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Effect of DDepth and Salt Concentration
of Groumnd Water on Salinization of Seil

M. M. ELGABALY and N. M. NAGUIB
Institute of Land Reclamation, University of Alexandria, U. 4. R.

Targe areas of irrigated soils in the Nile Delta and Valley suffer from
salinity due to the presence of saline ground water near to the surface.

The presence of a high ground water table when the ground water is
of a high soluble salt content under arid and semiarid climates leads to the
translocation of salts throughout the soil profile by capillary action enhanced
by high evapotranspiration, thus resulting in what is termed “salt affected
goil”,

The critical levels and salt content of ground water with regard to
their effect on the salinization process have received some attention. Kovpa [2]
reported that the critical level depends upon the salinity of the ground water.
ErcaBary [1] studied causes of secondary salinization of Egyptian soils
in relation to irrigation and ground water,

Sinee salt accumulation depends, among other things, upon the depth
and the salt concentration of ground water, the present work deals with the
study of the effects of two levels of ground water each having three different
levels of salt concentration, on salt accumulation during a eropping pattern
including cotton, fallow and barley.

Materials and methods

Lysimeters (1% 1x2 meters) fitted with side drain tubes fixed at the
depth required and feeding tubes at their bottom, to maintain the required
water-table depth were used. The soil selected for the study contains 289%,
of very fine CaCO,, with a hydraulic conductivity of 0.48 cm./hour. It contains
59.18, 5.14 and 25.68Y%, of sand, silt and clay respectively.

The lysimeters were filled with the soil and each treatment was replicated
three times. During the experiment the ground water was maintained at
depths of 50 (d;) and 90 ems. (d,). Three levels of salinity of ground water
were used the compositions of which are given below:

Sl ", . Anjons me.[L ] Cations me.fl.
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Sg 5 0.95 1.89 543.0 62.9 28.99 105.50 ‘ 460 1 10.65
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The lysimeters were planted with cotton, followed by a fallow period,
then again planted with barley. Composite samples representing each treatment
were taken at depths of 20 em. at the following dates.

Liate of sampling | Treatment

28, 7.1962. Before irrigation of cotton

1. 8.1962. After irrigation of cotton

20. 8.1962. After irrigation, end of growing season of cotton
23, 9.1962. ‘ Start of fallow period

G. 11.1962. End of fallow period

8. 1.1963. After irrigation of harley

27, 3.1963. After nrigation. end of growing season of harley

The samples were analysed for total soluble salts, Na*, Ca?+, Mg?+,
Cl-, SO3~, CO3~ and HCOj; using standard methods [3].

Results and discussions

The results are shown in Tables 1—4. and Figures 1—4.
Figure 1. shows the relation between total soluble salts in the upper
20 em. layer, and date of sampling at two different depths and three levelg
of salinity of the ground water. From Figure 1. it is clear that soil salinity
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Table 1,

Change in chloride concentration in the 0—20 cm layer with depth
and salinity of ground water

Cl~ concentration me.fl.

jbj,gt;fhﬁ; d, = 50 em. | d, = 90 cm. Treatment
Lo, s, | & | s | = S
|
28, T7.1962. 10.96 | 9.79 ‘ 8.39 3.96 9.79 | 34.51 | Cotton before
1. 8.1962. 11.97 1+ 13.656 8.81 4.97 9.03 | 19.87 | Cotton after irrigation
20. 8.1962. 29.17 43.45 26.07 6.21 7.14 | 2297 | End of cotton vege-

23, 9.1962. 79.02
G. 11,1962, | 251.07

140,47 167.84 20.66 | 21.17 | 38.22 | Fallow

‘ tation
|
i 3561.20 | 329.92 40.15 | 77.40 | 93.36 | Fallow

8. 1.1963. 28.69 45.32  67.99 4.34 4,10 6.27 | Barley after irrigation
27. 3.1963. | 39.23 | 10116 147.62 5.68 | 17.03 | 12.13 | End of barley vege-
| ‘ tation
|
8, = 6000 p. p. m. S, = 18000 p. p. m. 3, = 35000 p. p. m.

in the surface layer tends to increase slightly with time during the growing
seagon of cotton. Thig is followed by a sharp inerease in salinity during the
fallow period at all three levels of salinity and the two depths of ground
water. When the ground water table was kept at 50 em. (d,), the increase
in salinity in the upper 20 cm. was very pronounced at all three levels of
salinity. At this shallow depth small differences were observed due to diffe-
rences in the salinity of the ground water at the two highest levels of salinity.
However, both were higher than the lowest level of ground water salinity.
The salinity level in the soil was greatly reduced following irrigation which
may indicate the importance of the short frequences between irrigation to
maintain the salt concentration in the soil at a level suitable for plant growth.

Table 2.

Changes in chloride concentration in the 20—40 c¢m. layer with depth
and salinity of ground water

Cl~ concentration me./l.

) dy = 50 em. | d, = 90 em. Treatment
8, 8 s | s | s 8,
28, 7.1962. 12.13 28.91 11.19 5.13 | 11.66 | 30.78 | Cotton before
irrigation
1. 8.1962, 19,42 21.23 16.71 8.36 8.81 33.20 | Cotton after irrigation
20, 8.1962. 36.0 57.42 49.35 14.90 | 14.28 | 35.38 | End of cotton vege-
tation
23, 9.1962. 73.33 130.14 163.71 38.22 | 52.68 | 54.74 | Fallow
6. 11.1962 79.82 178.0 246.71 44.51 | 81.27 | 93.36 | Fallow
8. 1.1963. 38.33 67.02 97.88 6.76 8.20 | 18.80 | Barley after irrigation
27. 3.1963. 39.74 99.87 132.65 10.06 | 24.26 | 25.29 | End of barley vege-

I tation

8, = 6000 p. p. m. S, = 18000 p. p. m. 8, = 35000 p. p. m.

24*
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Table 3.

Changes in sodium concentration in the 0—20 cm. layer with depth
and salinity of ground water

Nat concentration me.fl.

;j;t;ugfg L= 50 cm. | d, = 90 em. Treatment
5 | s | s s | s | s
28. 7.1962, 16.52 ‘ 10.71 12.64 5.56 | 13,49 | 19.74 | Cotton before
‘ irrigation
1. 8.1962, 15.13 14.67 14.11 8.35 | 12.25 | 13.67 | Cotton aftor irrigation
20. B.1962. 23.71 = 36.28 22.84 8.08 8.67 | 17.76 | End of cotton vege-
tation
23. 9.1962, 58.06 ' 78.58 106.60 14,61 | 13.11 | 18.84 | Fallow
6. 11.1962. | 129.35 163.63 178.39 27.23 | 37.48 | 42.13 | Fallow
8. 1.1963. 26.20 = 32,72 53.22 4,53 5.74 4.93 | Barley after irrigation
27, 3.1963. 33.47 61.39 95.12 6.16 | 12.65 | 10.02 | End of barley vege-
tation
5, = 6000 p. p. m, 8, = 18000 p. p. m. 8, = 35000 p. p. m.

If we now examine the effect of lowering the depth of the ground water
table to 90 em. (d,) we find that the general trend is similar to that of the
50 cm. depth while the magnitude of change is much smaller. That is to
say soil salinity is less than !/, of its level at the 50 em. depth. In addition,
the effect of difference in the salinity of the ground water is not very pronoun-
ced. Therefore, we can conclude that the depth of ground water contributes
more to the salinization of the soil surface than does the salinity level of
ground water.

Figure 2. shows the same relations as Figure 1. but for the 20—40 cm.
layer. Here, we find that at the 50 em. depth of ground water the difference

Table 4,

Changes in sodium concentration in the 20—40 cm. layer with depth
and salinity of ground water

Nu* concentration me.fl.
woopiog | di=om [ sewe it
8, ‘ 3, Sy ‘ 8, I S, [ 5,
|
28, 7.1962. 16.52 10.71 12.64 5.56 | 1349 | 1974 } Cotton hefore
irrigation
L. 8.1962. 15.13 14,67 14.11 8.35 | 12.25 | 13.67 | Cotton after irrigation
20. 8.1062. 23.71 36.28 22.84 8.08 8.67 | 17.76 | End of cotton vepe-
tation
23, 9.1963, 58.06 78.58 106.60 14.61 13.11 | 18.84 | Fallow
6. T1.1962, | 129.35 163.63 | 178.39 27.23 | 37.48 | 42,13 | Fallow
8. L.1963. 26.20 32.72 53.22 4.58 5.74 14.93 | Barley after irrigation
27, 3.1963. 33.47 G1.39 95.12 6.16 | 12,65 | 10.02 | End of barley vege-
i | i tation
| I

S = 6000 p. p. m. By, = 18000 p. p. m. Sg = 35000 p. p. m.
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in the salinity level of ground-water is reflected in the salinity of the soil,
ie. S;8,8; at all dates of sampling. Similar effects of cropping, fallow, and
irrigation, reported for the 0—20 cm. layer were observed. The maximum
level of soil salinity attained in this layer is less than in the 0—20 cm. layer
which indicates that salts tend to accumulate in the surface layer where
evaporation is most active.

At a 90 em. depth of ground water the effect of difference in the level
of ground-water salinity on soil salinization is not very pronounced, here
we find that soil salinity in this layer is almost equal to that in the 0—20 cm.
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layer which may indicate that the effect of the depth of ground water is

reflected more in the top layer.

Figure 3. shows the changes in total soluble salts with depth, at different
dates for the three different salt concentrations of ground water at a depth
of 50 em. It is clear that the difference between the maximum and minimum
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salinity in the surface layer is very great at all three levels of concentratiens.
This difference between the maximum and minimum values is greatly reduced
with depth. However, it became larger with the increase in salinity of the
ground water.

Figure 4. shows the changes in total soluble salts with depth at different
dates for a depth of ground water of 90 cm. Here the difference between the
maximum and minimum salt concentration does vary greatly with depth.
This may indicate that when the ground water is at a depth of 90 cm. the
upward movement is not very active. In addition, soil salinity is much lower
than when the water table is at 50 em. :

The changes in the chloride and sodium concentrations in the soil with
time, depth, and salinity of ground water are given in tables 1—2. and 3—4.
respectively. 7

Tt is to be observed that they follow the same trends followed by total -
soluble salts previously discussed as influenced by depth, salinity of ground
water, type of crop, fallow period, and irrigation. The pattern of change can'
be summarized as follows:

1. The concentration of Cl~ and Na* increased during the fallow
period.

2. The effect of depth of ground water on Cl~ concentration in soil
was more pronounced than was the effect of its salinity level.

3. The concentration in the top 0—20 cm. layer was higher than in
the next 20 cm. particularly during the fallow period and at a 50 cm. depth
of ground water.

4. The concentration changes of sodium generally followed those of
chloride.

5. The higher the sodium and chloride concentrations are in the ground
water, the higher are their concentrations in the soil. This is particularly true
for the ground water depth of 90 em.

These results indicate that the so called critical depth and salt concent-
ration defined as the depth and salt concentration at which the processes
of soil salinization start especially in the surface layer depend upon the depth,
and salinity level of ground water, climate and irrigation regime.

Tt seems that the critical depth is modified by the concentration of
salts in the ground water. The higher the salt concentration of the ground
water is, the deeper the critical level of ground water. It follows, that the
higher the ground water table is the lower the critical salt concentration
is in the ground water. Unpublished data from this laboratory indicate that
the texture plays an important role in the so called critical depth and concent-
ration as well as in the distribution of salts in the soil profile,

Summary

The effectz that depth and salt concentration of the ground water, eropping
pattern and irrigation regime have on soil salinization have been studied. Two depths
and levels of salts were included. Results indicate that above a certain salinity level,
the depth of the ground water is more important than is the level of its salinity, and is
a contributing factor to soil salinity, particularly in the surface layer. The depth and
salinity of ground water has very little effect on salinity of the subsoil. This is conditioned
more by cropping pattern and irrigation regime.
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Binsuue TayOMHBI 3aNeranus M KOHUEHTPAUHH coneid
B I'PYHTOBbIX BOJaX Ha 3aC0JEHHE ITOYBBI

M. M. EN'ABAJIBI u H. M. HAT'VHE
HMHCTHTYT MeNHOpalMH TI0UBLI AJneKcaHapHiicKoro YHuBepcHTeTa (OAP)
Peszwme

Mccnenosaso BansHMe riyGHHLL 3AJIEIAHHST IPYHTOBLIX BOJl, CONEPIKAHHSA B HMX COJel,
a TaKyKe CEeBOOOOPOTOB M METOAA OPOLIEHHS] HA TIPOLECC 3acOMeHis OYBHL,

MameHends cogepyrannst PaCTBOPHMLIX CONell B [0YBE 3aBHCHT OT riyOHHBL 3ajera-
HHAX 1 MIHEPaNH3AUHH MPYHTOBBIX BOM, BHIPAUHBAEMOH KYABTYDL MM TIPOAOIHKHTENBHOCTH
COACPIKAHHSA MOUBLI 110 TapoM H €roco0a OPOLIEHHS, DTH M3MEHEHHST MOMKHO CYMMHPOBATL
caeayIHUM 00pasom:

L. Houuentpanus Cl- u Na+ B mepnoj COMEPKAHMST MOYBLI IOK MApOM BO3pacTaer.

2. I'my6uHa 3a/eralHsl rPYHTOBLIX BOJ OKA3HIBAET GOJIbIIee BJIMSIHHE HA KOHIEHTPA-
ur Cl=, yem cTereHb MHHEPAIHMSALMH B HHUX COJell.

3. Konuenrpauus coseii & sepxaem 20 ¢M clioe MOYEBLI BbIlLIE, YeM B cieaymomem 20 cm
cioe, 0coleHHO MOJ MAPOM TIPH 3aJeraHHU CPYHTOBLIX BOJX HA riy6une 50 cm.

4. KoHuenTpaiisi HATPHSI B OCHOBHOM CJIATAETCST TAK ¥Ke, KaK H KOHIeHTPALMs XI0-

HII0B,

i 5. Hewm Bbllle KOHUGHTPALMST HATPHSI H XI0pA B TPYHTOBOH BOjIC, TEM Bblllle UX KOHIIEHT-
palysa M B 104Be. DTO CIIPABENJIMBO 0COOCHHO B TOM Ciyvae, Korja rpyHTOBHIE BOAN 3aseraior
Ha TayOHHe orono 90 cm.

3TH pesyNbTaTLl YKASLIBAKOT HA TO, YTO TAK HASbIBAEMbIE KPHTHYECKAs Iy0HHA M KpH-
THYECKAsT KOHUCHTPAIS, TO CCTb Ta INIYOHMHA M KOHUEHTDALMS NPH KOTOPHIX HAYHHAETCS
TIPOILECC 3ACONCHHSI I109BbI, 0COOEHHO B BEPXHIUX CJIOSIX TOYBLI, 3ABHCHT OT ryOMHBL 3a7eraHHs
PPYHTOBLIX BOJL, I CTENMEHH UX MHUHEPAJIM3ALMM, & TAKMKC 0T KJMMATA M crocoba OPOLIEHHS.

HpuTHueckast riyGiHa 3aerania 3aBHCHT OT CTENeHH MIMHEPANH3ALNH  I'DYHTOBbIX
BOJ. Yem Bhie KOHUEHTPALMSI COJel, TeM TNIVGMe JOMDKeH HAXOIUTHCS KPHTHYECKHI
YPOBCHL 3alleraHysi rPYHTOBBIX BOA. M3 aroro cremyer, uro uem Beiue YPOBeHb 3aJeraHus
PPYHTOBLIX BOJ, Tem MEHbIe KPHTHYECKH YPOBeHbL KOHUEHTPALUMH coslell B HUX. Heomydnu-
KOBAHHLIE TAHHEIE Hallel Maf0paTOPMH YKASHIBAIOT M HA TO, YTO MEXAHUYECKHH COCTAR OYBLL
HrpaeT GONIBIWIYIO POJIb C TOUKH 3PEHHST KPHTHUCCKOTO YPOBHSI IPYHTOBBIX BOJL M HX KOHIIEHT-
Pallid, TAKMKE KAK 1 pacTipeesieHusl coJieil 10 NOUBEHHOMY TPOILIIO.



