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Determination of Irrigation Water Quality of Lake Beysehir
and Other Water Sources Used in Irrigation of Çumra Plain
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In this research, irrigation water quality and pollutions of
Lakes Beysehir and Sugla, Dams Apa and May used in
irrigation of Çumra Plain were determined. Canal Çarsamba
which is leading from Lake Beysehir to Çumra Plain and has
about 150 km length is connected with Lake Sugla, Dams
Apa and May along the route. In the irrigation water samples
collected at four different times and from five points pH, EC,
Ca2+, Mg2+, Na+, K+, CO3

2–, HCO3
–, Cl–, SO4

2–, NO3
–, Fe2+,

Cu2+, Mn2+, Zn2+ and B were also analyzed and from these
results SAR, RSC and quality classes were also determined.
It was evaluated that all of the water samples had moderate
alkaline pH values, class II salty and class I alkalinity (C2S1),
class I RSC, class I and II B level and from Lake Beysehir to
Dam May along the Canal Çarsamba, nitrate and heavy
metals increased and boron contents decreased.

Key Words: Lake Beysehir, Irrigation, Pollution, Water
quality.

INTRODUCTION

Water is very important matter for both livings and agriculture. Water
is plant nutrient and it has a very important role in biological events in
plant body, aids to biochemical reactions, solves and carries nutrition and
briefly effects growing and changing in plant. That's why it is a fertility
factor in agriculture. Quality irrigation water used in agricultural lands
must contains plant nutrients at sufficient and appropriate rates and not
contains harmful matters for plant and soil and has neutral pH and low salt
concentration.

The surface and underground waters of Izmir, Manisa, Aydin and Mugla
provinces had slightly acid-alkaline reaction (pH), low and very high
salinity (EC), low and very high alkalinity (Na) and low and high boron
(B) levels1. The irrigation waters of Central Aegean Region were slightly7
acid-alkaline reaction (pH), have low and very high salinity (EC), low and
very high alkalinity (Na) and low and high boron (B) levels2.



It is necessary that complete chemical analyzed for correct evaluation
of water quality. An analysis must contain Ca2+, Mg2+, Na+ and K+ cations
and CO3

2-, HCO3
–, Cl–, SO4

2- and NO3
– anions analysis3. Reliability of the

results of irrigation water analysis depends on taking correct water samples4.
Quality of irrigation water determines whether it will be used or not in

agriculture, effect salinity-alkalinity in soil or not, will give toxic elements
into soil or not and will be grown crop according to water quality5,6. Qual-
ity of water must absolutely take into consideration in irrigation. Because,
the salt level of irrigation waters depend on resource property. Use appro-
priateness of waters is connected with salts quantity and species7,8.

Chemical compositions of irrigation waters are effected by soil and
geological properties of the region from where this waters spring and gather.
As a result of this, the type and quantities of chemicals contained could be
different, that's why irrigation water can either be useful or harmful to
plants and sometime large areas of agricultural lands are became desert
due to inconvenient practices9. Many of the soils are became barren in
especially Çumra, Çukurova, Menemen and Igdir like semi arid regions in
Turkey because wrong water and irrigation methods10,11.

Irrigation that is one of the important inputs in agricultural production
is realized from like dam and pond or natural rivers. Dam and ponds where
stored water and are foundations made for the least consumption use water
is being necessary of plants12.

In this study, water samples collected at four different times (October
2000, January, April and July 2001), from five points (lake Beysehir
inside part and outlet, lake Sugla, Dams Apa and May outlets) were ana-
lyzed and evaluated with respect to irrigation water quality and pollution.

EXPERIMENTAL

The investigation material covers 20 irrigation water samples collected
at four different times and from five different points (Table-1).

TABLE-1 
SAMPLING PLACES 

Water Places 

Lake 
It is in the west and 90 km far from Konya province, the 
inside part and surface of lake Beysehir 

Lake 
It is in the west and 90 km far from Konya province, the outlet 
and surface of Canal Çarsamba of lake Beysehir 

Lake 
It is in the southeast of Seydisehir district, the outlet and 
surface of lake Sugla 

Dam 
It is in the south and 65 km far from Konya province, the 
outlet and surface of Dam Apa 

Dam 
It is in the south and 59 km far from Konya province, the 
outlet and surface of Dam May 
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Some information on the water sampling places

Lake Beysehir: It is in the west and 90 km far from Konya city, covers
the northwest of Beysehir district and surrounded with high mountains
from the northwest, west and southwest. Lake is supported by brooks like
Deli and Bademli Brooks resulting from these mountains. It is third big
lake of Turkey with respect to square measure and first big lake with
respect to fresh water resource. It is from tectonic origin and has about 650
square kilometers. Geology of lake taken part in a fault subsidence west
has kretase limestone and east side has neojen marl and limestone13,14. The
deepest of the lake is about 10 m and it has 1121 m of altitude. It is made
use of both fresh water of the lake by Canal Çarsamba in irrigation of Plain
Çumra and fishing15. It is the biggest lake in the vicinity after Lake Salt.
Lake environs have marsh and reed bed, especially in the south. Its waters
have rich in plankton population and green-grey colour16. Its drainage area
is 4086 Km2. It is benefited from lake water as drinking water after
chlorine treatment. The lake informed as drinkable water and categorized
as oligotrophic is a good potential for fresh water products17.

Lake Sugla:  It is situated in the south of Seydisehir district and south-
east and about 40 km far from lake Beysehir. Sometimes it lost their water
and then it is cultivated on the dry areas. In addition, in some years water
fills in the lake floor, which is sloping towards southeast18. Lake Sugla
formed in the low part of Seydisehir plain is a tectonic and shallow lake
and has 1095 m altitude and 16 500 ha area. It is filled by Akçay and Özler
Brooks resulting from south of Seydisehir, Canal Çarsamba coming from
Lake Beysehir and the other small brooks. Lake waters are emptied by
means of small swallow holes found in the west, an outlet going to Canal
Çarsamba in the east. A big part of waters of the lake dries in summer
because of irregular filling and shallowness and on these areas it is gener-
ally cultivated chickpea19.

Dam Apa:  It is in the south of about 65 km far from Konya province
and was built with the aim of irrigation and protection from flood. Dam
Apa has 169 million m3 water/year and irrigates about 18 000 ha agricul-
tural areas. It was built as soil filling type, its kret high is 31.5 m and it has
12.60 km2 surface areas16,20.

Dam May:  It is in the south of about 59 km far from Konya province
and it was built with the aim of irrigation and protection from flood as soil
filling type. Dam May stores 42 million m3 water/year and irrigates 4000
ha agricultural areas. Its kret high is 19.6 m and it has 7.75 km2 surface
areas.

Çumra Plain is in the south of Konya province between 37º 51' north
latitude and 32º 47' east longitude. Its altitude is about 1013 m and there,
summers are hot and rainless, winters are cold and rainy. The average
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temperature 10.7 ºC, average relative humidity 63.1 % and average
precipitation 301.4 mm per a year. In Çumra plain which has 107114 ha
cultivatable area, there are 85000 ha irrigable area and 48000 ha present
irrigating area. It has clay soil character and is benefited from surface and
underground waters in the irrigation. The source of surface water is Dam
Apa. The lakes Beysehir and Sugla and Canal Çarsamba flow constitute
the reserve of Dam Apa, too. It is taken that average 335 millions m3/year
irrigation water from Dam Apa. Cereals were commonly cultivated in Çumra
plain. The other some important plants such as sugar beet, vegetable, food
plants, leguminous and fruit are also grown. Plant design is cereals 75 %,
sugar beet 15 %, leguminous 3 %, vegetable 2 % and fruit 2 %21.

Water samples were collected from inside and flowing parts of
sampling place into polyethylene 1 L bottles in autumn (October, 2000),
winter (January, 2001) and spring (April, 2001) seasons at dormant
seasons and growing seasons (July, 2001) when the irrigation is realized.
The clean bottles were entirely filled with and immediately carried to the
laboratory in closed bags. In the water specimens kept in the refrigerator,
pH (pH meter), EC (EC meter), Ca2+, Mg2+ (EDTA volumetric titration),
Na+, K+ (flame photometer), CO3

2-, HCO3
-, Cl– (volumetric titration), SO4

2-

(spectrophotometer), NO3
- (Kjeldahl), Fe, Cu, Mn, Zn (atomic absorption

spectrometer) and B (spectrophotometer) were analyzed22. From these
results RSC, SAR and quality classes were also determined. In determina-
tion of RSC and SAR; RSC = (CO3

2- + HCO3
-) – (Ca2+ + Mg2+), SAR =

Na+[(Ca2+ + Mg2+)-2]-1 were used, respectively. The quality classes (CxSx)
were determined according to the diagram of salinity laboratory of USA23.

RESULTS AND DISCUSSION

The analysis results of 20 irrigation water samples taken from some
surface waters used in the irrigation of Çumra plain were given in Tables
2-5.
Analysis results of October 2000

The analysis results of irrigation water samples collected in October
were given in Table-2. The pH values of irrigation water samples were
found between 8.00 (Lake Beysehir outlet) and 8.30 (Dam Apa). Average
pH value was 8.15. The pH values were ranged around normal (6.50-8.50)
limits26. The pH value of lake Beysehir water was reported as 7.97 and for
Dam Apa 8.40 in October, 199124. As it is seen, the pH values of samples
are high because these waters result from calcareous formation. It was
determined that the pH values of water of Dam Keban situated in north of
research area is quite high, 8.12-8.8025.

The electrical conductivity (EC) values of samples were ranged from
380 µmhos cm-1 being Class II (C2) for Dam May to 612 µmhos cm-1 being
Class II (C2) for Dam Apa. The average EC value was found as 503 µmhos
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cm-1 (C2; 250-750 µmhos cm-1) and that's why all of the waters are used in
irrigation as safely.

Water specimens had very good characters with respect to Cl–

(chlorine) and SO4
2- (sulphate) anions because they were in class I26 (0-4

me L-1). It was determined that the quality of Dam Altinapa found in same
region water used both in irrigation and drinking of Konya people as class
I with respect to Cl– and SO4

2- ions27.
The contents of NO3

– (nitrate) were found to be at trace levels (average
0.01 mg L–1). It was found that the NO3

– contents of water of Dam Keban
situated in north of research25 area are 2.17-2.85 mg L–1.

On the other hand, B contents of water samples differed between 0.53
mg L–1 (Dam Apa) and 0.86 mg L–1 (Lake Beysehir inside part). Average
value was 0.64 mg L–1. The water samples collected in October 2000 were
classified as class II (0.50-1.12 mg L–1)26 with respect to the B contents.
These waters must not be used for sensitive plants to B.

It is desired that Ca2+ and Mg2+ concentrations are higher than Na+.
The SAR (sodium adsorption ratio) is the best important indicator of the
relation in between these cations12. In the research waters, SAR values
ranged between 0.30 (lake Beysehir inside part and outlet) and 0.51 (Dam
Apa) and average value was 0.37. That's why; these waters are in the class
I (S1; 0-10) for SAR28. Thus, all of the waters can be used in irrigation
without any problem.

In addition, all of the water samples were evaluated for RSC (residual
sodium carbonate) as Class I (< 1.25 me L-1)26, so they can be used in
irrigation as safely.

All the water specimens taken in October 2000 were in quality class II
(C2S1) and thus they are able to use in irrigation of plants.

Analysis results of January 2001
The analysis results of irrigation water samples collected in January

were given in Table-3. The pH values of irrigation water samples were
found between 7.50 (lake Sugla) and 8.28 (lake Beysehir outlet). Average
pH value was 8.06. The pH values of the samples that have moderate
alkaline property were ranged around normal (6.50-8.50) limits. It was
determined that the pH values of the lake Sugla water were 7.50-8.2017.

The EC values of the samples were ranged from 430 µmhos cm-1 (lake
Beysehir outlet) to 635 µmhos cm-1 (Dam May). The average EC value was
found as 527 µmhos cm-1 and it increased according to analysis in October
2000. This increase might be the result from turbidity because of late
autumn and early winter flows. The increase of EC in the irrigation waters
limits its usage of water resource in irrigation. That's why; discharge of
torrents, drainage waters and sewerage and industry waters to water
environments must be prevented29.

700  Zengin et al. Asian J. Chem.



Water specimens had good characters with respect to Cl– and SO4
2-

anions because they were in class I. In generally, irrigation waters in the
region have good quality for these anions. It was determined that lake Egirdir
water found in the west of lake Beysehir was in class I with respect to in
question anions30.

On the other hand, the B contents of the water samples differed
between 0.00 mg L-1 (Dams Apa and May) and 0.45 mg L-1 (lake Beysehir
inside part). Average value was 0.12 mg L-1. The water samples collected
in January 2001 were classified as class I (0.00-0.50 mg L-1)26 with respect
to the B contents. These waters were safe and usable in irrigation.

The SAR values changed between 0.11 (lake Beysehir inside part) and
0.28 (lake Sugla) and average value was 0.17. That's why; these waters are
in the class I for SAR. Thus, all of the waters can be used in irrigation
without any problem. It was found that lake Sugla water had 0.29-0.37
SAR values by other researcher17.

In addition, all of the water samples were evaluated for RSC as Class I
(< 1.25 me L-1)26, so they are safe and usable in irrigation practices with
respect to RSC.

All of the water specimens taken in January 2001 were in quality class
II (C2S1) and thus they are safe and usable in irrigation of crops.

Analysis results of April 2001

The analysis results of irrigation water samples collected in April were
given in Table-4. The pH values of irrigation water samples were found
between 7.68 (Dam May) and 8.40 (lake Beysehir outlet). Average pH
value was 8.09. The pH values of the samples that have moderate alkaline
property were ranged around normal (6.50-8.50) limits.

The EC values of samples were ranged from 325 µmhos cm-1 (lake
Beysehir outlet) to 555 µmhos cm-1 (lake Sugla). The average EC value
was found as 460 µmhos cm-1 and according to the results of the earlier
periods this decrease might be resulted from spring waters were more and
the salt concentration was lower. All of the waters were in class II with
respect to EC and so they are safe and usable.

Water specimens had very good characters with respect to Cl– and SO4
2-

anions because they were in class I.
On the other hand, the B contents of water samples differed between

0.07 mg L-1 (Dam Apa) and 0.27 mg L-1 (lake Beysehir inside part). Aver-
age value was 0.17 mg L-1. The water samples collected in April 2001 were
classified as class I (0.00-0.50 mg L-1)26 in relation to the B contents. So,
these waters were safe and usable in irrigation practices.

The SAR values changed between 0.11 (lake Beysehir inside part) and
0.18 (lake Sugla) and average value was 0.14. That's why; these waters are
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in the class I for SAR. Thus, all of the waters are safe and usable in irriga-
tion of crops.

In addition, all of the water samples were evaluated for RSC as Class I
(< 1.25 me L-1)26, so they are safely usable in irrigation with respect to
RSC.

All of the water the specimens taken in April 2001 were in quality
class II (C2S1) and thus they are safely usable in irrigation of crops.

Analysis results of July 2001

The analysis results of the irrigation water samples collected in July
were given in Table-5. The pH values of the irrigation water samples were
found between 7.96 (lake Sugla) and 8.30 (lake Beysehir inside part). Av-
erage pH value was 8.11. The pH values of the samples that had moderate
alkaline property were ranged around normal (6.50-8.50) limits. It was
found that the pH of the water sample taken24 from lake Beysehir in July
1991 was 7.80. The pH value increased (CO3

2- value increased and HCO3
–

value decreased) in 10 years. Now, RSC is not a problem because of the
CO3

2- increase.
The EC values of the samples were ranged from 410 µmhos cm-1 (lake

Beysehir outlet) to 575 µmhos cm-1 (Dam May). The average EC value was
found as 485 µmhos cm-1 and it again increased according to the result
obtained in April. This increase might be resulted from decrease of water
resources and so the salt concentration increased in the water. All of the
waters were in class II with respect to EC and so they are safely usable.

Water samples had good characters in relation to Cl– and SO4
2- anions

because they were in class I.
On the other hand, the boron contents of water samples differed

between 0.04 mg L-1 (Dam Apa) and 0.19 mg L-1 (lake Beysehir inside
part). Average value was 0.11 mg L-1. The water samples collected in July
2001 were classified as class I (0.00-0.50 mg L-1)26 with respect to the
boron contents. So, these waters were safely usable in irrigation of crops.

The SAR values changed between 0.10 (lake Beysehir inside part) and
0.24 (lake Sugla) and average value was 0.18. That's why; these waters are
in the class I for SAR. Thus, all of the waters are safely usable in irrigation.

In addition, all of the water samples were evaluated for RSC as Class I
(< 1.25 me L-1)26, so they are safely usable in irrigation in relation to RSC.

All of water specimens taken in July 2001 were in quality class II
(C2S1) and but yet they are safely usable in irrigation of crops.

Conclusion

It is determined that all of the water samples had moderate alkaline
reaction, class II salinity and class I alkalinity (C2S1), class I RSC, class I
and II B, class I Cl– and SO4

2- and from lake Beysehir to Dam May along
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the Canal Çarsamba, nitrate, iron and zinc contents increased and boron
contents decreased. In addition, there is not heavy metal pollution in the
waters. Anyway, copper and manganese were not found in any of the
samples, iron and zinc were found as trace in some specimens. All of the
water samples were evaluated as suitable in irrigation with respect to pH,
EC, B, SAR, RSC and heavy metal. But, it must be sampled, analyzed and
followed by the related offices at certain intervals for every year.
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