distribution of rain fall (Farmer and Wigley,
|285). Unfavourable goil conditions such as low
efective catlon exchange capacity, low I' and K
reserves, rapidly declining organic maltter and
proneness (o compaction (Lal 1980).

To satisfy the food demand and ensure the food
security of the arca, Pendleton and Lawson (1989)
suggested that agricultural production needs to be
increased by 2.3 percent annually over the next
decades in other to even maintain the currently sub-
stardard nutritional level. This means that there is n
greal need for larger agriculural expansion and
intensification of crop production particularly rice for
food security as agricultural land is declining due 1o
urbanization and other uses,

Rice is one food crop that has solved or is nearly
solving the food problems of many densely populated
countries like India, China, Japan, Taiwan and South
Korca. Nigeria as one of the most densely populated
black nations in the world with serious food security
problems that have gulped its hard earned fllrl:ig;1
carnings through food importation can borrow a leave
from these nations by establishing the rice culture.
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It has then been observed that one of the limiting
fctors militating apainst sustainable wtilizafion of
agricultural land in Nigeria for rice production i
declining soil fertility. A yield increase of 33 percent
was achieved in rice production when NPK
application was increased from 15115015 to 90:30:30:
kgha' (Paladaera! . 1988) in Bida, central Nigeria,

Farmers are often advised to use chemical fertilizer for
improving the fertiline of the soils, this is howeve
unavailable to resource poor fanners. An affordable
low input and sustainable technologically stablz and
sound fertiliny miaintenance need 1o be adopled by
farmers for increased rice production, o achieve the
food security necd of the country.,

Itis therefure necessary 1o determing the status of 5ol
nutrients as the major contributor 1o food 5",‘:".“&'[
study reported here evalunted the r:Imr.lclf”'rI"c”
nutrients in soils of Darikin Sale area of Kiger ihle
Nigeria grown (o rice and highlighted pes for
integrated nutrient management measures
sustainable rice production.

MATERIALSAND METHODS
Soil sample sites were located in Barik
Niger State in Southern guinea Savannah € qra [
Nigeria. The approximate co-ordinate 08 £ e
between longitudes 9° 30" 10 §° 40° N an

30't0 6 40'E situated at elevation 258.50™ Fogm
level, The mean annual rainfall ﬂﬂhcwﬂ;{f TI!"H“E"'rl
with a mean relative humidity ofabout 8%
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| femperalure of the aren is about 27 .20° (Ukoye
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fera reconnAissance survey to gel familiarized with
parikin cule and identify the major rice growing
ymmunities in Ihr.-_nrc.'l; A 11|.1tnl of nine communities
n;.mE]"’ Tunga Kama, hurulhf. Bangwa, Mapi
Lﬁ.nslulc. Sapitya, '{IILL"I.T'I. Tukura, Manhapi and
Gidan Dogo were I!JE'I'IIIII?LHLI sn]!_mmplcs WOTE
cted from cach ol the nine identitied locations at

|:'I”i." :
d';pum of 0=15 and 15-30 ¢m respectively, A total of
eiehteen (18) composite samples were made. The

samples were preserved in pul}'lhn:nc bags and were
ransporied 0 lhl:_ labormtory, Thereatter the soil
gamples were air dried and s::r::ur_wd througha 2 mm -
sjeve prior 10 laboratory analysis and samples were
further crushed topass through a 0.5 mm sieve for total
nitrogen and organic carbon,

Sail ptl (H,07 was determined in 1:2 water suspension
using a glass electrode, bulk density was determined
using Black (1963 method, Organic carbon was
determined by walklev and Black method as described
by Nelson and  Summer (19823 Toial W owas
determined by Macrokjeldah method as deseribed by
Brenner and Muluaney (198250 Availahle P owas
determined by Bray and Kurtz ( 19945) IExchangeable
bases were extracted with neutral ammonium acetate
solution Ca and Mg in the extracts were determined by
the EDTA titration method (Black cral 1975y amd K
and Na by Mame photometry. Marticle size distribution
was determined by hydrometer method. Bouyocous,
1951). Exchangeable acidity was extracted  with
INKCL and estimated in the oxtract by litrition
method (Mclean 1965) Filective cation exchangeable
capacity was calculated as the summation of
exchangeable bases and exchangeable acidity.
Available iron was determined by uwsing Tamm's
reagent (acidificd ammonium oxalate pli3.0) and
extraction procedure described by Mekeague and Day
(1966) method. SAR was calculated as exchangeable
sodium divide by % the square root of calcium plus
Magnesium. Re salts/data were analyzed

Statistical An alysis
htlst:ﬂistical tools adopted in the analysis of the
fnb‘ﬂmf-‘rf data were coefficient of variability, range and
cang

RE'ISULTSANI} DISCUSSION

u}ﬂ‘*fﬁfﬂptrn’ﬂ afthe soil _

ome of the physical properties of the soils studied are

Eiven n Table | while the range, mean, sl:md:afd
“alion and coefficient of variation and given in

N
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Table 2. The texture of the solls ranged from sandy to
sandy clay loam. The bulk density ranged from 1.36 -
1.72 g/emy’ which is good for agronomic practice, the
resultis similar to that ofEssoknand Esu (2001).

Chemical properties ofthe solls

The result of some chemical propertics of the solls
studied are shown in Table 3, while the range mean,
standard deviation and coefficient of wvariation are
shown in Table 4,

The soil reaction was moderately acidic with a pll
range of 5.1 6.3 and n mean value of 5.8, The
moderately acidic nature of these soils could be
attributed to moderate rainfall and low cropping
intenisity in the arca (Beets 1990), The organic carbon
content of the soils was low varied from 0.29 0.88%,
with a mean value of 0.6%. The low organic carbon
content of the soils could be attributed to the low
matural organic matter returms and other human factors
such as burning and removal of crop residue (Ahmed
1995).  This could be further attribuled 1o rapid
mineralization of the organic matter by micro
organism which is active throughout the year as a result
of relative higl temperature and low amount of clay
fraction of the suil (Raji esaf, 2004).

Total nitragen content of the soils was low ranging
from 0.03 0.08% with a mean value of 0,05%. The
low amount of total Nitrogen in the soils is a reflection
af the vrganic carbon content in the soils (Onyekwere
e ard,, 2009, since inorganic N is accounting for only a
small portion of total N in Savanna soils (Almu and
Audu 2001, The CN ratio ol the soils ranged from 9-
13 with a mean value of 11.6. This showed that the
soils have pood CON ratio index, C/N ratio below 13 is
regagded as the critical value for good quality C/N ratio
(Windmeijereral 1994).

The available I determined by Bray I* | content of the
soils was the low being 4=11 mgkg ' with a mean value
of 6.2mpkg . The low available P content of these
sotls g attributed o the generally low total Pin savanna
soils and the interaction of T and soil constituents
(Manuetal., 1995) and due to low phosphate potentials
of the parent rock (Raiji e af, 2001}, Calcium content
of the soils was low having a range of 04 176
emol(+)kg" with a mean value of 1.21 emol(+)kg”
which is below 4.0cmol ( H)kg " regarded as lower limit
for fertile soils (Onyekwere eral , 2009).

Magnesium status of these soils was low and ranged
from 0.18-1.08 cmol (+) kg' with mean value of
0.70cmaol (+) kg'. The low value of exchangeable Ca
and Mg in the soi I5 could be due 1o low CEC values of
soils resulting from low content of clay and organic
carbon {Beet 1990). Exchangeable Potassium value of
thesé soils was moderale, ranging from 0,14 0,29 emol
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A g
(+) kg' with a mean value 0.21cmol (+) I‘E y 1;:':}::
slightly above 0.20 cmol (+) kg' FEBATCER ©8 0
critical limit of exchangeable K in the soils {R}fl:'l:;lﬂ
al, 1986) and (Onyekwere et al,, 2001). 5 '“I“ﬁ‘
content of the soils was low ranging from ﬂ'_ 4
0.32cmol (+)kg ' withamean value of 0.22 cmol(+)kg
', The high calcium and magnesium conlent over K
and Na in these soils agrees with the findings of pity
(1980) who stated that calcium and magnesium are the
most predominant cations in the soil because of their
strong adsorption and rapid release into the soil
through mineral weathering. The CEC values of l]'li."&!f
soils were low ranging from 3.99 7.57 cmol (+) kg-
with 2 mean value of 5.38 cmol (+) kg'. The low
cation exchange capacity of these soils indicates the
influence of texture and the nature of parent materials.
The CEC of soils formed in fine materials appear
higher than those of coarse materials. This agrees with
earlier studies on similar parent materials in Cross
River (Eshett, 1985). Generally the low CEC values
ofthese soils may indicate the dominance of Kaolinite
in the fine carth fraction (Qjanuga and Awujobla
1981). Awvailable iron content of the soils is low and
varied from 2.6-4.18 mgkg" with an averape value' of
3.0mgkg". This gives the indication that iron toxicity
may not be a problem to rice production in these soils.
Fe + activity of 50 100 mgke-' is considered as the

~in which rice starts to shg
range "in which rice starts to show 5.
symptorns especially in soils with Joy ﬁ:ﬂ;:i h"'ﬁty
{ﬁ,umfrnrtclnl 1984), by By,

Nutrient Management

The analytical result of the soils studieq ™y

the organic carbon, total nitrogen and Wailable p thy
low while exchangeable K was moderaje. ¢ |
to IVC-NCU (2000), the Nutrients limitin th ling
of rice production are principally ﬂilrug::ylm
phosphorous (P) and to a small exten Potassiym, NF}:
fertilization in these soils will show g SU'DsrLan'
increase in yicld to rice farmers hy OWing { t|lal
unavailability and high cost, the resource i | 0 it
in the study areq are advised to integrate Npg r‘:“il'w’
withanaffordable low input technology a

1) Use of green manure

Planting of multi-purpose trees in the farms g thay
these trees could be pruned down three to four timesy
year and then incorporated into the soils, This will
increase organic cabon base of the soils Studies a1 he
National Cereals Research Institute Badepei Niger
Slate showed substantial increase in grain vield of rige
upon incorporation of green manure (seshaniy
rostrata) grown in-situ with or without organic
fertilizer. It is therefore recommended for farmers in
this area for an enhanced Rice production

Table 1: Selected Physical Properties of Fadama Soil of Barkin Sale Area Grown to Rice

Smo  Location Iarizon Depth Bulk Particle size Textural
{em) :::;Mil!l {%4) Class
glem’)
SAND SILT  CLAY
I Tunga kama A 0-15 1.37 8870 620 510 5
. B 15-30 1.42 E5B0  R00 6.20 S
Sauke A 0-15 136 7920 8B40 1240 5L
" e B 15-30 146 7920 R4D 1240 SL
A : : 0-15 1.37 7500 1330 1170 SL
' 15-30 1.45 7890 840 12,70 SL
4 Mapi ' )
fi ]':- ; 5 147 8200 1040 760 LS
t u 5
5 Kaflunstale A 0-1% e 8570 10.10 .20 .
8 o 1.52 7980 R20 1200 SL
: Sepityn i o 1 66 8650 1060 29p S
n 150 :-;9 BOBD 1330 990 SL
7 Gidan Tukura A 0-15 |lsﬁ iy . 3460 &
i el 1‘1: R100 400 1240 5L
: ; X 015 ye P00 300 200 8
Manhap iy A 144 6650 1500 2150 SCL
9  Gidan Doga A 015 45 890 1040 2200 ol
B 1530 146 :3-“'-" 400 800 5
=220 200 1080 5 .
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H"EESMIHT [ﬁ:'l 5_‘?"““‘:'] Deviation (Sd) And Caoefficient of Variation (CV)
For Selected iysical Properties of Fadama Seil of Barki ng Sale Grawn To Rice

,_,..—rm'é_"_'_'_-_ Range Mean X SD CV%

Varia
“Bulk ; 1.36-1.72 1.43 0.22 15.38
[}unsit}f'_l'c'“ ) 2
Clay (%0) 4.20-23.50 10.07 5.81 57.70
il (%) 2.00-15.00 8.43 361 42.82
gand (%) 66.50-95.00 §2.98 665 801

Application of rack plosplirte
Farmers i tl-:i:c area are advised to apply rock
phosphate as fertilizer in their rice farms. This will
improve the available Pcontent of the soils. A study by
(Onyekwere ef al. 2001 ) reportad that rock |111m:1-|t1:|t'c
is known to persist in some soils for at least 40 ycars
and therefore, the residual effect of rock 1~|I'.u::|‘|h'ntc is

ofconsiderale practical interest in this area,

3 Rice straw aid milf wastes incorporation

Presently, rice straw and mill wastes constitute
environmental pollutants in this area. A nalysis of this
apro-wastes indicated that itcontains 1.85% N, 39% P,
430% K, 30% Caand 0.09% Mo (Ano 1996). Use of
these wastes as soil amendment will not only help in

N
?!"r..‘n-.}_ i oam mw - ammlAa 'ﬂ'-,ﬂ?

solving the disposal problem of these wastes but will
also help in improving the low total N, available P and

exchangeable K content of the soils.

4) Planting of promisctions soybean variely

The residual elfect of promiscuous soybean increascs
soil nitrogen content, as well as increasing the value of
soil available P through symbiotic association with
mycorrhizas (Onychwere €l al 2001).  Promiscuous
soybean variety can a3 well be planted in these soils

prior o the cultivation of rice.

The ahove integrated nutrient management practices
can improve the fertility status of these soils and make
them suitable for increased rice production and

sustainable food security.
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Table 3: Selected chemical properties of Fadama Soils of Barking Sale Area Grown to Rice

Locwtion  HORIZO DEPT pH  OC  TOTAL CNRATIO BRAYP -1 EXCHANGEABLE CATIONS CEC Avail Fe
N HICM) (M) (%) N(%) (mgkg' (mgkg™)
cmol(+)kg”?
C2 Mz K Na EA CEC ECEC
Tungan A 015 61 088 008 I 5 040 090 007 021 0S50 168 399 218
Kaura B 1530 58 049 004 12 6 09 087 016 024 08 223 521 309
Sauke A 015 63 033 003 Il 6 068 080 019 022 065 189 425 254
B 1530 59 064 005 I3 5 086 098 014 022 042 22 402 26
Bagwa A 015 58 088 007 13 3 129 108 016 028 065 281 635 348
B 1530 58 076 007 Il 6 120 095 023 025 06 27 26 335
Mapi A 015 55 078 006 13 f 09T 071 024 023 071 215 535 286
B 1530 51 069 005 Il § 121 09 028 022 065 26 @ 591 332
Kafins A 0-15 55 059 005 12 ¢ 096 071 028 023 053 218 502 271
Tale B 1590 59 066 005 I3 6 184 098 029 032 075 343 757 418
Sapitya A 0-15 58 055 005 1 1] 176 078 021 022 039 207 602 336
_ B 1530 54 078 008 I3 5 0% 072 02 016 056 204 557 26
Gidan A 0-15 62 088 007 13 4 124 038 022 018 066 202 602 268
T B 1530 62 052 006 10 f 176 066 023 021 054 28 437 34
Manhapi A 0-15 S8 036 0. 9 11 40 075 018 019 071 252 4.73 323
_ B 1530 S8 029 003 10 6 134 055 024 02 052 233 437 295
Gidan A 015 55 037 003 12 5 132 096 02 019 080 266 576 346
Dogo B 15-30 54 0. 0.04 11 & 1.60 046 02] 02 0.68 247 5.86 JI5
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wekwere, L N, Two, G 0, Eze, B C., Korteacha, D. §. And Nwokocha, C. C.

s Mean (X), Standard Deviation

[able : [:f:;lrll:'illml Properties of Fadama Soils :ff:[;ﬂrt?nt; ;:I‘IZT:::::::L El;:nllun (GVaaFaRscecs
ez 0.29-0.88 ot S s
e 0.03-0.08 ot e BT
NG 9-13.01 Y v 10
NRatio -13.00 1.6 1.24 10.68
v plieke’) 100 6.22 1.83 29.42
ol (+)ke) 0.4-1.79 16, 0.44 37.93
ol ke ) 0.38-1.38 0.79 0.79 24.05
ol ke ) 0.14-0,29 0.22 0.06 27.27
(emol(+ ke ) (.16-0.32 0.22 0.04 18.18
o ilFe(meke™) 2.6-4.18 3.06 0.47 15.36
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