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ABSTRACT 
, 

II11pact assessment of salts in the Fadama land of Edozhigi Bida Local Go~ernlnent Area of 
. ' 

Niger state, jwas carried out in this project. Four samples of soil was collected'Jrom the project 

site at a depth of 10cm interval to a total depth of 40cm which determine root depth of a plant. 

The sample '\. , . .:; sent to the laboratory for analysis and the result obtained show that soil sample 

.\ has <111 I'S!> of 0,876 and an EC of45.1 while that ofB has an ESP'of- 1101 and an EC of 

42.3. Soil sample C has an ESP 0 f - 0.804 and an EC of 32.6 and soil sample 0 has an ESPof -

1.128 and an EC of30.1 

From the result, it shows that the soil has a low level of salinity and is safe for crop 

production as compared to the guidelines of table 2.1 

I . 
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ABBREVIATIONS AND NOTATIONS 

ECe = Elec~·'ical conductivity 

SAR = Sodium adsorption ratio 

FSP .,- E"clvlgeable Sodium Percentage 
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Chapter one 

1.0 INTRODUCTION 

1.1 Historical background 

The fadama concept is an old age tradition in Hausa land; The hausa name for irrigable 
, 

land, n-;.e.ming dry 'season farming an fadam(l. The f(loama land are flood plains alid low lying 

area underlinec b/ shallow 2.cquifers and found along Nigeria's river system ~ Umar, 199.1). 

Soil is defined as the topmostpart of the earth's crust. (Sheinberg,and Latey, 1993). Soil 

consists 0f mineral and organic 0 matter, as well as living organisms, soil comprising the 

pedosphere, i3 pGsitioneci at the int.erface of the lithosphere with the biosphere. at!110~:)here and 

hydrosphere. Soil formatioll. or pedegenosis, is the combined effect of physical. chemical, 

biological and anthropogenic processes on the geological parent resultil'lg ia the formation of soil 

horizons. (Sheinberg,and Laty, 1993). 

Salt refers to a chemical compound formed by replacing the hydrogen ions in an acid 

. 
with metallic lit" ammonium ions. A salt is the compound formed when all or :~!-'lrt of the ionizable 

hydrogen of an acid is repiaced by metallic or ammonium ions (Ababio, 2000). 

Accumulation of excE:ss salts in the rootzone resulting in a partial or complete loss of soil 

productivity is a World wide phenomenon. The problems of soil sall'nity are most widespr~~d in 

the arid and semi- semi arid regions but salt affected soils also occur extensively in sub-humid 

and humic. climates, particularly in the coastal regions where the ingress of sea water through 

estuaries and ri"e~s and .through ground water causes large - scale salt deposit.(Hansen et ai, 

1993). 
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Soil salinity is also a serious problem in areas where ground water of high salt content is used. for 

irrigation. The most serious' problems are being faced in the arid and semi - arid regions of the 

World and it is these very regions that irrigations is essential to increase agricultural production 

to satisfy fo(;d requirement (Ayers, and Westcot, 1996). 

However, salinity problem are l!1ost extensive in the irrigated arid and semi- arid areas, In every 

. 
river basin, prior to the introduction of irrigation, there exists a water balance between the 

rainfalls on the one hand and stream flow, ground water level and evaporation and 

evapotranspir::'tion on the other. This balance is disturbed when large additional quantities of 

water are artificially spread' on land for agriculture. An important new contribution to ground 

water is introduced in the' form of seepage from irrigation channels"from irrigation water added 
. 

over and above the quantities actually utilized for meeting the evapotranspirational needs of 

~ crops, and obstructions in the natural drainage brought about by new developments in the area 

(Gardner and Fireman, 1996). 

Studies have shown that once the water table is within 1.0 to 2.0m of the soil surface, 

salts get accumulated in the rootzone of the plant and therefore salinization problems is more 

.. 
severe when .lle salinity of ground water is high as is usually the case in arid regions(Hoffman. 

2005 ). 

Moreover, nearly 50 percent of the irrigated land in the arid and semi - luid regions have 

some degree of soil salinization problems (Rhoades, 1995). 

III Cro'\11 it all, the 1110st challenging problems facing irrigation agricultures is salinity 

problems. Adequate meas~re is needed to counter the problems of salt - build up in agricultural 

land. This makes the assessn~ent of the salt-build in agricultural land becomes Important. 
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1.2 Statement of the problems 

Irrigation is a means of increasing agricultural productivity. One of its contending 

• problem is soil salinity in the irrigated land which is harmful to crops. The available land 

resources is limited due to salinity problems. This makes the assessment of salis build - up in the 

soil a good research. 

1.3 Objectives 

The aim of this Research is; 

( i) To determine the salt content 'in the soil. 

( ii) To asses the impact of salts build - up in the soil with particular i'eference to irs efTect' on 
. ~, 

plant's growth. 

1.4 Re~earch Questions 

( i ) What are the effects of saline soils. 

( i i) What are the origin and caus~s of salt build - up in sbils 

( iii) What are the effects of high water table - depth in the soils. 

(iv) What is the effect of salt concentration in the rootzone on plants. ' 

I j Justification 

. . . 
The aim nfundertaking this project is to find a remedy to the problems of soil salinization 

which affects apricultural production. Adequate knowledge of salts buil'd - up in the soil helps in 

the selection of crops to be grown in the salt affected soils. 

3 
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· . 
Howe\er, there is'a ne(d to conserve soil resources to meet the global food requirement. 

1.6 Scope of the study 

Tl:~ study is limited to s~L cOl::::entr?tions in the Fadama land of Edozhigi, Bida Local 

Governlll;;:nt Area, of Niger state. 

4 



. CHAPTER TWO 

2.0 REVIEW OF RELATED LITERATURE 

Salt affected soils are found on more than half of the Earth's arable lands. They dominate 

most arid and semi - arid region of the World. Extensive areas are used for range lands or dry 

.. 
lalld 1~lrIning. bu: a significant portion is used for irrigated agriculture. lITigation water from 

either reservoir or impoundments or ground water pumping systeins can transform these dry 

• areas into some of the world's most productive farmlands. In the united states, 15% of cropland 

that is irrigt Ld produces 40% of tht.~ total crop value (Carter, D. L 1999.) 

Mitun 'fl!1itney, 1998 reported that most arid and semi arid areas are mostly alkaline 

because water from rain or snow is insufficient to leach the base - forming cation (Ca2+, Mg2+, 

K+, Na+, e.t.c) that are 'slowly released as the rocks and minerals weather. As a result, the 

percentage hase saturation is high and PH values are typically 7.0 or above. In some areas the 

leaching is insufficient to remove even soluble salts suelr as NaCI, CaCh, MgCh and KCl, 

leading to saline, as well as a1kaline conditions.C). 

World wide, about one third of the irrigated lands have salts problems 0 

Irrigation water transports salts from upstream watershed areas to the cultivated fields. If the 

irrigation systems do not provide good internal drainage, salts, particularly those conterminating 

sodium, (:an accumulate to levels that can engender chemical ai1d physical problems that can 

render a soi Imd Iy useless as a habitat for plants (Richards, L.A. 1990. 

While Royo, and Aragues, 1-993 both reported that Alkaline and saline soils have also played a 

unique role in the World history, as the rise and fall of several ancient civilizations were tied to 
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their irrigation and subsequent mismanagement. 

2.1 Origi!l Jf salts in soil 

Salt affected soils are caused by excess accumulation of salts, typically most pronounced 

,It the top soil surface. Salts can be transported to the surface by capillary traL':port from a salt . . 

laden water table and then accumulate due to evaporation; they can also be concentrated in soils 

due to human activity. As soil salinity increases, salt effects can result in degradation of soils and 

vegetation.(MilIer, and Donahue, 1995). 

Salt is ;... llatural element of soils and water. The ions responsible for salinization are: Na". 

K +, Ca2+. and tv'g2+ As the Na+(sodiulTI) predominates, soils can become sodic. Sodic soils can 

present particular challenges because they tend to have very poor structure which limits or 

prevents water infiltration and drainage. As soil minerals whether and release salts. these salts 

are flushed l': leached out of the sc~l by drainage water in areas with sufficient precipitation. In 

addition to mineral weathering, salts are also deposited vialQust and precipitation. In Jry regions 

salts may accumulate, leading to naturally saline soils. This is the case in large parts of Australia. 

TJ uman practices can increase the salinity of soils by the addition of salts in irrigation water. 

Proper irrigation management can prevent salt accumulation by providing adequate drainage 

water to leach added salts from the soil. Disrupting drainage pattern that provide leaching can 

also result in sal' accumulations. An example of this occurred in Egypt in 1970 when the Aswan 

Iligh Dam was built. The change in the level of ground water befor~ the cc,nstruction had 

enabled soil eroSIOn, which led to high concentration of salt in the water table. After the 
.<. 

construction, the continuous high level of the water table led to the salinization of the arable 

land. (Mamedov, et aI., 2000). 
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2.1.1 Effccts of salinity on plant Growth 

Salinity is the development of non saline soil into a saline soil. Salinity becomes avroblem when 

enough salts accumulate in the rootzone to negatively affect plant growth. Excess salts in the 

rootzone hinder plant roots from withdrawing water 'from surrounding soil'. This lowers the 

amount of water available to the plant, regardless of the amount actually in :h~ rootzone. Excess 

salinity in soil water can decrease plants available and cause plant stress (Hamson and Grattan, 

1999). 

Soil water salinity is dependent on soil type, climate, water use and irrigation routines. This is 

because immediately after the soil is irrigated, plant available water is at its lowest. Hc)wever, as 

planlS usc 50;1 wuler, the remaining water is held tighter to the soil and becames progressively 

more difficult for plants to obtain. As the water is taken up b by plants through transpiration or 
. 

lost to the atniosphere by evaporation, soil water salinity increases because salts becqme more 

concentrd'.\ J in the remaining soil water. Thus, evapotranspirati,onal(ET) between irrigation 

periods can further increase salinity (Henderson, 2001) .• 

2.2 Effects of Sodium and Sodicity on soil physical property. 

The primary physical processes associated with high sodium coilcentration are soil dispersion .' 

and clay platelels and aggregate swelling. The forces that bind clay particle together are 

disrupted when too many large sodium ions come between them. When this separation occurs, 

the clay particles expand, causing swelling and soil dispersion. 

Soil .dispersion causes clay particles to plug soil pores, resulting in reduced soil permeability. 

When soil is repeatedly. wetJed and dried and clay dispersion occurs, it then reforms and 

7 



solidifies inl0 almost cement - like structure. The three main problems caused by sodium -. , 

induced dispersion are reduced infiltration, reduced hydraulic conductivity, and surface crusting. 

Salts that contribute to salinity, such as Calcium and magnesium, do not have this effect because . . 

they are smaller iind tend to cluster closer to particles(fig 2.0).Increased amounts of calcium an d 

magnesium will generally keep soil flocculated because they compete for the same spaces as 

"odiUI1l III bind to clay particles. Increased amounts of calcium and magnesium can reduce the 

amounts of sodium - induced dispersion (Hanson et ai, 1999). 

@ 
.~ 

,~~ Sodiunl1ons 

G 
• 

Calcium Ions 
e e 

~ 

o e e 
e e e" 
ee,_~~ -- ~ 

'" Clay Platel~ , 

Figure 1. Behav.ior of sodium an~ calcium attached to clay particles. (Ajief' 
et a11999) 

2.2.1 Surface crusting 
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Surface CJ"!Jsting is a characi:eristic of sodium affected soils. The prImary causes of 

sodium crusting are: physical dispersion caused by impact of raindrops or irrigation water and 
• 

chemical dispt.:'!'sion, which depends on the rates of salinity and sodicity of the applied water. 

\urfacl' Cl"USlll1g dUl: to rainfall -is greatly enhanced by sodium induced cia)' dispersion. When 

clay particle~ cis;jersed within soil water, they plug macropores in surface soil by two means. 

First, they block avenues for· water and roots to move through the soil. Second, they form cement 

like surface layer whe'.1 the soil dries. The hardened upper l~yer or surface crust, restricts water 

infiltration anG plant emergence (Agassi, et al., 1991). 

I 

2.2.2 Relationship between salinity and sodicity and soil physical properties. 

The relationship between soil salinity and its flocculating effects and sodicity and its dispersive 

effects illllul:l1ce ,vhether or not soil will stay aggregated or become dispersed under various 

salinity and sodicity combination. As irrigation water with-low salinity is applied to the soil by 

irrigation or rainfall, this water flow s into the spaces between clay particles (microspores). If 

salinity ('I~' the applied water is low relative to soil salinity, swelling and dispersion of clay 

particles reSll,.). h contrast, irrigation water with higher salinity than the soil tends to cause· 

particles to stay together, maintaining soil structure (Gortzen, 1994). 

. 
More than fifty years Gf research have been conducted to determine the relationship 

hct\\Cl:1l salii1ity and sodicity of ilTigation water and its effect 011 soil physical· properties 

I 

U-renkel, anu R;10ades, 2001). This relationship is now understood well enough to make accurate 

prediction of how specific soils will behave when irrigated water containing different levels of 

salts and sodium. The !".1ain concerns related to the relationship between salinity· and sodicity of 
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irrigation water the effects on soil infiltration rates and hydraulic conductivities (Frenkel, and 

Rhoades, 200 I) 

2.2J The swelling factor 

The ratio of swelling to sodicity determines the effects of salts and sodium on soils. 

Salinity promot~s soil flocculatiori and sodicity promotes soil dispersion. The combination of 

-';(Ilinit: and sodicit) of soils is measured by the swelling factor, which is the amount a soil IS 

likely to swell with different combinations of salinity and sodieity. Essentially. the swelling 
\ 

factor predicts whether sodium - induced dispersion or salinity induced flocculation will more 

greatly affect soil physical properties. Scientist have been able to get a good idea of the swelling 

lactor b) using ligurc 2.1. It is possible to draw a line from the sodium content (adjusted bSP) ill 

the lell column to the appropriate salt in the right column. The 'line intersects the middle 

columns. the swelling factor, indicating how much the soil will swell. For instance. drawing a 

line between adjusted Esp. = 2 and an EC = 40Meq/l(red line) yields a swelling factor of 0.0041 

indicates that dispersion is likely. 

In short, figure 2.1 help shows how dispersive effects of soil with high ESP can be 

lessened with the flocculating effects of irrigation water with high EC (Neal, 2(,03) 

10 
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Figure 2.1 

Swelling factqr as' a function of sodium content (adjusted ESP) 01 soil and salt, 

concentration of soil water (After McNeal, 1998). 
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1.2.3.1 Infiltmtion Rates 

Oster, and Schroer,2001·also reported another approach to judging the effects of salinity 

(EC) and Sodicity (SAR) 0.11 soil physical properties is to asses potential :mpacts of various 
\ 

irrigation water qualities .on infiltration rates. Figure 2.3 demonstrates the relationships between 

salinity and sodicity and infiltration rates. Severe salt problems are likely if the irri~ation has low 

salinity and high sodicity. At SAR= 15, a severe reduction in infiltration will occu; at an EC = 1. 

An FC of 2.5 or less results in a slight to moderate reductjQl1 infiltration. With an EC greater than 

2.5, there will likely not be a reduc~ion in infiltration rates. Table 1 numer~cafly .defines the 

relationship hctw'.?l:1l Fe. SAR. and infiltration rates. Factors sllch as climate, Soil type, crop and 

plant species and sodicity and soil physical properties. Intense rainfall can flush salts beneath the 

roolLOnc, but often can significantiy reduce amounts of sodium of sodium bOllnd to the soi I. 

Therefore. raw fall can reduce salts and increase the likelihood that sodium - induced dispersion 

\\ ill OCCllr \ Gstel', and Schroer, 2001). 
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Figure 2.2. Potential for reduction in infiltration rates resulting from 
various combinations of EC and SAR of applied water (After Hansoll et lIl., 

1999). 
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, 
Tahle 2.1 Guidelines for saline-sodie water quality suitable for irrigation, presented in 
terms of reduted infiltration (After Ayers and Tallji, 199~). 

Er dslm . FC dslrr. FC dsll11 

SAl? No problem Slight to moderate Severe pro~lem 

0-3 > 0.9 0.9 - 0.2 <0.2 

> IJ 1.3 - 0.25 < 0.25 

• 
6 - 12 > 2.0 2.0 - 0.35 <0.35 

12 -20 > 3.1 3.1 0.9 < 0.9 

5.6 - 1.8 < 1.8 

14 



2.2.3.2 The role of soil texture in irrigation agriculture. 

Soil texture plays an important role in all irrigated agriculture, and the role of soil 

Il'\IUI'l' \\ ith respect to effects of salinity and sodicity is no exception. Soil texture is helps 

determine how much water the soil will be able to pass through the soil, how water the soil can 

store. and the aJiliiy of sodIum to bind the soil. As they are composed of small particles, clay 

soils can hold more water and are slower to drain than coarse textured soils. 

Smaller particles of clay pack closely together, block the spaces between particles and prevent 

water from p?3sing through. Sand particles are larger and therefore, have larger pore spaces for 

\vater to pas:. through and will naturally be able to flush more water through the rootzone than 

. 
cia: soils. The end result is that sandy soil can withstand higher salinity irrigation water because 

Illore dissolved salts will be removed from the rootzone by leaching. (Frenkel, et. Al 1996). 

2.2.4 Causes urSalt Accumulation 

Saline (' alkali soils are seldom formed insitu by residual weathering of rocks. On the 

other hand, hyd;o'logical conditions contribute substantially to the developmen.: of soil sttlinity 

and alkalinity. The hydr.ological processes release the salt constituents from the primary and 

secondary minerals to the surrounding waters. In arid 'regions, due to high evaporative 

conditions. salt concentration is gradually increased in the water sources. 

In humid regions; salts thus released are transported to lower layers and ultimately by 

steams to the ocean. \1oreover, the salts deposited by irrigation, are leached down to lower layers 

~of the soil by rainfall. On the contrary, in arid regions the release salts may not be transported far 

15 



, 

away because of insufficient rainfall and whatever leachiGg of salts may occur, it wouid mostly 

be local. However, high evaporating conditions of the arid regions tend to decrease further the 

11I11ited available ground water (Argawal, and Gupta, 2001). 

2.1.4.1 [rFects of salinity on plant Growth 

Salinity is the development of non saline soil into a saline soil. Salinity becomes a problem when 

enough salts accumulate in the root zone to negatively affect plant growth. l~',cess salts in the 

root zone hinder plant roots from withdrawing water from surrounding soil. This lowers the 

amount of water availabl~ to the plant, regardless of the amount actually in the root zone. Excess 
. . . 

salinity in soil water can decrease plants available and cause plant stress (Hamson and Grattan. 

Il)l)l) ). 

Soil water salil~ity is dependent on soil type, climate, water use and irrigation routines. This is 

because immediately after the soil is irrigated, plant available water is at its lowest. However, as 

plants lise soil water. the remaining water is held tighter to the soil and becomes progressively 

• more diffic~ t for plants to obtain. As the. water is taken up b by plants through transpiration or 

lost to the at",,- :,phere by evaporation, soil water salinity 1I1creases because salts b~coil1e more 

concentrated in the remai!lillg soil water. Thus, evapotranspirational (ET) between irrigation 

periods can further increase salinity (Henderson, 2001). 

2.2.5 Effect 'A irrigation, 'soil" Management and crop Management on soil salinity and 

. Alkalinity. 

The nature and exte!1t of salt accumulation and degree of soil alkalinity depend on the 

quality of irrigation water, frequency of irrigation, soil type and its permeability, salt .tolerance 
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characteristics of the plant and climatic conditions. Generally, soils of light texture 'are less 

salinised than those of medium and heavy textured soils. The soils i'rrigated with waters having 

the same co:v : _ntrations of salts deveiop more alkalinity with waters having higher proportion of 

sodium and bil~(1rbonates. ions. The presence of a hard pan of lime or clay further enhances the 

degree of alkalinity. The ·situation becomes more complex to pre~ict when the depth of water 

table is high and the quality of irrigation water is poor. Under such situation, the final salt 

• balance near '-he rootzone is governed by the combined effect of the quality of irrigation water, 

irrigation management. and climate and water transmission properties of the soil during the 

cropping period (Maliwal, 200 1) 

2.2.6 Water logging and Soil salinity. 

Studies at the Land Reclamation, Irrigation and power Research Institute, Armrister, 

showed a rise of water table from,2.6 - 6.6 metres during the period 1986 - 1996 (Uppal, 1998). 

It was observed that the salt problem in high water table areas is mostly governed by the amount 

and intensity c f rainfall. In the monsoon season when water table rises ~nd comes near the 

surface. the land is temporarily waterlogged due to which salinity is reduced. But, after the rains 
I 

and with the onset of winter., water is lost by evaporation and salts are deposited on the surface.' 

During the c.u"lpping period of winter crop, crop sl!ch as lands are irrigated and the salt present in 
~ Il t 

the soil profile move up' and down. Consequently, the total soil salinity is cOllliolleu by the 

period of \ovateI' logging, water transmission characteristics of the soil, the salt content of the 

ground water and the evaporative condition of the region. Topography of the land also modifies 

the ultimate soil salinity (Kovda, 2001). 
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~.2.7 Chemical properties of soil 

The chemical properties of soil are the development of changes 111 the soil physical 

characteristic~ 

S,llinir', hazard: when the salt distribution in the soil profile becomes excessive, crop 

growth is deteriorated. Such soils are often recognized by the presence of a white surface crust. 

I n saline water irrigated area, particularly in the arid regions of Rajasthan, the EC of the 

saturation e>:t:'act of the soil is usually about three times and even more than that of irrigation. 

\\ ater. In gene!'.:!L salt concentration is maximum on the surface and decreases with the increase 

ill depth. In irrigated soils, the extent of salinity is more related to the process of salt water 

Illovement within the soil column t~an whether the salt are moving downwards with the leaching 

effect of irrj~f!.tlOn water or are moving up by capillarity under thermal gradient. In a well 

drained light textured soil immediately after irrigation, the soil salinity, as measured all the basis 

\ 

of saturation extract of the soil sample, would be less at the surface lay~rs an:~ I~ would be more 

at deeper layers. On the contrary, in heavy soils accumulation of salts would always be more on 

the surface due .to inweded drainage. Quantitatively, under similar soil condition more s.alinity 

\\ mild be obs~rn~d in arid and in humid regions and in heavy textured soils than in light ,')oils. 
, 

(Maliwal, and Paliwal,2002). 

2.2.8 Sodium h?.z:ll'd 

Ihe souiulll hazard is the effect of sodium in the physical properties of soil. 
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In irrigated soils, the cations present 111 irrigation water as soluble salt take part in an 

exchangeable reaction with the spil. The main cation exchange which tak. .... place is bt:;tween 

sodium ion in the bigation water and calcium ion in the exchangeable complex of the soil. 

Ca j 2Na-+-> Na + Ca ++ 

According to this process a soil may not be changed into an alkali soil, depending upon 

the relati-ve PI~oportion of sCldium and calcium ions in the equilibrium solution. However, the 

process of alkalization couid be very quick and can come to an equilibrium condition if the 

relative proportion of Na: Ca + Mg, as expressed by the sodium adsorption ratio, is high. The 

exchangeable sodium percentage increases with the total salt concentration and or SAR of 

irrigation ;\uter or soil soJution. 

In '" id find semi - arid regIOns. as the soil solution becomes concentrated throllgh 

• evaporation or transpiration, the solubility limits of calcium carbonates and magneSIum 

carbonates are exceeded. AS'a result of these, they are precipitated with a corresponding increase 

in the relative proportion of sodium in the soil solution. Hence a p'art of exchangeable calciuri1 
• 

and magnesiulll is replaced by sodium, increasing the sodium contact.This lead to the conclusion 

that any chemical process, in the soil causing a decrease in calcium, ei':1f r in solution ur 

exchange phase, will lead to enhancement of alkalinity. In addition to the above process, the 

extent of degree of sodium saturation will be governed by the chemical affinity of the ion to the 

'>oil. its replacing power in comparison to other ions and its own replaceablility by other iol'~. 

fortunately, amongst sodium, calcium and magnesium, the replaCing power both of calcium and 

magnesium anJ th,dr chemical adinity to a soil are, more than sodium. Hence, a higher 

proportion of sodium is necessary in the soil solution to replace calcium. The proportion 0 f 
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sodium to calcium and magnesium should be above 50 pe'rcent in the son solution before it is 

adsorbed in significant ai11ounts. Moreover, more Na is adsorbed at the same salt concentration 

and the same: ',l content when Mg is present rather than Ga, as the ~'eplaceabiijty of mg is more 

than that of CP. it m<ly be summarized that the process of alkalization and its ; ,tent is influenced 

• by the total salt concentration, ionic composition, relative proportion of sodiun to other cations. 

nature and total amount of clay and their exchange characteristics. 

2.2.9 Magnesium Hazard. 

Sometimes more ma~nes~um is present in irrigation water than calcium. This 'increases 

the degrtt: of magnesium saturation which abo deteriorates the soil structure Irrigation water 

having relatively more magnesium than calcium are likely to decrease soil productivity. About . 
73 percent of the 4162 samples of poor quality well waters of Rajasthan were observed to have 

more Mg than Ca. ( Paliwal, 2002) 

") j [)evclopmen~ of salt affected soils. 

Salt - affected soils are widely distributed throughout the World (table 1.0), the largest 

areas being found in Australia, Africa, Latin America, and the Near and Middle East. They are 

1110st often fO~l!ld in areas with prec!pitation - to - evaporation ratios of 0.75 or less, and in low, 
t\le 

nat areas with high water tables that may be subject to seepage from higher elevation. 

Nearly 50 million of crop land and pasture are currently affected by salinity an,! in some regions 
• 

the area of land so affected is growing by about 10% annually.(Logan, 1'995). 

2.2.1 Natural salt Accumulation 
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Salts accumulate naturally. in some surface soils of arid and semi - arid regions because 

thcre is insuf1icient rainfall to flush them from the upper soil layers. In the united states, about 

one - third oi the soils. in. these regions suffer from some degree of salinity. The salts are 

primarily chb . !1;'3 and sulphates of calcium, magnesium, so~ium, and potassium. They may be 

formed during the weathering of rocks and mineral or brought to the soils th,~ugh rainfall and 

irrigation. Other localized but important sources are fos~il deposits of salt iaid down during 

geological timt: in bottom of non extinct roc~s or oceans or in underground saline water pools. 

These fossil salts can be dissolved in underground waters that moves horizontally over 

underlying impervious geological layers and ultimately rise to the surface of th ~ soil in the low 

lying parts of the landscape, often forining saline seeps. The water then evaporates. leaving salts 

in place at or near the surface and creating a saline soil. In soil, The Ca2
+ and Mg2

+ ions dominate 

the exchange complex of most salt - affected soils. In some soils wit11 greater than 15% ~~a 

saturation, the PH may rise above 8.5, and the stability of the soil aggregates may deterierate. 

The soil I.x,lloids disperse and plug the soil's drainage pores, preventing the downward 

percolation of wa+~i. Such so:ls known as sodic soils are quite' unproductive and are ·very 

di fiicult to mal1age. (Bhumbla.2003). 

l' 

2.3.1 Devel0pment of salt affected soils 

Salt - af:~1cted soils are widely distributed throughouf the World (table2.0), the largest 

area being t()lllld in Australia, Africa, Latin America, and near Middle east. They are most often 

f<}lll1d in areas with precipitation - to - evaporation ratios of 0.75 or less, flat areas with high 

water tables that !11ay be subject to seepage from higher elevation (Logan, 1995). 
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Tahle ~.1 i\rl . f salt - affected soils in' Different Regions. 

Region Area, million ha 

-------------_ .. ---
Afr;:.;a 69.5 

Ncar and Mddle East 53.5 

Asia and Far East 19.5 

Latin America 59.4 

Australia 84.7 

North America. 16.0 

-~ ~.---~~~-.- .. _-----------------------

2.3.2 Managcme.lt of saline and sodic soils. 

The first, requisite for wise management of salt - affected soils is to know something 

about the Cl.mount and nature of soluble salts being added' to and removed from the soil. In 

irrigated areas, tbis means knowing the quality of the irrigation water and status of the soil 

drainage. 

2.3.4 Water quality considerations. 
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The chemical quality of water added to salt affected soils is a prime minagement tool. In 

a situation where the water is too low in salts, such as rain water, it can hasten the change from a 

saline - sodic soil to a sodic soil, but the impact of rain drops encourages dispersion of the soil 

colloids and SAR levels of irrigation water are high, the process of forming sordic soil will 

accelerate. A . ), the presence of bicarbonates in the irrigation can reduce concentrations of Ca2
' 

4 

and MgL.+ in the soil solution by pr~clpitating these ions as insoluble carbonates. Such chemical 

characteristics 01' the irrigation water can increase the SAR of the soil solution and move the soil 

toward the sodic class. (Ayers,and Westcot, 2003). 

2.4 MEA )URING SALINITY AND ALKALINITY 

Plants are delriliientally affected by excess salts in some soils and by high levels of exchangeable 

<;odiulll in others. the rated being detrimental to the soil both physically and chemically 

techniques have be~n developed to measure three propevties that along with pH can be used to 

characterized salt affected and sodic soils; 

1. Soi! alkaill1ity. 

II. Exchangeable sodium pe.rcentage (ESP) 

111. The sodium absorption ratio (SAR) 

2.4.1 Growth of plant .on saline' and sodie soil 

Plants respond to different salt-affected soils in different ways. High soluble salt 
\';, 

concentr<:tions, through their effects on osmotic Potential, reduce plants growth on saline ai:G 

sodic soils. Roo. cflls, as·they come in contact with a soil solution, that is high in salts, w11110se 

water by osmosis to the more concentrated soil solution.The cell then' collapse. The kind of salt 

the plant species and the rate of salinization are factors that determine the concentration at which 
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the cell succumbs. Very limited a'ir and water movement in some saline sodic soils also may be a 

!~lctorS in determining wliich plants can grow on these soils. 

Sodie so'ils harm plants ill five ways; 

1. The caustic influence of the high pH induced by' the sodium Carbonates and 

bie: :Jonates and other anions. 

11. The toxicity of the bicarbonates and other anions. 

1lI. The adverse effects of the active sodium ions on plants metabolism and nutrition. 

IV. The low micronutrient availability due to high pH 

\', ()xyge~ deficiency dlle to' th·; breakduwn of tll(. .:;oi! structure. 

2.4.2 Selective ~Ctt:rance of higher plants to saline and sodie soils 

Satisfactory plants growth 011 salty soils depend on a number of interrelat~d factors, including the 
~ . 

physiological ~ondition ofthe plants, its stage of gl'vwth and its rooting habits. It is interesting to 

note that old alfalfa plants aLe more tclerant to salts affected .)ci!s than young ones, all:: thai. deep 

roote<i legumes show a greater resistance to such soils than those that are shallow-rooted. 

Soil properties inCluding the nature of the various salts', their proportionate amounts. their 

lola I COllccntrat;;'l. and their distrihution in the sodium must be considered. The structured of the 

soil and its drail1Jge and aeration are also important. , , , 

2.4.2.1 Plant sensitivity 

While it is difficult to forecast precisely the tolerance of crops to salty soils, numerous tests have 

made it possible to classify many domestic plants into four general groups based on their salin~!y 
• 

tolerance. The relative productivity of the salinity as measured by electrical conductivity (Ece). ,~' 

·::;r.: 
( 

. ' ~ . 
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Note that trees, shrubs, fruits, vegetables and field crops are included in the different categories, 

To this list of domestic species should be added two other potential sources of plants to grow on 

salty soils, Wild halophytes (salt-Iuving plants) and salt tolerant cultivars developed by plant 

breeders 11m ~ L~tt1 found that are quite tolerant to salts and that poses qualities that could make 

them useful for human and/or animal consumption. Even though they may accumulate high 
\ 

levels of salt in their stems and leaves, the seeds are commonly' not too different from 

domesticated ops in th,eir content of protein and fats, for example, plant .breeders have been 

-
~Ihlc 10 dcn:lop 'ne\\' strains with salt tolerance greater than that posseSStu by convc·ctional 

vari~ties, An example is shown by data in figure which illustrates' superim. )erformance by 

improved strains of barely. Plant should be one of the goa'is of the future to maintain or even 

increase food production on salt affected soils, 

However, improved plants tolerance must not be viewed as a substitute for proper salinity 

control. 

2.5. Classification o(soil 

2.5.1 Saline soils 

Use of saline g:'0l111d water: 

When ground water is the only somce available for irrigation, highs salinity of the irrigation 

water can cause a build up of salts in the root zone, particularly if the internal drainage of the 

soils is restricteJ'and lea~hing, either due to rainfall or applied irrigation, is inadequate, 
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Also saline sweeps, .common in North America, Australia and other countries are the 

rl'slilts L't'lll n:dllccd evapotrai1spiration after ~ change in land use from a natural forest 

vegetation to ce;ehi grain crop or a shift in cropping pattern such as .the introduction of a fallow 

season in grain fanning system. 

2.5.2 Sodk soils 

Thc mcchanisn: responsible for the formation of sodium carbonates in soil 'vvltich characterize • 

sodic (alkali) standard works (Kelly, 2005) Bazilcvich 2006. Groundatwre containing carbonates 

is one fo the chief contribution factors in the formation of sodie occur in Egypt in Wadi TUmilat, 

h:rhash and I~ladi-EI-Natrom. The soisl are reported to have formed by desal,ination divalent 

cations in some parts of the Nile Delta, by high carbonates and bicarbonates water in Wadi . 
Tumilat and by dentrification and sulphate reduction under anaerobic conr.:tions in Wadi-El-

110trom (elgagaly, 2006) . 

2.5.3 Causes and processes of salt build up 

The major causes for the bui~d up salt in an irrigated area include; 

a. Use of saline water for irrieation 

b. Depcsit .')n of salts on soil surface from high sub soil water table. 

c. Water logging and poor drainage conditions. 

d. SeefJing from ·the '~anals 

e. A;;d climate 

f. U~.der ifrigation 
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I low do these processes results in salt build up? Two main ways through which these processes 

results in salt build upo are; 

I. Direct Salinization by irrigation results, if there is inadequate leaching. All irrigation 

waters contain salt· which are brought into the rootzone during irrigation. After 

irr; gatic,Hl, the water is lost by the proces3 of evapotranspiration leaving the salt 

content behind in the rootzone as the salt uptake by crops is small. These salts 

~. dl11ulate unless there is adequate leaching by deep percolation. Inadequate 

l;'aclling is cause by poor drainage conditions and climate under irrigation and use of 

saline water. The capillary salinization as explain by Smedema and Rycroft (2002) is 

thus "Evapor1;tion of .saline ground water from the soil is a common cause of soil 

salinization. The ground water may evaporate directly from the water table when the 

later occurs within the evaporation zone, or it may be drawn from deeper down as the 
I 

evaporation itsel~ will create a gradient for upward capillary flow from the water table 

inLJ the evaporation zone. As the water evaporates the salt re;11~in behind in the 

evaporation zone". 

2.6 Chemistry of salty soils 

The main process occurring in soils when irrigation with poor quality waters are; 

I. lo!: exchange between cations in irrigation waters and those present 

II. Dis:,olution and p:-ecipitation Qf CaCO) 

Ill. Weathering of mInerals 

IV. H~qJ;atiol1s and dehydration of the soil as a results ,of fluctuation in soils as a structure 

\ t caching down of ions 
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VI. Upward mov~ment of ions through capillary cavity and 

VB. Mineral nutritional characteristics of the crop grown. 

, 
The clay particles have as certain deficit which is balanced by the charge of the absorbed cation 

taken frol11 the soil solutiOl~. An order of replaceability of any ion present all the soil can be 

c\presscd as 

A clay particle with sodium and calcium ions attached tends to hydrolyze. When a sodium ion is 

exchangeable for a hydrolyze ion, and the scc;am ions combine with a molecule. of water, 

sodium hydroxid~ (NaOH) is 

• Ca [Clay] Na + thO ~ NaOH [clay particle] Ca 

When carboniioxide (C02) is present in the soil air, it readily reacts with the water to form 

hydrogen car'donates (H2C03). However the sodium hydroxide (NaOH) reacts readIly with the 

hydrogen carbonates (H2C03) to form sodium hydroxide (NaOH) 

Ihe NaCO] is g;'adually remo'/ed with extensive leaching and the soil si left with hydrogen ions 

having replaced sodium ions. This increase of hydrogen ions is reflected in a lower pH (pH being 

a reciprocal index of hydrogen ion concentration). 

Where soils c'ontain is dissolved (Cae03) or gypsum, calCium is dissolved into the soil 

solution. This available calcium is exchangeable for sodium during the leaching process to obtain 

a normal soil. 
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Ca [clay par~;clel + Ca + CO2 NaCO) + NaCO) + Ca -- NaCO) + Ca [clay particleJ Ca 

. 2.6.1 SALT BALANCE . 

The relationship between the quantity of soluble salts brought into an area by lhe irrigation water 

• and the quality removed from the area by the drainage water is called the salt balance of the area. 

Therefore, in ,n irrigation, a favorable salt balance a condition or exceeds the input must be 

maintained if irrigated agricultur-~ is be permanent. The salt balance in soil is .nfluenced by the 

quality and qu:mtity of irrigation water and the effectiveness of leachinG and drainage (Micheal, 

1999). Any imbalance that would has adverse effect on the soil, crop growth and crop yield. 

The salt balance of soils is expressed by the following relationship, (Michael, 1999). 

Vi = Volume of irrigation water 

C', = Amount of dissolved from soil mineials 

Vd = Volume of C:~'ainage water 

Ca = Salt content of drainage' water 

SI'= The amount of salt precipitated over the soil surface. 

Sc = A!llount o~ salt removed by crop. 

An equation expressing for a rootzone under irrigation thus: (simedema and R: ~:-oft, 2003) 
, 

1.( ~ R.Cr + (i.Cg = PCp + Ds 

I = Irrigation water entering rootzone 
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I{ Rainl~ill entering the rootzoneC r'= Salt concentration of the rainfall 

G = Capillary Dow for groundwater into the rootzone 

Gp = salt concentration from the rootzone. 

P [)eep percolation li'om the root zone 

Cp = Salt concentration of the water of de-percolation 

Ds = Change in salt content Of soil sol"ution in the rootzone. 

Cg = Salt concel. ration fo ground water 

2.6.2 Leaching requirement 

The fraction of the irrigation water that nust be leached through the rootzone to control the 

. . 
:::.alinity is termed the leaching requirement. Assuming that the salt balance is in equilibtium, 

mathematically, LR (Micheal, 1996). 

LR = Dd/Di = EG1Ecd 

LR .~ leaching r..::quirement, expressed as a ratio percent. 

Dd = Depth of drainage water 

Di = Depth of irrigation water 

l:,(j = Electrical conductivity of irrigation water 

Ecd = Electrical cO!lductivity of the drainage water. 
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CHAPTER THREE 

_l,() M \. TERIALS AND METHODS 

3.1 Study A .. fas 

The project study areas are the fadama land of Edozhigi in Niger State, Nigeria. 

Nigel ':;tate is situated in north central part ufthe federal Republic of Nigeria. It lies in the 
I ' 

sav:mna zone Dfthe tropics between attitude 8° lOIN and llu 30 lN longitude 3030 lE and 7030 1E. 

Its climatic condition is influenced mainly by the rain-bearing south west monsoon winds 

i'rom the oceans and the dry dusty or harmattan North East winds (air masses) from the Sahara 

- Desert. Niger State has mainly the rainy. and the dry seasons. The rainy seasons begins April 

~nding and ends early ion October and the dry season states in November and ends march. 

3.1.1 Edozhigi Fadama Project 

Edozhigi fadama project scheme is located in a village outskirt of Bida local Government 

Area cf Niger state. 

Irrigatir.n has been the main source of thei: water for dry season fanning. They grew 

mostly Rice and sugarcane in the An;a. 

3.2 Materials; 

The following materials was used in t~e collection of soil sample. 

(i) Auger, Ruia, poly then bag Mortar, pestle, 
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i."\ Methods: 

Soil was digged to a total depth of 40cm which determine the rO'Jt depth of a plant.Soil 

samples were then collected into four different depths. Sample A was collected by digging the 

soil 10cm below the surface Area of the soil. Sample B was also cpllected by digging the soil 

2Ucm below the surface of the soil. Sample C was col:~cted by digging the sod 30cm beiow the 

surface of the sc,il. Sample D .was.collected by digging the soil40cm below the soil sample. 

The sample was air-dried in the laboratory after which it was crushed with pestle and 

Ihcl1 sic\c 10 a line powdered roi·m. Each samples was then subject to test to determine the 

presence of tit ... following'; 

(i) Soil PH, (ii) Exchangeable sodium percentage (iii) sodium Adsorption Ratio (iv) 

Determination of exchangeable Ca, Mg, K, Na, and Electrical conductivity (EC) of. 

the soil. 

3.3.1 Soil pH Determination; 

3.3.1.1 Apparatus: 

Glass electrode pH meter 

3.3.1.1 Reagents: 

(A) 0.01 M calcium ~hloride 

(8) Distilled wder 

(C) I N Potassium chloride 
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3 J. 1.3 Procc;dures: 

(n) Soil pH in H20 (1:1 Soil to water ratio) 

I. Weigh 20g of air - cry soil (passed 2 ;- mm sieve) into a 50 - ml beaker. Add 20 ml of 

distilled water and allow standing for 30 minutes and stirring occasionally with a glass rod. 

2. Insert the electrodes of the pH into t6he partly settled suspension and meaSlrr! the pH. Do not 

stir the suspension during measurement. 

3. Report result as "soil pH measured in water". 

(b) soil pH in O.OIM CaCho 

I. Prepare a 1:2 (scil: O.OIM CaCI2) suspension (lOg ufsoil and 20ml ofsoluti(;il). . . 

:2. Let the susp~nsion stand for about 30 minutes and stir occasionally ;with a glass rod . 

• 
l Measure pH and report result as "soil pH measured in 0.01 M CaCb" 

(c) Soil ph in 1 N 1-::1 (1: I soil to solutivn ratio) 

I. add 20 ml of IN kcl to 20g of soil samples and equilibrate for 30 minutes with occasional 

• stirring. 

2. Determine pd on the pH ~neter 

3.3.2 Detennin~tjon of Exchangeable Ca, Mg, K, and Na. 

~J.:2.1 Apparatus: 

1 . Centrifuge 
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2. 1 00 ~ 1111 volumetric flask 

3. Flame photometer 

4. Atomic absorption spectrometer 

3.3.2.2 Reagents: 

(A) Acetic acid, glacial and NH40H, cone. 

(B) Ammonium acetate solution. IN pH 7.0 

A.dd 58 ml of glacial acetic acid to about 600 ml of distilled water if! a 2 - liter beaker. Add 

70 ~ ml concentration NH40H (specific gravity 0.90). the NH40H is best added under a fume 

hood through a long stemmed glass so that it is introduced into the bottom of the acid solution. 

Cool this solution and adjust'to pH 7.0 with acetic acid or NH40H using a pH meter. Transfer the 

solution into a 1 -liter volumetric flask and dilute to volume. Mix it in a Pyrex reagent bottle. 

3.3.2.3 Procedure 

1. To 5 g of sample, add 30 ml of IN NH40AC and shake on a mechanical shaker for 2 hours. 

2. Centrifuge (2.0GO rpm for 5 ~ 10 mi11). 

Carefully decant the clear supernatant into a 100 ml volumet~'ic flask . 

.1. Add another 30 ml of NH40AC solution and shake for 30 minutes. Centrifuges and transfer 

the supernatant into the same volumetric flask. 

4. Repeat step::; and transfer the supernatant into the same volumetric flask. 

'=i Make up to mark wit'h the NH40AC solution. 
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() Determinc k. Na. and Ca 'on an atomic absorption spectrometer 

3.3.3 Determination of Electrical Conductivity (EC). 

Weigh 109 of 2 mm sieved soil into a cup and ~dd 25 ml of distilled water. Stir 

thoroughly al.J allow it to stand for 30 minutes 

Take the reading using a conductivity meter and record the/value. 

3.3.4 DeterminL.ion ofSAR. 

The Sodium adsorption ratio is determined through this formula: 

SAR= Na+ 

~ ~.~ Detc(lIlination of ESP. 

The exchangeable sodium percentage was determined through this formula; . . 

ESP ~ + 100 (0.01475SAR"': 0.1126) 

O.01475SAR + 0.9874 
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CHAPTER FOUR 
. , 

4.0 Discussion of ~e~'ult 

Table 4.1 Determination of pH oE a soil 

PH 

S;\fvlPLL Water 0.01 

Cach 

A 4.96 3.98 

B 5.07 4.05 

C 4.94 3.87 

D 5.14 4.05 

4.1 Discussion of a result of a pH from the table above. 

The ph of a )oil is the measure of acidity or alkalinity of a soil. The pH of soil sample A 
, 

obtained in this experiment is 4.96 - 3.98 which is slightly acidic though will not cause any harm 

to plant because it is within the aUowable range of 6.5 - 8.4. The sample B has a pH between 

4.05 - 5.07 ',hich is also within the ::tilowable range of 6.5 -,8.4. The pH for soil sample C is 

within 3.87 -: 4.94 which is within the allowable range of6.5 - 8.4 when compare to a standard. 

The pIJ for soil sample 0 is.between 4.05 - 5.14 which is ?lso within the allowable range of6.5 

- 8.4 when compare to a. standard. The pH o~tained from the experiment was slightly acidic but 

not too acidic to the level that will pose harm to the plants. 
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Tahle 4.~ 1::-- chc,ngeable bas(s 

Sample Ca2+ Mg2+ Na+ K+ SAR ESP' 

(Meq(g) CMeq/g ( Meq/g ( Meq/g) 

A 2.88 0.32 0.308 0.609 0.308 0.876 

B 9.30 0.40 0.256 0.261 0.1 16 - l.101 
:J; 

C 5.60 1.28 00308 .174 0.l16 - 0.804 

D 5.20 3.52 0.205 0.174 0.098 -1.128 

4.2 Discussion c result of exchangeable bases from the table above. 

Potassium is a plant nutrient necessary f?r plants growth. Calcium and magnesium are essential 

elements for tissue formation. The ratio of calcium and magnesium in soil sample A are 

2.88meq/g and 0.32meq/g while that of sample Bare 9030meq/g and 0.40meq/g respectiVl'!Y. 

This gave Ca: Mg ratio greater than 5: 1; this by Landon may make magnesium more increasi ngly 

unavailable t,) plallt~ with increasillg!y C::J.. this ratic is abc'le the 3: 1 - 4: l' ratio, th~ approximate 

optilllulll range for Piust plants. Though soil can remain fertile over a very range of Ca;Mg ratio. 

< 

The soil sample C has a' calcium and magnesium ratio of 5.60meq/g and 1.28meq/c while th~t of 

soil sample D has calcium to magnesium ratio of 5.20meq/g and 3.52meCl/g. The ratio of Ca:mg 

in all the four san'1ples are greater than one. This according to Westcot would not increase effect 

or sodium. The Julie ,)f potassium to magnesium in soil sample A are O.609meq/g and 0032meq/g 

. 
while that of soil sample Bare 0.261meq/g and 0.40meq/g. the ratio of soil sample Care 

O.174meq/g and 1.28meq/g while that of soil sample D has a potassium to magnesium ratio of 
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0.174meq/g and 3.52meq/g. the K: Mg in all the four sample of soil are less 'imn I, which is 

within the recommended range for crops; vegetables, sugar~ane e.t.c. 

, 
The sodium has a value of OJOSmeq/g for soil sample A, 0.256meq/g fer soil samp 1t' B, 

OJOSmeq/g for soil sample C, 0.205meq/g for soil sample D. 

Sodium l'Jxici{y to plant is evaluated using the ESP since the ESP in all the given sample 

arc less than 15%. there is no tendency of sodium posing harm to plants. Plants are free to b~ 

grown in the area. 

The bJ ;hangeable sodium percentage in soil sample A is 0.876 while that ofB is -1.101, 

soil <;ample C h"s ESP value of -.S04 while that of soil sample D ESP value of -1.1 ~~.s1l1cef all 

the calculated value of ESP in the four soil sample are les than 15%, sodium toxicity to pl~nts i, 

not expected. 

The SOGlum adsorption ratio is the amount of sodium absorbed in a soil. The sodium 

adsl)rptiol1 ratio of s()il sample A is OJ08meq/g. while that.of soil sample B is 0.116: the soil 

sample C has a SAR of 0:116 while that of sample D has a value of 0.098. 

·lherefore the low salinity of the SAR vaLues of ~ 0.308 is put into con"ideration since severe 

problem of infiltration is expected in a long time to come. 
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Table 4.3 D:i~rmination of electrical conductivity 

Ee Determination (l1s) 

Sample 

!\ 45.1 

B 42.3 

c 32.6 

D 30.1 

4.3 Discussion of result of ele.:trical conductivity in the table above. 

The EC values obtained for the four soil samples are 45.1 I1s, 42.3l1s, 32.6~lS and 30.1 I1S. from the 

resultof EC values is expected to give a yield of 100% because there is a potential reduction of , 
!"ur saline - ,odic accumulation 'at the surface of soil. The calculated ESP in table 4.2 are a1l1ess 

than 15%. Ti,'~refore, lleither the surface nor the subsurface ,~ould be said to be sa!me. The soils 

are non saline and non - sadie. The soils are also has fine textured soils, using ESP limit of 15% 

for fine textured soil (in accordance with Smedema, 1988') no dispersion p:-oblem is expected 

since the E~:r-', of the sample are less than 15%, hence, water logging resulting from the general 

deterioration of the drainage characteristics is not expect~d. 
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CHAPTER FIVE 

Conch: :011 and recommendation 

5.1 conclusiOi!~-

The irrigated land of Edozhigi has a very low salt concentration. The scheme has low 

saline and non - sadie. It also has no salinity environmental pollution. Salts also vl-xy spatially 

within the soil profile. It carries salts along as it moves through the soil profile and due to 

I ' 

evaporation, the concenfration of some salt are high in the surface soils. 

5.2 observations 

The iDHowing are ob~erved during the course of the study. 

a. A small area of land is' been irrigated. 

B. The drainage system of Edozhigi is not properly designed 

C. the Edozhigi miF-ation system was not properly designed. 

5.3 Recommendations 

lSI 

Appropriate design of Edohigi Fadama irrigation scheme should be carried out and 

regulalr supervision shouid be carried out to ensured proper maintenance of the project. 

Also appropriat(; design of the fadama project irrigation scheme is essential to avoid the 

problems of water logging which would ih turn lead to rise in salt content of the sci! 
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.'\gaill. Ille planting or high sait tolerance crops should he adopted in the fad<lm<l land of 

Edozhigi. 

Moreover, there shodd be the adoption of cultivating large areas of farm land in the 

fadama lana \)" Edozhigi to control the problems of salinity. 

" 

" 
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Appendices 

Appendices I.The Sodium adsorption ratio is determined. through this formub; 

SAR = Na+ 

3.3.5 Determinatiml of ESP. 

The exchangeable sodium percentage was determined through this formula; 

ESP = + 100 (0.014 75SAR - 0.1126) 

0.0147:-SAR + 0.9874 

46 



Appendices 2 Taqb\e 4.2Determination of pH of a soil 

------,-----------------------
PH 

. 
SAMPLE Water 0.01 

Cad2 

A 4.96 3.98 

B 5.07 4.05 

C 4.94 3.87 

D 5.14 4.05 

-~---- -----------------
... 

Appendices 3Table 4.2 Exchangeable bases 

Sample Cal'- Mg2+ Na+ K+ , SAR ESP 

( Meq/g) (Meq/g (Meq/g ( Meq/g) 

A 2.88 0.32 0.308 0.609 0.308 0.876 

B 9.30 0.40 0.256 0.261 0.116 -1.101 

C 5.60 1.28 0.308 .174 0.116 - 0.804 

D 5.20 3.52 0.205 0.174 0.098 -1.12g 
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Appendices 4 Table 4.3 Determination of electrical conductivity 

B 

C 

A 

Sample 

48 

EC Determination ( us) 
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42.3 

32.6 

30.1 



Appendict:~· ·1 Table 4.3 Determination of electrical conductivity 

A 

B 

C 

D 

Sample 

48 

EC Determination (Ils) 

45.1 

42.3 

32.6 

30.1 
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