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Quality of Irrigation Water and Soil Amendment Effects on
Leaching a Saline-Sodic Soil
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ABSTRACT

Field and laboratory experiments were conducted to determine the effects of three
qualities of irrigation water and their interaction with gypsum (CaSO,-2H,0) or
sulfuric acid (H,SO,) on infiltration rates and time and water requirement to leach a
calcareous saline-sodic soil. In both field and laboratory experiments city water (low-
est salt) reduced infiltration rates, while use of well water (highest salt) resulted in
higher infiltration rates. Sulfuric acid improved the infiltration rates significantly with
all sources of irrigation water. Gypsum improved infiltration rates only with well
water. Equations were developed to predict time and amount of water required to
leach soil columns to a given salt content for the three water qualities, and kind and
rate of amendment applied.

The poorest quality irrigation water required the least time and amount of water to
leach the soil, until the EC of the leachate was equal that of the irrigation water. Both
(H,SO, and CaSO,:2H,0) reduced the time of leaching but required more water
when compared with untreated columns.

INTRODUCTION

All irrigation waters carry dissolved salt (TDS-—total dissolved salts) in solution.
The kind and amount of salts vary from one source of water to another and from time
to time. If irrigation agriculture is to remain productive, the salt residues derived from
irrigation water must be carried beyond the root zone by leaching. Once soils are
reclaimed, the leaching process must be rapid enough to be compatible with good
plant yields. On the other hand, if excessive quantities of water are passed through the
root zone, water is wasted, soluble nutrients are carried away and a serious drainage
problem may develop. The time and amount of water required to accomplish a
leaching operation depends to a large extent on the rate of water infiltration into the
soil.

The soluble salt content (EC,) and the exchangeable sodium percentage (ESP) of the
soil affect infiltration rates and are generally in equilibrium with the salt and sodium
in the irrigation water. Infiltration rates can be improved by using chemical amend-
ments of high-salt water when reclaiming sodium-affected soils as shown by many
investigators. Fireman and Bodman (3) obtained a high and constant permeability
with a sodic soil when CaCl, was used in the percolating solution while, when distilled
water was used, the permeability decreased drastically. Other studies (2,7) have shown
that permeability increases with increasing electrolyte concentration of the percolating
water even when the ESP is high.
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Sulfur and sulfur compounds have been used to improve infiltration (Eq. 4, 5, 11)
and sulfuric acid has been shown to be an effective material on calcareous saline-sodic
soils. Yahia, Miyamoto and Stroehlein (12) found evidence that sulfuric acid improved
water penetration into some Arizona soils Salt leaching experiments in Utah and
California (8,9) have indicated that salt removal from soil follows a general pattern. In
order to reduce the salt concentration of soil to about 20%, of its original content, 1 cm
of water is required for every 1 cm of soil considered. The permeability of sodic soils is
a major barrier to successful reclamation. A solution to the problem was offered as
mentioned previously by the use of high-salt water or the application of chemical
amendments. This paper evaluates the effect of H,SO,, gypsum, and water quality on
soil infiltration rates and time and water requirement for leaching a calcareous saline-
sodic soil.

MATERIALS AND METHODS

A field study was conducted on a Pima silty clay loam (Typic Torrifluvent), saline-
sodic phase (6), on the University of Arizona Safford Experiment Farm. Three sources
of irrigation water of different qualities were used: well (EC = 3.2), river (EC = 1.6),
and city (EC = 0.5) waters. Characteristics of the soils and the waters were given by
Alawi, et al., (1). The field experiment was a randomized split plot design with 9 main
plots, and 27 subplots, including 3 replications. The main plots had been irrigated
with the designated source of water for 3 years before the amendment application.
Additional information on the field trial and soil analyses and sudangrass (Sorghum
sudanese) yields for 1975 and 1976 have been published elsewhere (1). Infiltration rates
were recorded in March 1975 before amendment application. One rate of gypsum
(3.85 tonnes/ha.) and one rate of sulfuric acid (2.4 tonnes/ha.) were used in the field
study. Irrigation of main plots continued with the designated source of water through
the 1975 and 1976 growing seasons. Infiltration rates of each subplot were measured
nine and fifteen months after amendment application.

A laboratory study of infiltration rates and leaching was conducted using soil
columns. Soil was obtained from untreated subplots in the field and air dried, passed
through a 2 mm sieve and 100 g were placed into soil columns, each being 30 cm in
length and 2.5 cm in diameter. The outlet consisted of a rubber stopper through which
a rigid plastic tube passed. A layer of glass wool was placed over the stopper to
protect the drain from the overlying soil. The outlet tube drained into beakers. Each
column was compacted until the bulk density of all were within the range of 1.23 to
1.28 g/cm?®. Reagent grades of CaSO,-2H,O and 93% H,SO, were added to the
soil columns as follows: 3.85 or 19.35 tonnes/ha. CaSO,-2H,0 and 2.24 or 11.25
tonnes/ha. H,SO,. Each treatment was replicated three times. Gypsum was mixed
with the upper 2 ecm while H,SO, was surface applied. Characteristics of soil columns
are shown in Table 1. Columns were left overnight to let CO, escape and reduce its
effect on infiltration rates. The same sources of irrigation water used in the field were
added to the columns by a constant head device. Infiltration rates were recorded.
Leachate from each pore volume was taken separately and the EC was measured. The
leaching process continued until the EC of the leachate equalled that of the irrigation
water.

Y =by + bT + b, T?
Y = infiltration rate in cm/hour.
by. by. and b, = regression coefficients
T = time

Multiple regression was used to evaluate the collected leaching data.
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Table 1 Infiltration rates from a field study using three water qualities and two
chemical amendments, average of three replications.

Amendment Well River City
ini.* fin. ini. fin. ini. fin.
mm,/hr
Untreated 22.3 0.7 19.3 0.5 0.5 0.1
1975
Gypsum ' 29.7 13.2 297 12 15.2 38
Sulfuric Acid 40.6 13.7 36.1 12.7 279 6.6
Control 239 9.1 19.1 6.4 33 1.3
1976
Gypsum 394 13.7 33.0 L7 216 |
Sulfuric Acid 483 17.5 41.1 150 330 9.1

Control 26.9 9.1 22.1 6.4 6.1 1.5

“Ini. refers to first reading, fin. refers to steady-state final reading taken eight
hours after water application.

RESULTS AND DISCUSSION

The quality of irrigation water had a considerable effect on the infiltration rates in
the field (Table 1). Water with the highest electrolyte concentration (well water) main-
tained good infiltration rates in spite of its high sodium content. Statistical analysis of
the infiltration data indicated that city water (lowest salt content) reduced infiltration
rates. Reduced infiltration was due to washing of salt from the soil surface and
increasing the ESP.

Table 1 also shows the field infiltration rates of subplots treated with city, river and
well waters, respectively, 9 and 15 months after amendment application. These data
indicated that sulfuric acid increased the infiltration rates significantly over the con-
trols with the three water treatments and, over gypsum, only with city water treat-
ment. Gypsum increased the infiltration rates significantly only with well water, due to
the effect of electrolyte concentration on the solubility of gypsum (1). Sulfuric acid
increased infiltration rates due to its solubilizing effect on the relatively insoluble
calcium compounds in the soil.

Comparison of infiltration rates of the subplots 15 months after amendment appli-
cation indicated that there were considerably residual effects. Sulfuric acid treated
subplots had the highest infiltration rates. control subplots the lowest. The 1976
measurements, however, were higher than those of 1975. This increase may have been
due to seasonal effects or increased soil organic matter and improved soil structure
resulting from the 1975 crop of sudangrass.

Table 2 shows the laboratory infiltration rates for the three waters. For each water
the high rate of sulfuric acid had the highest infiltration rate followed by the low rate
of sulfuric acid, the high rate of gypsum. the low rate of gypsum and then the control,
respectively. Statistically, the high rate of sulfuric acid produced higher soil infiltration
with all water qualities. No significant difference between the effect of the low rate of
acid and the high rate of gypsum on the infiltration rates was found. The low rate of
gypsum increased infiltration rates significantly above the control only with well water
due to the electrolyte effect on the solubility of gypsum.

The quality of irrigation water controlled, to a certain extent. the time and amount
of water required to leach the soil. Table 3 shows that, the poorer the quality irriga-
tion water with respect to EC. the less time and water were required to leaching the
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Table 2 Laboratory infiltration rates using three water qualities and two chemical
amendments, average of three replications

Amendment Rate Well River City
T/ha. ini.® fin. ini. fin. ini. fin.
Gypsum 19.35 208.3 419 170.2 21.6 129.7 15.2
Gypsum 3.85 181.6 229 1524 10.2 110.5 7.6
Sulfuric Acid 11.25 236.2 533 1854 356 158.8 279
224 1829 279 165.1 15.2 138.7 12.7
Control 139.7 8.9 953 6.4 57.2 2.5

“Ini. refers to initial reading, fin. refers to final reading taken after steady-state infiltration
had been reached.

untreated soil column until the EC of the leachate was equal to that of the irrigation
water.

Table 3 shows the time and depth of water required to leach a column of Pima soil
30 cm deep until the EC of irrigation water equalled that of leachate. These data
indicate that application of soil amendments had a positive effect on the reduction of
the leaching time and an adverse effect on the required amount of water independent
of water quality. The high rate of H,SO, with well, river and city waters reduced the
leaching time by 20, 21, and 26-fold compared to controls and used two-fold more
water than the control. The increased water requirement when amendments were used
would not be a problem in reclamation under field conditions since the EC of the soil
is not reduced to the extent as in this study.

The other treatments influenced time and depth of water required depending on the
type and rate of the chemical amendment. Table 4 shows that the change in the EC of
the soil when the two rates of H,SO, and the high high rate of CaSO,-2H,0O were

Table 3 The depth of water and time required to leach Pima soil
columns 30cm deep until the EC of the leaching water
equalled the EC of the leachate.

Source of

water Amendment rate Time Depth of water

tonnes/ha. days cm

Well Control 244 25.6

Gypsum 19.35 217 45.8

Gypsum 3.85 2.07 113

H,S0, 11.25 0.68 30.6

H,S0, 224 0.12 50.9

River Control 423 30.5

Gypsum 19.35 3.88 509

Gypsum 3.85 339 81.5

H,S0, 11.25 285 40.7

H,S0, 224 1.44 56.0

City Control 57.00 40.7

Gypsum 19.35 8.88 71.3

Gypsum 385 5.98 71.3

H,SO, 11.25 242 458

H,S0, 224 216 713
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Table 4 Electrical conductivity (EC) of leachate vs time model to predict the time
required to leach 30 cm of Pima soil to a specific EC with a given quality of

water.
Treatment Regression equations
Control EC = 1.942 + 0.245 (1/1,000) + 1.446 WQ — 0.511 (T/1,000) WQ
2.24T/ha. H,50, EC = 5.192 — 2.717 (1/1,000) + 0.262 (t/1,000)

11.25T/ha. H,SO,  EC = 8.316 — 7.228 (1/1.000) + 1.668 (1/1.000)*
3.85 T/ha. gypsum EC = 3.358 — 0.669 (1/1,000) + 0.031 (1/1.000)* + 0.736 WQ
19.35 T/ha. gypsum  EC = 1.569 — 0.395 (1/1,000) + 0.292 (1/1,000)*

T = Time in minutes
WQ = EC of irrigation water
EC = Desirable soil EC

Table 5 Electrical conductivity of leachate vs. depth of water model to predict the depth
of irrigation water required to leach 30 cm of Pima soil to a specific EC.

Treatment Regression equations
Control EC = 4911 — 0.354D + 1.027WQ + 0.608D*
224 T/ha. H,SO, EC = 6.902 — 0.446D + 0.390D* + 1.046WQ

11.25 T/ha. H,SO, EC = 7.399 — 0.302D + 0.317D* + 2.052WQ — 0.282WQD
3.85T/ha. gypsum EC = 4576 — 0.167D + 0.161D? + 0.826WQ
19.35 T/ha. gypsum EC = 4.545 — 0.151D + 0.235D? + 1.535WQ — 0.97DWQ

D = Depth of water requirement in cm
WQ = EC x 10° of irrigation water
EC = Desirable soil EC

used was dependent on time, but it was independent of water quality. The indepen-
dence was considered to be related to the effects of sulfuric acid and the high rate of
CaSO,-2H,0 on the increased concentration of ions in the soil solution. At a low
rate of gypsum, the change in soil EC, was dependent on both time and water quality,
but it did not depend on their interaction due to a low contribution of ions to the soil
solution. The main source of ions for the control was from the irrigation water, which
caused the change of the soil EC, to be dependent on time, water quality, and their
interaction.

Table 5 shows that only with high rates of sulfuric acid and gypsum the changes in
the soil EC, was a function of both amount and quality of water and their interaction
due to the supply of ions from these two sources. The low rates of amendments and
the control indicates that the change in EC, of the soil was affected by depth and
quality of water separately due to their low contribution to total ionic concentration.

CONCLUSIONS

This study showed that irrigation water quality controlled infiltration properties of
a saline-sodic soil regardless of the effect of soil amendments. Sulfuric acid was more
beneficial than gypsum when applied at equal S levels. Increasing the rate of amend-
ments improved soil infiltration rates for the 3 irrigation waters studied. One equival-
ent of sulfuric acid had an effect similar to 5 equivalents of gypsum on the soil
infiltration rate. With regard to leaching, it was found that the poorest quality of
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irrigation water (highest salt) required the least time and amount of water to leach the
soil column until the EC of the leachate equalled that of the irrigation water. The use
of H,S0, at high rates reduced the time required for leaching by 20, 21 and 26 times
with well, river, and city water, respectively, but required almost two-fold more water
than the controls. In general, more water was required to leach soil columns treated
with gypsum than those treated with the H,SO, and untreated soil. More water was
required to leach soil columns treated with gypsum when well water was used for
leaching than for river or city waters.

The change in the EC, of the soil was found to be dependent on time only when 2
rates of H,SO, and the high rate of CaSO,-2H,0O were used as chemical amend-
ments, but it was dependent on both time and quality of water and their interaction
with the low rate of CaSO,-2H,0 and control. Also, the change in the EC, of the soil
depended on both quality and amount of water and their interaction when high rates
of H,S0, and CaSO,-2H,0 were used, while it was affected by these 2 variables
separately when low rates of H,SO, and CaSO,-H,0 or when amendments were not
used.
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Instructions to Authors

The Libyan Journal of Agriculture is published annually by the Faculty of Agricul-
ture, Al-Fateh University, Tripoli, (S.P.L.A.J.).

Contributions to the Libyan J. Agric. may be (i) papers of original reseach in any
branches of agricultural science, pure and applied or (i1) Comments and letters to the
Editor containing critical comments on previously published papers in the Libyan J.
Agric. The reseach papers submitted for publication in the Libyan J. Agri. should not
have been previously published or scheduled for publication in any other journal. It is
preferable that the applied research papers be oriented toward solving agricultural
problems in Libya.

Manuscripts: Papers must be in English. Papers should be typed in double-spacing
on one side of the paper with sufficient margins (approximate size of the paper:
21.5 x 28 cm). Two copies of the manuscript should be submitted, the original typed
copy along with a carbon copy.

Authors should organize their papers according to the following scheme as closely
as possible: (1) Title of paper (2) Author’s name (his affiliation written at the bottom of
the first page); (3) Abstract (4) Introduction (5) Materials and Methods (6) Results and
Discussion (7) Acknowledgement (8) Literature Cited (arranged alphabetically and by
serial key numbers.

Citations in the text should be by key number in parentheses, with or without the
author’s name. The style of references should be as follows:

For Journal articles:
Gardner, W.R. 1956. Calculation of capillary conductivity from pressure plate outflow
data. Soil. Sci. Am. Proc. 20: 317-320.

For Books:
Steel, R. D. and J. H. Torrie. 1960. Principles and Procedures of Statistics. McGraw-
Hill Book Co., Inc., New York.

Tables should be numbered in the order of their appearance, and they should have
brief titles. The structure should be self-explanatory with simple column headings
giving all units. Each table should be typed on a separate sheet of paper.

Figures including both line-drawings and photographs, should be numbered con-
secutively in the order in which they are cited in the text. A list of titles of all figures
must be supplied. Numbering of figures should be in soft pencil on the back of each
figure. Photographs should be on glossy paper. Drawings should be made with china
ink on suitable drawing paper. Line drawings should not be larger than 21 x 28 cm.
The approximate position of tables and figures should be indicated in the manuscript.

Units should follow the metric system. Length is expressed in metres or centimetres.
Mass is expressed in metric tons, kilograms, or grams. Yield or rate is expressed in
metric tons/hectares or kg/hectares.

Authors should keep in mind that printer’s proofs are intended for checking, not for
alteration. All corrections should be made in the margin.

Authors are entitled to receive fifty reprints without covers, free of charge.
Additional sets of fifty copies may be purchased at the following rate:

8 pages or less Libyan £2
12 pages or less Libyan £3
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16 pages or less Libyan £4
24 pages or less Libyan £6

Editorial correspondence and manuscripts should be mailed to the Editor-in-Chief,
The Libyan Journal of Agriculture, University of Al-Fateh, P.O. Box 2547, Tripoli,
Libya.
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