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The main aim of this work is to analyse the irrigation water of Maizube’s farm Minna, Niger
state and determine the effect of poor lmga‘uon water quality -to the growth of tomato. The
total amount of dissolved salts in the water and the amount of sodium (Na) in the water
compared to calcium (Ca) plus magnesium (Mg) determine. the suitability of water for
irrigation use. Irrigation water quality can best be determined by chemical laboratory
analysis. The irrigation water quality whioh has a Sodium Adsorption Ratio (SAR) of 0.1
me/l posses‘ nvo immediate danger to tomato which has a soii salinity tolerance of 2.5.The

criteria for rmgatnon water quality such as the ]eaching requirement, the sodium adsorption

vu

ratio, all fell within the standard. Irrlgatlon water with such a quality is suitable for use on

tomatoes, but extensive use of this quality of irrigation water on clay soils where little or no

leaching occurs may eventually cause saline or sodic soil problem.
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CHAPTER ONE

1.0 INTRODUCTION

11 Backgx"oued of Study

It is well doeumented that the amount and quahty of 1mgat10n water available in many of the arid
and semi-arid reglons of the world are the main hmmng factors to the extensmn of agriculture
(Mofeke, 2006). Saline-sodic mlgatlon water, coupled with the low annual rain fall and high
evaporation and transpiration in the arid and semi-arid regxons, have resulted in the accumulation
of soluble salt in the soil solution which can alter ihe streeture and consequently affect the soil
hydrauhc conductwny (Mofeke, 2006). |

Conceptually, water quality refers to the charactenstlcs of a water supply that will influence its
' Imgated agriculture is dependent on an adequate water supply of usable quality. Water quality
concerns have often been neglected because good quality water supplies have been plentiful and
readily avallable Thls situation is now changmg in many areas. ‘Intensive use of nearly all good
quality supplies means that new 1mgat10n projects and old projects seekmg new or supplemental

- supplies must rely on lower quality and less desirable sources. To avoid problems when using

these poor quality water supplies, there must be sound planning to ensure that the quality of water

available is pdt to the best suitable use, i.e.‘" how weH the quality meets the neede of the user.
(Babalola 1999). . SR |

‘ Quahty is deﬁned by certain physical, ehexmcal and ‘biological charactensncs. Even a personal

'preferenee such as-taste is a sunple evaluation of acceptability. For example if two drinking

waters of edually geod quality are availiablet‘,_pe()ple may express a preference for one supply

R

rather than the oth'er;‘ the better tasting water becomes the preferred supply. In irrigaﬁon water




evaluation, emphasis is pleced on the chemical and physicel characteristics of the water and only

rarely are any other factors considered important (FAO 1993).

‘Specific uses have different Quality needs and one water supply is considered more acceptable
(of better quality) if it produces better results or causes fewer problems than an alternative water
supply For example, good quality river water which can be used successfully for irrigation may,
because of its sediment load, be unacceptable for mumc1pal use without treatment to remove the
sediment. Similariy, snowmelt Water‘ of excellent quality for municipal use may be too corrosive

for industrial use without treatment to reduce its corrosion potential (FAO 1993).

The ideal situation is to have several supplies from which to make a selection, but normally only
one supply is avallable. In this case, the quality of the available supply must be evaluated to see
how it fits the intended use. Most of the expenence in usmg water of dlfferent qualities has been
ned from observations and dletaﬂed study of problems that develop following use. The cause
and effect relat:onshlp between a water constituent and the observed problem then results in an
evaluation of 'quahty of degree of acceptability. With sufﬁment reported experiences and
measured responses, certam consnments emerge as indicators of quality-related problems. These
characteristics are then organized into guxdehnes related to suitability for use. Each new set of

guidelines builds upon the previous set to improve the predictive capability. Numerous such

guidelines have become available covering many types of use (FAO 1993).

The build-up of salts in irrigated regions is of particular concern since 14% of cultivated lands

-

that is irrigated supplies approxiniately half o,f‘the world’s food (Akorado, 2000). This has

prompted this research on the effect ifrigatioﬁ water quality has on plants, specifically tomato.




Tomato is a major vegetable crop thag has aphieved tremendous popularity over the last century.
It 1s grown in practlcally every cduntry in the world, in outdoor fields, greenhouses and net
houses (Bolarmwa 2004) Since salinity can alter the soil, making it less desirable for gmwihg
tomatoes which is used in many food ptoducts including; tomato sauce (ketchup), pasta, pizza
etc. According to a steel packagmg Tomato (Lycopersicon esculentum) is a major food plant and
it is moderately sensiti\?e to salinity (Bolai‘ihwa, 2004). Extensive resgarch is necessary to
develop growing conditions in lands affécted with poof irrigation water quality to produce good
vegetative growth. The effect of irrigation Water quality oﬁ plants has Béen studied in different
tomato cultivaré (Akoroda,2000) : .. . | '

12  Statement of the Problem o

The suitability of water for irrigation is deteﬁ;ined not énly by the total amount of salt present
but also by the kind of salt. Various soil and cmpping problems develop as the total salt content
increases, and special managemem prachces may be required to maintain acceptable 'ttérflato
yields. As a result, there is no set limit on water quality; rather, its suitability for use is
determined by the conditions of use which affect the accumulation of the Water consnments and
which may restrict crop yield. The soil problems most commonly encountered and used as a
basis to evaluate water quality are thosé related to salinity, water infiltration rate, toxicity and a
group of other miscellaneous problems

1:3 Objectives of the Study

The objectives of this project are:

i. To analyze the irrigation water m the area of study,

ii. To determine the t:ﬁ'ect of water quahty on the growth of tomatoes

jii.  To determine methods of improving irrigation water quality available to crops.




»

1.4 | Justification of the Study

Tomato is a widely distributed annual vegetable crop adapted to a large variety of climates.
However, in spite of its broad adaptation, production is concentrated to a few warm and rather
dry afeas. In these areas with an optimal cliin:}te for tomato, Imgatmn water quahty is a serious
constraint for maintainiﬁg hxgh produc'tivib}ﬁ?or this reason, the study on the irrigation water:

quality for the growth tomato cannot be over-emphasized.
1.5 = Scope of the Work

The scope of the work is centred to analyzing the 1irrigation water quality for the growth of
tomatoes using Maizube farm Minna, Niger §(fate as a case study.

1.6  Description of the study site

Frrs

Ac«

The study site of tlns project is Maizube farm. Maizube}farm is an integrated private farm |
1ocated at km 26 Minna-Bida Road, Minna, nger State, North—Central ngena. Maizube farm is
on }aﬁtude 09° 25°95N longitude 06° 22°60E . The farm has been in existence for over 20 years.
The farm consists of four major sections which are the dairy, orchard green house and field crop
farm. The annual rainfall varies from 1 IOOmm to 1 ,600mm. The maximum temperature is
recorded between the months of March and June while the minimum rainfall is between the.
months of December and January. Also the rainy season lasts for about 150days. The source of

the irrigation water is a flood dam located in the farm. The water from the dam is pumped to a

o

storage reservoir.




20 LITERATURE REVIEW

2.1  Histerical Background

As an important occupation in Nigeria, agficulture provides cmployment: for about 60 percent of

the population (Onayemi, 1991). However, there is a wide gapvbétween food production and the

need of the whole population. There are evidenccs of malnutrition and under nutrition as most

Nigerians are underfed in terms of pmtem and energy. Agricultural practice is still largely at the

subsistence level, hampered by small farm holdings which have been found to be less than 0.5 ha

(Fagoyin}')o,19'92)¥. Low productivity and high populaﬁon growth necessitate investment into

well-planned irrigation schemes. Obviously, irrigation schemes possess several advantage over

non-irrigated sq;hemés. irrigation improves‘ crop yield and quality while allowing for optimal

utilization of water resources by appiicaticn of water at the root-zone of the crop. Better dietary

value of food eaten by the poor, higher staﬁdard of living and avmlablh‘y of varieties of food are

some of the advantages of ﬁngatlen (Agunwamba 1999)

Irrigated agriculture is dependent on an adequate water supply of usable quality. Water quality -

concerns have often been neglected becatise good quality water supplies have been plentiful and

readily avaﬂable. Thxs situation is now changing in many arcas. Intenswe use of nearly all good

quality supphes means that new u'ngatzon pwjects and old projects secking new or supplemental

supphes must rely on lower quality and less desirable sources. To avoid problems when using

ies, there must be sound planmng to ensure that the quality of

w

these poor quality water suppli
water available is put to the best use (Ogunkunle, 1999).
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Conceptually, water quality refers to the charactensncs of a water supply that will influence its
suitability for a speciﬁc use, i.e. how ‘well ihe quahiy meets the needs of the user. Quality is
defined by certain physzcal chermcal and bm}ogxcal characteristics. Even a perse;na} preference
such as aste is a simple evaiuaimn of accepiabihty For example, if two dnnkmg waters of
equally good quality are available, people may express a preferenqe for one supply rather than
the other; the better 'tasﬁhg water bécomes 1he preferred supply. In irrigation water evaluation,

emphasis is placed on the chemical and physical characteristics of the water and only rarely is

any other factor considered important (FAO, 1993). -

[

iy,
£

Specific useé have different quality necds and one water supply is considered more acceptable
(of better quahty) if 1t produces better results or causes fewer pmbiems than an altcmahve water
supply For example, good quality river water Whlch can be used successfully for irrigation may,
because of its sediment load, be unacccptable for municipal use without treatment to remove the

sediment. Similarly, snowmelt water of excellent quality for municipal use may be too corrosive

for industrial use without treatment to reduce its corrosion potential (FAO, 1993).

Thé ideal situation ‘is to have several sﬁpplies from which to make a selection, but normally only
one supply is available. In this case, the quahty of the avaﬁable supply must be evaluated to see
how it fits the intended use. Most of the expeﬁence in using water of different qualities has been
gained from observations and detailed study of problems that develop following use. The cause
and effect relationship between a water constituent and the observed problem then results in an
évaluation of quality of degree of acceptablhty With sufficient mported experiences and

measured responses, certain constituents emerge as indicators of qixahtjf-r&iated problems. These

characteristics are then organized into guidelines related to suitability for use. Each new set of




guideiines builds upon.the prevxous sct to xmprove the predictive capablhty Numerous such

guidelines have become avallable covering many types of use (FAO 1993).

There have been a numbér of different water quality guideiinés'related to irrigated agﬁculture.
Each has been useful but none. has been enureiy sausfaciory because. of the wide variability in
’field conditions. Water used for irrigation can vary greatly in qnahty depending upon type and
quantity of dissolved salts. Salts are present in irrigation waler in relatively smatl but significant '
amounts. They originate from dissohltiorx“‘ or weathering of the rocks and soil, | including
dissolution of hme, gypsum and other slowly ‘dissolved soil minerais. These salts are ﬁarﬁed with

the water to wherever it is used. In the case of lmgatmn, the salts are applied with the water and

remain behind in the soil as water evaporates er is used by the crop (FAG, 1993).

i
H

1&

i

The suitability of Water‘.for irrigation is detcrmmcd not only by the total amount of salt present
but aiso by the kind of salt. Various soil and Fropping problems develop as the total salt content
incr;:ases, and special management practices may be required to maintain acceptable croij‘ yields.
Water quality or suitability for use is judged on the potential severity of problems that can be
expected to devefop during long-term use ;The problems that result vary both in kind and degree,
and are modiﬁed by so_il, climate and crop, as weﬁ as by the skiﬁ and knowledge of the water
user. As a result, there is no set limit on water quality; rather, its suitability for use is determined
by the condiﬁbné of use whicﬁ affect the accumulation of the water gonsﬁiuems and which may
restrict crop yield. The soil problems most commmx_iy encountered and used as a basis to.
evaluate water quality are those related to salinity, Water infiliration rate, toxicity and a group of

other miscellaneous problems (Ogunkunie 1§§3).

L3




‘2.2 Water Quality-Related Probiem In Irrigated Agricnltnre

22.1 Salinity |

Soil salinity is a worldwide problem hampering ‘the‘ produc—ﬁvity of several agricultural

CIOpS. (Ogunkunle, 1999). The build up of salts in irrigated reglons are of particular concern since -

14% of cul‘uvated land that is irri gated supphes approxnnately half of the world’s food(Akoroda,

2000).Salinity exacts many econormic a:nd environmental costs. These include a teduction in

agricultural productivity, a decline in the quahty of water supphe; for drinking, irrigation and
industrial use, damage to urban mfrastmcture and the loss of biodiversity in both terrestrial and

aquatic ecésystém§ many land degradation proéesSes, including wind and water erosion, salinity

is a natural process. However land use prac’aces, such as clearing and irrigation, have

significantly increased the extent of the pmb}ém (Idachaba 1992).

| Salinity refers to the presence of soluble saité in the soil and water, including surface water and
groundwater. The salt can be m many forms including sodium chloride, calcium, magnesium,
| carbonate, bicarbonate and sulphate. Some soils and landscapes are saline in their natural state,
for example inland salt lakes and soils fonned from sahne parent materials. This is called natural
o1 pnmary salinity. Secondary salinity is due to human actwmes such as land clearing and over-

imrigation. These activities result in gmﬁﬁdwater rising to the sarface, dissolving the salts and

then depositing them in the soil (Ogunk\mle, 1999).

" Groundwater is a layer of soil that is satmtéd with water that has sléw}y trickled down through

24

~l-

the soil until it cannot go any fuﬁher because 1t 1s stopped by a layer of impermeable 50il or Tock

1

(bedrock).Sa}t can be found in many old hxghly weathered landscapcs and ongxnates from:,

Weathering of rock minerals,




3

Deposition of oceanic salt onto the landscape by, yvind Or rain,

Soils formed from marine sediments left behip‘d by retreating seas, (Adekunle, 2007).

In undisturbed landscapes, most of the salt is vfslfowly leached into the subsoil, beyond the reach of

- plant roots. There are two main forms of §alinity: dry land salinity and irrigation salinity

(Adekunle 2007).

222 Dry land Salinity

)

Salinity problems in the soil and surface water bodies occur when more water enters the

groundwater systex;i (through a process called recharge) than is discharged from the system. This

imbalance causes the water table to rise. As it rises, the groundwater dissolves the soluble salts
. ,

stored in the subsoil and brings‘ salty water into the reach of plant toots. Evaporation and plant

upfakeof the water concentrates the salt in thetopsoil - where it stays (Ogunkunte, 1999).

The main cause of rising groundwater is the clearing of deep-rooted, perennial native vegetation
and its replacement with shallow-rooted, annual crop and pasture species. These introduced
species use less water than the native vegetation, resulting in increased groundwater recharge and

" water table rise (Mustapha, 2008).

Y

Land clearing is the past and present cause of dry 1aﬁd salinity. It takes appreximately 30 years
from lthe time of clearing for dry land sa}init; ‘problems to appear, although in some areas tﬁey
may appear sooner. The most oﬁvious effect of salinity is the decline in agricultural productivity
that is associated with saline soils. High ceeeentratioﬁs of salt in the soil are toxic to plants,
restrict plant uptake of water and prevent plants from taking up essential nutrients such as

calcium (Idachaba, 1992).




Aside from declining agricultural producﬁvi;ﬁy, salinity causes many other problems including:

Salinisation of groundwater aquifers and dams that supply water for human consumption,

agricultural or industrial use, R " _ ,

Damage to infrastructure on farms and in regional towns including roads, buildings, fences, ,

railways, water pipes, water supply systems, houses, gas pipes, and gas supply systems,
Loss of biodiversity as a result of degradation of remnant bush land, ripariari vegetation, and

wetlands,

4

¥
Other land degradation problems such as wind and water erosion, (Agunwamba, 1999).

In addition to ‘these economic and enviromliental costs, salinity also exacts a social cost. This
cost includes the emotmnal and health-related costs of the family farrn going bankrupt and the
1mpact of facing the possxblllty the farm may not be passed onto the next generation

(Agunwamba,1999).
223 Management of Dryland Salinity

Dry land salinity is essentially a water balance problem, since it is the movement of water that
controls salt transport. “Excess recharge th0 groundwater stores causes water ‘tables to rise,
carrying dissolved salts to the surface. S_hlinity management, therefore, focuses on reducing

¢

groundwater recharge (Mustapha, 2008).
The salinity problem is very difficult to solve because:

The issues are complex,

Management strategies that are effective in one area may not be applicable in another area,

10




The cost of salinity control is high,

Management strategies put into place today may take many years to have any effect, (Mustapha,

3

2008).

There are several approaches to salinity control, including protection of remnant vegetation,
agronomic measures and engineering solutions. The consensus seems to be that a combination of

management practices is the most realistic appféach to salinity management. (Mustapha, 2008)

Y

Protection of remnant vegetation,

Protecting remnant i;egetation can lielp control reéharge and has the added benefit of helping to

maintain the biodiversity and heritage values of the landscape,
¥ S :
| .

Agronomic measures,

Agronomic approaches to dry land salinity management include: ~

Improving the way traditional crops and pastures are farmed by using strategies such as
opportunity or response cropping where planting is timed to favourable climatic or soil

conditions,

Introducing perennial crops and pastures, including some deep-rooted species, into farm
rotations, which reduce deep drainage as they use water all year round and to a gréater depth in

the soil,
Planting trees to intercept rainfall and to use frésh, éhallt;w groundwater, (Mustapha, 2008).

The main problem with agronomic approaches is the introduction of new crop, pasture and tree

species into existing farming systems, as this ‘means that new equipment may be needed and new

11
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skills developed by the farmers. Additiénally, fheré is uncertainty about the market prospects for
NEwW Crops and a lack of commercially viable Sﬁeéiés suitable for low rainfall area (Akoroda,
2000 | .

v f,Anothlei' management option is salt land farming, which involves p}anting salt-affected land with
salt-tolerant grasses or shrubs. | l;lanting dié::harge areas w1th “salt-tolerant vegetation is an
important strategy for decreasing the spread o:f salinity, reducing the visual impact of saline land,
decreasing erosion and obtaining some prodpctivity' from salt-tolerant grasses and shrubs. Salt
land farming is an impqrtant strategy for manégihg existing saline land; however its contribution

+

. to controlling grou;idwater recharge is minimél. iMustapha, 2008)

L
4o

Engineering options;
H
~ Low flat country is particularly prone to salinity and a combination of paths, channels and

contour banks may be used to manage salinity.

Other engineering options include:

Drainage of surface water to alleviate-flooding and waterklogging,

Drainage of saline grou.ndwa‘telf' to lower water tables and alléviate water logging,

Pumping of fresh groundwater to lower watgf tables and prevent the development of dry land

I8

salinity problems, (Idachaba, 1992).

rS

Drainage can be advantageous as it effectively removes water from areas where it is problematic
and, providing the water is potable (fresh)i,f can supplement farm water supplies. However,

engineering works can be expensive to install, operate and maintain, and there is the problem of




where to dispose the saline ‘water without’fcaus’ing _environmental problems downstream

~ (Idachaba, 1992).
224 Irrigation Salinity

Irrigation salinity is the accumulation of salts in the topsoil under irrigation. It is caused by over-
irrigation of agricultural land, inefficient wétef use, poor drainage and the irrigation of unsuitable
and 'leaky' soils. All of the above increase groundwater recharge and result in water table rise,
bringing salts to the soil surface. The problem is exacerbated by the use of ldw quality (i.e. salty)
irrigation water. E\Qs:n miidly saline water can cause salinity problems because evaporation and

plant uptake remove the water, leaving the salt to accumulate in the soil (FAO, 1993).

225 Problems Associated With Irrigation Salinity

v

Irrigation salinity results in similar problems to dry land salinity including:
Decreasing agricultural productivity,

Damage to farm and urban infrastructure, including irrigation equipment,

Peclining groundwater and surface water quality:; (FAO, 1993).

»

2.2.6 Management of Irrigation Salinity

Like dry land salinity, irrigation salinity is a water balance problem and is managed by reducing

groundwater recharge by;

-
|

,Avoiding over-irrigation by using irrigation techniques such as drip irrigation, monitoring soil

moisture to determine when the soil needs irrigating and matching water applications to plant

water requirements,




Using deéperooted crops and pastures to mini}r'i"ize deep drainage,
Grow salt-tolerant species on salt-affected lagd,

Engineering solutions such as subsurface drainage to intercept deep drainage, surface drainage to

collect surface runoff or groundwater pumpilfg (FAO, 1993).

A coordinated approach ié generally require‘dA with a mixture of eﬁgineering and other solutions
and over a large area. Saliﬁity stress results in a clear stunting of tomato growfh, which results in
a coAsiderablé decrease in fresh and dry weights 6f leaves, stems and roots. Increasipg salinity is
also accompani;adg by signiﬁcant reductions in shoot Wéight, plant‘ height and root length
(Babalola,‘{1999 and Agunwamba, 1993). Exp‘psure of plants to salt stress usually begins in the
roots. This leads ;gto changeé in growth, morph{ology and physiology of the root that will in turn
_‘ change water and ion iuptake and the producﬁon of signals that sends information to shoot. The
whole plant is then affected when*rodts are goMng in a salty medium. Tomato cultivars varied
significantly in their response g‘to different 'saliﬁity levels. Incteasing NaCl concentrations in
- nutrient solution adversely affect tomato shog?é and roots, plant height, K™ concentration, and
K'/Na" ratio. In the Mediterranean ‘aﬁd arid ‘ciimates, nearly 200 000 ha are under off season
. protected cultivation. Under protected agric%:}'iltlire, the risk ‘(‘)f soil salinization is rela’;ively high
as salt can accumulate at au higher rate andm a shorter period, than under outdoor conditions
(Owusu, 2009).
'I'herefore,’ it appears useful to understand, ﬁrst the reaction of tomatoes to salinity ;md then to
analyze its consequences fpr the yield and W;ter use efficiency of the crop .This study is part of a

long-term experiment on the use of saline water, started in 1989 at the Mediterranean Agronomic

Institute at Bari, southern Italy. Previous papers (Munns et al., 2000) described the experimental

14
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procedure and the effect of soil salinity on water stress, growth and yield of various crops(broad
beans, wheat, potatoes, maize, sunﬂower and' sugar beets).k '

The behav1our of the tomato plant under salme condltlons appears to be similar to that under
drought conditions. Ashraf (1994) reported a lack of response of leaf growth to water stress,
whereas yield and fruit size decreased. Gadallah (2004) did not observe a remarkable difference
in vegetative growth, but in reduced yield and a decrease of the fruit Weight in case of deficit
irrigation. The tomato plant apparently favoufe under conditions of water stress, owing either to
sahmty or to moisture deficit, the growth of fohage at the expense of fruit formation, whlch is
the cause of the low y1eld and water use efﬁc1ency Th1s may be improved by balancmg growth

of foliage and fruit formation, e.g. blocking the growth of foliage by suppressing the terminal

5

e

“shoot.

2.3 Water Infiltration Rate

An infiltration problem related to water quality occurs when the normal infiltration rate for the
applied water or rainfall is apprec1ably reduced and water remalne on the soil surface too long or
infiltrates too slowly to supply the crop with sufficient water to maintain acceptable yields.
Although the infiltration rate of water into soil varies widely and can be greatly influenced by the '
quality of the irrigation water, soil factors such as structure, degree of compaetion, organic
matter content and chemical make-up can also greatly inﬂuence the intake'rate.(Agunwamba,

1999). | A ,

The two most common water quality factors which influence the normal infiltration rate are the

salinity of the water (total quantity of salts in the water) and its sodium content relative to the

calcium and magnesium content. A high salinity water will increase infiltration. A low salinity
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water or a water with a high sodium to calcium ratio will decrease infiltration. Both factors may
operate at the same time. Secondary problems may also develop if irrigations must be prolonged
for an lextended ’ period of time to achieve "édequate infiltration. These include crusting of

seedbeds, excessive weeds, nutritional disorders and drowning of the crop, rotting of seeds and

poor crop stands in low-lying wet spots. One serious side effect of an infiltration problem is the

potential to develop disease and vector (mosquito) problems. An infiltration problem related to

Water‘ duality in most cases occurs in the surface few centimeters b,f soil and is linked to the‘
structural stability of this »su.rfac\e soil and its_’\ }ow calcium content relative to that of sodium.
When a soil is irr:iga_,'lted with a high sodium water, a high sodium surface soil develops which
weakens soil structure. The surface soil aggregafves then disperse to much smaller particles which
clog's)oil pores. Tlﬁe problem may also be cau;ed by an extrémely low calcium content of the
surface soil. In some casés, water low in salt can cause a similar problem but this is re;lated to the
corrosive nature of the low salt water and not to;the sodium content of the water or soil. In the

case of the low salt water, the water dissolves and leaches most of the soluble minerals, including

calcium, from the surface soil (FAO 1993).

v

24  Toxicity

Toxicity problems occur if certain constituents (ions) iﬁ the soil or water are taken up by the
plant and accumulate’ to concentrations high er&ough to cause crop damage or reduced yields. The
degree of damage depends on the uptake and the crop sensitivity. The permanent, perenhial-type
crops (tree croi)s) are the more sensitive. Damage often occurs at relatively low ion |
concentrations for sénéitiire crops. .It is usually first evidenced by marginal leaf burn andv

interveinal chlorosis. If the accumulation is great enough, reduced yields result. The more

i




tolerant annual cropsare not sensitive at iow' 'cﬁ rcentrations but almost all crops will be damaged
or killed if concentrations are sufficiently high The ions of prlmary concern are chloride, sodium
and boron Although tox1c1ty problems | may occur even when these ions are in low
‘ concentrations, toxicity often accompanies and complicates a salinity or water infiltration
problem. Damage results when the potentially toxicvions are absorbed in significant amounts
with the water taken up by the‘ roots. The absorbetl' ‘ions are transported to the leaves where they
accumulate during transplratlon. The ions accumulate to the greatest extent in the areas where
the water loss is greatest, .usually the leaf tips and leaf edges. Accumulatlon to toxic
concentrations takes time and v1sual damage is often slow to be notlced The degree of damage
depends upon the duration of exposure, concentratlon by the toxic ion, crop sensrtivrty, and the
volume of water tganspued by the crop. In'a hot climate or hot part of the year, accumulation is
more rapid than if the same crop were grown lna cooler climate or cooler season vtfhen it might

‘, show‘ little or no damage'(Babalola,’l999).

Toxicity can also occur from direct absorption fof the toxic ions through leaves wet by overhead

sprinklers. Sodium and chlonde are the prlmary ions absorbed through leaves, and tox1c1ty to one

L

or both can be a problem with certain sensrtrve crops such as citrus. As concentrations increase
in the applied water, damage develops more rapidly and becomes progressively more severe

(Babalola 1999).

2.5 Miscellaneous_Problems

-

Several other problems related to irrigation water quality occur with sufficient frequency for

Y

them to be specifically noted. These include high nitrogen concentrations in the water which

supplies nitrogen to the crop and may cause excessiVe vegetative growth, lodging, and delayed




crop maturity; unsightly deposits on fruit or leaves due to overhead sprinkler irrigation with high
bicarbonate water, water containing gypsum, or water high in iron; and various abnormalities
often associated with an unusual pH of the water. A special problem faced by some farmers

practicing irrigation is deterioration of equipment due to water-induced corrosion or encrustation

(Mofeke,2006).

This problem is most serious for wells and pumps, but in some areas, a poor quality water may
‘also damage irrigation equipment and canals.‘ Ip areas where there is a potential risk from
dlseases such as malaria, sch1stosom1a51s and lymphatlc filariasis, disease vector problems must
be con51dered along with other water quahty—related problems. Vector problems (mosquitoes)
often originate as a secondary trouble ‘related{ to a low water infiltration rate, to the use of
~ wastewater for irri%ation, or to poor drainage.’. Suspendcd organic as well as inorganic sediments
cause problems in 1rr1gat10n systems through cloggmg of gates sprmkler heads and dnppers
They can cause damage to pumps if screens ape not used to exclude them. More commonly,
sediments tend to fill canals and ditches and*cause costly dredging and maintenance problems.
Sediment also tends to reduce further the wa‘tér‘ infiltration rate of an already slowly permeable

’

soil (Mofeke, 2006).
2.6  Classification of Water Quality

The most damaging effects of poor-quality irrigatioﬁ water are excessive accumulation of soluble
salts and/or sodiuin in soil. Highly soluble salts in the soil make soil moisture more difficult for
plants to extract, and crops become water stre_:ssed.even when the soil is moist. When excessive
sodium accumulates in the soil, it causes clay and humus particlos to ﬂoat.into ancill plug up large

soil pores. This plugging ac'tionr reduces water movement into and through the soil, thus crop

:
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roots do not get enough water even though water may be standing on the soil surface (Gordon,
2003).

2.7  Interpretation of Water Classes

",

Oklahoma irrigation waters are grouped into six classes on the basis of soluble salt content and
sodium percentage. |
Interpretation of these classés in relation to theirf’i use follows:

Class 1. Excellent. The totél soluble salt contént and sodium percentage of this water are low
enough that no problems should result from its use.

Class 2. Good. This*yater is suitable for use onfr‘nost crops under most conditions. Extensive use
of Clasé 2 wafer on clay soils where little or no leaching o‘ccursA may eventually cause a saﬁrie or
sodi_c soil problem?é Normal rainfall will us’uallyi_c:lf_ilute the soluble salts and eliminate the risk of
salt accumuiation. If thc; water’s sodium percgﬁtage is high (above 30percent), gypsum can be
used periodically to remedy the problem. |

Class 3. Fair. This water can be used succeéisfﬁlly for most crops if care is t:aken to prévent
accumulation of soluble salts including sodium, in the soil. Good soil management and irrigation
practices must be followed. Class 3 water can be used with little danger on permeable, well-
drained soils. The water table should be at least 10 feet below the surface to allow accurﬁulated
salts to be leached below the root zone by excessive irrigation when rainfall is limited.

Class 4. Poor. Use of this water 1s restricted to well drained permeable soils for production of salt
tolerant crops. Irrigation practices must receive careful attention to avoid salt accumulation:.
Excess water must be applied when rainfall is nbt adequate to cause periodic salt leaéhing.

Good soil management practices _must be used'to maintain good physical condition of the soil.

Soil fertility levels must be maintained at adequate levels. Use of this water on medium




textured soils may cause soil salinity'ﬁroblemé in good practices are not followed. This water is
not recommended for use on fine textured soils.
Clqss 5. Very Poor. Use of this water is restricted to irrigation of sandy, well-drained soils in
areas of the state which receive at leaét 30 inches of rainfall. This water should |
not be used without advice from’a trained in irri‘ig‘gation’ water use.
Class 6. Unsuitable. Watef of this ‘quality is n(zt recommended for crop irrigation.(Gordon, 2003).
The . four problem categories previously’% discussed - salinity, infiltration, toxicity and
miscellaneous -were used for evaluation. Wz;’ter quality problems, however, are often complex
and a combinativon‘of pfoblems may affect crop productidn' more severely than a single problem
in isolatioﬁ. The more complex the problemz the mofe ’c'lifﬁcult it is tp formulate an economical
management proérammc for solution (FAO 1993)

+ If problems do occur in combinatifm, they are more easily understood and solved if each factor is
considered individually. Therefore, the guidelines and discussion which follow treat each
problem and its solution sepa.rﬁtely, so that a number of factors are evaluated forbeach of the

problem areas, such as:
the type and concentration of salts causing the problem;
the soil-water-plant interactions that may cause the loss in crop yield;

the expected severity of the problem following long-term use of the water;

the management options that are available to pgévent, correct, or delay the onset of the problem

(FAO 1993). -
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28  Conditional Use of Low Quality Water

Water of undesirable quality may be used successfully when the undesirable aspects of the water

are off-set by certain desirable aspects of the water or positive conditions of its use. These

aspects include the following:
Gypsum content of the water /or soil,

Soil characteristics,

Effective rainfall, o,

Water table level,

Type of crob: _

Gypsum additionsg,

Gypsum, ) ‘

When water contains high concentrations of celcium and sulfate, some of these two chemicals

will combine in the soil and .form gypsum. Therefore, the harmful ‘soiubie salts left in the soil

will be reduced somewhat, and there will be less risk in using this water. Water which is high in

gypsum can be used on clay 1textured soils. Irngatlon water which has a hlgh sodium hazard

(hlgh SAR or RSC) may be used if the soil contalns gypsum or if gypsum can be added to the

~ soil. The amounts of gypsum required will ,depend on the excess sodium or residual carbonate in
the water and how much water is applied (Gordon, 2003).
The amount of gypsum needed to off-set residudi sodium carbonate in an acre-foot of water can

be calculated using the formula:

 Ibs gypsum per acre = 232 Ibs x RSC
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The value of RSC, given in epm, is reported or;i“é’he irrigation water analysis report. For example,
if 24 inches (2 acre-feét) of water is applied dunng the growing season and the water has a RSC

!

, level of 2 epm, the gypsum required pef acre-fo'of of water would be:

Q4
£y

232 Ibs x 2 = 464 Ibs gypsum per acre. |
For the 2 acre-feet of water appﬁed, twice as. much would be needed.464 Ibs gypsum per acre-
foot x 2 acre;feet =928 Ibé gypsum per acre (bordon, 2003).
The gypsum could be added every four years at the rate of two ton per acre.
Many soils and »waters in western Oklahoma contain native gypsum. Water which is qf low
quality because 1t c?ntains excess residual sodium carbonate or excess sodium may be used on
these soils w1th less risk. Water high in total salts, however, has more risk and should not be used
on'these soils(Gqf‘r'doﬁ, 2003).
~ Soil Characteristics.
Sandy textured soils are less likely to accumﬁiéte salts or sodium and generally more water can
be applied to them than fine textured soils. Beéause of this, there is less hazard in irrigation
coarse textured soils with low quaiity water. Also, salts and sodium can be} leached much easier

€

from coarse textured soils if that becomes necessary (Gordon 2003).
Water Table. : ' |

It is extremely important that the water table be at least 10 feet below the surface when low
quality water ,is used. This allows wéter mé)yerhent below the root zone if leaching becomes

necessary and it eliminates movement of salts from the water table to the Soil surface

(Gordon,2003). ‘ | e
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Effective Rainfall. ‘

i

The risks of using low quality water are lessened as effective rainfall increases. Rain dilutes the
salt and sodium in the soil. Therefore, areas which normally receive more than 30 inches of rain
have less risk in using low quality water than areas receiving less rain (Gordon, 2003).

Type of Crop.
Crops vary in their tolerance to salts; low quality water may be used on tolerant crops after they
are established. Using low quality water during germination and seedling development should be

avoided, however, since most plants are very sensitive to salts at this stage of growth (Gordon,

2003). -
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: | CHAPTER 3
3.0 , MATERIALS AND METHOD
3.1 Materials

. The following materials were used to carry out the analysis of irrigation water quality

¥

collected from Maizube’s farm located at km 26 Minna-Bida road, Minna, Niger State.

3.1.1 Equipment used

[

o

Table 1: The List of Equipment

SN | ’ | ) Equipment

1 , o white porcelain dish, 200ml
‘2 burette, 25ml

| 3 graduated cylinder, 100ml '

4 ‘ stirrihg rods

5 pH meter; r
6 volumetric flask, 50ml '

7 colorimeter .

8 spéctrophotémeter

9 filter photometer

10 meaSuring Spbdn |
11 e;lectﬁb timer

12« o magnetic stirrer

13 acid ~washed glass ware
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Sample Preparation

The in'igation water ‘sample was collectfed form maizube’s farm minna, in three sample
bottles labeled A, B, and C respectively. The sarriple bottles were thoroughly cleaned and

samples taken on different days to avoid exponential errors of the result of the physico-

i

chemical analysis. The. first sample was cdilected in the month of July and while the other

two samples were collected in the month of September.

Physico - Chemical Analysis of Irrigation Water ’ Co ‘

-
T

Three general method of 'quantitatiVe determination were used in the water analysis-

i

gravimetric, vplumetric, colorimetric. The gravimetric method consists of sepatating single

[

 substances from the water sample by chemical and mechanical means, weighing each

substance separately and calculating the propOrtion of each with respect to the total sample.
' This method was used to determine the amount of undrssolved solid in the sample it was

also used for determining the total amount of dissolve solid.

The volumetric analysrs was performed by adding to measured portron of the water sarnple

the exact volumes of standard-strength of chemlcal solutlon required to bring about a
specific chemical change, the procedure is.called titration. The amount of each mineral

constituent being analysis in the water sarnple was estimated directly from the volume of

"
o

each standard chemical solution required '

i

“

~ The colorimetric analysis were those whbse result where base on comparism of colour

produce in the water sample with those of prepare standard. The photometric water analyses

is the precise photoelectrrc colour measuring instrument it comprlses of a constant voltage
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transformer, a prefocused bulb a holder for precise, optrcally polish glass cells and a
sensitive and reproduc1ble photocell. In llne w1th the light beam is rotable disc containing
accurately designed ﬁlters This filters server to accentuate the mstrument ability to measure
accurately the minute coloUr differences. In addition to major and minor element the water

analyzer was also for determining the pH; turbidity' and oxygen demand index of the water

sample.

The analysis included total salt concentration or electrical conductivities cationic anionic

composition, .viz., calcium, magnesium, sodium, potassium, chloride, sulphate, bicarbonate,
‘liztt o

nitrate and boron; ;

4
!

34 Dete_rminaﬁtgion of Leaching Factor

Salts are added to the soil with each irrigation. These salts will reduce crop yield if they
accumulate in the rooting depth to damaging concentrations. The crop removes much of the
applied water from the 5011 to meet its evapotranspiration dernand (ET) but leaves most of
.+ the salt behind to concentrate in the shrinking volume of soil-water. At each irrigation, more
salt is added with the applied water. A portion of the added salt must be leached from the
root zone ‘before the . concentration affects crcp yield. Leaching is done by applying
sufficient water so that a portion percolate‘sﬁthrough and below the entire root zone carrying
with it a portion of the accumulated salts. The fraction of applled water that passes through

+ the entire rooting depth and percolates below is called the leaching fractlon (LF).

- After much successive irrigation, the salt accumulatlon in the soil will approach some

equilibrium concentration based on the salrmty of the apphed water and the leaching

Kl '
i F
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3.5

fraction. A high leaching fraction (LF = 05) reétllts in less salt accumulation than a lower
leachjng fraction (LF =0.1). If the Water §alinity (ECw) and the leaching fraction (LF) ’a:e
known or can be estimated, both the salinity of the drainage.water that percolates below the
rootlng depth and the average root zone sahmty can be estimated. The salinity of the

dramage water can be estimated from the equatlon

i

depth of water leached below the zone

! . “ — i '1 "
leaching fraction (LF) depth of water applied at the surface CY t f
_ECy
ECqy = _ﬁ-s (3.2)
f
15
where: ‘salinity of the drainage water percolating below the root zone (equal to -
ECaw salinity oif soil-water, ECyy,)
ECy = salinity of the applied irrigation water
LF ‘L - leaching fractiori , .

LS

[Adapted from mass (1984)]

Determinationyvof Leaching Requirement

When the build-up of soluble salts in the ‘soil becomes or is expeCted to become excessive,
the salts can be leached by applymg more water than that needed by the crop during the

growmg season. Th1s extra water moves at Ieast a portion of the salts below the root zone by

s, N\

_ deep percolation (leachmg) Leaching is: the key factor 1n controlling soluble salts brought in

by the irrigation water. Over time, salt :lr,emoval by leaching must equal or exceed the salt
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:ts, will build up and eventually reach damaging

additions from the applied water or s
concentrations. | > . | ,

To estimate the leaching requirement, both the irrigation water salinity (ECw) and the crop

tolerance to soil salinity (ECe) must be known. The water saiinity can be obtained from
labdratory analysis while the ECe should be ,estimated kfmkmh’ apﬁropriate crop tolerance data
given in the tables in Section 2.4.3 of this paper. These tables give an acceptable ECe value

for each crop appropriate to the tolerable degreé of yield loss (usually 10 percent or less).

5

The necessary, leaching requirement (LR) can be estimated from Figure 7 for general crop

rotations. For more exact estimates for a particular crop, the leaching requirement equation

)] (Rhoadeg;g 1974; and Rhoades and Me;rill 1976) shouldlbe used:

: EC
LR v

RECAEEME —

Wﬁere;
LR = minimum leaching requirgment.
'ECy = average soil salinify tolerated by the» crop as measured on a soil saturation extract.
[Adapted from mass (1984)]. | i h

3.6 : _Deferminatioh of Sodium Adsorpﬁon Ratio

Excessive sodium in irrigation water also promotes soil dispersion and structural breakdown

) but only if sodium exceeds calciu'm'by more than a ratio of about 3:1. Such a relatiVely high

3
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sodium content (>3:1) often resUlfs in a severe Water infiltration problem dlvle‘ to soil
dispdrsion and blugging and sealing of thé surface rpdres, in much the same way as does the
very low salinity water. This is due to lack of sufficient calcium to dounter the dispersing
effects of the sodium. Excessive sodiuid "‘may also make if extremely difficult to supply
enough water to meet the crdp water demand. Other related prdblems sudh as soil crusting,
poor seedlling‘emergel.lce, lack df aeration, plant and root diseases weedk and mosduito
codtrol problems caused by the low rate of infiltration rﬁay fdrther complicatel crop
management. |

. :
T
g

In the past, several procedures have been used to predict a potential infiltration problem.

~The Residual aSodium Carbonate (RSC) méthod (Eaton 1950; Richards 1954) was widely
: , ,

F

used at one time. The most corhmonly used recent method to evaluate the infiltration
- problem potential has been and probably still is the Sodium Adsorption Ratio (SAR)

(Richards 1954).

!
E

In recent repo;ts and journal articles, SAR is more and more frequently being reported as
RNa and not SAR. The tenné are synonymous. The SARprocedure encdmpasses the
infiltration problemsA due to an ‘excess of sodlum 'in relation to calcium and magnesium.'lt
does not take into account changes in cq}cmm in the soil water that take place because of
changes in solubility of calcium resul;ipg from precipitation ‘)or dissolution during or
folldwing irrigation. Sodiumé, an impdrtarAxt’ part of salinity, remains soluble and in
équilibrium ‘with exchangeable soil sodium- at all times. Whether concentrated from -
, V‘Vithdrawﬂal of water ’by the Crop between long irrigatiofx intervals, diluted w1th applied

water, or leached awdy in drainage, outside influences have little effect on sodium solubility
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or prcCipitatio‘nﬂ Calciﬁ@ howevé;, ‘c"ioeé 7‘ not remain’;completely soluble or in constant
‘ éupply but is constahtly changing ﬁntil'a(mig’avqﬁilibribmn is eVStvablishe‘:d. Calcium changes occur
due to diséoliltion of soil Ihinérals(into the soil-wétef thus raising its calcium content, or to
precipitation from soiLWéﬁer, usually as calcium car_boriate? thus reducing the calcium.
v e
Dissolution is encouraged by dilu_tion and by carbon diqxidé dissolved in the soil-water;
precipitation may take place because gf the presence of sufficient calciurh along with
enough carbo_nate, v.bigarboh‘até or sulpliétes to ‘exceed the solubility bf calciﬁm carbonate
(limestone)ho'r calcitﬁh sxﬂpﬁafc (gyﬁSum). Soon after irrigation; dissolution or precipitation *
may occuf, ;:hgnging the supply of calcium and establishing an’equilibriufn at a new calcium
‘lcibncentra'tiOn, different to that in the applied water. The SAR equation, since it dqes not ’ ‘
,accoimt for these changes; is théreforé sqmewhat in error. However, the SAR equation‘and

procedure is still considered an a'cceptabl‘e evaluation procedm'e for most of the irrigation

water encountered in in‘*igaﬁed agriculture.

. ‘ Na x »» ‘
SAR = ——— o | | (3.4)
Ca + Mg ‘
\J 2
where: Na = ¢ sodium in me/l
Ca = " calcium in me/l
' . Mg {= magnesium in me/l <
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3.7 Calculation of Concentration of Deep Percolation. .
. EC S ‘ ‘ ,
| BCw=ECw=Tp o | (3.5) ’,

Where; B ‘

ECsw = The concentration soil-water percolating below the root zone, ' .

" ECgw = Concentration of drainage water,

LF = Leaching fraction. _ o .

[ Adapted from Rhoades and Merrill (1976)] | .




CHAFIER FOUR
4.0ﬂ RESULT AND DISCUSSIQN OF RESULTS
4.1  Result
The results from the physico — chemical analysis of the irrigation water are given below.
4.2  Result of Each Mineral Constitneﬁt Analyzed.

Table 4.1: Result of Physico-Chemical Analysis of Irrigation Water

’ Measured Values-

' R X

Parameter © Units 1 2 3
Conductivity wSlem  113.00 10500 133.00
pH .} | S 6.31 6.18 629
Turbidity ~ NTU . 1144 10.58 1.84
™S  omgl 75.71 7035 89.11
Carbonate  mgl 000  0.00 £ 0.00
 Nitrate-Nitrogen  mgl 0.48 0.36 1239
Calcium : ’ mgl 93.08 71.06 123.02
Magnesium mgl 9.01 16.01 67.06
Sulphate  mg/l 300 500  0.00
Phosphate mgl . 150 2,00 0.02
Boron | mg/l ©0.005 0.(_505 0.005
Sodium “mgl 100 150 300
' Manganese L g 070 090 0.00
Potassium mg/l 3.35 3.35 536
Bicarbonate QTR mgl . 1000 10.00 24.00
Chloride mgl 2749 2499 29.49
on o mg/l 0.43 033 038
Total Hardness o mgl 10209 87.07 94.58
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Table 42: Irrigation Water Quality Guide

Potential Irrigation =~ A Degree of Restriction on Use
Problem_ Units _ None Slight to Moderate _ Severe
Salinity
ECw - -~ ds/m | <0.7 0.7-3.0 >3.0
TDS | - mgL(10%kg/m®) <450 - 450-2000 | > 2000
Permeability BC® O | '
SAR= 0-3 3 207 0.7-02 ' C <027
SAR= 3-6 ' | >12 1.2-03 <03
SAR=6-12. ;- >19 1905 <05
SAR= 12-20 220 2943 <15
SAR=20-40 >5.0 5.0-29 <29
‘lSpeciﬁc ion toxicity ©
Sodium (Na) ' R
* Surface Irrigation | SAR <3 3.9 | >9
Sprinkler Irrigatioﬁ mg/L <70 <70
Chloride (CI)
Surface Irrigation mg/L <140 - 140-350 > 350
Sprinkler Irrigation mg/L <100 > 100 | 4
Boron®) . mglL <0.7 0.7-3.0 L »30
Trace Elements ' ’ see: Pescod (1992)
, Miscelléneous Effects ¢ , : : : ~
Nittogen (total N) ~ mg/L | <5 5-30 | >3.0
Bicarbonate (HCOs) mg/L <90 90-500 > 500
PH o . unit less 7 6.5-8.4° |
Residual Cl (overhead) <10 1050 >5.0

Source: Adapted from Pescode (1992)




43  Result of the Sodium Adsorption Ratio;
From result of physico — chemical apalyéis;

Na = 3.0 mg/l, 1.0 mg/l, and 1.5mg/1 (for the three samples, respectively )

Thérefore;

34+1.0+15 | | .
Na = —3 = 1.83mg/!

Ca=23.02mg/], 93.08mg/l and 71.06mg/1 (for th.e, three samples, respectively )

%

Therefore; -,

23.03+9308+7106 . '
Ca= 3 - - = 62.39 mg/]

Mg = 67.06mg/1, 9.01mg/1, énd 16.01rhg/1 (for three samples, respectively)

LT

Therefore;

67.06 +9.01 + 16.01
Mg = ‘ 3 = 30.69-mg/1

Note;
Me/l = mg/l + equivalent weight

atomic weight (grams)

Equivalent weight =
quivalent weight - valence ;
' - | 229898

Equivalent weight of Na = = 22.99 : ~

. 40.08 :
; Equivalent weight of Ca = 5 = 20.04 *

) Sy 24312

Equivalent weight of Mg = 5= 12.16




Hence; ' 1 i

" Sodium | | p

1.83 o '
=599 = 0.’084me/]l ,

Na

Calcium ‘ ‘ : ' L

oy 6239
2= 2004

= 3.11me/]

Magnesium ' .

30.69
‘ M -—-1—-2—-1—5—252me/l :

Substitution values into equation (i)

44  Result of Leaching Reqlilirement |

The tolérance data given by mass, indicates that a full yield [potential should be obtained for

nearly all cfops When using a water which has a salinity less than 0.7 ds/m :

Hence; B

0117
~ 5(2.5) - 0.117

LR =0.0094 ~ 0.01 (for a 100 percentage yield potential)

0.117

| R = sy 0117

= 0.0067 ~. 0.01 (for a 90 percentage yield potential) ‘
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4.5 - Result of Leaching Fraction

Note: from the result of the physico-chemical ahalysi_s, the salinity of the applied water

(ECy) is 0.117ds/m.

As a general rule thumb, at a 15-20'%'5 leaching fractibn, :seilinity of the applied water

(ECy) can be used to predict or estimate soil-water salinity (ECsw) or soil salinity (EC).
Using the following equations;

" ECw=3EC, _ |

ECe=1.5 ECy

ECey=2EC, (méss 1984) ,
Since;

ECgw=3ECyw (using generél rule thumb) ‘
ECqw=3x 0.117=0.351

From equation 2;

EC | | ‘
BCaw=Tp

Makipg LF subject of the formula

EC, 0117 |

LF 0.3

~ECq, 0351 .




4.6

4.7

Result of Deep Percelation

Since;

EC,,— 0.117 ds/m (result of physio — cheinical analysis of irrigation water)
LF=0.3 [snbstituting the value of ‘EC,,’ and ‘LF’ in equation (1)]

0.117 |
ECqw = -—6-5— = 0.39 ds/m _ ., ‘

Discussion of results

W

From the result of 4.3, that is, the Sodium Adsorption Ratio (SAR) calculated in milli
equlvalent, per litre (me/l), the result is 0 1me/l. When compared with the SAR and ECw

values adopted from Rhoades 1997, and Oster and Schroer 1979 which are 0-3, and >1.9

ifor SAR and ECy respectlvely, thé result of the Sodium Adsorptlon Ratio of the

irrigation water falls between the range; that is 0-3 and the ECw of tomato is greater than
1.9 as given by the guideline adopted. This suggests full production capability of

tomatoes without the use of special practices, since the guideline adopted indicates no .

restriction on use. Although the continuous use of this irrigation water would over-time

lead to salt build-up, which would hamper the growth of tomato.

" Considering the result in 4.4 which is the result of the leaching requirement, the salinity

of the 1rr1gat10n water would determlne the leaching requirement. In the result of the
leaching requlrement the sahmty of the apphed irrigation water is 0.117 ds/m. Bernstein
and Francois 1973a classified low-SaIinity water and saline water as 0.6 ds/m and 3.8

ds/m respectively.‘ When comparedi with the ECy value from the physico-chemical
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analysis, 'it was discovered tobea l‘ow’ lalinity ‘wately', which would require a low leaching
requlrement which based on this research is 0.01.
The leaching fraction (LF) calculated’ for in fig 4 5 is 0.30, whlch means that 30 percent
of the applied irrigati()n water entering the surface percolates below the root zone of the
~ tomatoes and 70 percent replace_s water used by the tomato to meet its crop-water use
(ED) demand and water lost by surface evaporatlon. |

Hence, also note Worthyc is the concentration of the soil-water below the root zone in fig
4.6 whlch is equlvalent to the concentration of the drainage water (Ede) accumulating
below the root zone. From the result given in ﬁg 4 6 the salinity of the soil-water that is
percolating from the bottom of the root zone (ECaw) is approximately 0.39 ds/m. This
reveals that with leaching fraction of 0.3, the soil-water salinity is more concentrated than

N

the applied irrigation water.
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CHAPTER FIVE
50 '~ CONCLUSIONS AND RECOMMENDATIONS

51  Conclusion

The following conclusions were drawn from the results of this study;

1. The suitability of water for irrigation is determined not only by the total amount of salt

present but also by the kind-of salt. ‘

.

2. Varibus soil and croppirig problems develop as the total salt content increases, and

special management practices may be required to maintain acceptable tomato yields.

3. There is no set limit on water quality; rather, its suitability for use is determined by the

!

w conditions of use which affect the accumulation of the water constituents and which may

‘restrict tomato yield. '

4. The soil problems most Fcommonly encountered and used as a basis to evaluate water

i

 quality are those related to salinity;

'

5. Water quality or suitability for use is j’udgéd on the potential severity of problems that

can be expected to develop during long- term use.

o




52  Recommendation

As a result of the research camed out on the 1rr1gat1on water quality for the growth of tomatoes,

usmg Ma;lz be farm as a case study, the followmg recommendatlons are - suggested;

1; More researches‘jshould be c‘amedu out on the | 1rr1gat1on water quality guideline
speciﬁcally in view of Nigeria’s elimatlc conditions, nature of soil and salt tolerance
characteristics of tomato, as . this ‘is“ a major hindrance to irrlgation water quality
management directly or remotely. : ‘

2. In add1t10n to preper crop selection, dijpraisal of irrigation water. quality of Maizube farm
would offer proficient 1nformat10n able to indicate how to improve tomato yield through

the improyement and management of irrigation its water quality.
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APPENDIX
The following are some elements analysed for in the physico-chemical analysis of the Irrigation

water.

» Chloride (Argehtroinetric- Method) o C ’

e Principle ' ' : fa

Chloride is dgte,r‘mined in a neutral or slighﬂy alkalille "slolution by titration With standard silver

nitrate, using vpoktassim’n’ éhrémate as indiééton Silver c‘hldridc is qu&ntitétively precipitated
ﬂ before red silve£ chromate is formed.

Interferences

Bromide, iodide and cyanide are measured as equi}valenits»o‘f chlbride. T hiosulphate, sulphite and.

sulphidé interfere and the eﬁd-point may be difficult to detect in highly coloured or very turbid

samplcs. ‘ ) ‘ : | . '

e Apparatus | |

Porcelain dish, 200-m! capacity.

Graduated cylinder, 100 ml.

b

Stirring rods. - SRR

k Bﬁrette,'25 or 50' ml. pH meter. B ; | ‘ o «»
. Reégents: ' | o
Potassium chromate indicator solution: dissolve 50g K2CrO4 in a little distilled water. Add
A'gNOS solution until a definite red preciﬁitafe i forﬁ:led.‘Let to stand for 12hours, filter, and

~ dilute to 1L with distilled water.
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Standard silver nitrate titrant, 0.0141M (0-0141N)= dissolve 2.395g AgNO3 in distilled water and
dilute to 1000ml. Store in a brown bottle. |
e Procedure: o R .
Use a lOOmlnsample or a suitable portioil dilu..)tedﬁto 100ml. If the sample is highly coloured, add
3ml Al(OH)3 suspension, nﬁx, Igt settle and filter. If thiosulphate, sﬁlphide_or sulphite is present,
add 1ml H202 and stir for 1 min. Check hthc pH; it must be between 5.0 and 9.5 in this
procedure. If the pH of the sample ié below 50, kadd a small amount of calcium carbonate and
stir. If the pH is’ above 9.5, add 01 mbl /L mtnc acid drop by drop to bring the pH to about 8.
+ Stir, and add a srﬁal} amount of calcium carbonat;—.
Add 1.0ml K2CrO4 iQdicé,tor solution. Titrate with standard AgNO3‘ titrant to a pinkish yellow
end point. Be congistent in end poinf recognition. |
e Calculation: ' | ' | ‘
mg CIL = A x N x 35,450/MI sample (100) o
Where A = mi titrafion \for sainplé
N = normality bf AgNO3
NaCl. |

mg NaCl/L = (mg Cl-/L) x 1.65

Ni(jrate as‘Nitrogen (NO 3°N ) (Cadmium Reductioh Methbd)

e Principle: NO3 |
N :is reduced almost quantitatively to nitr{ité (NOy) in the presence of cadmium (Cd). This
method uses commercially aﬂfailable Cd graﬁules tree;te'd with copper sulphate (CuSO4) and
packed ina glalss column. The NOj ‘pfgclluced is thus determined by diazotizing with

sulphanilamide and coupling with N — (1 -napiithYI) — ethylenediamine dihydrochloride to form a
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‘highly coloured azo dye that’is meaeured’caleﬁmet‘rically. A coneeﬁon may be made for any
NO;" presentin the sample by analyzmg w1thout the reducuon step The apphcable range of th1s :
method is 0.01 to 1.0 mg NO3 N/L The method is recommended especially for NO3 levels
’below 0.1mg N/L where other methods lack adequate sensmvxty
.o Interferenees:

suspended matter in the column will restrict sample ﬂo&v. For turbid samples, screen or filter the
- sample. Concentration of iron, copper, or other metals“ aboVeSeveral milligrams per litre lower
reduction efﬁciency. Add EDTA tb_'eliminate thie inferferenee. Oil and grease will coat the Cd
surface.jRemolfe,;}by preextraetion w1th anorgamc sql{fent. Residual chlorine can interfere by
oXidizing the Cd Vcolumn, reducing its efﬁciehey. Check samples for residual chlorine. Remove
‘ residual chlerine by adding sodium thiosﬂpllate (Na28203) solution. Sample colour that absorbs

at _about 540nm interferes.

. Apparafus‘

Redtlction celurm: pﬁrchase or; | construct thel column
COloﬁmetn'c equipment: oxle of this is requi{ed
Spectrophotol‘nefer ~for use at ‘54}3111‘11, proildlng a light peﬁ of lem of longer
Filter photometer’ ~with ligllt palh of lcm er longer and equipped with a filter
having maximum transmittance near 540nm. |

: Reagent |
Nitrale free wa’ter: use redistilled or dis‘tilled, deionised water of highest purity to.prepare all

solutions and dllutxons. Copper—Cadmlum granuleS' wash 25g new or used 20-100 mesh Cd

granules with 6N HCl and rinse w1th water. Swirl Cd with lOOml 2% CuS04 solution for Smins
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or until blue colour partially fades. Docant and repeat'with fresh CuSO4 until a brown colloidal
preclpltate begins to develop Gently flush with water to remove all precipitated Cu.

Colour reagent: to 20ml of distilled water add 105ml conc. HCL, 5 Og sulphamlamlde and 0.5g N
= (1 - naphthyl) - ethylenediamine dihydrochloride. a

Stir until dlssolved Add 136g of sodlum acetate (CH3COONa.3H20) and again stir

until dlssolved Dllute to 500ml with distilled water. This solutlon is stable for several weeks if
stored in the dark. |

Ammonium chloride - EDTA solution: dissolue 13g NH4Cl and 1.7g 'diéodimll eﬂlylenediamine
tetra-acetic acid (EDTA) in 900ml distilled}’ water. Adjust to pH 8.5 with conc. NH4OH and
, dllute to 1L | ’ |

| Dilute ammomum chlorlde - EDTA solutlon' dilute 300ml NH4C1 — EDTA solutlon to SOOml
with distilled water.

Hydrochlonc acid, HCl 6N Copper sulphate solutlon, 2%: dissolve 20g CuS04 .5H20 in 500ml

IS

water and dllute to lL !
'Stook nitrate solutjon: d:y potassium nitratw;e; (KNO3) in an oven at 1050C for 24hrs. Dissolve
0.7218g in water and dilute to 1000ml; 1.00ml = 100mg NO; — N. Preserve with 2ml CHCL3/L.
This is stable for at least 6 ulonths.

Intermediate nitrate solution: dilute 100ml stock nitrate solution to 1000m! with water; 1.00ml =

10.0mg N03 =N. Presérve with 2ml CHCI3/L. This solution is stable for 6 months.

. _Pr‘oceduré:
Preparation of reductlon column: insert a glass wool plug mto bottom of reduction column and
il w1th water. Add sufﬁment Cu-Cd granules to produce a column 18.5cm long Mamtaun water

level above Cu-Cd granules to prevent entrapment of air. Wash column with 2m} difute NH 4Cl -




EDTA solution. Activate column b}l passin‘g‘:through’ it, at 7 to 10ml/min, at least 100m! of a
solution composed of 25% " |
1.0mg NO3-N/L standard and 75% NH4CI - EDTA solution. -

i pH adjustment: adjust pH to between 7 and 9, as necessary, using a pH meter anddilute HCl or
NaOH. This insures a pH of 8.5 after addlng NH4Cl —-EDTA solution. reduction: to 25ml
sampleor a poxtion di_ldted to 25.0ml, add 75m1 NH4Cl - EDTA solution and mix. Poul mixed
sample into column and collect at a rate of 7 to lOml/Mm stcard first 25ml Collect the rest in .
original sample flask. Colour development and measurement: as s00n as possible, and not more
thanlSmins aﬂen{ reduction, add 2.0ml colour reagent to 50ml sample and mix. Between 10min
and 2hrs afterwards, measure absorbanceat 543nm against a distilled Water reagent blank. Note:
if NO; —N concentratxon exceeds the standard curve range (about lmg N/L), use remainder of
“reduced sample to make an appropnate dllutl()l‘l and analyze again.

Standards. usmg the 1ntermed1ate NO; —N solution, prepare- standards i in the range 0.05 to
1.0mg NO;-N/L by diluting the following volumes to 100mlin volumetric flasks: 0.5, 1.0, 2.0,
5.0 and 10.0ml. carry out reduction of standards exactly as described for samples. Obtain a
standard curve by plotting absmbance of standards against NO3 —N concentration. Compute

sample concentrations directly from standard curve.

> Hardness (EDTA Complexometﬂc Method)

. Prmclple ,

]

1. Ethylenediaminetetraacetic acid and its sodium salts(EDTA)w form a chelated soluble complex
when added to a solution of certam metal catlons. ‘The method depends on the ablllty of the

EDTA and its sodium salt to form stable umomzed complexes with calcium and magnesxum

ions. A buffer solution is added to the sam_ple to adjust the PH to 10.1, followed by an indicator
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’(Eriochrome Black T) forming a pink comp]lex.k Upon titration, the EDTA removes the calcium

and magnesium from the complex dye and ;Changed the solution to its original blue coloxif as an
end point. | | :

. Intérfgrence:
some metals ions interfere by causing fg&ing or indistinct ,e'ri'd‘ points or by stoichiometric
consumption of EDTA. Reduce this interf@épce by adding certain inhibitors before titration.

. Appargtus "
lgorcelain dishes, 100-ml capacity.

Burette, 25 or SOml

Réagents:: _ |

Buffer Asolution;i _dissblve 1.179¢ EDTA disc.)dium salt and 0.780g MgS04. 7H20 in 50ml
distilled water. Add this solution to 16.9g NH4Cl and 143ml conc. NHAOH with mixing and
dlluté to 250m1 with distilled water. Store i in tlghtly stoppered plastic or resistant glass container.
Eriochrome Black T mdlcator' mix together 0.5g dye and 4. 5g hydroxylamme hydrochlonde
Dissolve this mixture in 100ml of 95% ~et!1y] or isopropyl alcohol. Standard EDTA Titrant,
0.01M- dissolve exactly 3.723g EDTA dis:g;,;dium salt (Na ,H ,CrOD gN .,2H2(I)) in distilled
wafer and dilute to 1L. Store in a polyethylene or Pyrex bottle.

s  Procedure:
Measure 50ml samplé into a 125 Erlehmes}er ‘;ﬂask. Add 2ml buffer (sufficient to give a pH of
10.0-10.1). Add 1-2 drops of indicator and titrate slowly stirring continuously until the reddish
tinge disappears from the solution. 1ml OO%}\A EDTA ‘should be equivalent to mg CaCOs. |

e Calculation:

Total hardness as CaCO;
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Mg CaCO;/L = (A-B) x D x 1000
ml of sample
where : A =ml of Titrant used for the sampie

‘B=mlof Tm‘ant used for the blank (use dlsttlled water as blank and treat like the
sample. Repeat all the procedure for it. Usually the ml of the Tltrant used for the
blank is always between 0 to 0.2ml.) "
D =mg CaCO; equirlalent to 100ml EDTA used.

= molarity of EDTA x molar mass of CaCO;.

> Catciummi{ardness.

* Reagents: |
Hydroxide soluiion IN - diss’olve’56.l gof KOH or 40g of NaOH in distilled water and dilute to-
L., ‘ - . )

Calver 1l Calcrum mdrcator t}ns is manufactured by the Hach company.
, Murexrde 1ndlcator (ammomu;n purpurate) changes from pmk to purple. Prepare by dissolving
) lSOmg dye i 1u 100g absolute ethylene glycoly.“ Water solution of the dye are not stable for longer
than 1 day A ground rmxture of dye powder and sodlum clﬂonde (NaCl provides a stable form
of the indicator. Prepare by mlxmg 200mg murex1de with IOOg solid NaCl and gnndmg the -
mixture to 40 to 50 mesh.

e Procedure:
Measure a 50ml sample into a 125ml Erlenﬂreyer ﬂask.'
Add 2 ml of the IN hydroxrde solutron (to Produce a pH of 12-13 in the 50 m!

sample) Add 0 1to 0 2g of calver 1 calcium mdlcator or muremde indicator

Titrate slowly with EDTA disodium salt solution (0.0lrn) until the colour changes

E
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to blue for calver 1l and pink for murexide.

o Calculation: el

Calcium hardnessasCaC‘O;g o | / R -

mg CaCOy/L = (A-B) x D x 1000/Ml of sample

Calcium ion as mg Ca®/L = (A-B) x D x 400/8/ml sample (100)

- d. magnesium harduess (mg CaCO3/1)= tot:ai’ hardness — calcium hardness

&

e. calculated magnesium as mg® ..

'mg **' = magnesium hardness as mg CaCO#/1 X 0.244

v

> Mangangse ( Persulphate Method)
o Principle:
i

Persulphate oxfdation of soluble manganuus compuunds to form permanganate is carried out in
the .presenue uf silver nitrate. The resulting colour is stable for at léast 24 hours if excess
pefsulphate is present and organic matter is abuent; |

o Intérferénce:
As much as 0.1g chlonde (Cl-)ina 50-mL sample can be prevented from mterfenng by adding
lg mercuric sulphate (HgSO 4) to form sllghﬂy dissociated complexes Bromide and iodide still
w111 mterfere and only trace amounts may be present

., ® Apparatus:

Colorim'etﬁc Equipment forb use at 525nm, providing a light path of 1 cm or longer. Nessler

tubgs, matched, 100-mL, tall form

e Reagents




Spécial reagcnt: dissolve 75g HgSO ~4 in 400m1f coﬁc. HNO ;3 and 200m! distilled water. Add
200ml 85% phosphoric acid (H3PO4) and 35mg silver nitrate (AgNO3). Dilute the cooled
solution to iL. ‘ |
Ammonium per sulphate, (NH4)2$208, solid. Standard manganese solution - prepare a 0.IN
pbtassiﬂm permanganate (KMnO 4) solution by dissolving 3.2g KMnO 4 in distilled water and
making up to 1L. Age fér several weeks ix;l‘vsunlight or heat for severél hours near the boiling
point, then filter through a fine ﬁltecréd - glass filter crucible and standardize against sodium
oxalate as follows: weigh several 100 to 200mg samples of Na ;C 2,04 t0 0.1mg éhd transfer

to 400ml béakérs._‘_To each beaker, add IOOml distilled water and stir to dissolve. Add 10ml 1+1
H 2804 and heat rapidly to 90 to 95 °C . Titrate 'rapidly with the‘ KMﬁ04 solution fo be -
standardlzed whlle stirring to a slight pmk end point colourthat persists for at least 1 min. Do not
let temperature fall below 85 °C. If necessary, warm beaker contents during titration; IOOmg

Na ZCO 4 wﬂl consume about 15ml pénnanganate solution. Run a’blank on distilled water and
HSO0 | B o

Normahty of KMnO4 g Na2C204/(A-B) x 0.06701

Where A is ml Titrant for sample and B is ml Tltrant for blank

Average results for several titrations. Calculate volume of this solution necessary to prepare 1L

‘of solution so that Iml = 50@gMn as follows: Ml KMnO4 = 4.55/normality KMnO4

To this volume, add 2 to 3ml conc. H2S04 and NaHSO3 solution dropwise, with stirring until

the vpennanganate colour disappears. Boil to remove excess S02, cool, and dilute to 1000ml with

distilled water. Dilute this solution further to measure small amounts of manganese. Hydfogen

peroxide, H ,0 , 30%, Nitric acid, HNO 3, conc., H 280 4, conc. Sodium nitrite solution -
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dissolvé S'g NaNQ 2 in 95ml DDW. ‘Sodiﬁm oxalate,k Na ,C 70 4, primary standard. Sodium
bisulphide — dissolve 10g NaHSO3 in 100m| distilled water.
. Procedure: ‘ : ,‘ 1 -

To a suitable ’sample portion, add 5ml special reagent and 1 drop H202. Concentrate to 90ml by

‘boiling or dilute to 90ml. Add 1g (NH4)25208, bﬁng to a boil and boil for 1min. Do not heat on

a water bath, Remoye froin ‘t,hye', heat source, lef stand f?r 1Imin. Then cool under the tap. (Boiling
too ldng-result in decom};os;itiqnof excess per gulph%ite and subseQuent loss of permanganate
colour; éooling t(\)o,slowly has the same effect). Dilut;a to 100ml with distilled water free from
reducing substéncgs and xi_xix. Prepare standél;ds co_ntaining y, 1,500pg Mn by treating various
amounts of standard Mn solution m the same way. |

. Photometﬁc measurement: S
use a series‘ of standard from 0 to 1,500pg Mn/100ml final vglume. Make photoinetric
mcasuremeﬁts against a distil}cd water blank Prepare a calibration curve of manganese
concentrlation VS. absorbancé from the sfa;é.;dai*ds and determine Mn in the samples from the
curve. Wavelength’isy 525nm. “

. ’alculation:

When all of the oﬁginal sample is taken for analysis, Mg Mn/L = Mg Mn (in 100ml final

volume)/ml sample For light path of 1cm, take manganese (pg) range of 100-1500pg to prepare

standard.



