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ABSTRACT

The fertility status of soils of the R ver Gal na Fadama at the
Kaduna State Irrigation Schene site at Zaria was determned al ong
i ts mcrotopographical features (MIFs). Myving at right angl e anay
fromthe bank of the river, the MIFs consi st, successively, of the
| evee, | evee-backsl ope or backslope (BSL), coverplain {CP), and
backswanp (BSW . Soil sanples were taken from three replicate
sites, spaced at 100 mapart in each MIF, at three depths, O0-25,
25-50 and 50-75cm

SIt was the highest particle-size fraction in all the MIFs,
except the | evee where sand was the highest. The silt ranged from
12-54%w t h nean val ves of 40, 40 43 and 45%in the | evee, BSL, CP
and BSW respectively. The sand fraction followed w th a range of
6-58% and nean val ues of 43, 28, 37 and 19% for the successive
MIFs, while clay was the | owest fraction and ranged from12- 68%and
the neans for the successive MIFs were 17, 32, 20 and 34%

Soil reaction varied fromextrenely acid to slightly acid (pH
3.6-6.0) with nean values of 4.8, 4.1, 4.8 and 4.3 for the |evee,
BSL, CP and BSW respectively. The exchangeabl e bases (Ca, My, K
and Na) had val ues whose ranges could be rated as low to high, but
the mean values for the individual MIFs could be rated as nedi um
except K which was high in the | evee and Na which was high in all
MIFs, except the CP. Exchangeabl e acidity was relatively high

"l soil, with nean values of 3.5,

ranging from 0.8-8.6 cnol (+) kg
4.6, 3.6 and 3.1 cmol(+) kg'! in the levee, BSL, CP and BSW

respectively.

The effective CEC (ECEC) ranged from 3.1-13.0 crol (+) kg -*

with respective nean values of 7.4, 7.8, 7.6 and 7.0 crol (+) kg'?

on the I evee, BSL, CP and BSW The CEC (NH,;QAc) varied from10. O-
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34.0 cnol (+) kg! and, in the same order as ECEC, the neans val ues
were 20.4, 19.5, 16.9 and 15.1 cnol (.) kg* while base saturation

ranged from22-94%and the nmean val ues for the successive MFs were
41, 35, 41 and 42%

O ganic C and total N values were generally low ( < 1.0% and
< 0.2% respectively) with low nean values in nearly all MIFs,
whil e avail abl e P, even though generally low (< 10 ng kg'!) had sore
exceptional ly high values (> 20 ng kg'!) in the Ap horizons of at
| east one site in each MIF.

Anong the MIFs, correl ation anong soil properties was great est
in the BSL, followed by the | evee and CP and was least in the BSW
I n decreasing order, ECEC, clay and exchangeable acidity had the
hi ghest nunbers of correlations, while organic Cand pH (water) had
fewer nunbers of correlation with other soil properties.

From the selected fertility paraneters, pH (both water and
CaCl,), organic C, total N, CEC, ECEC, clay and exchangeabl e
acidity, the fertility status of the individual MIFs could be
placed in the order BSW > CP > BSL > |evee. However, due to
drai nage inpairnent, which decreased in this order of fertility
ranking of the MIFs, and also due to textural variation which
affect chemcal properties, the intensity of cropping on the fadana
was in the order BSL > |evee > CP > BSW

The arithnetic nodelling nethod of land suitability eval uation
on the other hand showed that the levee, BSL, and CP were all
noderatetly suitable (S2) for arable cropping, while the BSWwas
curently not suitable (NI). Limng, organic matter addition and
subsequent nmaintenance and appropriate fertilization were

recommended for optinumcrop production on the fadana.
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CHAPTER ONE
1.0 INTROQDUCTION

Fadama is a terminology in Hausa language which refers to land
that is seasonally waterlogged. This essentially includes all
areas of wet lands which are waterlodgged irrespective of whether
thev are flood plains or not and which retain moigsture within the
rooting zone of crops for at least part of the dry season. Thus,
they are areas of seascnally or permanently high water tables.

Fadama or wet lands are classified as Hydromorphic soils
(Dehoore, 1964). They exhibit gleying characteristics due to
impeded drainage which may be due to an impervious stratum of clay
or laterite {petroplinthite) or high water table. This results in
reducing conditions as the soil air space is saturated by water and
the little amount of oxygen left is soon used up by microbial
population, thus establishing anaerobic conditions. In the
reducing conditions, brought about by the absence of oxygen and in
the presence of organic matter, iron compounds are chemically
reduced from the ferric to the ferrocus state. 1In the ferrous form
iron is much more soluble and is removed from the soil leaving the
colourless minerals behind.

Based on the geomorphological and hydrolagical
characteristics, fadama have been classified into two, namely,
stream side or flood plain fadama and fadama without stream
channels or depressional fadama (Turner, 1977). Jones and Wild
{1975) refers to flood plain fadamas as Hydromorphic so0ils of the
valley bottoms along streams and river courses.

Flood plain fadama are intensively cultivated throughout the
world. At the beginning of the wet season they may be marked by
flush of new vegetation before the uplands turn green, but they are

more conspicuous at the end of the rains as they remain green while



2

the surrounding uplands rapidly turn brown.

Flood plain fadama s0ils have extreme variability in both
physical and chemical properties along their MTFs namely, the
levee, levee-backslope, or backslope (BSL), cover plain {CP), or
flood plain and backswamp {(BSW). The nature of this variability has
least been investigated.

The objectives of this study were, therefore:-

1. to investigate the variability in particle-size distribution
(texture)} and chemical properties of the River Galma fadama
along its microtopography

2. tc evaluate the suitability of the MTFs of the fadama for
arable cropping.

3. to profer management recommendations for the fadama.
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CHAPTER TWO
2.0 REVIEW OF LITERATURE
2.1 Fadama Microtopography

Fadama along the courses of large rivers or streams exhibit
microtopographical features (MTFs}. Starting from the bank of the
river and moving at right angles to it, the MTFs are in the
Sequence levee, levee-backslope or backslope {BSL), cover Plain
{CP) and backswamp ({BSW). Figure 3 and 4 . These component
features have complex vertical and horizontal wvariationg in
deposgitional environment and sediments. Soil variability can range
from minor to extreme extents depending upon the real association
of the depositional environment to each other (Raymond and
Richards, 1992) |

Friedman and Sanchers (1978) divided the sediments of flood
plain rivers into channel, channel margin and over-bank deposits.
Channel deposits (levee) are coarse to fine sand, while channel
margin (CP)} have fine sand to silt materials. Over-bank deposits
{backswamp) are ponded areas of the flood plain and have fine
grained deposits and can cover broad areas and develop thick clay
deposits rich in organic matter {Raymond and Richard, 1992).

The most important aspects of the MTF of a fadama are the
slope, its magnitude and direction (Ipinmidum, 1971) because the
flooding period and the physical and chemical properties of fadama
soils are dependent upon these three aspacts. It was observed by
Ipinmidum {(1971) that the direction of the slope of a floodplain
fadama depends on the size of the stream or river and that along
the courses of small streams such as Bomo and Maigana, the fadama
slopes steeply towards the streams and as the stream becomes

bigger, e.g. the Gangara, the slope becomes gentle towards the
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stream. Along larger streams such as the Hunkuyi, the
microtopography of the fadama becomes more complex, rising fairly
steeply from the stream with some bronounced depression in some
Places and then sloping gently away from the stream.

In the Donga/Suntai fadama, which are much larger streams than
those reported by Ipinmidun (1971), five components of
microtopography were identified by MRT Consultants {(1978). These
consist of the levee, the BSL, fringe-BSW, CP and basin
depressions. The BSL is more pronounced where the stream is
narrower. In much larger or broader rivers, the BSL gives way to
essentially flat bul dissected areas of CPs. Changes in the course
of the river make the microtopographical patterns of the fadama
much more complex. There is usually a build up of a complex of
levees as reported for the Hadejia river and the Delta of the
Yedseram and Aloa (Caroll and Klinkenberg, 1972; LRD, 1973).

2.2 Flooding Period

The duration of flooding in fadama is quite variable depending
among other things, upon the length of the Yainy season, the MTF
and the texture of the scil. Ipinmidun {1871) reported a flooding
period of about 3 months for fadama in the Zaria area. He found
that portions of the fadama closest to the river are flooded for_
the 1longer period where the microtopography slope towards the
river, while portions further away are flooded for longer periods
where the microtopography slopes away from the river. In Kaduna
area, it was observed that BSWs within fadama were waterlogged
during the entire rainy season and a considerable part of the dry
season (Esu, 1986).

On the Donga/Suntai fadama, MRT Consultantsg (1978) reported

that the flooding period is generally two months in a year. Forthe
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various MTFs the Consultants said that the 1levees and BSLs
including CPs undergo flooding for few weeks. This is due,
obviously, to their slopy and rather coarse textured nature
{excluding CPs} (Kparmwang and BEsu, 1991). Basin depressiong and
BSWs on the other hand are flooded@ for more than six months in a
year, due to their depressed and predominantly clayey nature.
2.3 Characteristics of Fadama Soils
2.3.1 Physical propertiies
2.3.1.1 Soil texture

Soil texture along the microtopography of the fadama is very
variable and is related to the speed of the stream water during
deposition. Levees and narrow CPs receive coarse sediments which
are deposited when the speed of the river water is still relatively
fast. They are therefore generally coarse textured ranging from
sands to loams.

The BSLs and CPs receive annual or periodic additions of
medium sized sediments, deposited by water of dJdecreased speed
spilling over the levees. Theilr textures are therefore, medium,
ranging from loams to clay loams but generally, there is no
evidence of clay illuviation.

The RSWg and basin depressions receive fine sediments from
slow flowing or stagnant water and their textures are fine, ranging
from sandy c¢lays through silty clays to clays {(Caroll and
Klinkenberg, 1972; MRT Consultants 1978; Esu, 1982). Figure 5.
2.3.1.2 Bulk density

Due to the variation in the texture of fadama soils, the bulk

I for

density also varies considerably. It ranges from 1.0-1.5 ¢ cm
fine and medium textured soils and 1.1-1.65 ¢ cmf3 for coarse

textured soils. The values of Esu (1982) on the river Kaduna
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fadama which ranged from 1.01-1.%8 g cmq

seems favourable while
that for the Donga/Suntai fadama which ranges from 0.72-1.75 ¢ em?
(MRT Consultants, 1978) fall ocutside the favourable range.

The bulk dengity values were found to be lowast in the surface
layers of fadama where textures were medium and organic matter
content high and to increased with increase in clay content
attaining the highest values in poorly structured heavy clays (MRT
Consultants, 1978).

2.3.2 Chemical and fertility properties of fadama soils

Variability in the chemical properties of fadama also exists
just as in the case of physical properties and this accounts for
the differences in their fertility levels. Plates 1 to 4.
2.3.2.1 pH of fadama soils

Although the pH values of fadama soils vary from one fadama to
the other, they almost always fall within the acid range,
particularly surface soils (Klinkenberg and Hildebrand, 1964;
Klinkenberg and Higgins, 1968; Ipinmidun, 1970, 1971; MRT
Consultants, 1978; Esu, 1982; Esu et zl, 1987).
2.3.2.2 Organic carbon and nitrogen levels

Organic carbon and nitrogen levels of fadama scile are also
quite variable. For surface soils corganic carbon cantent may range
from less than 0.4% to greater than 2% and total nitrogen levels
may be any thing from 0.03 to greater than 0.2%. Thus organic
carbon generally decreased irregularly down the profile, while the
decrease in nitrogen contenit is more regular within the profile
(Klinkenberg and Higgins, 1968; Ipinmidun, 1S70; MRT Consultants,
1978, Esu, 1982). However, earlier reports suggest that organic
carbon contents of fadama so0ils are usually highey than those of

the surrounding up- land soils (Dehoore, 1964; Ipinmidun, 1970;
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Esu, 1582}.
2.3.2.3 Exchangeable bases and cation exchange capacity

Tha exchangeahle hases and cation exchange capacity of fadama
s0ils have been reported to be generally higher than the
surrounding uplands with calcium and sometimes magnesium dominating
the exchangeable cations. The cation exchange capacity, just like
the exchangeable bases, ranges from low to high {less than 4 cmol
(+)kg’! s0il to greater than 25 cmol (+)kg™! soil) (Klinkenberg and
Higgins, 1968; MRT Consultants, 1978; IAR, 1982; Esu, 1982).
2.3.2.4 Exchangeable acidity

Exchangeable aluminium together with exchangeable hydrogen,
responsible for soil acidity, are quite high in some fadama soils
and thus constituting toxicity problems in some cases {(MRT
Consultants, 1978). Some horizons contain up to 8 cmol (+) }':g;;'1
exchangeable aluminium in the fadama, but in some sites in the same
fadama values could be as low as 0.07 cmol (+) kg4 (Kparmwang and
Esu, 19890).
2.3.2.5 Base saturation

The base saturation values of fadama soils are as variable as
the exchangeable cations and cation exchange capacity, with values
ranging from very low {less than 20%) to very high {greater than
80%). Profiles containing CaCO; have been observed to have high
base saturation. (Caroll and Klinkenberg, 1972; Klinkenberg and
Higgins, 1972; Ipinmidun, 1970; Esu, 1982; Ment Int. Ltd, 1987).
2.3.2.6 Available phosphorus

Available phosphorus is the most deficient nutrient in fadama
gsoils {(Ipinmidun, 1970). It could be anything from trace amounts

1

to about 15 mg kgt and distribution is very irregular within

profiles (Ipinmidun, 1970; MRT Consultants, 1578; IAR, 1982; Esu,
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1882; Ment Int. Ltd, 1987). The poor availability of P is
attributed to the high exchangeable aluminium and the acid nature
of the fadama soils (Ipinmidun, 1970; MRT Consultanis, 1978, Esu,
1982; Ment Int. Ltd, 1987). High calcium content can alse lead to

non-availahility of phosphorus in fadama soils.
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CHAPTER THREE

3.0 MATERIALS ARD METHODS
3.1 Location of the project area

The project area is a fadama land within the River Galma flood
plain at the Kaduna State Irrigation Schemes Site {latitudes 10° 28’
and 11° 17’ North and longitudes 7° 45 and 8° 45 East)(Fig. 1 & 2).
It is situated at about 3 kilometres from Kofar Doka Zaria, at a
bridge along Zaria - Jos road at an elevation of about 604.51 m.
The mean annual rainfall for Samaru area is 1060 mm. Figure 1, 2
and Plates 1, 2, and 3 show the overhead views and crops ¢grown at
the site.
3.2 Sampling

Sail samples were taken from within the four MTFs, namely:
levee, BSL, CP and BSW. The graphic representation of the MTFs is
given in Figs. 3 & 4. The samples for each feature was replicated
3 times giving a total of 12 auger pointsg, i.e. three for each MTF,
The replicates were spaced at a distance of 100 m. Soil samples
were taken at three depths, namely, £-25 com, 25-50 cm and 50-75 cm.
Figure 3 and 4.
3.3 Laboratory analysis

The scil samples collected were air dried, ground and passed
through a 2 mm sieve. Routine physico-chemical analyses were
determined on the fine earth separate (< 2 mm soil portion}.
3.3.1 Particle-size analysis

Particle-size dQistribution was determined by the hydrometer
method using sodium hexametaphosphate as dispersant as described by
Day {(1965). Sand, silt and clay were determined with the aid of
the Bouyoucos hydrometer. The textural class determinations were

carried out using the USDA textural triangle.
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Plate 1. The study area under cultivation with maize and
vegetables.
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Plate 2. Overhead view of the study area showing maize and
vegetable crops.
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Plate 3. Far view of the study area in the east.
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Plate 4. Tomatoes harvested by farmers at the study site.
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3.3.2 Soil pH

Soil pH was determined potentiometrically after eguilibration
with water and with 0.01M CaCl, at a 1: 2.5 soil te solution ratio
using a Coleman Merion pH meter.
3.3.3 Available phosphorus

Available phosphorus was extracted by the Bray No 1 method and
P in solution was determined by the ammonium molybdate-blue method
{Murphy and Riley, 1962).
3.3.4 Organic carbon

Organic carbon was determined by the Walkley-Black method
{Allison, 1965). The method involved the digestion of the soil
organic matter by 1N K,Cr,0,, using concentrated sulphuric acid teo
increase the temperature and hasten the reaction.
3.3.5 Teotal nitrogen

Total nitrogen was determined by the salicyclic acid-
thiosulphate digestion method followed by the distillation method
using the modified micro-Kjeldahl method (Bremner, 1965).
3.3.6 Exchangeable basic cations

Exchangeable Ca, Mg, K and Na were eaxtracted with IN NH;OAC
(pE 7.0). Calcium and Mg were determined by atomic absorption
spectrophotometry while Na and K were determined by flame emission
spectrophotometry (Chapman, 1965a).
3.3.7 Exchangeable acidity {(H+Al}

Exchangeable acidity was determined by successive leaching of
50il with 1N KCI using a 1:10 soil sclution ratio. The amounts of
exchangeable H and Al in the leachates were determined by the

titration method procedure ocutlined by McLean (1965).
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3.3.8 Effective cation exchange capacity

The effective cation exchange capacity was calculated after
obtaining the bases {Ca, Mg, K and Na) and exchangeable acidity by
summing the bases and acidity.
3.3.9 Cation exchange capacity

Cation exchange capacity (CEC) was determined by the 1N NH,0AC
(pH 7.0) saturation method {Chapman, 1965b).
3.3.10 Base saturation

Percentage base saturation was calculated by dividing the
total exchangeable bases (Ca, Mg, K, Na) by the cation exchange

capacity and multiplying the result by 100.
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CHAPTER FOUR
4.0 RESULTS AND DISCUSSION
4.1 Particle-size distribution

The data on particle-sgize distribution is presented in Table

In the levee, the sand fraction ranged from 28-76% with a mean
value of 43.1% the silt ranged from 12~-50% {(mean, 40.2%) and the
clay from 12-28% (mean, 16.3%). The mean values indicate that the
sand fraction dominated the fine earth separate (< 2 mm portion).
This was c¢losely followed by the silt fraction, while the clay
fraction was the lowest. Scil texture in the levee was loamy,
namely; sandy loams and silt loams, i.e the levee was medium-
textured in contrast to the predominantly coarse texture reported
by other workers {MRT consultants, 1978; Esu, 1982). This is due to
the relatively high content of silt in the sediment deposited by
the river.

In the levee-backslope or, simply, backslope {BSL), the sand,
silt and clay fractions ranged from 6-50%, 26-54% and 12-68%,
respectivaly with corresponding mean values of 27.9, 40.0 and 31.7%
The wmean values indicated that the silt fraction was clearly
dominant over the sand and clay fractions which were in turn
statistically similar. Textures in the BSL was loamy to clayey
{loam, gandy loam, silt loam, 8ilty clay loam, silty clay and
clay). Thus, the BSL was medium to fine textured. The medium
texture of the BSL is expected, but the fine texture is probably
due to reduction in slope due to 1land levelling during the
establishment of the irrigation scheme. This would reduce the speed
of water overflowing the river bank and thus allow the deposition

of fine materials.
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Within the CP, the sand fraction ranged from 26-58% {mean,
36%}, the silt fraction from 32-56% {(mean, 43.1%) and the clay
fraction from 14-28% (mean, 20.1%). The silt fraction was, thus
also clearly dominant in the CP. Textures in the CP were mainly
loamy. being loam, sandy loam, silt loam and clay loam, i.e.
medium. The medium texture of the CP which makes it generally
coarser than the BSL is also attributable to land levelling, in
which coarser materials from the levee and BSL were moved to the CP
posgition.

The BSW had sand ranging from 8-30% (mean, 19.2%), s8ilt from
32-54% {mean, 45.1%), and clay from, 20-56% (mean, 34%). Again the
mean values indicate that the silt fraction dominated the fine

earth separates.
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Table 1: Particle-size distribution

Depth (cm) Clay Silt Sand Textural class
---------- § ———- (USDA)
Leveae
1. 0-25 12 50 a8 8ilt leoam
25-50 14 48 38 loam
h0-75 14 46 40 loam
II 0-25 12 12 76 sandy loam
25-50 18 36 46 loam
50-75 16 3s 46 loam
III 0-25 16 38 46 loam
25-50 28 44 28 loam
50-75 20 50 30 silt loam
X 16.3 40.2 43.1
0 4.8 11.0 13
Levaee—BSL
I 0-25 14 a6 50 lcam
25-50 12 34 54 sandy loam
50-75 14 36 50 loam
11 0-25 18 52 30 8ilt loam
25-5h0 24 54 22 8ilt loam
50-75 30 50 20 silty loam
I1X 0~25 68 26 6 clay
25-50 5B 32 10 clay
50-75 48 42 18 silty clay
X 31.7 40.0 27.9

0 19.9 9.2 17.9
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Table 1: Continued particle-size distributicon

Dapth (cm) Clay Silt Sand Taxtural class
2 USDA

Cover Plain

I. 0--25 16 56 28 S5ilt loam
25-50 19 55 26 Silt loam
50-75 24 50 26 Silt loam

II 0-25 14 32 54 Sandy loam

25-50 16 36 58 Loam
50-75 18 40 42 Loam

111 D-25 28 as 34 Clay loam
25-50 24 42 34 Loam
50-75 22 44 34 Loam

X 20.3 43.1 36.9

0 4.3 §.8 11

Back Swamp

I 0-25 32 42 28 Clay loam
25-50 32 46 22 Clay loam
50-75 30 48 22 Clay loam

11 0-25 20 50 30 Silt loam
25-50 24 54 22 8ilt loam
50-75 26 54 20 8ilt loam

111 0-25 56 3¢ 8 Clay
25-50 45 45 id Clay
50-75 54 32 14 Clay

X 34.2 45.1 19.2
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Soil texture in the BSW was loamy Lo clayey, as it was in the BSL,
being silt lcam, clay loam and clay.

Statistical analysis showed that particle-size distribution
and, therefore, soil texture varied among replicates (sites), with
depths and among the MTFs. The ranges and mean values of particle-
size distribution by site and by depth are given in Appendix A.

In the levee, Lthe mean values of clay increased downstream
from site 1 to 3. The mean values at site 1 was significantly
lower than at sites 2 and 3, whose means were in turn similar (<
0.05). There were no significant differences in the means of the
silt and sand fractions with site and no significant differences in
the mean values of clay, silt and sand by depth in the levee.

In the BSL, the clay, silt and sand fractions all showed
significant differences in their mean values with site. For clay,
the means at sites 1 and 2 were similar, but were both lower than
at site 3 (P < 0.01). Thus, the content of clay in the BSL also
increased downstream as in the levee. For silt, the mean values
for sites 3 and 1 were similar, that for site 1 was in turn similar
to that of site 2, but the mean value for site 3 was lower than for
site 2 (P < 0.05). Silt, therefore, showed an erratic distribution
with site. The mean values for sand was in the order site 1 > site
2 > site 3, 1.e, it decreased downstream (P < 0.001), in contrast
to clay. Just as in the 1levee, there were no significant
differences in Lhe mean values of the particle-size fractions with
depth in the BSL.

Within the CP, variation in the particle-size fractions was
also significant only with site as was the case in the levee and
BSL. In fact, clay did not significantly vary with either of them.

The mean values of the silt fraction were similar at sites 2 and 3,
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but were both lower than the values at site 1 (P = 0.01), while the
means for the sand fraction were similar at sites 1 and 3 but both
lower than at site 2 (P ¢ 0.01). Both silt and sand fractions were
therefore, erratically distributed with site in the CP. This could
partly be a result of land levelling, which in most cases is far
from being uniform.

The situation in the BSW was similar to that of the CP, i.e.
variation in the contents of the particle-size fractions was only
with site, but in this case, without exception. The mean values of
clay were similar at sites 2 and 1, but both significantly lower
than at site 3 (P = 0.01). The silt was similar at sites 3 and 1,
with the mean value at site 1 in turn, being similar to that at
site 2, but the value at site 2 was higher Lhan at site 3 (P <
0.05). The sand fraction had an identical distribution pattern to
the 8ilt in the BSW, i.e. an erratic pattern as in the CP.

Because of these distribution trends so0il textures were
uniquely similar at each site but different from other sites
especially in the CP and the BSW positions. The variation in soil
texture with sites testifies to the extreme variability in fadama
soils even within a very small area. Kparmwang and Esu (1990)
reported that textures in fadama vary along the microtopography,
but this study revealed that it also varies within the same
microtopographical feature. This poses a complicated problem in
management of fadama lands,

Among the MTFs, the sand content was similar in the levee and
CP but significantly higher than in the BSL, where it was in turn
higher than in the BSW (P <0.001). The general trend, therefore, is
a decrease in sand content as one moves from the levee to the BSW

in agreement with the findings of MRT Consultants (1978), Esu
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{1982) and the review by Kparmwang and Esu (1990). The clay
content exhibited an exact opposite trend, being highest in the
BSW, where the mean value was similar to that in the CP, and it was
lowest in the levee where the mean value was similar to that in the
BSL (P < 0.001). The silt content was, however, a clear exception,
it was not significantly different in any of the MTFs. The mean
values, however, was slightly higher in the BSW than in the CP,
which was in turn slightly higher than in the levee, where it was
the same as in the BSL. The relatively high silt content of fadama
gsoils was earlier reported by Esu (1982) who qguoted values which

were mostly 40% or higher.
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4.2 Soil Chemical Properties

The data on soil chemical properties are presented in Table 2,
while ratings for interpretation of soil properties are presented
in Table 3.

4.2.1 Soil pH

The so0il pH (water) in the levee ranged from 3.6-5.8 (mean,
4.8), indicating an (extremely to moderately acid) soil reaction
range. In the BSL it ranged from 3.9-4.8 (mean, 4.1) (extremely to
very strongly acid), in the CP, from 3.9-6.0 (mean, 4.8)
(extremely-to moderately acid), and in the BSW from 4.0-4.5 (mean,
4.3) (extremely to very strongly acid).

The pH values in 0.01M CaCl, in all cases were lower than
those in water, corroborating the depressional effect of the
cations of the salt on soil pH measurement. The values ranged from
3.3-4.8 in the levee, 3.0-3.9 in the BSL, 3.1-5.6 in the CP and
4.0-4.5 in the BSW. The corresponding mean values for the MTFs
were 4.0, 3.5, 4.3 and 3.8.

Both pH (water) and pH (CaCl,) varied significantly only with
gsite in the levee. The mean values of pH (water) were similar at
sites 3 and 1, that for site 1 was in turn similar to the value at
site 2, but the value at site 3 was lower than at site 2 (P <0.01).
The pH (CaCl,) on the other hand, had similar values at sites 3 and
1, which were both lower than that at site 2.

In the BSL, pH {water) was not significantly different both
with site and depth, but pH (CaCl,) varied significantly, only with
site. The mean values at sites 1 and 3 were similar to those at
sites 3 and 2, which were in turn similar, but that at site 1 was
lower than that at site 2 (P < 0.05). I_h o
KASHM 16k Rz
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Table 2: So0il chemical properties

Depthl p it Matl.  0.C " €a K¢ [ ®a ReAl  BCEC CBC 1]
cn) B 0)  (CaCly) P 1) ) emodid) X 13

favee
0-15 1.8 4.0 i 6.4 0.7 30 ¢ 0t 02 11 51 10 3
29-50 t.8 {.1 12 0.3 et LE 04 Tt 03t Ld 10 k{1
56-75 5.0 3.3 6.0 6.2 61 ¢80 03 01 0.2 16 T2 132 M
0-2% 5.3 .3 1.1 0.8 0.13 2.7 03 L2 05 la T 15 {7
25-50 5.4 .8 {5 I ¢ 3t 03 0% 04 6 T2 162 B
30-7% 5.8 4.7 1.1 0.4 o4 20 0.2 6.3 08 36 6% 169 33
G-25 {5 L 16.1 0.5 g1 312 63 ¢t ¢l 66 9% 17F X
25-50 3.6 3.3 1.2 0.4 .04 1.8 0.2 012 0.8 6.2 %1 N3 N
§4-75 4.3 15 2.1 6.3 0.3 2.2 &1 04 04 5.2 B0 182 28
I .8 1.9 1.7 2.5 .y 27 8} 03 B4 34 T 13 0.8
0 D.8 0.5 8.8 0.2 885 0.6 019 04 0.2 LY e 38 0B
Leves-RSL
1-2% 4.8 3.2 4.8 1.6 605 26 6.3 ¢1 82 318 €0 12 il
25-54 1.1 1.2 1.6 o8¢ o004 18 8.2 o1 612 36 %2 1ty 22
50-7§ {40 1.0 1.8 0.02 004 2.0 0.7 01 0.1 4 4.8 e A
§-25 i1 3.9 3.3 1.0 0.z 2.6 0.7 044 05 54 BB W1 XM
25-58 it 3. 6.3 0.4 p.8 2.t 0.1& 0B 0E 40 31 17 1
59-19 4.0 3.7 5.4 B4 6.2 10 1.2 63 85 b4 T4 2.7 0B
{-25 1.7 i1 1.1 1.8 g.14 4.5 0.68 027 89 6.7 12,5 5.8 64
25-59 1.9 3.1 3.8 0.7 0.1 32 0.5 6.2 0% 1.7 130 8.6 48
50-75 i1 3.7 2.1 6.¢ 6.04 2.7 6.32 4.2 5.3 R4 %1 273 3
X 4.0 1.4 16 0.5 8.2 34 04 0.2 04 46 T8 195 48
] 0.2 0.2 13.8 0.5 0.7 1.y 0.3 6.0 0. 15 B2 66 113
Cover Plain

1-25 4.7 .9 3.0 1.2 613 38 07 65ty 36 121 B4 8
25-50 $.1 3.5 1.0 0.5 ¢1 80 1.1 81 .2 08 107 194 W
§8-7% 4.5 £.1 1.2 0.3 .t &0 05 01 43 2.0 8% WL 48
0-25 6.0 5.5 1.2 1.0 .1 37 02 81 &2 50 87 183 37
25-58 5.7 5.6 6.3 b.6 6.i 38 0.2 8.2 0.2 24 6.0 140 38
50-15 5.5 5.2 1.5 R | .14 2.0 9.2 D1 t.1 24 43 H3 U




Table 2 continued: Scil chemical properties

Degthi DA 4 Mvail. 0.0 T Ca Hy T Ha H#Al  BCEC CRC 5

cnl 0} {Call,) ? 1%} £} o cmol4) kg 1)
0-25 4.7 kR 16.1 0.7 o.pé 2.7 0.7 6.2 0.7 4.2 1.5 1.3 1

15-50 i1 3% 1.1 0.3 0.1 2 02l 330 b 3%y X

30-145 14 31 1.6 0.3 foy 18 6.1 91 83 &8 6.3 Y A3

H ‘.8 .1 {0.¢ 8.6 0.1 3303 81 41 316 16 114 WA
0 0.1 4.9 0.3 0.3 ger 18 0.3 8.1 1.9 1.1 4% 34 7.9

Rack_swan

-5 i1 0 19.9 1.1 8.1 46 15 6.2 4.7 30 99 i N

25-50 {2 39 1.2 8.3 0.4 47 6y 8. 0.7 14 63 14 B8

58-75 4.2 3.5 1.2% 6.2 g.0d 28 05 0.1 0.5 1.8 5.5 1807 3B

b-2% 1.2 0 0.8 .6 107 S Y N /T N | P S (0 R 0 S 6 T4 O I

15-50 4.5 i4 i1 6.2 g.04 L0 0.1 61 63 34 5y 108 I

84~173 15 1.9 7.1 8.7 ga¢ 2.2 411 01 0.8 3. A2 180 3¢

G-25 {.0 3.9 1.2 1.3 6.1 $0 8% 0.2 0% 44 98 13§ 52

25-54 i3 36 i 1.2 6.1 .2 G t.1 6.5 38 3.0 . 4%

50-75 {3 3.8 17 0.4 6.1 005 62 44 300 6. EDUAN Y

X 4.3 3.7 i 8.4 ¢.67 30 0 0.1 6.8 31 R8 20.4 A1
¢ 0.; .2 o b.¢ B.2% 6.5 0.4 6.0 0.2 6.7 4.2 7.1 37.8
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Within the CP, pH {water) varied significantly both with
site and with deptih. The mean values at sites 3 and 1 were
similar but both were lower than at site 2 (P= 0.001). The
means for the 50-75 cm and 25-50 ¢m depths were similar, but
both lower than for the 0-25 c¢m depth. The pH (water) thus,
decreased with increase in soil depth. The pH {CaCly), on the
other hand, only varied significantly with site. The mean
values for sites 3 and 1 being similar, but both lower than the
value at site 2 (P < 0.01).

Within the BSW, bH (water) also varied significantly both
with site and depth. The mean values for sites 1 and 3 were
gimilar. those of 3 and 2 were in turn similar, but that of site
1 was lower than that of site 2 (P < 0.05). With depth, the
mean for the 0-25 cm was lower than for the 25-50 ¢m and 50-75
c¢m, which were in turn similar (P < 0.08). There was no
significant difference in the mean values of pH (CaCl,) with both
site and depth in the BSW.

Along the MTFs pH (water) was highest in the CP where its
mean was similar to that of the levee, but both were higher than
in the BSL and the BSW, whose means were in turn similar (P <
0.001). The pH CaCl, was also highest in Lhe CP, but unlike pH
{water) it was significantly higher than in the levee in
addition to the BSW, both of whose mean values were similar and
in turn signilicantly higher than in the BSL.

The observed acidic nature of the soils in all the MTFs of
the fadama corrroborates the results of earlier workers
{(Tpinmidun, 1970, 1971; Esu et al., 1987; Kparmwang and Esu,
1990).
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4.2.2 Availilable phosphorus

Available P ranged from 0.0-22.0, 1.6-23.3, 1.2-37.0 and
1.2-19.9 mg k¢! soil in the levee, BRSL, CP and BSW,
respectively, with corresponding mean values of 8.8, 5.7, 10.9,
and 5.7 my kgq.

Available P in the levea varied with depth but not with
gsite. The mean value for the 0-25 c¢m depth was higher than for
the 25-5%0 em and 50-7% cm depths. the means of the last two were
in turn similar (P < 0.05). However, from the BSL down to the
BSW, available P did not vary significantly with both site and
depth. But in all MTFs, the highest availablie P occurred in the

0-25 ecom depth. Distribution with site was erratic with the

highest values occurring randomly.
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Table 3. Ratings for interpretation of soil chemical propverties

S0il Reaction Rating

Pa
ks

Extremely acid

Veryv strongly acid
Strongly acid
Moderately acid
Siightly acid

Neutral

Sliaghtlyv alkaline
Moderately alkaline
Strondlv alkaline

Very strongly alkaline

Bray 1) | e & t.',
& B . f ".'"'

R -
I o
(8]
o

xom\n-f-m'-*mw-

|

SR BWLWLOo L.

1 .
QO ~IJoOoWL |

Y 11O n LN

Available P

ailable P (Brav 1)

Low 0-10 my kg*

Medium 10-20 mg k{_:.l'1

High > 20 myg 1»{9'1

Organic Matter

Low < 2% or < 1% carbon (< 10 ¢ kg4)
Medium 2-3% or 1.0-1.5% carbon (10-15 q Kg*}
High > 3% or 1.5% carbon (> 15 g ka ™)

Total Nitrogen

Low 0-0.15% (< 1.
Medium 0.15-0.2% (> 2.0 g kgl)

Ca Mg K Na
Low 0-2 0-0.3 0.0.15 0-0.1
Medium 2-5 0.3-1.0 0.15-0.3 0.1-0.3
High >5 > 1 > 0.3 > 0.3

Exchange acidity (H+AL) {cmol(+) k94 s0i1)

Low < 60% of CEC
Medium -
High <, 60% CEC

Cation exchange capacity {(cmol(+) ggﬂ s0il)

NH,OAC (CEC) ECEC

Low < < 4
Medium 6-12 4-10
High > 12 > 10

Base saturation %

NH 4DAC ECEC
Low < 50 < 70
Medium 50-80 70-90

High > 80 > 90
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The medium to high levels of available P in the 0-25 cm
(plough laver) 1is apparently due to use of phosphatic
fertilizers. The fadama is fragmented into small plots used by
farmers whose abilities to purchase and their choice of
fertilizer types vary considerably. Except for the incidences of
application of phosphatic fertilizers which raises the levels of
available P in the surface soils in the river Galma fadama, P
has been reported to be the most deficient element in fadama
80ils in Zaria area (Ipinmidun, 1970; Kparmwang and Esu, 1990).
4.2.3 Organic carbon

The organic carbon contents of the soils varied from 0.20-
0.%0% {(mean 0.50%) in the lavee, 0.02-1.00% (mean, 0.57%) in the
BSL, 0.30-1.20% (mean, 0.60%) in the CP and 0.20-1.30% (mean,
0.61%) in the BSW. The contents of organic carbon were generally
low as can be seen from the mean values (Table 2). The highest
values can only be rated as medium.

The organic carbon content of the soils did not vary
significantly with either site, depth or along the MTFs. An
exception was in the BSL where it varied significantly with site
and depth. The mean value at site 1 was similar to that at site
2, which was in turn similar to that at site 3 but mean value at
site 1 was lower than at site 3 (P < 0.05). The mean for the 0-
25 ¢m depth in the BSL was higher than for the 25-50 cm and 50-
75 cm depths, whose means ware in turn similar (P < 0.01). The
other axception was the CP where organic carbon varied, but only
with depth, in a pattern identical to that in the CP, including
the probability limit.

As an exception to the rule that organic matter decreases

irregularly with depth (Ipinmidun, 1970; MRT Cansultants, 1982;



35

Esu, 1982; Esu et al, 1987), a regular decrease was observed in
this study. However, this might be related to the rather
shallow depth of sampling (maximum depth of 75 cm) and to the
fact that the samples were not taken from natural layers but
from pre-determined depths.
4.2.4 Total nitrogen

518 #0

Total nitrogen ranged from 0.03-0.20, 0.04-0.14, 0.03-0.%4
and 0.04-0.10% in the levee, BSL, CP and BSW respectively; the
corresponding mean values being 0.09, ¢.18, 0.09 and 0.07%. The
mean values indicate that total N, as was the mean values of
organic carbon, was generally low with the highest values also
rated only as medium. The highest values were freguently in the
0-25 cm depth and they generally decrease with increase in soil
depth. The range in the values of total N agrees almost
completely with that presented in the review by Kparmwang and
Esu (1990), i.e. from 0.03 to 0.20% or greater for fadama soils
of the Nigerian savanna.

Total nitrogen did not vary significantly along the MTFs,
but it varied significantly with both site and depth only in the
levee and BSW. In the levee, the mean value for site 3 was
similar to that at site 2, which was in turn similar to that at
gsite 1 but the mean value of site 1 was higher than that of site
3 (P < 0.05). The mean value for the 0-25 cm depth was similar
to that of the 25-50 ¢m depth which was in turn similar to that
of the 50-75 cm depth, but the mean for the 0-25 cm depth was
higher than for the 50-75 cm depth (P < 0.05).

In the BSW, the mean value for site 2 was similar to that
of site 1, which was in turn similar to that at site 3 but the

mean for site 3 was higher than for site 2 (P < 0.05).
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4.2.5 Exchangeable bases
Exchangeable Ca ranged from 1.80-4.00, 1.00-4.50, 1.80-8.00
and 2.00-4.60 cmol(+) kg! soil in the levee, BSL, CP and BSW
respectively. The corresponding mean values were 2.72, 2.49,
3,32 and 3.00 cmol{+) kgq. In the same order exchangeable Mg
varied from 0.10-0.60, 0.20-1.20, 0.10-1.10 and 0.10-1.50

cmol(+) k94

80il, the corresponding mean values being 0.30,
0.42, 0.38 and 0.53 cmol(+) kg!. Similarly exchangeable K
ranged from 0.10-1.20 (mean, 0.34), 0.09-0.30 (mean, 0.16),
0.10-0.50 (mean, 0.17) and 0.10-0.20 (mean, 0.14) cmol(+) lr.g;,g"1
s0il respectively, from levee to BSW, while exchangeable Na
ranged from 0.20-0.80, 0.10-0.90, 0.10-0.30 and 0.30-0.80
cmol (+) kg‘l from levee to BSW, with respective mean values of
0.43, 0.45, 0.22 and 0.52 cmol(+) kg‘,:'1 80il. Exchangeable Ca,
Mg, K and Na were all medium in Lthe MTFs.

In the levee exchangeable Ca and Na did not vary
significantly with either site or depth, Mg varied with both,
while K varied only with site. The mean value of Mg at site 3
was similar to that at site 2, which was in turn similar to that
at site 1, but the mean value at site 1 was higher than at site
3 (P < 0.05). By depth, the mean value of Mg at the 0-25 cm was
similar to that at 25-50 ¢m, which was in turn similar to that
at 50-75 cm but that at 0-25 cm was higher than the mean at 50-
75 em (P < 0.05). Potassium mean values were similar at sites
1 and 3, both of which were lower than at site 2 (P < 0.05).

In the BSL, Mg, K and Na did not vary with either site or
depth, but Ca varied with both. The mean values of Ca at sites
2 and 1 were similar, but both were lower than at site 3 (P <

0.05), and by depth, the mean for the 0-25 c¢m was higher than
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for the 25-50 c¢m and 50-75 om, whose means were in turn similar
(P < 0.05).

Within the CP, exchangeable bases did not vary
significantly with both site and depth. The only exception was
Mg which even then, varied significantly only with site, sites
3 and 2 mean being similar, but both lower than site I mean (P
< 0.05),

Within the BSW, Ca and Na d4did not vary significantly with
either site or depth. But Mg varied significantly with site and
K with depth. The means for Mg were gimilar at sites 2 and 3,
that of site 3 was in turn similar to that of site 1, but site
1 mean was higher than site 2 mean (P = 0.05). The mean values
of € at the 0-25 cm depth was higher those at the 50-75% cm and
25-50 ¢m depths, the latter two's means were both similar (P =
0.05).

Along the MTFs, Ca and Mg did not vary significantly, but
K and Na did. The K was highest in the levee, where its mean
value was higher than for the rest of the MTFs (RBSL to BSW) (P
< 0.05). The mean values of Ra were similar in the BSW, BSL and
levee, where they were all higher than in the coverplain (P <
0.001). For the bases as a whole, the genheral pattern of
distribution was a decrease with 1increase in soil depth.
Calcium was the dominant exchangeable basic cation followed by
Mg, then Na, and X was the lowest. The distribution pattern and
the magnitude of the content of the various bases were in

agreement with what was reported in the review by Kparmwang and

Esu {1990). JEZEH;MJQM\

Hidd IR0 20w
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4.2.6 Exchangeable acidity (B + Al)
This ranged from 1.0-6.6, 2.4-7.2, 0.8-8.6 and 1.8-4.4
cmol(+) qu s0il in the levee, BSL, CP and BSW, respectively,
with corresponding mean values of 3.5, 4.6, 3.6 and 3.1 cmol{+)

kg’l.

The values were relatively high as invariably reported for
fadama soile (MRT Consultants, 1978; Esu et al, 1987). However,
due to the high CEC of the soils, the aluminium saturation is
low.

In all MTFs, exchangeable acidity varied significantly only
with site except in the CP where it did not vary with site
either. In the levee, the means for sites 1 and 2 were similar,
but both were lower than at site 3. In the BSL, the means for
sites 1 and 2 were similar, those of sites 2 and 3 ware in turn
similar but the mean for site 3 was higher than for site 1, both
at P < 0.01. 1In the BSL the trend was identical to that of the
BSL, but at P < 0.05. Exchangeable acidity 4id not vary
significantly among MTFs.

4.2.7 Effective cation exchange capacity (ECEC)

The ranges in ECEC values and the corresponding mean values
{in parentheses)} for the levee, BSL, CP and BSW are 4,4-9.9,
{(7.4), 3.1-13.0 (7.8), 4.8-12.1 (7.6) and 5.5-9.9 (7.0) cmol(+)
kq'l, regspectively. The so0ils therefore had medium to high
levels of ECEC.

Effective CBC varied significantly only with site in the
BSL, with both site and depth in the CP and with neither of them
in the levee and BSW. In the BSL, the means for sites 1 and 2
were similar, but were both lower than for site 3 (P = 0.05).
In the CP, the mean values of ECRC were similar at sites 2 and

3, both of which were lower than at site 1 (P < 0.05), while
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with depth the mean values for the 0-25 cm and 25-50 cm were
similar, those for the 25-50 cm and 50-75 cm were in turn
gimilar, but the mean for the 0-25 cm was higher than for the
50-75 cm (P < 0.05). The ECEC did not vary among the MTFs.
4.2.8 Cation exchange capacity (CEC)

The CEC values ranged from 10.0-20.3, 11.8-27.3, 11.3-22.4
and 14.4-34.0 cwol(+) kg! soil in the levee, BSL, CP and BSW
respectively with corresponding mean values of 20.4, 19.5, 16.9
and 15.1 cmol(+) kg*. The CEC values were relatively high,
apparently due to the presence of 2:1 clay minerals, most
probably montmorillonite. Kparmwang and Esu (1990) stated that
the CEC values of fadama soils fall mainly within the medium to
high range and reflect the content of organic matter and clay
mineralogy; it is therefore usually higher in the surface soils
and in soils high in montmorillonitic clays.

In the levee and BSL, the CEC values varied significantly
only with site; in the CP and BSW, it did not vary significantly
with either of them. In the levee, the mean values for sites 1
and 2 were similar, those for sites 2 and 3 were in turn
similar, but the mean for site 3 was higher than for site 1 (P
< 0.05). 1In the BSL, the magnitudes of the mean values of CEC
were in the order site 3 > site 2 > site 1 (P < 0.01).

Along the MTFs, the mean CEC values for the BSW and BRSL
were similar, that for the BSL was in turn similar to that of
the CP, which was lower than for the BSW. Thus, CEC generally
increased along the MTFs from levee to BSW, following an
identical trend with clay content. This suggests that clay is
respensible for the greater proportion of the CEC. The trend of

organic C was also close to that of the clay being higher in the
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BSW and lowest in the levee indicating that it alsgo contributed
substantially to the CEC.
4.2.9 BRBase saturation

The values ranged from 28-72% {mean, 41%) within the levee,
22-64% (mean 353%) in the BSL, 23-94% (mean, 41%) in the CP, and
27-70% (mean, 42%) in the baskswamp. The values were generally
low, i.e. less than 50%. Kparmwang and Esu (1990) stated that
the base saturation of fadama soils ranged from less than 20% to
higher than 80%. This agreed to a large extent with what is
obtained here, except that all the values, at the lowesi, were
more than 20%, and only one was greater than 80%, at the
highest.

Base saturation did not vary significantly with either site
or depth in all MTFs except in the BSL where it varied
gignificantly with site. The means for sites 1 and 2 were
gimilar, those of sites 2 and 3 were in turn similar, but the
mean for s8ite 3 was higher than for site 1 {P < 0.05). Base
saturation d4id not vary significantly along the MTFs either.
4.3 Correlation matrix

Results of correlation, i.e. the r values and probability
levels are presented in Table 4.

4.3.1 Simple correlation among soil properties within tha
MTFs.

In the levee pH (water} was positively correlated with pH
(CaCl,) at P < 0.01 (Table 4a), which shows that the trend in
80il pH in the levee was the same when measured in water or
CaCl;, except for the depressicnal effect of the salt solution
on the values of pH. The pH (water) was negatively correlated

with clay (P < 0.05) probably due to the negative charge on
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clay. Organic carbon was positively correlated with only total
N (P < 0.05) which agrees with the fact that hoth come largely
from soil organic matter.

The CEC of the so0il was positively correlatad with clay,
exchangeable Ca and Na (P < 0.05) and with exchangeable acidity
and ECEC (P < 0.01 and P < 0.001, respectively). The CEC of the
sa0il is due to the negative charge on so0il colloids, especially
clay in 80ils low in organic matter such as those used in this
study.

The relationships with exchangeable cations indicates that
they are largely held by the clay fraction. The CEC was,
however, negatively correlated with exchangeable Mg and total N.
It is possible that Mg; as total N, was, sourced largely from
organic colloids rather than clay.

The clay fraction in the levee was negatively correlatad
with pH (water) as explained earlier and with total N as
explained for CEC. It was however positively correlated with
exchangeable acidity and CEC because of the charge relationship

explained for CEC. All correlations with clay was at P < 0.05,
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correlation for soil properties in the levee.
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The s8ilt fraction was positively correlated with only
exchangeable K (P < 0.01). This is probably due to the release of
exchangeable K from micaceous minerals in the silt fraction.

The sand fraction was also postively correlated with
exchangeable K (P < 0.01) probably for similar reasons as silt,
i.e. due to the release of exchangeable K, in this case, from
micaceous minerals in the sand fraction. The sand fraction was,
however, negatively correlated with the silt fraction (P < 0.01)
which is related to their inverse distribution trends in the levee.

In the BSL, pH (water) was negatively correlated with clay (P
< 0.05) but not with pH (CaCl,) (Table 4b), which means that the
depressional effect of the salt on pH was not a simple mathematical
function as was in the levee. Organic carbon was positively
correlated with exchangeable Ca (P < 0.001), exchangeable Na,
exchangeable acidity and effective CEC, all at P < 0.05, and with
base saturation (P = 0.01). This shows that organic matter
contributed significantly to charge and the retention of cations in
the BSL.

The CEC of the s8o0oil was positively correlated with
exchangeable K and Na (P < 0.05), exchangeable acidity (P < 0.001),
effective CEC (P < 0.01) base saturation (P < 0.05), and clay (P <
0.01) and was negatively correlated with sand (P < 0.001). These
are similar to what was obtained in the levee.

The clay fraction was negatively correlated with pH (water) (P
< 0.05) and positively correlated with exchangeable Ca (P < 0.05),

exchangeable Na, exchangeable acidity and effective CEC (P < 0.01)
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and with CEC (P < 0.001), mosat ¢of which have been explained at Lhe
levee. The difference is mainly in the probability levels which is

higher in the BSL than in the levee.
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The s8ilt fraction was not related to any soil property in the
BSL including exchangeable K. The sand fraction on the other hand
was negatively correlated with several soil properties including
exchangeable Na and the silt fraction (P < 0.01), and with
exchangeable acidity and CEC (P < 0.001). With silt, this is also
related to inverse distribution trends as in the levee and with
exchangeable cations, base, saturation and CEC, this is probably
due to the low charge characteristic of the sand fraction.

In the CP, pH (water) was positively correlated with pH
(CaCl,) at P <0.001 (Table 4c), as in the levee and with sand (P <
0.01). Thus, as in the levee, only the depressional effect of the
salt on pH measurement was operative but trends in the soils are
similar for both pH {water) and of pH (CaCly). The high positive
correlation of pH (water) with sand is probably related to the acid
nature of the sand fraction usually exhibited in sandy soils.

Organic carbon was positively correlated with available P.
exchangeable Na and acidity (P < 0.05) and with effective CEC (P <
0.01). These suggest that most of the available P was held in
organic matter, and similarly the cations, and that organic matter
contributed significantly to the negative charge of the soils of
the CP. Surprisingly, however, CEC was not significantly related
to any soil property in the BSL.

The silt fraction was positively correlated with exchangeable
Mg (P < 0.01) with no clear explanation except that some clay might
have aggregated into silt-size and exhibited adsorption affinity

for Mg. The sand fraction was positively correlated to pH (water)
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and pE {CaClI) (P < 0.01) and negatively with the silt fraction. In

the BSW, pH |(water) was negatively correlated with exchangeable Ca

and base saturation (P < 0.05) (Table 4d).
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Table 4c: Coefficient of correlation for soil properties in the coverplain
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These are also inexplicable correlations as they go contrary
to the known chemistry of Ca, i.e. its adsorption is expected to be
higher at higher pH values; the base saturation is expected to
follow the same path.

The clay fraction was positively correlated with total N {P <
0.01), alsc for nc apparent reason. The silt fraction was
negatively correlated with total N and the clay fraction (P <
0.01), both of which are expected. The sand fraction was
positively correlated with pH (CaCl,) (P < 0.05) as was the case in
the CP, but not with pH (water)} and, as expected, it was negatively
correlated with the clay fraction (P < 0.01).

4.3.2 Simple correlation among soil propertiies spanning the
MTIFs.

The results (Table 5) show that soil properties which had
significant correlations with pH (water) ware CEC and clay, which
showed negative correlations, and sand, which gave a positive
correlation. As explained for the individual MTFs, the CEC of the
s0il normally has an inverse relationship with soil pH, and the
higher the clay content, the higher the pH, due first to the
negative charge carried by the clay and also to its buffering
action on soil pH. In comparison, sandy soils, because of their
low bhuffering capacity, are often low in pH.

Several soil properties were significantly correlated with
organic carbon, including available P, exchangeable Ca and Mg,
exchangeable acidity, effective CEC, CEC, base saturation and clav.
The correlations were positive in each case for all the parameters,

the positive correlations were expected, as organic matter is
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either a source or adsorption site for all of them including clay
with which it forms organo-clay complexes.

Clay was also related to quite a number of so0il properties,
namely, pH{water) and sand, with which it had negative
correlations. Others are exchangesable Na, exchangeable acidity,
effective CEC, and CEC, all with positive correlations. Clay is
also a source and/or an adsorption site for the parameters it had
positive correlations with,

gilt had a positive correlation with only K, and as explained
for the individual MTFs, it is probably due to the release of
exchangeable K from micaceous miperals in the silt fraction.

Sand, the inactive fraction, had significant correlation with
more soil properties than the active fractions (clay and organic
carbon}. The correlations were positive, with pH(water),6 pH(CaCl,)
and exchangeable K, as aarlier explained at soil pH abkove, and that
of K, of as explained at silt above. Other correlations, which
were all negative were with exchangeable Mg and Ka, effective CEC,
CEC, clay and gailt. Thege are in contrast to the positive
correlations of the same parameters with clay. 8and actually has

the opposite properties to clay.
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4.4 Suitability Classification of the Microtopographical
Features for Arable Crops.

Suitability is a measure of how well the gualities of a land
unit match the requirements of a particular form of land use. The
first step in classifying suitability is to decide which factors
should be used to define each suitability class. Upper and lower
limits for each relevant land characteristic or quality are then
set for each class. The properties of each land unit are reviewed
and compared to the class limits. Bach land unit can then be
agsigned a suitability classification.

To simplify thisqstaga; 111 knoyn_inﬁormation is first set out

tal Staowl fic eadd Land WHALLZ a vy
as a tablexggpe: thé/ci;;s rating of eééh élaas determining factor
together with any gualifying information or comment. The final
assessment of suitability is usually based on three principles

{FAD, undated).

1. The limiting conditions principle, Th‘éj states that the

most unfavourable quality determines the suitability
clagsification.
2. The subjective (combination) assessment.. In this

principle, suitability classes are raised or lowered on the basis
of judgements of the importance of different factors. Because
subjective assessments are risky, the relevant factors are weighted
and account is taken of special limitations that may occur if two
or more negative factors occur togetherg.

3. The principle of arithmetic modelling. This is based on
the fact that each land gualify has an independent influence on

suitability and it, therefore, means that land qualities can be
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assigned values and manipulated arithmetically to provide numerical

assessment of overall suitability.

In practice, a combination of these approaches is often
employed.

The suitability of the river Galma fadama for arable crops,
namely cereals and vegaetables was assessed separately using the
limiting factor and the arithmetic modelling principles (1 and 3)
and the results compared. In each case the subjective asgessment,
principle (2) was tacitly involved, especially, in selecting land
characteristics.

The limits of land characteristics are adaptad from FAC (1976)
with few modifications (Tableé . }. The more straightforward
limiting factor method is presented first (Table7 ). In the levee
and CP the most limiting factor is rated as 52. Thus, hoth have a
suitability of S2 (moderately suitable). In the BSL and BSW, the
most unfavourable factor is rated as S3 both, therefore, have a

gsuitability of §3.
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Table 6: Ratings of some s80il characteristics for fertility
evaluation according to FAD (1976)

Soil characteristic Rating
81 82 53
Texture l, scl c¢l, ¢ g€, 18, 8¢, ¢
CEC {cmol(+) kg'l) > 20 15-20 < 10
Organic Farbon 1.0-1.5 0.5-1.0 < 0.5
Bray 1 P {(mg kgq) > 20 106-20 < 10
Exch. K (cmol{+) kgl’) 0.2-0.4 0.1-0.2 < 0.1
pH (watar) 5.5-7.5 4.5-5.5 4.0-4.58
or or
7.5~-7.8 7.8-8.0

81 = Highly suitable for cultivation of arable crops.
52 = Moderately suitable for cultivation of arable crops. 83
= Marginally suitable for cultivation of arable crops.

P AN SNy

v
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Tdile 7: Suitability dassification of the MIFs besed on the limiting cordition principle.

Soil property Levee Backslope Cover plain Backswanp

Mean Rating Mean  Rating Maan  Rating Maan Rating

Value Value Value Value

Texture L S1 clL s2 L 81 gicl 81
CEC 20.4 s1 19.5 52 16.9 52 1%.3 52
Organic C 0.5 82 0.5 s2 0.6 s2 0.6 82
pH (water) 4.8 82 4.1 83 4.8 s2 4.3 83
Drainage * WD §1 WD 81 MWD 82 PD 83
Overall suitability s2 S3 52 S3

*: Man wale ineleat; W = well dained, MD = mddrately well deained D = poxly deained
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Using the arithmetic modelling, individual assessments,
axprassed numerically are combipmed by multiplication or by
addition. In the method of multiplication each suitability class
is assigned a value ranging from 1.0 for S1 to 0.0 for n (FAD,

1983). The following suggested values by FAQ, 1983) were adapted

81 = 1.0
$2 = 0.8
83 = 0.5
n = 0.0

These values are multiplied £for all the selected land
gualities. The product 1is then c¢converted to an overall
suitability, on a different scale to reduce an unduly large number
of S3 results. The scale helow, also suggested by FAOQO (1983) was

again adapted.

0.8-1.0 = B1
0.4-0.8 = 82
0.2-0.4 = S3
D.0-0.2 = N

Thus for the levee, the overall suitability would be 1.0 x 1.0
X 0.8 x0.8x21.0=10.64=252. The results for the entire MIFs are
presented in Table8 The results show that all MTFs had a
moderate suitability (S2) for arable crops except the BSW which was
not suitable {N). This can be specified as N1 because if drainage

is praovided, the BSW would be at b&kt moderately suitable.
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Table 8: Suitability classification of the MTFs by the arithmetic
modelling method.

Soil property Levee Backslope Coverplain Backswamp
Texture 81 s2 S1 81
CEC 81 s2 82 82
Organic C §2 82 §2 §2
pH (water) s2 S§3 s2 S3
Drainage s1 81 S2 83
Overall suitability 8§82 S2 s2 N

Comparing the limiting condition method with the arithmetic
modelling method, the latter appears to be more appropriate for
assessing the suitability of the MTFs of the river Galma Fadama at
Zaria. The results agree with the intensity of cropping on the
MTFs of fadama.

4.5 Management Recommendations

Because the fadama is at an irrigation site, land levelling
has been carried out.

This has tempered with the general appearance and physical
composition of the MTFs to some extent. Since some levelling has
been done, the management recommendations are now mainly on soil
organic matter, liming and fertilizer use.

Organic matter

The mean values of organic carbon, the main index of organic
matter (OM) content is low in all the MTFs of the fadama. Organic
matter addition and maintenance is therefore mandatory for
profitable agriculture on the fadama. Apart from being an

adsorption site for nutrient ions, OM is also a major source of N,
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P, and 8 and also Ca, Mg and micronutrients., It gains prominence
in this regard when mineral fertilizers are scarce or of
prohibitive price, as is the situation in the country currently.

The most feasible source of OM is farm yard manure {FYM) since
farmers use crop residues as animal feeds, and as bedding, roofing
and fuel materials. Apart from the well known cow dung, chickan
dropping is gaining prominence because it has a high concentration
of nutrients and is therefore reguired in smaller quantities than
cow dung and other FYM sources. The FYM's efficacy is greatly
enhanced when mixed with mineral fertilizers. Farmers have adapted
this method to the best of their advantage.

Liming

This is aimed at raising the soil pH to 5.5 and not higher
because of the poorly buffered nature of the scoils and the problems
associated with overliiming, namely; micronutrient and P
unavailability. The mean pH (water) values are the BSL and BSW
raespectively. Based on these and the mean clay contents, the lime
requirements of the MTFs are presented in Table® ., The lime
requirement is inversely proportional to soil pH and directly
proportional to clay content.

Thus, the BSL and BSW with low pH values and high clay
contents require about 3 to almost 5 times the amount of lime
required by the levee and CP with higher pH values and lower clay

contents.
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Table 9: Lime reguirement for the MTFs of the River Galma fadama

at Zaria
MTF Mean pH (water) Mean c¢lay content kg pure lime/ha
(%) (ta doing pB to 5.5)
Leveea 4.8 16.3 1568.9
Backslope 1.1 31.7 " 7396.7
Cover plain 4.8 20.1 1934.6
Backswamp 4.3 34.1 6840.0

. Fartilizer Recommendation

The scils of the fadama are deficient in N and P and medium in
K, Ca and Mg. Thug, complete compound fertilizers containing N, P
and K would be required. Fertilizers containing low or no K would
however, be clay on the fadama for some years. If such are used,
the K 1level should be assessed after 3-5 years of intensive
cropping.

The full recommended dose of ¥ and P for each crop should be
‘applied. If liming is done, there would be no need for fertilizers
containing Ca and/or Mg. Thus deolomitic lime should be usad so
‘that. amelicorated. If however, lining is not done, then fertilizers

carrying Ca and Mg should be preferred on the fadama.
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CHAPTER FIVE
5.0 SUMMARY ARD CONRCLUSIONS

The present fertility status of the River Galma fadama was
investigated vigs—a-vis its microtopographical features (MTFs). The
. suitabilities of the MTFs for arable cropping were evaluated and
management recommendations proferad for them. The succession of the
HMTFs from the river bank and proceeding at right angles to it, is
in the order, levee, BSL {BSL), coverplain (CP) and BSW (BSW).

The site is currently used for irrigation and, therefore, the
MTFs have bheen disturbed to varying extents by land levelling,
depending on the intensity of cropping on each. However, their
galient features namely, slope, drainage and texture are still
largely in place.

Soil properties varied mainly with site within each MTF, and
vary little with depth. This depicts a carpet-like pattern of
heterogeneous s0il types within each MTF, each soil type, however,
being more-or-less homogeneous in profile characteristics. As
expacted, the only properties that varied significantly with depth
were organic C, available P, total N and pH (water), and these
ware, in at most two, MTFs each.

Overall, the soils could be rated as wmoderately high in
fertility status due to medium to high values of effectiva ECE and
CEC (NH,OAc) and medium levels of Ca, Mg and K. The scils can,
therefore, sustain intensive agriculture with recommended rates of
N and P on crops, coupled with the use and maintenance of organic

matter.
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The present fertility status of the various MTFs cculd be
ranked in the order BSW > CP > BSL > levee. But, because drainage
increased in this direction {(from poorly drained to well drained)
and due to textural variability, the intensity of cropping along
the MTFs was in the order BSL > CP > LEVEE > BSW.
Using the arithmetic modelling method, however, the levee, BSL, and
CP were faund to be moderately suitable {S2) for arable cropping,
while the BSW was currently not suitable (N1). But if drained, it

would be upgraded to at least moderately suitable.
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APPENDIX Al: Ranges and mean values for particle-size fraction by
replication (site)

Clay % Silt % Sand %

Range Mean Range Mean Range Mean
Levee
Site I 12-14 13 46-50 48 38-40 38.7
Site II 12-18 15 12-38 28.7 46-76 56
Site III 16-28 21 38-50 44 28-46 34.7
Grand 12-28 16 12-50 40 28-76 43
BSL
Site I 12-14 13 34-36 35 50-54 51
Site 11  28-30 24 50-54 52 20-30 24
Site III 48-68 58 26-42 33 6-10 8.7
Grand 12-68 31.7 26—-64 40 6-54 27.9
CP
Site I 16-24 15.6 50-56 53.6 26-28 26.7
Site IT 14-18 16 32-40 36 42-58 51
Site III 22-28 24.6 38-44 40.7 32-34 33
Grand 14-28 20 32-56 43 26-58 36.9
BSW
Site I 20-32 28 42-48 45 22-26 23
Site ITI 20-26 23 50-54 852.7 20-30 24
Site III 45-56 51.7 32-45 371.7 8-14 10.7

Grand 20-56 34 32-54 45 8-30 19
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APPENDIX AZ: Ranges and mean values for particle-size fraction by depth

Clay % 5ilt % Sand 3

Range @ Mean PRange @ Mean = Range = Mean

Levee

0-25cm 12-16 13 22-50 33 38-76 53
25-50cm  14-28 20 36-48 42.7 28-46 37
50-75cm  14-20 16.7 38-50 44.7 30-46 38.7
Grand 12-28 16.6 12-50 40 2B8-76 42.9
BSL

0-25cm 14-68 33 26-52 38 6-50 28.7
25-50cm 12-58 3 32-54 39 10-54 28.7
50-75cm  14-48 30.7 36-50 42.7 10-50 26.7
Grand 12-68 31.6 26-54 39.9 6-54 28
cp

0-25cm 14-28 19 32-56 42 28-54 38.7
25-50cm 16-24 19.7 36-556 43.7 26-58 38.7
50-75cm  18-24 21 40-50 44.7 2642 34
Grand 14-28 19.9 32-56 43.5 26-58 37
BSW

0-25cm 20-56 36 36-50 42.7 8-30 21
25-50cm 24-45 33.7 45-54 48 10-22 18
50-75cm  20-54 a3 32-54 44.7 14-22 18.7

Grand 20-56 34 32-54 45 10-30 19
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Leves ast e sy
Site | Sita 3] Site 111 Site 1 §ita 1} Site II Site I Site II Site 111 Site I Site 11 §ite 111
pR(E 0]
Baege £.8-50 5.3-5.8 3.6-4.% §.8-4.8 L6044 1041 4,2-4.7 5.5-6.0 1,8-4.7 1.1-41 £.2-4% £.0-4)
Hean 4.9 5.8 4.0 4.1 i1 1.4 {5 5.7 1.1 §.2 'R {.2
Grand 1.6-5.8 1.1-4.8 3.9-6.0 L0-405
4.4 $.1 L8 4.3
pB{caCl,}
Bange 1341 L3-4.8 3.3.-1.7 3.0-3.1 11 11 .54 9.1-5.% 31.1-3.8 3.5-4.8 3.9-4.8 1.5-3.4
Kean 14 L6 .5 11 1.8 3.5 3.9 5.4 36 1.4 £ 1.4
Graad .38 3.0-3.9 1.1-5.¢ 3.5-4.0
1.0 3.5 L3 1.4
ey iyt
Rarga -2 L7101 L6 1.6-1.3 5.4-23.3  Li1-3¢ 1.2-31 4.5-1.1 .2-16.1 t.2-199 L1-108 71122
Hean 11.3 5.3 8.7 2.1 1.7 3.0 17.1 6.4 L 1 1.4 8.5 1.1
Grand §-11 1.9-11.3 1.2-31.0 1.1-18.9
8.3 5.7 18.9 5.1
izg. € (Y}
Range $.2-0.¢ 0.4-0.8 §.3-0.5 0.92-0.5 D.¢-1.4 0.3-1.2 g.4-1.8 0.3-9.7 p.2-1.1 0.2-0.6 b.4-1.3
Hean 0.5 6.6 X 0.1 0.8 6.9 0.7 0.6 0.4 0.5 [ I 1.4
Grand b.2-0.9 0.02-1.% 0.3-1.2 0.2-1.3
6.5 6.5 9.6 0.6

A



APPERDIZ A1 costd: Raznge apd Maan values for soil chemicai properties by site

Leves Back slape Coverplain Back swanp
Site I Site Ii Sita 111 Site | Site 1 Site 111 Site 1 Site 11 Site 111 Site I Site I} Sita 111
Total § (§)
Reage B.1-0.2  0.04-0.13  0.03-0.10 0.05-0.04  ©0.2-0.80  0.D4-0.14 §.10-0.13  0.10-0.M4  6.03-D.10 0.04-0.26  0.04-6.04 0.10-0.10
Hean 3.13 ¢.10 0.18 0.04 0.40 g.10 .14 6.1 0.10 ¢.10 t.0d 0.18
Grand 0.83-0.28 0.04-0.80 0.03-0.14 0.04-0.10
0.10 : 0.2 b.10 8.1¢
Ca enol k™"
Range 2.6-4.0 2.0-3. 1.6-3.2 1.8-1.5 1.0-2.6  2.7-4.5 3.0-8.9 1.0-3.2 1.8-2.1 1.8-4.8 .0-2.1 2.0-4.0
ean 3.2 1.6 2.4 2.1 1.3 3.5 5.0 .1 1.1 1.3 1.¢ it
Graad 1.8-4.9 1.0-¢.5 1.2-3.2 1.0-¢4.%
2.1 . 2.3 i3 1.0
¥g caol kg™? :
Range 3.3-0.6 0.2-0.3 0.1-1.3 §.2-0.3 0.14-1.2 0.3-0.7 6.5-1.1 §.3-0.2 §.1-0.1 #.5-1.5 8.1-6.1 B.4-0.5
Kean 0.4 6.3 6.2 6.2 8.5 f.5 0.8 6.1 6.2 1.8 f.1 8.5
Grand 0.1-8.4 D.1-0.6 _ 0.2-1.1 0.1-1.1 0.1-1.5

. 0.4 . f.A 6.5
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APPENDII BI contd: Range and Mean values for soil chemical properties by site

] Backslope Coverplain Backswamp
Site I Site II Site 111 Site | Site II Site III Sita [ fite 11 Site III Site | Site I Site III
X cmol kg~?
Ranga 0.1-0.1 0.3-1.2 0.1-0.12 8.1-0.1 0.1-0.3 0.2-0.2 0.1-0.5 0.1-0.2 0.1-0.2 0.1-0.2 0.1-0.2 0.1-0.2
Mean 0.1 0.8 0.1 0.1 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.2
Grand 0.1-1.2 0.1-0.3 #.1-0.5 6.1-0.2
0.3 0.2 0.1 6.1
Ta caol kg™
E-.nl “..Ml D.4~-0.8 0.3-0.3 0.1-0.2 0.5-0.5 0.3-0.9 0.14-0.3 0.1-0.2 0.2-0.3 0.5-0.7 0.3-0.8 0.4-0.5
Kean 0.2 0.6 8.5 0.1 8.5 8.7 0.2 0.2 8.3 0.8 0.5 0.5
Grand 0.2-6.8 0.1-0.9 §.1-0.3 0.3-0.8
0.4 0.4 0.2 0.5
H+Al caol k!
Kange 1.0-2.6  2.4-3.6 5.2-6.6 2.4-3.0 4.0-5.4 5.6-1.1 0.8-8.6 2.4-5.0 3.0-4.2 3.0-3.4 3.0-4 1
Kean 1.6 2.9 6.0 .7 4.6 6.3 3.8 3.3 id 1.4 3.1 31
Grand 1.0-5.6 1.4-1.2 0.8-8.6 §5.5-9.9
i (.1 3.5
§CEC cmo] kg™
Range L4172 88412 8.0-9.9 4.8-6.0 3.1-8.8 8.1-13.0 6.9-12.1 1.3-4. 5.8-8.1 3.5-9.9 3.9-6.1 6.1-9.6
Nean 5.6 i 5.0 5.3 6.4 11.5 9.7 5.5 6.5 1.2 6.0 1.4
Grand £.4-9.0 i.1-13.0 §.8-12.1 5.5-9.9
1.2 8.0 1.6 1.4

*
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APPRRDII Rf cootd: Range and Kean values for soil chemical praparties by site

Leves Backslopa Coverplain Backsuanp
Site I Site I Site 111 Site I Site 11 Site HII gite § Site II Site I Site I Site 11 Site I1
£3C emol Xg7°
Range 18.06- 15.4-16.9  16.0-10.2 16.6-12.0 17.1- 25.8-28.6 i1-214  W.0-18.3  11.3-143 16.7-16.4  17.5-28.0  19.8-34.8
13.8 12.2
Nean 1.3 16.8 1.3 1.5 1%.3 1.1 18.4 15.5 11.2 13.8 19.0 1.5
Grand 10-20.3 13.6-28.6 11.3-22.4 10.7-38.¢
15.1 18.5 17.0 i
Base sat.{%)
Range 3.0~ 33.0-47.8  28.0-3%.4 11.0-32.0  21.¢0- 35.0-64.0 £3,0-4.0  24.0-37.0 123.0-33.0 3.8-10.0 25.0-32.8  31.0-52.0
12.8 3.0
Nean 4.4 i 1 ¥i k1] 3 62 1 2 ib 8 2
Grand 8.0-11.0 11.0-64.0 23.0-84.0 25.0-10.9
1.9 B0 41.0 1.9




APPREDIX BZ: Ranges and mean valuas for soil chemical properties by deptd

71

Leves Rackglope Coverplain Backswamp
-2ica 15-50ca 58-75ca B-25ca 25-50cn 50-75ca $-2%n  25-58ca 50-75ca §-23%c8  25-50ca 58-Toca

pi{ad}
Range 4.8-5.8 3.6-5.4 4.0-5.8 L7-48 34-42 4.0-4.1 .7-6.0  4.1-5.7 1.3-5.5 £0-4.2 4245 LS
Neaa .8 4.6 {9 4] 4.0 4.0 5.1 5.7 4.6 i1 63 {3
Graad 1.6-5.8 1148 1.3-6.8

i.B {1 i.8
pMaCly)
Eange 1.1-4.3 1.3-4.8 13-4 1.1-1.% 3240 1.4-3.7 3.8-5.5 1.55.6 1.1-5.2 300 3648 15-38
Naan 4.0 .1 i3 3.6 3.4 3.5 4.5 4.3 t.1 1.3 1.8 1.1
Grand 1348 3.0-3.4 . 3.1-5.6 1.54.0

£.0 3.5 4.3 3.8




APPENDIT 82 coatd: langes and mean valuas for soil chemical praperties by depth
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Lavee Rackslope Coverplain Backswamp
(-25¢ca 15-5lcn 50-15ca 0-25ca 15-50ca 90-75ca 0-25ca  2%-50ca 56-T5ca b-2%a  25-56cm 50-15cn
Avail.P ng kg™?
Range 11.71-28.6 L5128 9.3-2.7 .1-23.0  1.8-6.33 1.6-5.4 1.2-31  6.3-13.0 1.2-4.5 1.2- 1.2-11 1.2-1.7
19.9
Naap - 168 149 . 1.8 1.2 .n .2 b N N X ) S | 12.5 1.1 1.1
Grand §.0-12.¢ 1.6-8.3 1.2-31 1.2-19.9
3.8 5.4 10.8 5.7
zg. € (¥}
Tange £.5-0.9 §.3-4.1 8.2-0.4 0.6-1.6  0.84-0.7  0.84-0.8 0.7-1.2 0.3-0.6 0.1-0.4 0.§-1.3 p.2-1.2 1.2-5.4
Kean 0.7 4.5 6.3 1.1 9.4 0.3 1.0 8.5 .3 1.0 0.8 0.3
Grand t.2-0.% 0.02-1.§ §.3-1.2 0.2-1.3
0.5 g6 8.6 . 0.6
Total I {3)
Ranga 8.1-0.2 1041  0.03-0.1 0.05-3.4 2.04-0.88 0.04-0.28 0. 6d- 0.53-0.14 0.84- 0.84- §.64-0.10
8.13 §.10 0.18
Hedn 5.14 0.18 ¢.10 .1 8.3 0.18 0.1 LR T 6.12 g.18 0.19 0.03
Grand 0.03-5.2 0.04-6.80 0.63-6.14 6.04-0.1¢
0.40 §.10 8.2
.1
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APPENBIT 82 contd: Yamges and asan values for soil chamical properties by deptd

Leves Rackslopa Coverplaia Rackewanp
{-15ca 25-50cn 50-75¢a 0-25¢ca 15-50cn 5¢-75ca ¢-15ca  15-S0ca 39-15cm 0-25c  25-5dcm  $0-T5em
Ca.cmol (kg™
fange 1.7-3.1 1.8-3.9 1.0-4.0 1.6-4.5  1.8-1.2 1.0-2. 13-1.1 1288 1.8-4.6 2.0-4.6 2.0-1.1  1.4-14
Hean 1.0 .5 1.1 3.1 .3 it 3.0 4.4 2.8 135 i 1.}
Grand 1.8-2.2 1.0-4.8 1.8-8.1 _ 1.0-4.4
1.1 1.5 13 3.2
Hagagsium
Bange £.3-0.6 0.2-0.¢ f.1-¢.3 8.2-4.7  0.1-0.% $.3-1.2 0.2-0.7 0.2-1.1 h1-0.% §.2-1.5 &.1-0.% 01305
¥ean ¢.4 6.3 0.l b4 0.3 b.6 tde 0.5 §.3 6.7 8.5 b.4
Grand 0.1-3.4 0.1-1.2 , 8.1-1.1 - B11S
0.3 0.4 b4 . 6.5
Polassium
Range 0.1-1.2 t1-4.3 £.1-0.2  0.1-0.2 0.1-3.3 §1-0.5 0.1-0.1 1181 8.2-0.2 o1&l 0.2-0.2
Nean 8.5 1.2 0.2 6.1 0.2 8.3 §.1 h.1 0.1 t1 6.1
Grand I XX | 0103 0.1-0.5 0.1-8.2
. : 0.3 _ 8.1 . p.1 0.1
Sodium _ |
Bange 0.2-0.% $.3-6.8 §.2-0.8 ¢.2-0.%  0.12-0.9  £.1-0.5 “.w? 0.2-8.3 0.1-0.3 6.3-0.7 0.3-0.7 0.4-02
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Leves Backslope {overplain Backzwamp
1-25¢ca 15-%ica i0-15¢en §-15¢ca 15-50ca 55-15¢ca b-2%ca  I5-Sica 50-75¢ca 0-25cm  25-50ca  50-75c
Hean 6.3 i.5 6.3 8.5 ¢S g.3 8.2 b.1 0.1 k.5 0.5 6.6
Grand 0.1-¢.8 §.1-6.9 §.1-6.3 .3-0.B.
0.4 g ) 6.1 8.5 Ny
Exch. acidity
Range 1.-4.6 1.0-6.7 1.6-5.1 2.86.2 1811 2.4-5.6 £.2-0.5 §5.3-3.% .3-4.0 -4 1438 1830
Nean 4 3.1 1.8 (N i.1 i1 5.9 1.1 8 L% 3.2 3.6
Grand 1.0-6.6 1.4-1.1 6.8-8.8 1.8-¢.4
1.5 £.5 3.6 1.1
EiERC
Bange §.1-4.9 1.4-9.4 6.9-8.% £0-12.5  3.1-13.4 4.8-9.10 Hnmm 5.8-10-1  4.3-6.9 5344 5988  5.5-6.2
Mean 1.4 6.9 1.4 1.1 1.1 1.1 8.4 1.6 6.9 8.5 6.1 5.9
Grand f.4-0.% 1.1-13 §.8-12.1 5.5-3.4
1.1 1.8 1.1 1.8
[ {3
kang 10.0-171.5  f0.6-20.3 138 . . . 1.0 11.8-28.6 10.4-71.3 - 13- 10189 H.1-283 16.4- TR TR R
16.9 4.8 1.4 0.0 .6
Hean 14.0 15.5 15.6 B 18.2 W0 1.3 11.4 162 18.1 1.8 .5
Grand 15-20.3 18.6-28.6 13.3-21.4 10.7-34.0
15.% 1.3 1.1 0.4
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APPREDIL B2 contd: fanges and mean values for sojl chemical prapertiss by depth

Levee Rackglops Coverplais Backswanp
0-25ca = 25-SBca 50-75¢ca §-25ca  25-50cm 50-75ca 0-25c  25-%0ce 50-15¢ca 0-25em  25-50ce  S0-75ca
Base sat. (%)
Range 38-47 19-46 1-12 32-64 2-48 U-35 3343 B-9 13-4¢ 11-10 25-59 31-38
Neaa 4 % 1 $4 = 2 k! ] i 53 k3 i {1 £
trand _ 18-12 2284 M 35-10
i 15 i {1




