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Abstract : The knowldga of thc quzlity OF irrigation water is important. in judging - . 

its su:tability for irrigation. Suitability of an irrigation water dqends *ox several 
factors suck as characteristics of the water, soil, plant and c!imste. It is dificalt to 
suggest a sii~g!e water q:~ality criterion becauji: of th- iarc~action of several factors, but 
however, the study of the seasonal variation of th'3; qxsliiy of irrigation waters is heipful 
to prove;lt any adver-so cXect of tkc nngatioa waters on the soil-plant systetn. 

A study of the seasma1 variatioll of total salt conc.z:ltration, relative prapo:tion of 
sodium to other cation? and bicarbonate coil:a:lr of 111s water samples collected from 
certain so!ccted spots iii the Kalawewa area reve.~l% that !he ir;i.gation watcrs are suit- 
ablt. , Howeler, a reararkable increase of tota! salt concentration. SAR a:ldRSCvalues 
of irrigation waters were observed in Axi l  (Maha harvesting season) and to a ccrtain 
extent in Novembsr (Yala ha:-vesting season). The maxilnum value of RSC of the uri- 
gat1011 waters so far d ~ d  not excead 1.5 m eq. dm-3. 

The quality of the drainage w?ter whic!~ Bows into Kala Oya also deteriorates 
durlnng Maha and Yala harvestljlg per~ods. It is em;~hxsired that the study of the 

-, 
quality of irrigation water; in Kala Oya a:ld Rajanz:zna area is absohtelv esseatial. 
Monitoring of essenfial nutrleilts ladicates an excessive draiilage of the fetilizeis. 

\r 

1. Introduction 

The Mahaweli irrigation project involves utilization of the water of the Mahaweli 
Ganga to irrigate an extensive area of dry zone. When complete, the Mahaweli 
Development project is expected to supply water for the irrigation needs of 900,000 
acres7 for two crops a year. The master plan also envisages the generation of 2,037 
million kilowatt hours of hydroelectric energy. The phase 1 of the project, (Kala Oya, 
Ambanganga) covers 132,000 acres of existing lands and 9 1,000 acres of new lands. 

The ifrigation water flows through a system of tunnels, reservoirs, canals, etc., 
before it reaches the field where crop is grown. During this flow some soluble salts- 
are always dissolved in, and the water becomes 'saline'. In the field the water will 
undergo ' evap~transpiration'~~ resulting in the accumulation of dissolved salts, 
which will affect the soil properties and subsequently the crop growth. It has been 
reported6 that, in countries such, as Afghanistan, Pakistan, Egypt, etc., irrigated areas 
have been abandoned due to the development of salinity and waterlogging. Several 
subsequent programmes have been impltmcnted in thcse countrics in ordcr to over- 
come the probl~nls of salinity and waterlogging. Thcrcforc, it is essei~tial to takc 
adequate precautionary measures, especially in the areas il-rig~tcd by Maltawcli watccs, 
in order to prevent any such salt danger caused by the increased utilizlttioil of irri- 
gation water resources 
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The knowledge of the quality of irrigation water is important in judging its suita- 
bility for irrigation. Suitability of an irrigation water depends upon several factors 
associated with characteristic of water, soil, plant and climate, and it can be expressed 
by the following relationship.9 

SI = f (QSPDC) 
Where. 

S1 = Suitability of irrigation water, 

Q - quality of water i.e. the total salt concentration, eationic and anionic 
composition, 

S = Physico-chemical properties of the soil profile, 

P = salt tolerance characteristics of the crop plant at different stages of growth, 

D = Drainage conditions, 

C - clima.tic parameter. 

It is difficult to suggest a sir'gle water quality criterion because of the interzction 
of several factors. The dcgree of adverse effects on soil properties is mainly related to 
the chemical composition of irrigated water. 

The adverse effcct of a particular quality water on soil-plant system depends upon - 
the total s2lt co~centration, relative proportion of sodium to other cations, boron 
conccntration and bicarbonate   on tent.^ Waters of low electrical conductivity are 
generally composed of higher proportion of calcium, magnesium and bicarbonate 
ions whereas those of high electrical conductivity contain mostly of sodiulli and chlo- 
ride ions. The relative proportion of sodium to other cations is determined by the 
sodium adsorption ratio (SAR). 

Where ionic concentration of each is in m mol dm-', Any increase in the SAR 
of irrigation water increases the SAR of the soil solution, which ultimately increases 
the exchangeable sodium by the soil. Paliwal and Gandhi1° have reported tha,t salinity 
has little effect while SAR has more of an effect on the exchangeable sodium. 

Various classifications have been proposed for irrigation waters of India.8 One 
of these is the salt index, which is negative for aJl good quality waters and positive - 
for those unsuitable for irrigation. k. 

Salt Index = (Total Na - 24.5) - 
LTotal Ca - Ca in { CaCO, -+ Ca (HCO,),) I x 4.85. 

A11 quantities are expressed as ppm. [Mg] r CCa3. 
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This index may be applicable only under the limits prescribed by Ashgur, Puri and 
Taylor2 in 1936. This emphasises a need for a water quality ci-iterion in Sri Lanka 
especially in the areas irrigated by Mahawell waters. The knowledge of potzssium, 
nitrogen and phosphorous contents of the irrigation and drainage water is helpful 
to check the actual consumption of fertilizer by the crop. 

2. Methods and Experimental Techniques 

Analytical grade chemicals were used wherever possible. PH measuren~ents were 
carried out using Corning Model 3 portable pH meter- equipped with combined 
saturated calomel reference electrode and glass electrode. 

Spectrophotometric determinztions were carried oct using Unicam SP 500 Series 
11 UVIVisible spectrophotomcter. Eel filter type fl:.nlr, p:i~tomeler was used f;r the 
determination of sodium and potassium. Standard addition method14 was adopted 
to overcome the spectral interference from calciurn in the detennii~~tion of sodium. 

Carbonate and bicarbonate contents were deteimined potentiom~tr-ically undcr 
the thermostatic condition, in an atmosphe.-e of nitrogen. Porenlicmstjrlc titrasions 
were carried out using Radiometzr-pH mzter 4, \iri'ch a sai~iated calomel rer'ei-ence 
electrode and a glass electrode. 

Calcium and magnesium were determined using EDTA titration. EDTA titration at 
pH= 10.0 using Eriochrome Black T as the indicator galJe the total concentration of 
calcium and magnesium whereas the titration in more alkaline medium (- pH -- 12.0) 
using Pattern-Reeder's indicator gave the concentration of calcium only. 

Pre-concentrations of trace metals were performzd using Amberlite IR 120 ~'esins. 
Anions were concentrated using Amberlite IR 400 a d  Dowex 1 resins. Standard 
analytical r n e t h o d ~ 5 > ~ ~ , ~ 9 e r e  adopted for determination of) cations and anions. 
Modifications of some of standard analytical methods were done in order to achieve 
the simplicity and reproducibility. 

Mercuric nitration titration3 was used to determine the concentration of chloride 
ions. Sulphate ion concentration was determined gravimetrically as barium sulphate. 

3. Results and Discussion 

The area covered by this study involves an irrigation tank (reservoir), an irrigation 
canal, an irrigation chamel. a fcw sclcctcd fields end two drainagc canrls in thc Elcck 
302 of the H - arcn of the Mahaweli devclopmsnl schc~:~;l=. Thc scasonal varidion 
sf the quality of surfzce ws-ters was studied by szmpling ct sclcctcd spots. The 
sampling frequency is sliglitIy irrcg~lar ma i~ ly  d ~ e  to thc non-avzilability of vchlclcs 
at required timcs. 
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Kalalu Wewa is the reservoir which supplies irrigation water to Block 302 through 
the left Bank Canal (LBC). Seasonal variation of the filterable residue and total 
residual contents of waters from Balalu Wewa, Left Bank Canal and at the begin- 
ning of ID1 Channel O F  Bloclc 402 shows similar trends. (Figs. 1, 2 and 3). It is 
seen that there is an increase in the filterable residue as m7ell as the total residue of the 
irrigation waters in April 1978 and 1979. The Maha harvest starts in March and ends 
In April. During this period the water supply to the field being completely cut off 
and consequently, as a result of rapid evaporation of existing water, the filterable 
residual content increases. With the increase in water supply after April the situa- 
tion is improved. It has been reported1 that the total solid concentration in Dam- 
bslu Oya reached 1,000 ppm. in August 1970 and an average value of about 500 ppm. 
in April 1970 whereas, the values rcported in Kala Oya were average during the other 
times of the year except in April i.e. 900 ppm. It  is fruitful to compare the available 
results prior .to the Mahaweli diversion scheme with our results. 

Figs. I and 2 indicate that after the diversion the total solid content in Balalu 
Wewa and L.B.C. did not exceed 300 ppm. This could be attributed to the dilution 
effect brought about by the diverted water from the Mahaweli ganga. 

Figs. 4, 5 and 6 indicate the seasonal variation of sodium, calcium. magnesium 
contents and the SAP. values. Even though there is very rapid increase of the sodiun~ 
content in April 1978 and 1979, the sodium hazard is partially reduced due to the 
corresponding jncreas. in calcium 2nd magnesium contents. However, the increase 
in bicarbonate contents in April (Figs. 7, 8 and 9) can bring zbout an adverse effect 
due to the precjpitation of calcium carbonate4 with a. resultant increase intsodium 
hazard. The increase in SAR values in April could also be attributed to increase 
in bicarbonate content. Irrigation wzters rich in bicarbonate tend to precipitate 
soluble calcium and magnesium in soils as their carbonates. 

This in.creases the sodium content in proportion to calcium and magnesium and 
this increases the SAR of the soil solution. The rclativc proportion of calcium and 
inagnesiunr in bicarbonate rich waters is givcn by tke concept of residual sodium 
carbonate(RSC). 

ionic concentration in m.eq. dm -j. According to Eaton's concept9 if the RSC 
value is greater than 5 m.eq. d r 3 ,  the irrigation waters in general, are harmful for 
soil properties and crop growth. Fortunately, the maximum value of RSC of those 
irrigation waters so far did not exceed 0.1 m.eq. dm-3. It  is obvious that continuous 
monitoring of these values are essential to  check the deterioration of the irrigation 
waters. 



~ s - ' I .  variation ipr ?esiaual Content of the 

watt?I' S3Imdefi collected from KALAFJ~HA-. 

-BAMLWWA JVNCTION, in relation to t i m e .  



6'tz:dze.s on the Quality oJ' l~rigation Waters in Kalawewa Area 

14'0 m,i 
E 
5 

0 -1 terable . 2 
&.on Pi1 terable E ? 

I20 2402 

f 
.4 
d 
9 

80 I@ % B 
0) 
4 

f 
2 

40 80 5 
S 
2 
H 

2 R 
0 d , j $ C  I " . P ~ <  

flg.2. Variation in yesidual tcntent  of the water samples 

collected Ptom . LEfT BPJJX CANAL, in relation to  time. 



N. B. ~ u ~ a ~ v a r d l ? a n a  and A. M. ~uniudini  A'. Adikari 

Flg.3. Variation in residual Contents of the Water semples 

collected f rom 31 S t e ~ t ,  i-n relation to time. 



Studle~ on t i le Qualzty qf'lrngutlor~ Warcrs /n  Kulu~ve~~:u Areu 

Figure 4. Variation in Ca2+, Mgzt, Na-i- and SAR values of the water samples collected from 
~LAWEWA-BALALGWEWA:JL;NCTIC>X, ll3 relatior? to time. 
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Fig;we.:5. Variation in CaW, Mg?+, NaL and SAR values of the water sa~~~g le s  collected 
from LEFT.-BANK CANAL, in lelation to time. 
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Figure::6. Variation in Q2+, MgW, Na+ and SAR values of the water samples collected from 8 ' 
start, in rclation to tima. 
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Somewhat similar results on seasonal variation were cbtained from the field No. 85 
of Blcck 302. (Figs. 10, 11 and 12 ). The value of dissolved solid content in D, 
channel and in field 85 remains unaltered reveeling that no salts being dissolved in, 
during the path of the irrigation water from the chennel to the I'ield. In zddition to 
the usual increase i n  the above values in April, 1979, a limited increase is observed 
111 November 1978. 

Even though we expect a sinli!ar increase in the Yala harvesting season, (October 
and November) it could bc seen that this is observed only in the rield 85 and in the 
irainage canals (Kunu Ela) 302 and 3021303. (Figs. 13, 14, 15, 16, 17 and 18). 
Ths fact that the irrigation waters are virtually unaffected during Yala harvesting 
season in comparison with the drainage waters, could be aAtributed to the monsoon 
rains which bring rbo~lt  a dilution effect. 

The dralnage canals (Kunu E!a) flow into Kala Oya and the water is used again to 
urigate the Rajangzna Area. Tke drainege canals differ frcm the other parts ofthe 
irrigation systcm by having the highest values of SAR and sodium content in May 
and not 111 April. (Figs. 14 and 17 ). However, the same waters reveal high vvales 
of RSC and bicarbonate contents in April and not in May. (Figs. 15 and 18). The 
increase in bicarbonate content in April inflcences the precipitation of calcium and 
rilagnesium m the water as carbonates with the resulting increase of SAR which is 
reflected in the following month. Fig. 18 shows that the RSC value of the drainage 
water in 3021~03 Kunu Ela reaches the value of 1.3 m. eq. dm-3 in April 1979. 
This value is well within limit of the water quality criterion which determines the 
sodium hazard. Therefore, the drainage wcters are not harmful for soil properties 
and crop growth even if they are used for further irrigation. The data on the quality 
of irrigation waters in Rajangana tank and in  its canal system are not available, but. 
one can recommend that the study on the quality of irrigation waters in Rajangana 
area may be fruitful. 

Table 1 shows the seasonal variation of potassium content in imigation and 
drainage waters. Potassium present in irrigation waters releases excessive sodium 
from the exchange surface of the soil thus improving the soil physical condition. 
Further, being an essential nutrient, potassium acts favourably in reducing harmful 
effcct of sodium by way of providing potassiwn regularly to the plant. A fairly high 
concentration of potassium is observed in the drainage waters, especially in the so- 
wing season. The potassium concentration in drainag; waters is higher than in the 
corresponding irrigation waters indicating that there is a loss of potassi~~m applied as 
(3 fertilizer to the fields 
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Figure 11. Variation in Cazt, Mgzi-, Nat  and SAR values of the water samples collected from 
Field 85. in relation to time. (Dotted line indicates non-availability of water for 
sampling). 
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F'ifJ.W fa~ ia t loa  in tesiduaL Contents of the Uatcr 
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to 'time. 



Figure 14. Variation in Ca2+, Mgz+, Na+ and SAR values of the water samples collected fro111 
Dl Dz DS KUNU-ELA in relation to time. 
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FIG.iG, Variatioil in residuol Conlent of the -water samples ". 

collecled f r ~ m  N2/ 303 Uunu- f l a  in relation to time. 
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Figure 17. Variation in Ca2 L, Mg2+, Na+ and SAR values of the water sample; co1lec:cd from 
3021303 P(uNU-EI..A, in relation to time. 
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:of the water samples collected' fran 

302/303 KWsU-ELA in maion to time. 
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TABLE 3 Seasonal Variahon of total !on Contcnts in RalawewalRalalnwev~a Water Samples. 
- -- 

Cations meq. dm-; Anions meq. dm-3 
Month - -- 

fa? -" Mg24- Na' K- I-IC03- C032- P043- C1' S042 

Jan. '79 
March '79 
April '79 
May '79 
Jute '79 
July '79 
h u g  '79 
Sep. '79 

TABLE 4. Seasonal Variation of total Ion conteats in left bank canal water samples. 
- - - - -. - - - -. -, 

Cat~ons ineq dm-3 
-- 

An-ons meq. dm-3 
Month 

Ca2- Mg2f Na- K-; HC03- C0;Z- P03-$ CI- SO42- 
- --- -- 

Oct '78 
Jan. '79 
March '79 
April '79 
May '79 
June '79 
July '79 
Aug. '79 

TABLE 5. Sett;onal Variatio 1 of total ion contents in Dl Chan:~cl water sanlples 

Cation? rnaq. dm-3 k d o n s  meq. d~in-3 
Month 

Ca2+ Mg2+ Na+ Kf HC03- C032- POZ-4 C1- SOq2- 
-. -. 

April '78 - -- 3.49 0.13 - - 0.09 -- - 
May '78 0.48 0.04 3.14 0.09 - - 0.05 - - 
July '78 0.23 0.18 1.20 0.05 1.31 0.19 0.03 -..- - 
Sep. '78 0..18 .0.12 0.30 0.04 1.03 0.09 0.04 -. . 

Oct. '78 0.18 0.15 0.26 0.04 - - 0.02. -- 

N O ~ .  '78 0.23 0;16 1.27 0.08 1.34 0.19 0.04 0.69 -- 
Jan. '79 0.29 0,23 0.88 0.11 1.85 0.27 0.01 0.65 
March '79 0.34 0.28 1.13 0.06 2.10 0.40 0.04 1.06 0.03 
April '79 0.37 0.31 2.08 0.09 2.49 0.32 0.07 1.18 0.04, 
May '79 0.35 0.26 1.39 0.09 2,39 0.00 0.OG 1.00 0.03 
June '79 0.32 0.24 1:30 0.08 2.,20 0.00 0.04 0.83 0.04 
July '79 0.23 0.15 0.74 0.05 1.48 0.00 0.03 0 . 9  0.03 
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TABLF 6. Seasonal Yanatiol; of tolsl Ion content 111 field 85 water samplcs 

-- 
Cations meq dm-? 

- -- - - - - 
Anlons meq dm-3 

Month 
Ca2+ Mg2+ Na+ K HC03- C0;2- PO;-4 C1- S012- 

-. -- - -- - - -. - -- - 

May '78 
July '78 
Sep. '78 
Oct '78 
Nov. '78 
Jan. '79 
March '79 
April '79 
May '79 
June '79 
.luly '79 

TABLE 7. Seasonal Variation of total ion Contents in 302 Kun~i-Ela Water Samples 

Month 
Cations meq. dm -3  Anions meq. dm-3 

Caz+ MgZi. Na+ a+ HC03- C032- C1- PO43- S042- 

April '78 
May '78 
Jul\* '78 
Sep '78 
Ocl. '78 
Nov '78 
.la*?. '79 
March '79 
April '79 
May 79 
Ju1.e '79 
.July '79 

TABL? 8. Seasonal Variation of total ion Contents in 3021303 Runu-EIa Water Samples. 

Month 
Cations. meq. dm+. -- . - - Anions mecl. dm3-. . - 

Ca2+ Mg2-l- Na+ K-t- HC03- C032-- PO43-- C1- S042- 

Nov. '78 0.47 0.39 3.98 1 3.12 0.59 0.09 1.62 - 
Jan. '79 0.48 0.45 3.12 3 1.45 0.72 0.06 1.50 - 
March '79 0.50 0.46 5.21. 0.08 3.78 0.60 0.07 1.91 0.08 
April. '79 0.56 0.63 6.08 0.08 5.43 0.67 0.15 2.88 0.17 
May '79 0.50 0.54 6.47 0.15 5.10 0.20 0.15 2.58 0.26 
.Tune '79 0.56 0.47 4.37 0.35 4.60 0.00 0.08 2.11 0.06 
July '79':s:' .' ' ;' E- 0.51 0.44 4.61 0.07 4.99 0.00 0.12 1.90 0.10 

.- -- .. - - ---- - -- -- .- - 
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4. Conclusion 
These studies ~ndicaie that the trrigat~on waters in Kala Wewa and ill the canal system 
are suitable. Regular monitoring' of the quality of irrigation water is essential to 
develop water quality criteria for this area. In order to evaluate the limits in the 
quality of irrigation waters. it is necessary to know the extent to which various soil 
properties are affected by the continued use of a given quality irrigation water. 
Therefore. the need for the investigation of the interaction of the observed quality 
waters on different types of soils obtained from Kalawewa area ia emphasised. This 
will enable one to study the cause for the current development of salinity in certain 
newly irrigated areas in this region. 

It is rather difficult to come to a conclusion on the results of the monitoring of 
essential nutrients, within a period of one year. But the excessive drainage of these 
essential nutrients will lead to a type of water pollution by human activities. 

Acknowledgetnents 
The authors are indebted to the Man and the Biosphere coinmittee of the National 
Science Council of Sri Lanka particularly the Chairman Prof. B. A. Abeywickrema. 
Thanks are also extended to Environment Information Service, Sri Lanka Scientific 
and Technical information centre. particularly Miss S. M. Jayasuriya, for assistance 
given to obtain the necessary literature. 

References 
1 .  ARUMUGAM, S. (1976). G~oziiicl Ituler obser~~iztlons rir tlre Kala Oya basil?. Proceedings of 

Sri Lanka Assoclat~on for the Advancement of Science, December 1976. 
2. ASHG~R,  A.G., PURL A. N. .& TAYLOR, E. M. (1936) Sojl dcteriorotion itt iwiraferl areas of 

Pl~rijuh, Part I - 11. Irr~gat~on Res. Inst. Memoirs, Am~tsar. 
3. BELCHER, R. & NUTTEN, A.J. (1970) Quantitative Inorganic Analjlsir. pp 280- 281 London: 

Butterwortbs. 
4. BOWER, C.A., OGATA, G. & TUCKER, J.M. (1968) Soil Science, 106 (1). 29 - 34. 
5. G O L T ~ R M ~ ~ ,  H.L. (1971) Methods for .chemical analysis of fiesh rvater:s. Oxford: T B P 

Book No. 8 Blackwell Scientific Publishers. 
6. MAB - Programme, (1976). Fi!zal report, 24-27 Febmary 1976. 
7. Mahaweli Development Board, (1977) Afulia~veli Ganga Detclopnienl. Sri Lanlw. Sriinnml:l+ 

Reports on Projects. 
8. PALIWAL, R.V. (19721, Irrigafioiz with salirte wafei.. Water Technology Centre, Indian Agri- 

cultural Research Institute, New Delh~. 
9. PALIWAL, K.V. & YADAV, B.R. (1976), . Iri.igationlvafer qualify and crop. ma/iagement in tltc 

Uizioit Territoty of Delhi. New Delht, Water Technology Centre, Ind~an Agr~c~~ltural 
Research Institute. 

10. PALIWAL, P.V. & GANDHI, A.P. (1976) Soil Science. 122 (2) : 85. 
11. SANDELL, E.B. (1965) Calorimetric Defei.minatioit of Tracer of nietals. New York : Tnter 

science Pr~blishers. 
12. SNELL, F.D. & SNELL, C.T. (1951), Colorilnefric methodr Airalj)sis Vol~rma IT. New York: Van 

Nostrand. a 

13. SVENDSEN, MARK T. ,  (1976) - I~zyestigating agricribiirat waterIo,gging anrl snlinitj* prohhns 
M.Sc. Thesls, Co!orado Stato Umversity, Colorado, U.S.A. 

14. WILLARD, H.H., MERRITT, L.L. & DFAK, J.A. 11 964) liisfrrtinenfal Metlrodr o f  Ana(vsis. 
New York: Van Nostrand. 


	JNSF 9_2_121.pdf
	JNSF 9_2_121 (2).pdf
	JNSF 9_2_121 (3).pdf
	JNSF 9_2_121 (4).pdf
	JNSF 9_2_121 (5).pdf
	JNSF 9_2_121 (6).pdf
	JNSF 9_2_121 (7).pdf
	JNSF 9_2_121 (8).pdf
	JNSF 9_2_121 (9).pdf
	JNSF 9_2_121 (10).pdf
	JNSF 9_2_121 (11).pdf
	JNSF 9_2_121 (12).pdf
	JNSF 9_2_121 (13).pdf
	JNSF 9_2_121 (14).pdf
	JNSF 9_2_121 (15).pdf
	JNSF 9_2_121 (16).pdf
	JNSF 9_2_121 (17).pdf
	JNSF 9_2_121 (18).pdf
	JNSF 9_2_121 (19).pdf
	JNSF 9_2_121 (20).pdf
	JNSF 9_2_121 (21).pdf
	JNSF 9_2_121 (22).pdf
	JNSF 9_2_121 (23).pdf
	JNSF 9_2_121 (24).pdf
	JNSF 9_2_121 (25).pdf
	JNSF 9_2_121 (26).pdf
	JNSF 9_2_121 (27).pdf

