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RELATIONSHIP BETWEEN SODIUM MAGNESIUM AND ‘CALCIUM
IN UNDER-GROUND IRRIGATION WATER .OF A ‘BRACKISH.
WATER TRACT.

BIJENORA SINGH' and PRATAP NARAINT

A survay of underground irrigatllun wator of a brackish water affected tract § - Agre

district of Uttar Pradesh revealsd Nat—mg*+—ca++ ype warers. an increass in
salinity of water was associsted with increase in the concentration of the ‘ions;. huwgvé'r_
relative ihcrease of magnesium was more than sodium and calcium, Asout 5 per cent of
wate: samples were dominsted with magnesium ever sedium, Out ol the rem.'én.iriill'lg WAELGFE

. dominated with sadium, a large number |30 per cint) showed Na/Mg ratio berween 2—3
Only 2 por cent “water samples were dominated by caleium over sodium and from [Ei'rh
aining sodium do ninated waters 26 per cent contained 6—10 times sodiim as comparad
to calcium. About 24 per cent samp'ia!’- waores dominated by magnesium ove- caleium .and
1/3rd of these samples analysed 2—3 times more magnesium  than caicium. Hencs the
ratio between Na/Mg and Mg/Ca wers appreximately of the ssme order,

Presence of total soluble salts or
electrical conductance (EC) and
sodium adsorption ratio (SAR) conti-
nue to be the yard stick: to judge- the
quality of irrigation water. Out of the
‘cations contributing towards salinity
of irrigation water, the amount of
potassium present is very small and the
preponderance of sodium. calzium and
magnesium  has been established
bwand any dnubt An assumption that
caldium and magnesium being divalent
behave alike has been used for com-

puting SAR by Richards (1954) and-

subsequent workers.A large number of
reports reveal that calcium differs from
magnesium with regard to exchange
behaviour, specific adsorption sjtes
(Beckett, 1965), plant growth and soil
physical properties (Bernstein and
Hayward., 1958; Heinmann. 1959).

namely, Bichpuri,
‘Kheragarh, Jagner, Sawan. Fatahpur

Magnesium dominated irrigation waters

and reported to be more hazardous
than calcium dominating irrigaiton
waters (Paliwal et ai 19?5} It appears
therefore, nacessary that relative pro-
portion'of  sodium to calcium and
sodium to magnesium- might be of
considerable significance for predicting
effect of szline waters on soil  physico
chemlcal properties and piant growth.
The present © study s an attempt

“towards this direction,

MATERIAL AND METHODS

Asurvey of under ground Irrigatjon
water was conducted in brackish
water aifected tract of Agra district in
Uttar Pradesh covering eight: blocks
Akola, Baroli Ahir,

Sikri and i{lraull Number uf samples
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_callectad frnm a.block wara baspd on

its size and. wera randomly distributed

all over the block area. Four hundred
-and thirty-one water samples (216 from
tubewells'and 215 from wells) wers
collected ~and analysed for pH, EC,
Ca.++ Mg.++ Na+ K+ COs=
HCO,,—~Cl—and SO,= (Richards, 1954)
Various cationic ratios worked out from
" chemical composition of these water
sampiesh'ava been discussed.

HESULTS AND DISCUSSION

L Na,+ Mg++ and Ca++vs Salibity.

The. detailed chemical analysis of
these water samples reported by
Narain etal. (1976) revealed electrical
conductance varying from 0.6 to 34.3
with anaverage value of 7.1 mmhos/cm:
The SAR of these waters ranged bet-
ween 1.1 to 78 5 (mean 12.8). Sodium
was ‘the dominant cation which was
followed by magnesium or calcium.
Thus,® the cationic composition of
these waters was Na+-Mg++-Ca++

{Val, 70. No. 9

the contribution of sodium and calcium
was decreasing while that of magnesium
was incieasing. In case of extiemsly
saline waters having EC morethan 20
there was a sharp decrease in sedium
contribution . and inerease in that
of magnesium This ‘indicated that
relative proportion of magnesium with
increased insalt content of waters above
4 mmhos/cm conductivity.

Na/Mg. Nai’Ca and Mg/Ca ratios vs
Salinity = i

The Na/Ca and Na/Mg’ ratios of
these irrigation waters indicated (Fig, 2
an increase in these ratios upto 2-4
mmhos/em of EC of irrigation water.
With further increase in salinity of
water, there was decrease in‘Na/Mg
ratio while in the Na/Ca ratio conti-
nued to increase upto 20 Ec and

- dropped later on This shows that with

or Na+-Ca++-Mg+ 4+ type. Potassium

was present in small amount irrespec-
tive of salinity grade of irrigation water.

With increase in salinity of waters,
there was .increase in.concentration of
Na+ Mag++ and Ca+- (Narain et al.
1876)- The contribution of sodium,
magnesium and calcium towards sali-
nity variad from 51 ro 68, 21 to 28 and
8 to 18 .'per cent, respectively. The
contribution of sodium towards s;llmt',r
increased upto2 ta 4 EC of
(Fig. 1), with a simultaneous decreass
in per cent contribution of -magnesium
and calcium upto these salinity ranges.
In water samples above this salinity;

walers .
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increase in the salinity of water above
4 mmhosfcm, relative increase of
magnesium with respect to sodium is
more. than celcium. A sharp fall of
NafCa ratic sbeve 20 mmhos/cm
conduetivity may be attributed due to
considerable decrease in sodium in
this range rather than any remarkable
increase of calcium (Fig. 1), MgiCs
curve revealed a continuous Increase
in the ratio with ‘increase in salinity
confirming magnesium domination in
water samples over calcium. In most
of the irrigation waters magnesium
was more than calcium excepting few
samples possessing low salinity. The
magnesium content was 1 to 3 times
that of calcium content all over the
salinity ranges of irrigation water.

Na/Mg, Na/Ca and Mg/Ca ratios vs

-{requency distributlon of samples:
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Frequency distribution diagram
with regard to Na/Mg revealed (Fig.3)
that about 30 per cent of water samples
contained 2-3 times sodium than mag-
nesium and sbout 74 per cent water
possessed Na/Mg ratio -lesser than 4.
The curve shows that number of the
water samples increased upto 2-3
Na/Mag ratio and decreased than after
particularly beyond 10 to 20 ratio.
Most of the water samples (95 percent)
revealed the Na/Mg ratio lesser than10.
Blockwise  frequency
(Table 1) shows that sbout 5 per cent
of irrigation water possessed Na/Mg
ratio less than 1 indicating the domin-
ance of magnesium over sodium in
these waters. Of remaining samples 69
per cent waters revealed Na/Mg ratio
1to4 and 26 per cent more than 4,
about 5 per cent irrigation waters
also classed in the category of Na/Mg
ratio=10. The maximum percentage
of water samples '{9.4} dominated by
magnesium (having Na/Mg(ratic <1)
ware found
while minimum (12 per cent) in
Fatehpur Sikri block. This was inversely
related to the  salinity problem of

irrigation waters in these blocks Thus,.

the . waters of low salinity were
dominated by magnesium while in
higher  salinity waters . the sodium
occupies the place of dominant cation,
In all the blocks maximum percentage
of 'water samples  about 45 to 70
possessed Na/Mg ratio between 1to 3.

About 70 per cent of waters poss-’

essed Ne/Ca ratio (Fig.3) lesser than
10 and only 24 per cent less than 4.

Maximum number of waters (26 per

distribution

i Mg.{Ca

in the block Baroliahir

-waters “have also been

wé;-r ?u Nu 5'._

cent) contained sodium 6 tﬂ ‘EO tlmes.
‘m re than calcium. About _SB pgr_;e_l'_i} :

water samples showed NafCa. ratio
lesser than 20. The f-réq:iuanc'v'distri*
bution of Na/Ca ratio (Table 1) shows
that only 2 per cent irrigaﬁuri water
were dominated b*f nalc:um fand rest
(about 98 per nant) were hawng more
sodium than ealcium Abnut 22 per
cent water samples -::nnt_a_lrn_ed_ snc_h_um
1 10 4 times more-than calcium and 19
per cent of the samples revedled 4-to
6 times sodium over c¢ilcium. About
70 per cent ‘waters -posse sed Na/Ca
ralio less than 10,

Fig. 3 depicts thatonly 6.5 per
cent of water samples were having
ratio <1, thare by damma:ad
by calcium. Rest = of waier samples
(93.5 per cent) showed presence of
more magnesium than calcium. About
86.5 per cent of the sémpia's possessed
Mg/Ca ratio between 1 10 5 and 7 per
cent ot samples had more than 5, Thué,
1/3 of water samples had magnesium
2 to 3times more than calcium con-
tent.  Such .- magnesium ‘dominated
reported in
Hajasthan (Paliwal et al, fﬂ?ﬁ}' and
from western Uttar Pradesh (Tripathi
etal. 1973; Narain etal, 1976).The
blackwise frequency - distribution of -
irrigation waters with-respect to Mg/Ca
ratio is gwen in tabla1 The magnes-

© fum hazard in :rrlqatmn water has been
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calculated in those ~ cases where
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magnesium is more than calcium
(Paliwal et al- 19758) and expressed
as % Mg hazard = No. of water samples
having Mg~ Ca = 100/ total no, of
water samples, Maximum. magnesium
hazard wes recorded (Tsble 1) in tha

blocks Bichpuri and Saiyan where all
the ssmples showed dominance of
magnesium over calcium. Excepting
' the Baroliahir and Jagner blocks atleast
-90 percent of underground irrigation
waters possessed a potential magnes-
ium hazard. In Baroliahir and Jagnef
11 to 22 per cent of water samples
ware found to have more calcium than
magnesium, Therefore water'of these
blocks revealed low magnesium hazard.,

About 98 per-cent waters of Bichpuri’
block have Mg/Ca ratio in between -

Tto 5. Incase of Saiyan and Jagne,
79 and 90 per cent, respectively were
grouped in this.natagnrf. Magnesium
hazard in other blocks was ™ in the
order: Kheragarh> Kiraoli > Akola>
Fatehpur Sikri= Baroliahir.

A comparison of NayCa, Na/Mg
and Mg/Ca ratio curves (Fig. 3, indi-
cated that the ratio of Na/Mg is lower
than Na/Ca and hence the Na/Ca curve
is shifted away from the ordinates But
Naf/Mg and Mg/Ca frequency curves
run more or less parallel to each other,
This indicates that the ratio betwsen
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Na/Mg is approximately of the same
order and magnitude as that of

Mg/Ca.
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with regard 1o cationic ratios

Tabla 1  Rloch—wise per cent frequency distubution of unﬂemraunﬂ,:ngga_tlg_n_ﬁw#tpf:;éﬁlu

s i fast ¥ i

Casa Bkh>  Akolg Dol Chhie Jagner  Saiyan  Fateh- . " Kiraoh .
P ahiv tjarh o “put L
| LBk et g
i R Wy sz aaey ()
tla/Ma ratio ) _ 5 i
03 .7 35 8.4 - 5.0 5.8 B & R YT
1-4 au.e 1o 26 27.3 275 U8 166 260,
2.3 385 76 2;‘*3 7.4 24,6 . 32? 40.? L ‘ 221
3-4 10.3 138 13.2 16 4 17.5 7.7 . 188 . 6.
4-6 76 104 1z 127 15,0 77 140 1.7
6-10 5.2 70 15.1 10,9 10.0 1.7 IR
10.20 - — 190 - 26 - 3.9 23 -7 28]
W03 — 3.5 1.9 — - 1.9 23 -
= a0 - 35 1.5 . o . 45 19° 1.2 ‘3w
MNalCa ratio _
8- 1 - - 3.8 1& 5.0 - i L M 52
1- 2 5% 3.5 7.6 18 100 ! L H 35 16
2- 3 - 10 & 35 _ 15,1 3.0 20.0 Tq_ﬂ V1.6 .- L ..5'?_ -
3-4 154 35 13.2 4.6 2.5 154 587 o4
-6 410 24.% 4.4 200 250 21.2 128 13.0°
6-10 18.0 27.5 - 227 1.8 225 27.0 407 20,8
10-20 1.7 24.3 15.1 291 15 212 12.8 267
20.20 2.6 10,3 7.6 7.3 15 -ttt g
>30 — 35 5.7 .3 e 77, 35 104
MgiCa mtio -~ |
0- 1 — 69 113 1.8 225 _ 2 o'y
-2 359 6.9 44,0 16.4 275 13,5 209 247
2-3 539 276 26.4 38.2 17.5 365 . 395 - 260
R 1,17 %716 113 21.8 10,0 28,9 24,4 195
i 26 207 13.3 20,0 — ‘175 ‘5.8 196
610, — 10.4 19 18 25 T Az a8
10.20 - — 1.9 - P o B i
20.30 - - —_ _— o 19 - PP
2t = B i - e T - — 1.3

Figures -in paranthesis indicate number of sarriplea.
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Flg. 2 NoJCa ) Na[Mg ANT MgCa RATIOS IN RELATION
“TO-SALINITY OF UNDERGROUND IRRIGATION

RELATION SHIP BETWEEN SODIUM MAGNESIUM

flg. | PERCENT CONTRIBUTION OF SATIONS TUWRRDS TOTAL SALINITY
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' Fig» 3. FREGUENGY DISTRIGUTION OF UNDER-GAOWND
IRRIGATION WATER IN RELAVION . TO DIFFEREI
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