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SUMMARY 

A TWO·YEAR leaching study was conducted in the Delta Area 
ft. Utah, to determine the requirements for reclaiming saline anc 
alkali soils. ·Studies were made at three widely separated locations or 
different soil types. Plots 30x40 feet were leached by ponding wate1 
on the surface. The leaching treatments consisted of: ( 1) light leach· 
ing • 1 foot of water, ( 2) medium leaching • 2 feet of water, ( 3) heaY) 
leaching • 4 feet of water, and ( 4) heavy leaching - 4 feet of water plw 
gypsum at the rate of 5 tons per acre. 

After leaching, fall wheat was grown on the experimental plot! 
and the yields for the various treatments determined. Three 6-inch 
irrigations, applied to all plots were required to mature the crop. The 
salinity status of the leaching plots was determined by chemical meas­
urements before leaching, after leaching, and three times during the 
cropping period. 

Before leaching, these soils contained excessive amounts of soluble 
salts, and the exchangeable-sodium-percentage was high. The salt con­
centration was highest at the surface and diminished with cfepth. On 
the basis of salt content and exchangeable-sodium-percentage, these 
soils may be classified as saline-alkali. Such soils usually require chem­
ical amendments for reclamation unless sufficient soluble calcium 
in the form of gypsum is present in the surface soil. The soils at the 
experimental sites contained gypsum in amounts ranging from 2 to 23 
tons per acre foot. The amount present was sufficient for reclamation 
purposes. Infiltration rates were sufficiently high for successful leach­
ing. At two locations, the addition of gypsum did not improve infiltra­
tion, but at the third location, the infiltration rates were approximately 
doubled with the addition of gysum. 

The amount. of salt removed from the soil increased with the 
amount of water applied. One foot of water materially reduced the 
salt content of the surface loot of soil but accomplished little leach­
ing below that depth. The application of 4 feet of water gave the great­
est reduction in salt content throughout the root zone. 

Yields varied inversely with the residual salinity of the soil. The 
relation between yield and salinity was found to be ·of hyperbolic 
character where yields increased more and more rapidly as salinity 
decreased. At the low salt levels, slight reductions in salt content re­
sulted in large increases in yield. 

The relation between yield and the amount of leaching water was 
found to be approximately linear. Yields increased directly with the 
amount of water applied for leaching at average rates of 10.2, 8.8, and 
4. 7 bushels per acre foot of water applied at site A, C, and D, res­
pectively. Average yields of from 41 to 43 bushels per acre were ob­
tained on the plots leached with 4 feet of water compared to yields 
of from 1 to 29 bushels per acre where no leaching water was applied. 



FOREWORD 

C OOPERATIVE INVESTIGATIONS on drainage and reclamation of salted 
soils in the Delta Area, Utah, were undertaken by the Utah 

Agricultural Expericent Station, the U. S. Regional Salinity Labora­
tory, and Millard County Drainage Districts Nos. 1, 2, 3, and 4, under 
a memorandum of understanding effective January 1, 1946. 

This investigation comprises project no. 250 of the Utah Agri­
cultural Experiment Station, R. H. Walker, director; and project no. 
50-46-1 of the U. S. Regional Salinity Laboratory, H. E. Hayward, 
director. 

The objectives of the investigations covered by the memorandum 
of understanding were: 

1. To study the effectiveness of present methods of drainage; tile 
and open drains. 

2. To determine the possibilities of pumping from wells as a 
method of drainage in the Delta Area and the possibility of 
using the pumped water for irrigation. 

3. To determine practical and economical methods of reclaiming 
unproductive saline and alkali soils of the area by leaching. 

The leaching phase of these investigations has been completed and the 
results are reported herewith. The first and second phases concerned 
with the effectiveness of present drainage methods and the possibilities 
of pumping for drainage are in progress, but are not included in this 
report. However, it must be kept in mind that drainage and leaching 
are inseparable and must be considered as integral parts of an 
over-all reclamation program for the Delta Area. 
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INTRODUCTION 

SALINITY is a problem of irrigation agricultur~ and is recognized as 
a serious threat to crop production in the Western States. All 

water used for irrigation, whether diverted from surface streams or 
pumped from wells, contains dissolved salts in amounts varying from a 
few hundred pounds to several tons per acre-foot {8,23) ,2 Salts ac­
cumulating in the root zone of the soil, as water is removed by crops 
and by surface evaporation eventually, may restrict crop yields. Exten­
sive areas of land in the Western States, which were at one time pro-. 
ductive under irrigation, have been abandoned because of the develop­
ment of saline or alkali conditions ( 15, 23). This outright abandon­
ment of lands not only materially reduces total crop production but 
increases the burden on lands that are productive, by way of increased 
taxes, and per-acre cost of reclamation and construction. Depreciated 
land values and unfavorable social and economic changes often result. 
In addition to losses from abandonment of lands resulting from in­
tense· saline or alkali conditions, there are losses from reduced crop 
yields caused by lesser degrees of salinity. The latter go unrecognized 
and unheeded over large areas of irrigated land. It has been estimated 
that such losses may amount to as much as 10 to 25 percent (13). 

Numerous reclamation investigations have been made in the 
Western States during recent years (1, 2, 3, 4, 5, 11, 19, 20, 21, 22, 27, 
29, 32). Hilgard's early studies of arid lands in California (14) re­
vealed that the unproductivity of "alkali" soils is caused by the ac­
cumulation of excessive soluble salts and that different kinds of salts 
produce different degrees of plant injury. Hilgard devoted extensive 
study to the origin and mode of accumulation of soluble salts in soils 
as well as to methods of reclamation. He recognized two classes of 
"alkali" land; namely, "white-alkali" and "black-alkali," the former 
containing neutral salts such as chlorides and sulfates of calcium, mag­
nesium, and sodium and the latter containing chiefly the alkaline salts 
of sodium. carbonate and sodium bicarbonate, with or without small 
amounts of neutral salts of sodium. ·Following Hilgard's pioneer work 

tAssociate irrigation and drainage engineer, associate soil technologist-U. S. 
Regional Salinity and Rubidoux Laboratories, and research associate pro­
fessor of Irrigation and Drainage, Utah Agricultural Experiment Station, 
respectively. 

2Numbers refer to Literature Cited page 41. 
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in this field, Kelley and Brown in California (18) and de Sigmond in 
Hungary (26) emphasized the significance of base exchange reactions 
in alkali land reclamation. Based on extensive studies of different kinds 
of "alkali" soils, Kelley (20) pointed out that the clay and humus col­
loids of the soil react with (adsorb) sodium from the sodium salts pres­
ent, thereby producing a physical condition of the soil which in itself 
is harmful to crops and which must be ·overcome before the soil can 
be truly reclaimed. Reclamation of soils so affected (21) requires the 
addition of chemical amendments such as gypsum or sulfur, or com­
binations of these with manure, followed by heavy leaching. Although 
iron sulfate and potassium alum have been showri to be effective in 
reclamation of "alkali" soils ( 19) ·their cost is prohibitive. However, 
not all so-called "alkali" soils require chemical treatment for improve­
ment. Thomas (29) found that certain soils in the Imperial Valley, 
California, were reclaimed sufficiently to produce large crops merely 
by heavy leaching with Colorado River water. . 

It is recognized that some ions are toxic to plants (12). On the 
other hand, the detrimental action of salts results primarily from the 
binding action on water, or osmotic effect. Plants remove water from 
the soil by osmosis; and, as the salt concentration of the soil water 
increases, the amount of water available to plants decreases. As salts 
concentrate in the root zone, this condition is intensified until the crops 
yield poorly or even fail to survive. The only solution in such cases 
is to leach the salt beyond the root zone by applying excess water. 

The meaning of the terms "saline soil" and "alkali soil" has been 
variable, depending on locality. The term "alkali" is often used in a 
broad sense to include both "white" and "black" alkali as defined by 
Hilgard. In this report the meaning of terms will be in accordance 
with the usage of the U.S. Regional Salinity Laboratory (31). The 
term "saline soil" denotes a soil for which the conductivity of the satur­
ation extract is greater than 4 millimhos per em, and the exchange­
able-sodium-percentage is less than 15. The term "alkali soil" refers 
to a soil having an exchangeable-sodium-percentage greater than 15, 
either with or without appreciable amounts of salt. Where the soil 
is both saline and alkali, it is referred to as a saline-alkali soil. The 
term "salted soil" refers to a soil having characteristics caused by ex­
posure to excessive amounts of soluble salts. This term covers both 
saline and alkali soil conditions. . · 

The investigation herein reported comprised a two-year leaching 
study conducted to determine the possibilities of restoring the saline­
alkali soils of the Delta Area to a state of high productivity. Details 
of procedure and results obtained are reported and it is hoped that 
the findings may have practical application in the arid West in alle­
viating saline and alkali conditions. 
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THE DELTA AREA 

T HE DELTA AREA comprises about 120,000 acres located near the 
delta of the Sevier River in the west-central part of Utah. It is 

a part of the bottom of former Lake Bonneville and is a rather smooth 
plain with little slope, ranging from 5 to 20 feet per mile. 

· The agricultural conditions of the area have been studied and 
reported by various agencies. The Division of Soil Survey, U. S. De­
partment of Agriculture, conducted a soil survey of the area, which 
was published in 1922 (28). The Utah Agricultural Experiment Sta­
tion has reported on the drainage and irrigation, soil, economic, and 
social conditions in the Delta Area in a series of four bulletins, in 
1935, 1936, and 1939 (7, 15, 17, 30). The reader is referred to these 
bulletins for more specific information regarding the location, topo­
graphic features, agricultural, economic and social conditions of the 
area. The history of irrigation in the Delta Area and the develop­
ment of drainage difficulties are given in some detail by Israelse11; (15) . 
Irrigation began in the area about 1860 with considerable expansion 
taking place about 1905. 

It was not until about 1916 that difficulties arising from inade­
quate drainage and high salinity began to be evident. During the years 
1916 to 1920, the area was organized into four drainage districts com­
prising a total of 82,400 acres, and drainage systems consisting of tile 
and open drains were constructed. Considerable relief resulted from 
the construction of the drainage systems and for a number of years 
the agricultural and economic conditions of the area were much im­
proved. During the drought years of 1930 to 1934; when the irriga­
tion water supply was limited, the drainage systems were not ade­
quately maintained and many of them, especially the tile drains, fell 
into disrepair. In recent years, with more abundant water supplies, 
lack of adequate drainage has again become a serious threat to crop 
production. Seepage losses from irrigation canals have contributed 
materially to the ground water and have increased the need for ade­
quate drainage. Losses of from 2.1 to 11.0 percent of inflow per mile 
from Delta Area canals have been reported (16). The need for drain­
age has been recognized by the people of the area and during the past 
eight to ten years the drainage districts constructed additional open 
drains to replace non-functioning tile drains wher!'ver possible. Even 
though open drains require large amounts of land for rights-of-way, 
there has been a tendency to construct them instead of tile drains since 
they are more easily maintained. 

Four mutual irrigation companies in the area furnish water from 
the Sevier River to irrigate approximately 45,000 acres of land. This 
water is high in salt which intensifies the salinity problem. Chemical 



~ 
Ill Tabl• 1. Chemical analyses of i"it:ation and drainag• wale,. from the Delta .drea, Utah. 

r 
~ 

2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 
S_oluble ions 

EC x 10' Cations Anions 
Kind of at Total salts m.e./1. m.e./1. Sodium 

water 25•c. 2H 2Pm TAF Ca Mg Na K Total co. HCOo so. CL NO, Total percentage 

Irdgation* 2.27 8.0 1580 2.1 4.3 7.3 12.6 0.01 24.2 0.4 4.5 8.5 12.0 .... 25.4 52 

r 
~ 

lrrigationf 2.65 8.4 1680 2.3 3.3 7.5 15.2 0.3 26.3 0.6 4.1 8.3 14.0 .... 27.0 57 
Drainage* 33.0 7.4 22,900 31.1 42. 82. 259. 1.6 385. 0. 8.2 84.8 294. 1 388. 67 
Drainage§ 22.9 7.3 15,800 21.5 22.6 26.5 189. 1.2 239. 1.2 7.5 80.5 177. 0.5 267 79 
Drainage II 12.0 8.1 8200 11.2 '17.5 28.7 88.8 135.0 0.4 2.5 45.0 88.0 135.9 66 ---

Locations of Water Samf>ltl "' 
*From Gunnison Bend Reservoir. Sampled June 20, 1942, by J, E. Christiansen. ;

0

> 
fFIOJD Delta B Canal at flume over Sevier River, Sl4 cor, of sec. 25, T. 16 S, R. 7 W. Sampled ;;. September, 1945, by J. E. 

Christiansen. z 
tFrom south side of new drain where 6" tile was broken, sec. I, T. 18 S., R. 7 W. Sampled 7-27-45 by R. G. Rickenbach. = 
§FIOJD north side of new drain; Same location as sample above. Sampled 7-27-45 by R. G. Rickenbach. ~E 
I!From Millard County Drainage District No. 3 open drain outlet D at a point where the center line of sec. 2, T. 16 S., R. 8 W. : 

intenects township line between 15 and 16 S. Sampled September 1942, by R. C. Reeve. ,. 

~ 



RECLAMATION oF SALINE-ALKALI SoiLS BY LEACHixo 9 

analyses of the irrigation water from the Sevier River and several 
drainage waters from open drains in the Delta Area are given in 
table 1. 

Various investigators have classified irrigation waters as to their 
sllitability for irrigation on the basis of total salt content, sodium per­
centage, and boron content. Magistad and Christiansen ( 23) grouped 
irrigation waters into three classes: (1) Waters with conductivity of 
less than 1.0 millimho per centimeter, total salt content of less than 
700 parts per million, or a sodium percentage less than 60. Such waters 
are considered as excellent to good, and suitable for most crops under 
most conditions. (2) Waters with conductivity of from 1.0 to 3.0 
millimbos per centimeter, total salt content ranging from 700 to 2000 
parts per million, and a sodium percentage of 60 to 75. These waters 
are considered as good to injurious but probably harmful to the more 
sensitive crops. ( 3) Waters with conductivity of over 3.0 millimhos 
per centimeter, total salt content greater than 2000 parts per mil- ' 
lion, or a sodium percentage greater than 75. Waters of this class 
are generally considered injurious to unsatisfactory, probably harm­
ful to most crops and unsatisfactory for all but the most tolerant. If 
water falls in class 3 on any basis, i.e., conductivity, salt content, or 
percentage of sodium, it should be classed as unsuitable under most 
conditions. Although this grouping also includes boron content as a 
criterion for classifying irrigation waters, the tolerance limits are not 
given above because boron content is not critical in the Delta Area. 

The conductivity of the Delta irrigation water as shown in table 
1 is from 2.27 to 2.65 millimhos per centimeter, and the sodium per­
centage is from 52 to 57. On the basis of the above classification, the 
Delta water is cla5s 2 water. The salt input to the soil is from 2.1 
to 2.3 tons per acre-foot of water applied. The annual requirement 
of water for most crops in the Delta Area is from I Y. to 3 acre-feet 
per acre ( 15). If only the amount of water required for use by the 
crop is applied to the land, i.e., there is no loss of water by drain­
age, there will be an accumulation of from 3 to 7 tons of salt per acre 
annually. This rate of accumulation is sufficient to change a salt-free 
soil to a saline soil throughout the root zone in from 3 to 5 years. 

Soils adsorb sodium from irrigation waters and retain it in an 
exchangeable form, depending upon the salt content and sodium per­
centage of the water in contact with the soil. Sevier River water con­
tains from 25 to 27 milliequivalents of salt per liter, or 1600 to 1700. 
parts per million, and has a sodium percentage averaging about 55. 
If water of this composition is con-tinuously percolated through a soil 
until equilibrium is established, the salinity of the soil water will 
be that of the irrigation water and the exchangeable-sodium-percentage 
will be approximately 8 ( 6, 31). A soil so treated would be non-saline 
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and non-alkali. Unc!er irrigation conditions, however, soluble salts ac­
cumulate in the root zone owing to removal of water by plants and by 
surface evaporation. Since calcium and magnesium ions tend to pre­
cipitate in the soil as calcium and magnesium carbonate and to some 
extent as calcium sulfate or gypsum, which are relative insoluble, t4e 
soil becomes predominately sodium. In order to maintain equilibrium, 
the soil colloids adsorb sodium in exchange for calcium and mag· 
nesium and the exchangeable-sodium-percentage greatly increases, 
often attaining values of from 40 to 50 percent. Based on these known 
facts, the use of Sevier River water for irrigation purposes under con­
ditions of little or no salt removal by leaching may be expected to 
render the soil alkali within relatively few years. 

The data of table 1 show that the drainage waters of the Delta 
Area, which reflect the composition of the soil solution below the 
water table, are extremely saline, containing about 11 to 31 tons of salt 
per acre-foot. This is from 5 to 15 times as much ~alt as is contained 
in the irrigation water and is ample evidence of the need for improved 
drainage and for leaching. 

There must be a favorable balance between the amount of salt 
brought into the area by the irrigation water and the amount removed 
from the root zone by drainage in order to maintain permanent agri­
culture. Actually under most irrigation conditions some leaching oc­
curs, since it is impossible to apply only the amount required for the 
crop. With water of moderately high salt content such as the Delta 
irrigation water considerable leaching must occur if a favorable salt 
balance is to be maintained. This is especially true where shallow 
water tables exist and there is a continuous upward movement of 
highly saline ground water to the soil surface. ' 

EXPERIMENTAL PROCEDURE 

T HREE HIGHLY saline soils, at locations separated as widely over the 
area as practical, were selected for experimental leaching trials. 

Four leaching treatments, consisting of heavy, medium, and light 
water applications and one gypsum treatment combined with the heavy 
water applications were applied to the soil at each site. The effective· 
ness of the various treatments in removing soluble salts and exchange­
able sodium from the soil was measured by: (1) chemical analyses 
of the soils before and after treatment; and, (2) by the response of 
.crops grown on the soils. 

Selection of Leaching Sites 
A preliminary survey in which salinity determinations and infiltration 
tests were run was made as a basis for selection of suitable locations 
for the leaching studies. Several sites in the Delta Area were investi-
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Fig. 1. Map of the Delta Area, Utah, showing location of the three experi-
mental leaching sites 

gated and three of these, designated A, C, and D, were selected (fig. 
1 ) . Selections were made on the basis of adequacy of drainage, degree 
of salinization, uniformity of salt distribution, soil type, accessibility, 
availability of irrigation water, topographic suitability for leaching, 
and cooperative attitude of the land owner. One additional location 
near Oasis designated site B was eliminated as a possibility for experi­
mental leaching because of inadequate drainage conditions. Each ex-



Fig. 2'. (Upper) The condition of the surface soil at site A before leaching . 
Fig. 3. (Lower) Site C before leaching showing surface accumulation of salt 

and growth of halophyte, !Jassia hyssopifolia -
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perimental site was located near a deep open drain to insure adequate 
drainage. 

Site A-Experimental plots were located three miles south of 
Delta on the Owen Gardner farm, formerly known as the Stapley farm. 
They comprised approximately one· acre of land in a highly salted 
area mapped as Woodrow clay loam (28}, and located 200 feet north 
of the center line of the open drain in the SE% NE!Jt, Section 25, 
Twp. 17 South, Range 7 West. The field in which the plots were 
located had been idle for many years and was highly saline in the 
surface layers owing to the existence of a shallow water table which 
was 4Y. feet below ground surface in 1946. A white crust and salt 
puffs characteristic of a highly saline soil appeared on the surface 
(fig. 2). 

Site C-Experimental plots were located two miles. north of 
Hinckley on the Grant C. Robinson farm, formerly known as the Saw­
yer place. They comprised approximately one acre of land mapped 
as Oasis silty clay loam (28), located 358 feet south of a deep open 
drain in the"SE% NW%, Section 8, Twp. 17 South, Range 7 West. 
This land was cultivated at one time but had been out of production 
for·several years. A white salt crust was evident and the water table 
was at a depth of about 5Y. feet below the surface in 1946. Surface 
conditions at this site before leaching are shown in fig. 3. 

Site D-Experimental plots were located two miles east of Abra­
ham on the Morgan May farm. They comprised about one acre of 
land mapped as Gordon clay (28), located 102 feet south of a deep 
open drain in the NWJ/.1 SEJ/.1, Section 30, Twp. 6 South, Range 7 
West. The land at this site had been idle for some time, however, 
·cultivation had been more recent at this location than at sites A and 
C. The water table was about 7Y. feet below ground surface prior 
to leaching. 

Plot Layout 

At each of the experimental sites, twenty leaching plots 30 by 40 
feet were constructed in two tiers of 10 plots each as shown in figure 
4. Earth borders were erected to form individual basins, and ditches 
were constructed to supply water to the plots. Control gates were used 
in the supply· ditch to facilitate the application of water to the-plots. 

Treatments 

Five leaching treatments replicated four times were applied at each 
of the three sites. The replications were randomized as shown in figure 
4, so as not to occur on adjacent plots or on plots adjacent diagonally. 
·The treatments were as follows: 
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( 1 ) No leaching ..................................... (check) 
(2) Light leaching ................................. ! ft. of :water 
(3) Medium leaching ............................ 2 ft. of water 
( 4) Heavy leaching .............................. .4 ft. of water 
( 5) Heavy leaching plus gypsum .......... 4 ft. of water plus 5 

tons gypsum per acre 

Gypsum of high purity was obtained from a deposit near Meadow, 
Utah, for use in these experiments. The required amount, 275 pounds 
per plot of 1200 square feet (5 tons per acre), was spread uniformly 
over the surface of the assigned plots prior to leaching. No attempt 
was made to work the gypsum into the soil. 
BLOCK D I 

PLOT 

TREATMENT 

BLOCK 

PLOT 

TREATMENT 

19 

(4) 

20 

(2) 

17 

(5) 

18 
(4)* 

15 13 II 

(3) (I) (2) 

16 14 12 
(I)'~ (5) (3) 

*Treatments for plots 16 and 18 reversed at site C. 

9 7 5 

(5) (3) (4) 

m 
10 8 6 

(4) (2) (I) 

3 I 

(2) (I) 

4 2 

(5) (3) 

Fig. 4. Plot layout showing randomization of treatments in blocks. ( 1) No 
leaching, check, ( 2) light leaching, I ft. water, ( 3) medium leaching, 2 ft. 
water. (4) heavy leaching, 4ft. water, (5) heavy leaching plus gypsum, 4 
ft. water plus 5 tons gypsum per acre 

Leaching Operations 
Water applications consisting of approximately 3 to 6 inches (depth) 
were made successively to each plot until the total assigned depth of 
water had been applied. The plots at site C during application of 
water are shown in figure 5. An attempt was made to keep the ground 

· in each basin covered with water so that the leaching of the total 
amount through the soil was continuous. The water was measured 
to the plots with a Parshall flume installed in the head ditch. 

In1iltration Tests 
Rates of infiltration were obtained from periodic readings of the depth 
of water on each plot throughout the leaching period. A hook gage 
suspended from 2x2 inch wooden stakes installed in each plot, was 
used for this purpose. · 

Soil Sampling 
All plots at each experimental site were sampled before leaching, after 
leaching, and on three subsequent occasions during cropping. The 
samples were obtained with a soil tube by making five borings per plot 



Fig: 5. View of plots at site C during leaching operations 

to a depth of four feet and combining the borings by one-foot depths. 
Thus, for any single plot for any single sampling four composite sam­
ples were obtained. At the initial sampling prior to leaching the bor­
ing sites were located with stakes, one in the center of each plot and 
the other four midway between the center and the corners. ,All subs~ 
quent borings were made within a radius of one foot from the initial 
holes. Where a considerable salt crust was present, such as at sites A 
and a, special precaution was taken to get a representative sample of 
the surface soil. Frequently the moisture content of the soil was at 
or near saturation at the lower depths. Samples were placed in waxed 
paper bags to avoid loss of ~ither sample or salt during shipment from 
the field to the laboratory. 

Cropping 

After completion of the leaching, all borders and ditch banks were 
leveled and the entire experimental area at each site (approximately 
one acre) was planted to wheat. Large amounts of salt had accumu­
lated in the earth borders during the leaching, therefore, care was 
exercised to level the borders without spreading the soil over the sur­
face of the plots. At site A the seedbed was prepared by plowing to a 
depth of 6 inches followed by disking to break up the large· clods. At 
sites a and D the seedbed was prepared by disking to a depth of from 
4 to 8 inches. All plots received a uniform application of a 16-20-0 
fertilizer (ammonium phosphate sulfate) at the rate of 250 pounds 
per acre at time of seeding. This was broadcast by hand at site A and 
was drilled into the soil with a grain drill at sites a and D. 

Wasatch wheat, a variety developed at the Utah Agricultural Ex­
periment Station, was sown by drilling at each site at the ·rate of 2 
to 2Y:z bushels per acre. An area larger than the original leaching plots 
was planted to provide an outside border ranging from 7 to 30 feet 
on all sides. The sites were corrugated and borders constructed to 
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facilitate irrigation. The borders were made to coincide with the pre­
vious leaching borders. Three soil-moisture tensiometers were installed 
at each site to serve as a general guide for irrigation. They were in­
stalled at a depth of 12 inches in plots nos. 8 ( 1 foot leaching treat­
ment), 12 (2 foot leaching treatment), and"17 (4 foot leaching plus 
gypsum treatment). Irrigations were made when the tensiometers ap­
proached their maximum readings, i.e., 0. 7 to 0.8 atmosphere. The 
first irrigation of 6 to 8 inches was immediately following planting in 
the latter part of September 1946. Two additional 6-inch irrigations 
were required, one in May and the other in June 1947. 

Harvest 
Following planting the wheat germinated and made normal growth 
during the fall months. Spring growth began about the middle of 
March 1947. The grain was harvested about the middle of July. Meas­
urements of yields were obtained by taking five quadrates, one-yard 
square, from each plot and the weight of grain plus straw was ob­
tained. In order to make the sample sufficiently large for threshing, 
all quadrates for each plot were combined. In some cases where the 
stand on the check plots was extremely variable entire plots were har­
vested instead of the usual five quadrates. 

RESULTS 

Inliltration Rates 

I F DRAINAGE is adequate, infiltration rates are related primarily to the 
permeability of the soil and serve to indicate its suitability for irri­

gation and crop production. For saline and alkali soils the rate at 
which the soil will transmit water is important in determining whether 
or not it is leachable and hence whether it can be reclaimed. In the 
leaching process the salts are taken in solution by the water as it passes 
down through the soil and out through the drainage ways. If water is 
transmitted readily, removal of salt is facilitated. Furthermore, the 
time required for an adequate amount of water to percolate through 
the soil may well limit the feasibility of reclamation. 

Alkali soils, those containing excessive amounts of exchangeable 
sodium, disperse upon leaching and often become highly impermeable 
as the soluble salts are removed. In this case, chemical amendments 
are required to bring about improvement of the soil by replacing the · 
exchangeable sodium with calcium. Gypsum and, under certain c;on­
ditions, sillfur may be used for this purpose, but reclamation is more 
rapid when gypsum is applied. Considerable gypsum occurs naturally 
in the soils 0f the Delta Area, but the amount and distribution within 
the soil profile are highly variable. Gypsum combined with leaching 
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with 4 feet of water was included as one of the treatments in this 
experiment. 

Infiltration measurements were made at each of the three sites. 
The average rates of infiltration for the plots receiving the heavy leach­
ing treatment of 4 feet of water with and without gypsum are given 
in table 2: Rates were relatively high at all three sites at the time 

Table 2. Infiltration ratesf on plots teceiving 4 feet of water 
with and without gypsum 

2 3 4 

Site Treatment 

feet of water 
A 4 
A 4 + gypsum 
c 4 
C 4 + gypsum 
D 4 
D 4 + gypsum 

* Least significant difference = 0.24 
t Averages of 4 replicates 

Initial 
infiltration . 

rate 
in./ hr. 

1.9 
2.9 
1.6 
1.2 
4.2 
6.3 

Infiltration 
rate after 
48 hours 
in./ hr. 

0.27 
0.21 
0.35 
0.30 
0.33* 
0.57* 

water was applied, but decreased rather rapidly, reaching somewhat 
constant values after from 24 to 48 hours. Usually, the terminal rate 
was maintained for the remainder of the leaching period. 

As shown in the last column of table 2, there was no significant 
difference between rates for the plots with and without the addition 
of gypsum at sites A and C. However, a comparison of infiltration rates 
with ground-water levels shows that infiltration was limited by the 
drainage or ground-water conditions at these two sites rather than 
by the permeability of the soil. Dependence of infiltration rates upon 
free lateral movement of ground water from the plot area was illus­
trated during the leaching at site A when flow in the adjacent open 
drain was shut off for repair work downstream and drainage became 
temporarily restricted. This caused a rapid rise of the water table to 
within about one foot of the soil surface in the plot area and a marked 
reduction in infiltration rates. Leaching was, therefore, discontinued 
about a week until the drain was reopened and the water table had 
subsided. Resumption of leaching was accompanied by an appreciable 
increase in infiltration rates. Observations made at site C during leach­
ing indicated that infiltration rates were also limited by drainage. 
Because of limiting drainage conditions, no significance can be at­
tributed to infiltration rates as a measure of the effect of gyp­
sum at sites A and C. Even if drainage had not been limiting, it is 
unlikely that the addition. of 5 tons of gypsuin per acre would have 
improved infiltration rates because, as shown in table 5, the gypsum 
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naturally present in the surface foot of these soils was more than suf­
ficient for reclamation purposes. 

At site D, the drainage conditions were somewhat better than at 
sites A and C because the adjacent open drain was from 1 to 2 feet 
deeper and the water table in the plot area was considerably lower. 
Infiltration rates, therefore, were probably not limited by inadequate 
drainage conditions at this site. The average infiltration rate for the 
gypsum plots was 0.57 inches per hour as compared to 0.33 inches per 
hour for the no-gypsum plots. This difference is significant and is 
probably related to the fact that this soil naturally contains little gyp­
sum in the surface ( 2 tons or less per acre-foot) . Although there is a 
significant improvement in infiltration rates where gypsum is applied, 
the rates for the no-gypsum plots are sufficiently high for satisfactory 
leaching. 

Infiltration rates depend somewhat on the quality of water. Use 
of high-quality, non-saline water for leaching alkali soils may result 
in decreased rates of infiltration. At Delta, the fairly saline water 
of the Sevier River, which contains a large proportion of calcium 
and magnesium, constitutes the sole irrigation water supply. This 
water is perhaps quite ideal for leaching Delta Area soils. Any major 
change in the quality of the irrigation water would no doubt result 
in a change in the infiltration characteristics of the soil. 

Drainage Conditions 
Drainage conditions are an important consideration in leaching 

the saline soils of the Delta Area, especially where large acreages are 
involved. In order for leaching to be effective, reasonably adequate 
drainage must be available .. If drainage is restricted, leaching may 
raise the water table and its subsidence may be so delayed that water­
logging results and salinity conditions are greatly aggravated. The 
experimental leaching basins at each of the three sites were located 
near deep open drains in order to assure reasonably adequate drain­
age. Differences in leaching because of drainage conditions were there­
by minimized. 

Piezometers consisting of % inch iron pipes were installed to 
measure the position o( the water table and the hydraulic head at 
points in the vicinity of the open drains. The principal installations 
were made on lines at right angles to the open drains and adjacent to 
the leaching plots. At site A, two lines were installed, one on the east 
side of the plots extending for a distance of 1500 feet north of the 
drain, and one on the west side extending 500 feet north. At sites 
C and D, one line of piezometers was installed at right angles to the 
drain on the east side of the plots, extending a distance of 500 feet to 
the south of the drains. The fluctuations of the water table near the 
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leaching sites and changes in the water levels in the nearby open drains 
are shown in figure 6. The upper curve (solid line) represents the 
water level in the piezometer nearest to the leaching plots in each in­
stance and the lower curve (dash line), the water level in the drain. 
The depth to water table is given in feet below the soil surface at the 
plots. The water levels in the open drains are also referred to this same 
datum. 

Fig. 6. Water table levels showing changes during the leaching and cropping 
periods at sites A, C, and D 

In general, the seasonal variations of the ground-water levels are 
similar at the three sites. The water fable begins to rise in April, 
reaching a peak in May or June, and lowers to a minimum about Sep­
tember. The period of high ground water corresponds to the irriga­
tion period in the area. Water is .usually turned into the canals in 
April and out in September. There is a: slight rise in water levels at 
the three sites from September to December, followed by a gradual 
lowering until a minimum .is reached in March. Owing to the leach­
ing operations during the period June to August 1946, the water­
table levels near the plots showed a rapid rise, then .a gradual fall 
for a period of about 1 to 1 Y. months following the leaching. 

A comparison of the water-table depths at the three sites shows 
that drainage conditions are considerably better at site D than at sites 
A and C. At· site A, the yearly fluctuation of the water table was from 
3}'. feet to 5}'. feet below the soil surface; at site C, from 4 to 6Y. 
feet; and at site D, from 6}'. to 8 feet. 
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Effectiveness of Leaching 

The effectiveness of the leaching treatments was appraised by two 
methods: (1) periodic soil salinity determinations and (2) crop re­
sponses. 

The changes in salt content that occurred during the leaching and 
cropping regime were determined by electrical conductivity measure­
ments of 1 : 1 soil-water extracts, the data for which are given in ap­
pendix table 1. A total of 1008 soil samples was obtained in five 
samplings during the experimental period: ( 1) before leaching, ( 2) 
after leaching, (3) pre-sowing, (4) beginning of spring growth and 
( 5) time of harvest. Each sampling, except no. 3, consisted of 240 com­
posited samples representing 20 plots at four depths at each site. A 
partial sampling (no. 3) was made just prior to seeding to check on. 
the movement of salts upward to the surface between the time of 
leaching and the time of sowing the grain. 

The changes in composition of the salts in the soil as a result 
of leaching and cropping were determined by chemical analysis of 
saturation extracts of samples from selected plots. These data are dis­
cussed in a subsequent section. All chemical analyses were made ac­
cording to methods reported in "Diagnosis and improvement of saline 
and alkali soils" ( 31). 
Changes in Salt Content from Leaching 

Effective leaching is dependent upon the passage of an appre­
ciable amount of the irrigation water through and out of the root 
zone. For most field crops the root zone may be regarded as the first 
three feet of soil. The amount of water passing beyond the root zone 
for a given water application may be estimated from the moisture data, 
given in appendix table 3. Using the average of all values for 
available-water capacity for ~ite A, it is evident that this soil retains 
approximately 3.1, 3.0, and 2.8 inches of water in the first, second 
and third feet of soil. Thus, if one foot of water is applied, only about 
3.1 inches passes beyond the third foot. This gives limited removal of 
salt from the root zone. Correspondingly, from the two- and four­
foot water applications approximately 15.1 inches and 39:1 inches of 
water, respectively, pass downward beyond the third foot of the soil. 3 

The effectiveness of the leaching treatments in removing salts 
from the soil ~ shown in figures 7, 8, and 9 for sites A, C, and D, res-

3In this example, it is assumed that the moisture content of the soil was -at the 
. wilting percentage at the time leaching began. The amount of water re­

tained by the soil, therefore, is equal to the difference in moisture content 
of the soil at the wilting point and that at field capacity. If the mois­
ture content of the soil was above the wilting point at time of leach­
ing, then the amount of water passing the root zone would be greater than 
the amounts indicated above. 
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pectively. The salt distribution before leaching was similar for sites 
A and C, the former having a somewhat higher salt content at all 
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Fig. 8. Salt distribution in soil profile before and after leaching at site C show­
ing effect of three leaching treatments 

levels throughout the four-foot profile. This distribution of salt· is 
typical of lands that have remained idle for a long time where a saline 
water table is present at a shallow depth. The concentration of salts 
at the surface is attributed to the upward movement, evaporation, and 
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transpiration of the highly saline ground water. The salt distribution ' 
curve at site D prior to leaching (fig. 9) does not show an exceptionally 
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Fig. 9. Salt distribution in soil profile before and after leaching at site D show­
ing effect 'Of three leaching treatments 

high concentration at the soil surface. This is in agreement with the 
fact that cultivation and irrigation had been more recent at this site 
than at the other two. The amount of salt leached from the soil in­
creased with. the amount of water applied (figs. 7, 8, 9). In general, 
one foot of water materially reduced the salt content of the surface 
foot of soil, but accomplished little leaching beyond that depth. The 
two-foot application reduced the salt content at somewhat greater 
depths. The four-foot application gave a much greater reduction in 
salt content throughout the entire root zone. At site C there was a 
slight increase of salt in the fourth foot for all Jreatments, which is 
probably related. to the initially low salt content at this depth. 

It should be noted that the leaching operation involved continu­
ous or nearly continuous water application by pending. Except for the 
one-foot treatment, a large part of the water applied passed through 
the root zone. It is common practice in many areas to attempt to re­
claim salted soils by using frequent normal irrigations with or with-
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out crops being grown. Where this is done, leaching may be inef­
fective since much of the water applied is. used by the crop or is evap­
orated from the soil surface and relatively little passes beyond the root 
zone. 

Changes in Salt Content During Cropping Period 

Following leaching, the salinity status of the soil was determined 
at four different times. The changes that occurred after leaching 
were caused, on the one hand, by the combined effects of winter rain­
fall and normal irrigation of the crop, which tended to carry the salts 
to greater depths; and, on the other hand, by the evaporation of 
moisture from the soil surface and transpiration by the crop, which 
tended to move salt upward. The average salinity of the surface foot 
of soil (conductivity of 1: 1 extracts) for the five samplings made dur­
ing the leaching and cropping period is given in table 3. 

Table 3. Salinity status of leaching plots (0 to /-foot depth) at sites A, C, 
and D for various sampling dates . 

2 3 4 5 6 7 

Electrical conductivity of 1: 1 extract (EC1 x 103
) 

Before After 
Site Treatment leaching leaching Pre-sowing Spring Harvest 

1946 1946 9/46 3/47 7/47 
feet of water millimhos/ em 

A 0 36.8* 34.2 40.1 22.1 21.7 
I 38.9 14.6 17.7 11.1 10.1 
2 33.7 6.4 8.6 6.2 7.7 
4 38.8 4.4 3.5 4.1 4.6 

c 0 30.3 30.4 35.2 16.7 16.0 
I 28.9 14.9 16.4 8.5 8.8 
2 31.5 7.9 9.1 7.2 8.6 
4 31.2 5.3 2.9 4.7 5.7 

D 0 12.6 13.8 13.2 2.3 2.7 
I 12.7 3.9 3.4 1.9 2.7 
2 12.1 2.8 4.4 1.3 2.3 
4 13.0 2.6 1.9 1.3 2.4 

*All values are averages of four replicates except for pre-sowing sampling the 
- values of which are averages of two replicates. 

Generally, there was little difference in the salt content of the 
first foot of soil at sites A and C immediately after leaching and at 
the time of h~rvest (columns 4 and 7) for the higher leaching treat­
ments. There were, however, slight increases in salt between the time 
of leaching and time of planting (columns 4 and 5) but this occurred 
only on the plots receiving 2 feet or less of water. In contrast, the 
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plots at those sites which received the 4-foot leaching treatments 
showed either no change or. a slight decrease in salt during the same 
period. Between September and March, a combination of one irri­
gation at time of seeding and several winter rains further reduced the 
salinity of the plots receiving the 0-, 1-, and 2-foot leaching treatments 
where the salt content was still fairly high (columns 5 and 6). From 
March to July there was a slight increase in salinity on all 2- and 4-foot 
plots even though two 6-inch irrigations were applied in May and 
June. In general, over the period from leaching (column 4) to har­
vest (column 7) it is evident that the 4-foot water application was the 
most effective treatment since there was little change in the salinity 
of the surface soil during this period. Changes in the surface soil 
resulting from leaching, winter rains, and irrigation are shown graph­
ically in figure 10. This figure also shows changes at the 2-, 3-, and 
4-foot depths. 
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Fig. 10. Effect of leaching, winter rainfall, and normal irrigation on the salin-
ity status of the soil at four depths on four sampling dates · 

Chemical Changes Resulting from Reclamation Treatments 

In order to determine the chemical changes that resulted from 
the leaching treatments, and those that occurred owing to the subse­
quent irrigation and cropping regime, chemical analyses were made of 
samples from selected plots taken at three different periods: before 
leaching, after leaching, and at time of harvest. These analyses in­
clude the following determinations: pH of the saturated soil paste, 
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electrical conductivity of the saturation extract, soluble ions in the 
saturation extract (Ca, Mg, Na; HCO, C1-, SO=), ammonium 
acetate, extractable sodium and sulfates, and cation exchange capa­
city. All determinations were made according to methods recom­
mended by the Salinity Laboratory (31). From these analyses the gyp­
sum content of tlie soil, the exchangeable-sodium-percentage and the 
soluble-sodium-percentage were calculated. These data are given in 
detail in appendix table 2, and are shown in part in tables 4 and 5. 

Analyses of the saturation extracts show that the soluble salts 
present in the Delta soils are largely chlorides and sulfates of sodium, 
calcium, and magnesium with sodium salts predominating (table 4) . 
Carbonates are absent and only small quantities of bicarbonates are 
present. Where salts are high as in the surface foot at sites A and C, 
sodium salts, chiefly 'sodium chloride, make up 65 to 81 percent of the 
total salts present for all plots studied (appendix table 2). At site D, 
however, where salt is less abundant in the surface soil than at the 
other sites, sodium salts are less predominant being somewhat less than 
50 percent of the total. In this respect the composition- of the salts 
at site D before leaching more nearly reflects that at sites A and C 
after the soil was leached, which is a further indication that irrigation 
had been more recent at site D than a~ the other two sites. 

As indicated in table 4, heavy leaching with four feet of water 
reduced the percentage of soluble sodium in the surface foot of soil 
from 69 to 50 on plot 5, site A, and from 68 to 52 on plot 10, site C. 
However, on plot 19, site D, the percentage of sodium salts in the sur­
face foot actually increased after leaching. This was the only case 
where an increase in sodium was noted. Changes in salt composition 
in the second foot of the profile were somewhat variable, but in the 
two- to four-foot zone there was little or no change regardless of the 
amount of leaching. 

The Delta soils have favorable pH values as shown in table 5, 
and appendix table 2. Prior to leaching they ranged from 7.50 to 8.10 
in the surface foot at the three sites. The subsoil pH was as low as 
7.40 in a few cases, such as plot 4, site D, but in no instance did it 
exceed 8.25, the maximum found for the surface soil. For any single 
plot, however, there were no significant changes in pH resulting from 
the leaching treatments. This point is of particular interest since many 
western soils, which like the Delta soils are high both in soluble salts 
and exchangeable sodium, have higher pH values when the salts are 
removed by leaching. In such cases, the increase in pH following leach­
ing results from the removal of the excess salts and the resulting hy­
drolysis of the exchangeable sodium. Failure of the Delta soils to have 
higher pH values when leached results from the appreciable amounts 
of gypsum found in them (table 5 and appendix table 2). This sug-
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gests that the presence of gypsum in soils containing a high percentage 
of exchangeable sodium may preclude the use of pH as a criterion 
for distinguishing alkali from non-alkali soils. 

Sevier River water contains large amounts of sulfate ions (table 
I) and it is to be expected that calcium sulfate (gypsum) will precipi­
tate when the soil solution becomes concentrated by evaporation and 
transpiration. Since gypsum greatly facilitates the reclamation of 
alkali soils by replacing harmful exchangeable sodium with calcium, 
the amount present in the soil is of considerable importance. As shown 
in table 5, the soils at the three experimental sites contain considerable 
quantities of gypsum within the root zone with the largest amounts at 
or near the surface. Where land has been abandoned for a long time, 
such as at sites A and C, much more gypsum is found in the surface 
foot of soil than at greater depths. However, under conditions of fre­
quent irrigation, or where land has been idle for only a short time, 
such as at site D, the highest gypsum content usually occurs in the sec­
ond foot of soil. The applications of two and four feet of water for 
leaching purposes greatly reduced the gypsum content of the first and 
second foot of soil on all plots studied. Soils with high gypsum con­
tent in the surface, as at sites A and C, should not require the addition 
of this amendment for reclamation. The neep for soil testing to deter­
mine the presence or absence. of gypsum prior to the beginning of a 
reclamation program is emphasized. 

Most western soils contain some adsorbed sodium in the exchange­
complex of the clay colloids. If the exchangeable-sodium-percentage 
exceeds 15, then the soil is classified as alkali (31). When it appre­
ciably exceeds this value, the soil is in need of chemical amendment 
in addition to leaching to bring about reclamation except when ap­
preciable quantities of gypsum are present in the surface soil. At sites 
A and C, the exchangeable-sodium-percentage in the first foot of soil 
before leaching ranged from 26 to 40 and decreased somewhat with 
depth (table 5 and appendix table 2). The analytical data show that 
these are saline-alkali soils (31) and contain sufficient gypsum for 
reclamation. 

The effect of gypsum in facilitating reclamation of Delta Area 
soils as measured by the reduction in the exchangeable-sodium-per­
centage during leaching is illustrated by the data in table 5. Plot 5, 
site A, prior to leaching contained approximately 13 tons of gypsum 
per acre-foot in the surface. Leaching with 4 feet of water reduced 
the exchangeable-sodium-percentage from 40 to 15 in the first foot and 
from 36 to 24 in the second foot. There was a smaller reduction in the 
third foot of the profile. Plot 4 at site A contained.23.4 tons per acre" 
foot of gypsum in the surface and in addition received a 5-ton per acre 
application making a total of 28.4 tons. Heavy leaching reduced the 



Fig. II. Condition of the whe;.Jt crop at site :\ at the time of h;1r.-cst. In ;lddit!on to thl' leaching tre;.Jtmcnt indicated, all plots r~­
ccivcd I~ 2 to 2 fel·t of irrig3tion W;.Jter. The weed growth on the check and 1-foot plots is 81w.a hyssop.iol:a 
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Fig. 12. Condition of tl~whe:~t crop at site C at the time of h:~rvt·st . In additi~to the ll·:~ching treatment indicated, all plou rc• 
ccivcd 11/2 to 2 fl·ct cir'irrigation water. The weed growth on the check and l ·i:ilt plots is Bassin h}'ssopifolia 



Fig. 13. Condition of the wheat crop at site D at the time of harvest. In addition to the leaching treatment indicated, all plots re­
ceived I~~~ to 2 feet of irrigation water 
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exchangeable-sodium-percentage from 37 to 12. The resulting lower 
exchangeable-sodium-percentage on plot 4 as compared to plot 5 is 
undoubtedly the result of the combined effects of both native and 
applied gypsum. On plot 10, site C, containing 12 tons per acre-foot 
of gypsum, the same leaching treatment reduced the exchangeable­
sodium-percentage from 31 to 16 in the first foot of soil and from 41 
to 16 in the second foot with little or no reduction at greater depths. 
The two-foot leaching treatment was somewhat less effective than the 
four-foot treatment in reducing the exchangeable-sodium-percentage 
of the soils at these two sites. ' 

The soil at site D contains on the average about two tons of gyp­
sum in the surface foot with somewhat more in the second and third 
foot depths. On plot 19, the exchangeable-sodium-percentage was re­
duced by the four-foot leaching treatment in only the surface foot, but 
on plot 4, where an additional five tons of gypsum were added per 
acre, the exchangeable-sodium-percentage was reduced appreciably in 
the first three feet of the soil profile. Even though tl1e added gypsum 
proved effective in reducing adsorbed sodium at site D, this soil is a 
borderline case of an alkali soil and the benefits from added gypsum 
to reduce exchangeable sodium further would not likely be economic. 
Crop Response 

Fall wheat was grown on the experimental sites to serve as a 
measure of the effectiveness of leaching and to determine the relation­
ship between crop yields and salinity. The grain at the time of har­
vest at sites A, C, and D is shown in figures 11, 12 and 13, respectively. 
The depths of water shown in the figures indicate the initial leaching 
treatments. Grain height in feet is indicated by the stake. In general, 
the growth varies directly with the amount of leaching water applied. 
In addition to the leaching treatments, all of the plots received three 
irrigations of 6 to 8 inches each plus 12 inches of rain between the 

· time of planting and harvest. The total amount of water received by 
the plots was therefore from 2 Y. to 3 feet more than the initial leach­
ing application. The four-foot leaching treatments gave the most 
luxuriant growth and highest yields in all cases. The vegetation on 
the plots receiving no leaching and one foot of water at sites A and 
C was largely weeds (Bassia hyssopifolia). 

The relative height and yields of the grain at time of harvest for 
the various treatments at each of the three sites are shown in figure 
14. Each bundle, except those for the no-treatment plots at ·sites A and 
C, contains the grain harvested from five one-yard square quadrates, 
45 square feet, from one plot. The no-treatment bundles at sites A 
and C contain the grain from an entire plot or 1200 square feet. A 
comparative bundle for these two plots would, therefore, contain about 
1/27 of the amount shown. Average yidds for the five leaching treat-



Fig. 14. G rain samples 
harv<:strd from plots at 
sites A, C, and D show­
in~ difT<:n·nc<·s as a rc:­
~u lt of It-aching treat­
ments. T h <' samples 
shown for the no-trca t­
nwnt plots at sites A 
and <.: ~hould be rc­
duct·d by ! / 27th to be 
compar:~bh· to othl'r 
sampks 
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ments in bushels of wheat and tons of straw per acre together with 
least significant differences between treatments are presented in table 
6. Individual plot yields togerher with salinity and tes~ weight values 
are given· in appendix table 4. There were increases in yields with in-

Table 6. Average yields* of wheat .and straw at sites A, C, and D in relatiOn 
to leaching treatments 

2 3 4 5 6 7 

Least 
Site Leaching treatment - feet of water applied significant 

difference 

0 1 2 4 4+gypsum 

bushels wheat Per acre 
A 0.7 13.6 23.4 42.6 37.8 7.9 
c 5.2 23.7 31.3 43.1 37.8 9.6 
D 28.7 25.9 33.8 41.1 41.1 7.4 

tons straw per acre 
A 0.05 0.96 1.58 3.33 2.94 0.81 
c 0.40 1.64 2.45 4.14 4.22 1.45 
D 1.97 1.79 2.51 3.42 3.61 1.10 

4 Ave»agcs of four replicates. 

crease in leaching water at all three sites. However, the differences are 
more pronounced at sites A and C than at site D. Significant increases 
occurred for all leaching treatments at sites A and C whereas only the 
4-foot leaching shows significance at site D. Highest yields were ob­
tained with 4 feet of water at all three sites. In comparing the results 
for the 4-foot leaching treatments with and without gypsum amend­
ment it is to be noted that at sites A and C the average yields are some­
what lower where gypsum was applied. These differences, however, 
are not statistically significant. 

The quality of the wheat produced at each of the sites was about 
the same, but appreciable differences resulted from the various treat­
ments. Test weights in pounds per bushel (appendix table 4) ranged 
from 59.0 to 63.0 at site A with but one exception, from 61.5 to 63.0 
at site C, and from 60.0 to 63.7 at site D. In general, high test weight 
is associated with low salinity. The wheat kernels showed consider­
able shrinkage at the high salinity levels whereas the kernels from the 
low salinity plots were full and firm. 

The relation between the average yield and the amount of water 
. used for leaching is shown graphically in figure 15. This relation is 

approximately linear at each of the three ~ites and may be expressed 
by the equation: ' 
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Y=m(W) +-b 
Where Y = yield in bushels per acre 

W = depth of water 'applied in feet (initial leaching treatment) 
m = the increase in yield (bu/ A) per foot of water applied 
b = the yield (bu/ A) obtained with no initial leaching but with 

normal irrigation. 
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Fig. 15. Relation of grain yields to amount of water used for leaching 

The values of m and b for the best fit straight· line using the method 
of least squares for each of the three soil types, sites A, C, and D, are: 

Site Soil type m b 
A Woodrow clay loam 10.2 2.1 
C Oasis silty clay loam 8.8 10.2 
D Gordon clay 4.7 24.0 

This equation holds for values of W from 0 to 4 since 4 feet of water 
is the maximum initial leaching treatment used in the experiment. 
_However, inspection of figure 15 suggests that additional leaching 
would have resulted in even greater yields. The constant b is the aver­
age yield in bushels per acre that may be expected at these locations 
where normal irrigations are applied with no initial leaching. If initial 
leaching is practiced, as was the case in this experiment, the yield in­
creases at the rate of m bushels per acre for each foot of water applied 
for leaching purposes. For example, if the soil at site A were leached 
initially with 3 feet of water, the total yield to be expected would be 
2.1 + 3 (10.2) = 32.7 bushels per acre. 
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Although there is a definite relation between wheat yields .and 
leaching as shown in figure 15, it must be kept in mind that yields are 
related to the amount of water applied for leaching only to the extent 
to which salt is removed from the root zone. The effect of soil salinity 
upon grain yields is shown in figure 16. 
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CONDUCTIVITY OF SATURATION EXTRACT (EC 11) MllLIMHOS PER. CM. 

Fig. 16. Relation of grain yields to average salinity in the surface two feet 
of soil 

Yields in bushels per acre are plotted against the conductivity of 
the saturation extract• in millimhos per centimeter and approximate 
curves are shown for each site. Conductivity values are averages of the 
first and second foot of soil at the beginning of the growing period, 
March 1947, and at the time of harvest, July 1947, and thus represent 
the salinity status of the root zone for the period during which the 

'Soil salinity when expressed as conductivity of the saturation extract is more 
closely related to crop growth than when expressed on a weight basis such 
as percent salt, or conductivity of 1:1 soil: water extracts (31). Crops 
are responsive to the concentration of the soil solution which in tum is 
related to the moisture retention characteristics of the soil. Two soils, for 
example, may have equal soluble salt content expressed as percent, dry 
weight basis, but the concentration of the soil solutions at comparable field 
moisture levels, such as field capacity or wilting percentage, may be 8 to 
10 times higher· for a sandy loam than for clay soil. The conductivity of 
the saturation extract relates the concentration of the soil solution to the 
field moisture range and , thereby makes the salinity appraisal easier to in­
terpret in tenns of crop response. See the appendix, page 43, for the meth­
od of converting from conductivity of 1:1 soil: water extracts to con­
ductivity of the saturation extract. 
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crop was grown. These salinity values, together with wheat yields and 
test weights, are given in appendix table 4. From the curves shown in 
figure 16, it is evident that salinity has a marked effect upon yield, 
especially at the low salinity levels. The curves are of hyperbolic char-. 
acter becoming very steep at the low salt levels and flattening out 
as salinity increases. 

Slight increases in salt content, where salinity is low, result in 
greatly reduced wheat yields. It is apparent, therefore, that in order 
to maintain maximum yields, the salt content of the soil must be 
kept low. 

As an aid in evaluating the effect of soil salinity on crop growth, 
the salinity scale proposed by Scofield (25) and modified by Richards, 
et al (31) is reproduced in table 7. According to this scale, a conduc-

Table 7. Scale showing the relation of salinity to crop growth 

Conductivity of the saturation extract in millimhos/cm 
0 4 8 15 
All crops thrive. 
No evidence of 
salt injury 

Sensitive crops 
do not thrive. 
Tolerant crops 
may do well 

Crop growth re- Only a few species 
stricted. Yields survive 
usually poor 

· tivity of 4 millimhos per centimeter is regarded as an approximate 
boundary between a non-saline and saline soil. In all cases in this ex­
periment, except in the heavy leaching treatments at site D (appendix 
table 4) the conductivity of the saturation extract for the first two feet 
of soil exceeds 4 millimhos per centimeter. According to this classifi­
cation, therefore, the soils at the three experimental sites are for the 
most part saline even after leachin? with 4 feet of water. 

Feasibility of Leaching 
In considering leaching as a practical means of reclaiming saline 
and alkali soils of this and other areas, the economic aspects in addi­
tion to the physical factors related to reclamation must be taken into 
account. Adequacy. of drainage, availability of irrigation water, cost of 
leaching, and C";Sh returns resulting from reclamation are among the 
rna jor factors to be considered. 

The results from this two-year study in the Delta Area show that 
it is possible to leach the excess salts from these soils with large appli­
cations of water where adequate drainage is provided. This possibil­
ity depends largely upon the unrestricted movement of water down 
through the soil and out into the drainage ways. Without adequate 
drainage, attempted leaching may be detrimental rather than bene­
ficial. 
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In an over-all leaching program, the availability of irrigation 
water for leaching purposes is an important consideration. It may be 
possible to leach during years of better than normal water supply and 
still furnish irrigation water to the present irrigated acreage. If it is 
assumed that water supply is not a limiting factor and that it is 
possible to obtain adequate drainage, then the question of feasibility 
of leaching is largely one of economics. 

The economics of leaching depends upon the initial cost and the 
price received for crops after the land has been reclaimed. Because of 
changing economic conditions, it is difficult to predict with certainty 
future crop prices and to estimate leaching costs. Therefore, an ac­
curate evaluation of returns from leaching would require a compre­
hensive economic study, which is beyond the scope of this investiga­
tion. However, for purposes of illustration, an evaluation of the re­
turns that may be expected as a result of leaching at the three sites 
studied is presented. 

The net returns from leaching equal the increase in income re­
sulting from leaching, minus the leaching costs. The increase in in­
come resulting from leaching is the amount in excess of the 
returns received from the land under normal irrigation prac­
tice. This return is an annual one that will continue as long as the 
effect of leaching persists. The cost of leaching is a capital cost or 
lump sum payment made at the time the land is reclaimed. If ade­
quate drainage is maintained and proper soil management is practiced, 
it is to be expected that the effect of leaching will be permanent. The 
following estimates on cost of leaching assume the use of the contour­
border method, which has proved satisfactory in the Imperial Valley, 
California. Large closed basins are formed by constructing high bor­
ders along the contours to allow water to be ponded. 

Item Estimated cost 

Water" $1.50 per acre-foot 
Labor for leaching' 2.20 per acre-foot 
Land preparation for leaching7 

( 1 ) Engineering costs 
(2) Construction of contour borders 

( 18" high) 
Fertilizer to offset losses resulting from 

leaching" 
Miscellaneous (waste outlets, gates, etc.) 

--

2.50 per acre 

5.00 per acre 

5.00 per acre 
1.00 per acre 

6The market value of water at Delta has varied considerably over a period of 
years. For purposes of analysis, an average value of $1.50 per acre-foot 
appears to be reasonable. 

(continued on next page) 
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Based on the above estimates, the cost of leaching would be: 

Leaching application Capital cost Annual cost' 

1 ft. of water 
2 ft. of water 
4 ft. of water 

$17.20 
20.90 
28.30 

$2.12 
2.58 
3.49 

The return from the land that may be attributed to leaching, which· 
is the return in addition to that obtained with normal irrigation prac­
tices, may be derived from the equation of Y = m (W) + b given 
on page 35. This equation is based upon the data of table 6. The 
value b is the yield in bushels per acre that was obtained with no 
initial leaching but where normal irrigations were applied. This value 
is dependent largely upon the initial salinity status of the soil. The 
value m is the increase in yield that resulted from the application of 
each foot of water in th~ initial leaching treatment. This value is inde­
pendent of the initial salinity status of the soil (within the range en­
countered in this experiment), and .may be considered as an index 
to the effectiveness of leaching. The values of m and b obtained at 
sites A, C, and D are given on page 35. A value of m=O would indi­
cate that le.aching is ineffective and there is no increase in crop yields 
from leaching. A comparison of the values of m shows that leaching 
was most effective at site A with an increase of 10.2 bushels per acre 
per foot of water applied, and progressively less effective at sites C 
(m=8.8) andD (m=4.7),respectively. 

The cash value of leaching as determined in this experiment using 
wheat as the farm crop is based upon the average price of wheat ($1.03 
per bushel)· received by Utah farmers during the 32-year period from 
1914 to 1945. The annual cash return over and above that received 
as a result of normal irrigation practice is equal to the unit price of 

8It is assumed that an average farm stream of 5 cfs can be cared for by one 
irrigator. At this rate of application the amount of water applied to the 

· land is 5 X 2 = 10 acre-feet per 24 hours. At the current rate of $0.85 
per hour for labor.t the cost of applying the water per acre-foot would be 
0.85 X 24/10 = ~2.20. 

7These costs are farmerS' estimates obtained from leaching operations in the 
Imperial Valley, California, and are furnished by the Division of. Irriga­
tion, Soil Conservation Service. 

8Leaching removes some plant nutrients principally nitrates from the soil in 
addition ·to soluble salts (9, 10). It is estimated that the fertilizer ap­
plication required to offset losses resulting from leaching will not exceed 
125 Ibs. per acre. At the current price of $80 per ton for a 16-20-0 fer­
tilizer the cost would be $5.00 per acre. 

DLeaching costs are given· on a yearly basis for comparison with the annual 
returns from leaching. Interest is taken at 4 percent per annum and it is 
assumed (for purposes of analysis only) that leaching is repeated every 
10 yean. 



40 UTAH AGRICULTURAL EXPERIMENT STATION BuLLETIN 335 

wheat, $1.03, times the yield resulting from leaching, m (W), in the 
above equation. 

A summary of these returns for the one-, two-, and four-focit leach­
ing treatments at each of the three experimental sites is given in table 
8. The net annual cash returns after deducting the leaching costs are 
also given. 

Table B. Annual returns per acre resulting from leaching* 

Water Gross Net 
Site applied Increased yields returns Estimated returns 

and soil for from leaching from leaching from 
type leaching m(W) leaching costs leaching 

ft. bushels/ acre dollars dollars dollars 

A 1 10.2 10.50 2.12 8.38 
Woodrow 2 20.4 21.00 2.58 18.42 
clay loam 4 40.8 42.00 3.49 38.51 

c 1 8.8 9.06 2.12 6.94 
Oasis silty 2 17.6 '18.12 2.58 15.54 
clay loam 4 35.2 36:24 3.49 32.75 

D 1 4.7 4.84 2.12 2.72 
Gordon clay 2 9.4 9.68 2.58 . 7.10 

4 18.8 19.36 3.49· 15.87 

*Based on wheat prices of $1.03 per bushel, average for 32 years (1914-1945) 

It is evident from the data of table 8 that at these three experi­
mental sites the cost of leaching is small compared to the cash returns 
that result. For example, the annual cash return at site A where the 
soil was leached with 4 feet of water, is about 12 times as great as 
the annual cost of leaching. The net annual returns where 1 foot of 
water was used for leaching range from $2.72 per acre at site D to 
$8.38 at site A. Where 4 feet of water was applied the net annual re­
turns ranged from $15.87 to $38.51 per acre. 

These experiments were conducted at locations where drainage was 
reasonably adequate, thereby making it possible to leach the salts from· 
the soil effectively and obtain large increases in cash returns. Drainage 
is the primary problem in the Delta Area and ip order to protect the 
productive lands, to improve production on lands of moderate salinity, 
and to reclaim the idle highly saline-alkali soils of the area, adequate 
drainage must be provided. If the net returns resulting from leaching 
with 4 feet of water, based upon a 32-year average price of wheat, 
were applied for drainage, these lands could support annual improve­
ments of $15.87 to $38.51 per acre. This is equivalent to a capital 
investment of from $248 to $602 for each acre of land reclaimed, (as­
suming amortization of costs in 25 years at an interest rate of 4 per­
cent per annum). 
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CONCLUSIONS 
1. Drainage must be adequate in order for leaching to be effective. 

Attempted leaching without sufficient drainage may be detrimental 
rather than beneficial. 

2. The soils at the three locations in the Delta Area are saline-alkali, 
having conductivities of the saturation extract greater than 4 mil­
limbos per centimeter and exchangeable-sodium-percentages greater 
than 15. For complete reclamation the excess adsorbed sodium must 
be replaced by calcium and the excess soluble salts must be re­
moved. 

3. Gypsum is naturally present in these soils in quantities sufficient · 
to supply the required calcium for reclamation. Amendments such 
as gypsum or sulfur are not required. 

4. Leaching with 4 feet of water effectively reclaimed these saline­
alkali soils. 

5. Wheat yields increased directly with the. amount of water applied 
for leaching purposes. The average rate of increase in yields at the 
three sites under study were 10.2, 8.8, and 4.7 bushels per acre for 
eac!J. 1-foot of leaching water applied. . 

6. Wheat yields varied inversely with the residual salinity of the soil 
after leaching. At high salt levels large reductions i;n salt content 
gave only slight improvement in yields whereas at low salinity levels 
small decreases in salt resulted in large increases in yield. 
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APPENDIX 
In this study numerous chemical and physical data were collected. Brief 

tables summarizing the data are included in the text and the detailed data are 
given in the appendix tables 1 to 4. Soil depths Jisted in these tables as 1, 2 3, 
and 4 feet refer to the 0-1, 1-2, 2-3, and 3.-4 foot horizons, respectively, of ihe 
soil profile. The semi-microchemical methods of Reibneier ( 24) were used. 
These together with physical methods commonly used in the diagnosis of saline 
and .alkali soils have subsequently been reported by the Salinity Laboratory 
(31 ). Specific reference to methods in the latter, which were used in this 
study are as follows: 

Method numbers 
Salinity of 1: 1 soiJ:.water extracts EC, 3 & 5c 
Salinity of saturation-percentage extracts, ECe 3, 4 & Sa 
pH of saturated soil paste 1 Oa 
Soluble ions: Calcium 17 

Magnesium 18 
Sodium 19 
Bicarbonate 21 
Chloride 22 
Sulfate 23 

Cation exchange capacity 16 I and II 
Exchangeable sodium 16 I and 19 
Gypsum 9a 
Saturation-moisture percentage, SP 34a 
One-third atmosphere moisture percentage 3 7 
Fifteen-atmosphere moisture percentage 39 
The symbol EC is used to represent electrical conductivity {31), the stan­

dard unit for which is mhos/em. Since this is a large unit, most irrigation 
waters and soil solutions have conductivity values much less than unity.. These 
are inconvenient for the purpose of expressing and comparing data. Therefore, 
the smaller subunit, millimhos per em ( EC x 1 oa), is used in expressing salinity 
data because it gives a more convenient location of the decimal point. EC x 
105 (K x 105 ) has been used by the Rubidoux Laboratory and some other 
agencies. Micromhos/ em { EC x 1 oa) is the unit most commonly used through­
out the world for expressing the conductivity of solutions. The relationship of 
these various units as applied to waters and soil extracts is illustrated as fol­
lows: 

Sevier River Wolter (see table 1, p. 8) 
EC - .00265 mhos/em 
EC X· 10• - 2.65 (millimhos/cm) 
EC X 10' - 2.65 (K X 10') 
EC X 106 - 2650 (micromhos/cm) 

Soil-water extracts 
ECe X 103 _ Electrical conductivity {millimhos/cm of saturation 

extract) 
EC, X 10' Electrical conductivity (millimhos/cm of a I: I 

soil-water extract) 
EC. X 10' - Electrical conductivity (millimhos/cm of a I :5 

soil-water extract) 
For convenience, all routine salinity detenninations were made by measur­

ing the electrical conductivity of 1:1 soil-water extracts (EC,). Plant growth 
is directly related to the salinity of the soil solution, but because of wide text­
ural variations among soils, there is no general rela~ionship between plant 
growth and the salinity of 1:1 extracts (EC, ). There JS, however, a close re}a ... 
tionship between plant growth and salinity of the saturation extf!!Ct {ECe)_. It 
is desirable to relate values for EC1 and ECe for purposes of 1nterpretat1on. 
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Values for EC, ECe, and SP were obtained for one complete sampling of the 
leaching plots ( 240 samples taken in March 194 7). These data were used to 
derive, by the method of successive approximations, the general equation given 
below which expresses the relationship between EC1 and ECe and SP. 

ECe = 100 EC, -0.23 (EC,) -(4 -0.067 SP) 
SP 

Table I. Electrical conductivity of 1:1 soil-water extracts from leaching·plots 
at various sampling dates ~ 

I 2 3 4 5 6 7 8 
Electrical conductivity of I: 1 extract (EC,x!O') 

Site Treatment Soil Before After Pre-sowing Spring Harvest 
depth leaching leaching 9/46 3/47 7/47 

feet of water feet millimhos/ em. 

A 0 1 36.8* 34.2 40.1 22.1 21.7 
2 22.6 20.1 24.6' 19.8 
3 16.9 15.9 17.3 16.2 
4 14.1 14.5 16.9 14.4 

A I I 38.9 14.6 17.7 11.1 10.1 
2 20.6 15.5 16.8 14.5 
3 15.2 14.3 18.2 15.4 
4 12.8 13.4 17.8 16.0 

A 2 I 33.7 6.4 8.6 6.2 7.7 
2 20,4 9.6 10.5 10.7 
3 13.9 12.4 15.5 14.2 
4 12.5 11.9 16.5 15.3 

A 4 I 38.8 4.4 3.5 4.1 4.6 
2 21.3 6.1 5.4 5.9 
3 15.4 9.8 10.1 9.2 
4 13.3 lUi 11.7 10.4 

A 4 plus I 35.9 5.2 5.2 5.0 6.0 
gypsum 2 19.8 5.7 6.2 7.6 

3 14.2 9.5 10.1 9.9 
4 12.5 10.2 11.6 10.9 

c 0 I 30.3 30.4 35.2 16.7 16.0 
2 14.7 11.7 17.3 15.4 
3 8.3 7.8 13.6 13.2 
4 5.5 6.2 7.8 9.1 

c 1 1 28.9 . 14.9 16.4 8.5 8.8 
2 15.2 12.6 10.5 11.2 
3 7.2 8.9 9.2 10.1 
4 4.3 6.3 8.5 7.9 

c 2 I 31.5 7.9 9.1 7.2 8.6 
2 15.6 9.5 8.1 10.9 
3 9.1 9.7 8.2 9.4 
4 6.2 8.1 7.9 7.8 

c I 31.2 5.3 2.9 4.7 5.7 
2 16.2 5.0 4.5 7.8 
3 8.5 6.0 4.6 6.9 
4 4.7 6.2 5.5 6.1 



RECLAMATION OP SALINE-ALKALI SoiLS BY LEACHING 45 

Table 1. (Continued) 

1 2 3 4 5 6 7 8 
Electrical conductivity of 1:1 extract (EC,x!O') 

Site Treatment Soil Before After Pre-sowing Spring Harvest 
. depth leaching leaching 9/46 3/47 7/47 

feet of water feet millimhos/ em. 
c 4 plus 1 32.7 5.4 6.5 4.3 5.4 

gypsum 2 14.1 4.2 3.4 5.7 
3 8.4 5.4 4.4 6.3 
4 5.1 5.9 5.0 5.2 

D 0 1 12.6 13.8 13.2 2.3 2.7 
2 16.4 15.l 9.0 7.5 
3 13.4 13.8 II. I 9.0 
4 12.0 12.2 13.0 9.6 

D I 1 12.7 3.9 3.4 1.9 2.7 
2 17.5 11.0 6.4 5.7 
3 15.3 12.8 9.6 7.7 
4 13.1 13.6 11.4 9.1 

D 2 I 12.1 2.8 4.4 1.3 2.3 
2 16.1 6.5 4.5 4.8 
3 13.9 ·8.5 5.9 5.5 
4 12.1 9.3 7.0 6.7 

D 4 1 13.0 2.6 1.9 1.3 2.4 
2 17.2 3.7 2.5 4.5 
3 16.1 4.8 3.9 5.2 
4 14.8 6.1 4.6 5.0 

D 4 plus I 11.8 3.0 3.4 2.2 2.5 
gypsum 2- 16.2 3.8 3.6 3.9 

3 13.7 4.8 3.6 3.8 
4 12.8 6.0 4.0 5.0 

*All values are averages of four replicates except those for the pre·sowing sam-
piing which are averages of two replicates. 
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Table 2. Chemical data for soils from leaching plots at sites A, C and D 

I 2 3 4 5 6 7 8" 9 

Site Satura~ Exchange· 
and tion Cation able 
plot Treat- Time of Soil percent· exchange sodium 
no. ment sampling depth age pH Gypsum capacity 

feet of m.e/100 m.e/100 
wate.r feet percent gm. gm. percent 

A-7 2ft. Before I 47.0 7.80 3.7 21.2 26 
leaching 2 60.3 7.90 2.5 28.2 28 

3 61.7 7.90 5.3 31.7 30 
4 48.7 7.80 5.1 24.2 38 

A-7 2ft. After I 47.8 7.85 0.6 19.5 17 
leaching 2 64.0 7.80 1.6 27.0 23 

3 72.2 7.80 5.0 33.2 24 
4 55.7 7.75 6.8 28.6 28 

A-7 2ft. Harvest I 44.0 7.90 0.9 20.2 13 
2 64.0 7.90 1.0 27.4 23 
3 67.3 7.80 2.3 30.6 26 
4 49.6 7.80 4.6 25.2 30. 

A-5 4ft. Before I 42.6 7.90 7.5 18.5 40 
leaching 2 60.2 8.05 6.0 24.8 36 

3 75.6 8.10 6.7 33.8 29 
4 62.8 8.00 5.6 27.9 27 

A-5 4ft. After I 42.7 8.00 2.2 19.4 14 
leaching 2 59.3 7.90 1.1 24.3 24 

3 69.0 7.90 "3.8 31.2 22 
~ 57.0 7.90 7.3 26.6 31 

A-5 4ft. Harvest I 43.3 7.80 0.8 19.8 14 
2 47.0 8.00 1.1 24.9 23 
3 66.5 7.90 3.7 31.9 24 
4 57.0 . 8.00 7.1 27.3 32 

A-4 4ft. Before I 44.0 8.10 13.6 18.1 37 
+ leaching 2. 57.4 8.05 5.4 22.5 24 

gyp.• 3 72.5 8.00 5.5 34.4 22 
4 70.4 7.90 1.3 33.7 24 

A-4 4ft. After I 41.2 7.85 7.8 19.7 12 
+ leaching 2 56.0 8.00 2.4 26.2, 23 
gyp. 3 . 78.5 7.80 3.0 33.4 21 

4 60.7 1.75 2.3 32.3 26 
A-4 4ft. Harvest I 44.5 7.90 6.2 19.6 15 

+ 2 55.2 8.00 2.2 24.6 22 
gyp. 3 68.6 7.90 2.7 32.9 23 

4 68.0 7.90 1.0 31.8. 26 
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10 11 12 13 14 15 16 17 18 
Soluble 

Analysis of saturatiOn extract salts 
Electrical Cations Anions Soluble in 

conductivity Ca Mg Na HCO, 01 so. sodium soil 

millimhos/ em m.e/1. m.e/1. -m.e/1. m.e/1. m.e/1. m.e/1. Percent percsnt 

55.5 100 144 433 6 583 80 65 1.82 
32.6 54 63 272 4 321 82 67 1.42 
22.2 37 35 195 3 168 99 73 1.02 
22.8 39 36 198 4 178 97 73 .82 
9.7 20 21 71 4 47 72 63 .36 

13.5 26 21 109 4 65 97 68 .67 
16.3 28 24 133 4 90 101 68 .88 
21.8 35 ·35 178 4 132 101 72 .83 

9.0· 23 24 63 4 67 42 58 .30 
13.2 22 22 110 4 82 74 69 .63 
17.1 30 29 148 3 104 101 71 .88 
25.0 41 47 212 4 201 102 71 .92 

76.6 90 218 694 5 880 112 69 2.44 
38.2 56 73 307 2 345 93 70 1.56 
21.0 35 34 175 2 151 93 71 1.14 
21.2 38 36 170 2 155 89 70 .94 

9.4 31 29 59 8 36 79 50 .33 
9.6 24 17 89 6 38 84 70 .50 

10.0 19 19 90 4 27 101 70 ,.60 
15.0 31 27 142 5 88 109 71 .71 

14.0 44 47 84. 4 117 62 48 .47 
12.0 20 24 95 2 74 68 66 .41 
14.9 29 - 27 126 4 86 87 71 .75 
19.2 33 35 166 3 133 109 71 .86 

70.6 67 100 722 5 740 117 81 2.25 
33.6 50 46 284 2 290 86 75 1.30 
20.2 39 29 164 2 148 77 71 1.01 
19.4 40 28 147 2 144 75 68 .94 

8.0 23 9 45 4 22 69 51 .25 
10.4 28 10 86 3 22 104 69 .48 
11.4 24 16 93 4 34 99 69 .69 
15.2 28 22 126 4 86 93 69 .70 

12.5 37 27 82 3 75 75 55 .. 42 
13.3 30 19 !07 3 75 82 67 .55 
13.0 28 20 !10 2 77 80 70 .69 
14.2 29 23 124 2 96 86 70 .77 
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Table 2. (Continued) 

I 2 3 4 5 6 7 8 9 

Site Satura-
and tion Cation Exchange· 
plot Treat- Time of Soil percent- exchange able 
no. ment sampling depth age pH Gypsum capacity sodium 

feet of m.e/100 m.e/100 
water f<et percent gm. gm. percent 

C-12 2ft. Before I 38.7 7.90 10.1 16.0 34 
leaching 2 39.1 8.00 4.2 17.4 29 

3 43.2 7.80 0.3 20.0 23 
4 39.9 7.90 0.3 16.4 22 

C-12 2ft. After I 41.2 7.70 4.4 17.7 22 
leaching 2 41.0 7.70 0.9 18.1 23 

3 47.2 7.85 0.5 18.4 25 
4 41.4 7.80 0.5 17.3 25 

C-12 2ft. Harvest I 38.2 7.80 4.0 16.8 16 
2 . 42.0 7.90 2.3 17.2 17 
3 39.8 7.90 1.3 19.4 26 
4 40.0 7.80 0.4 16.8 23 

C-10 4ft. Before I 44.9 7.95 6.9 18.7 31 
leaching 2 50.0 8.05 6.0 20.8 41 

3 49.3 8.15 0.4 18.7 28 
4 42.8 8.25 0.4 16.0 27 

C-10 4ft. Mter I 44.2 7.80 4.0 17.9 16 
leaching 2 46.5 7.80 1.6 21.8 16 

3 46.5 7.85 1.0 19.6 28 
4 42.5 7.70 0.2 16.6 25 

C-10 4ft. Harvest I 44.5 7.80 0.4 17.1 14 
2 48.0 7.80 1.3 21.1 15 
3 43.4 7.80 0.3 18.8 25 
4 38.7 7.90 0.0 15.5 26 

D-4 4ft. Before I . 55.0 7.50 1.2 33.2 16 
+ leaching 2 38.5 7.50 7.6 17.4 16 
gyp; 3 28.7 7.45 4.1 14.0 23 

4 27.5 7.40 2.5 .14.4 16 
D-4 4ft. After I 69.5 7.80 2.( 33.9 6 

+ leaching 2 41.0 7.75 2.7 .17.4 11 
gyp. 3 30.6 7.95 3.5 13.9 12 

4 28.5 7.90 2.8 14.4 11 

D-19 4ft. Before I 57.0 7.60 1.4 36.0 11 
leaching 2 58.5 7.50. 5.2 34.1 10 

3 41.5 7.30 4.1 19.3 20 
4 41.5 7.40 5.6 . 18.5 17 

D-19 4ft. After I 61.4 8.00 0.5 37.2 7 
leaching 2 63.2 7.80 0.9 32.8 10 

3 41.2 7.70 2.0 19.3 15 
4 39.2 7.70 2.4 18.5 19 

*Gypsum was applied at the rate of 5 tons per acre before leaching on plots 
where gypsum treatment is indicated. 
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10 11 12 13 14 15 16 17 18 
Soluble 

Analysis of saturation extract salts 
Electrical Cations Anions Soluble in 

conductivity Ca. Mg .. Na HCO, C1 so. sodium soil 

millimhos/ em m.e/1. m.e/1. m.e/1. m.e/1. m.e/1. m.e/1. percent percent 

73.3 93 221 682 12 838 161 68 2.26 
24.3 42 57 201 4 191 104 67 .71 
13.2 18 26 105 4 94 57 68 .41 
10.9 14 16 84 4 77 38 71 .25 

17.9 37 55 126 5 123 97 58 .56 
16.6 30 44 126 3 105 95 62 .51 
15.6 25 40 125 3 109 72 65 .54 
18.0 .31 51 131 3 133 74 62 .53 

12.0 35 42 80 6 65 86 51 .37 
14.4 33 41 116 4 82 102 62 .50 
14.6 24 37 116 3 99 77 65 .44 
17.0 28 47 127 3 129 73 62 .48 

60.5 69 193 527 4 650 114 68 2.00 
20.1 30 44 16"1 3 125 105 69 .71 
11.8 14 23 91 2 79 49 70 .38 
9.4 10. 18 71 2 62 31 72 .25 

12.1 32 38 76 4 62 83 52 .42 
9.8 26 23 71 3 33 87 59 .37 

14.6 20 28 110 3 95 65 67 .46 
19.2 31 46 137 4 141 73 63 .47 

5.6 13 is 35 4 30 30 55 .16 
9.1 29 26 60 3 44 68 52 .35 

11.3 15 25 91 4 69 59 69 .36 
13.0 17 30 104 3 87 62 68 .36 

19.4 63 38 102 4 174 44 46 .69 
27.0 67 60 177 3 246 57 58 .68 
20.8 48 45 141 4 166 70 60 .41 
17.3 43 38 112 4 129 68 56 .33 

5.4 24 12 28 3 15 49 44 .30 
6.8 29 14 40 2 20 60 50 .22 
8.2 29 12 53 3 26 70 56 .33 
8.5 29 14 58 3 27 74 58 .19 

21.6 67 58 109 2 202 31 46 .76 
28.1 80 81 159 3 270 50 49 1.08 
36.4 108 127 201 4 382 49 46 1.02 
33.3 103 118 181 3 338 50 46 .92 

3.0 6 5 18 4 13 14 58 .12 
5:6 24 9 33 3 10 57 50 .28 
6.8 28 17 47 3 18 70 52 .24 

10.1 31 13 70 3 38 84 56 .31 
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Table 3. Moisture retention data for Delta soils at sites A, C~ and D 

I 2 3 4 5 6 7 

One-third 
One-third minus 

Satura- atmOS• Fifteen at- fifteen ~t-
tion phere mospherc mosphere Available-

Site and plot Soil moisture moisture moisture moisture water 
no. depth content content* contentt content capacity~ 

feet percent fJercent percent percent inches 

A·l I 45.9 28.8 11.3 17.5 3.1 
A-2 I 45.2 28.3 11.2 17.1 3.0 

2 66.4 32.2 13.9 18.2 3.2 
3 86.6 35.4 20.2 15.2 2.7 
4 73.7 32.5 16.0 16.5 2.9 

A-3 1 48.4 29.7 11.6 18.1 3.2 
A-9 1 48.6 30.0 12.2 17.8 3.1 

2 76.2 35.4 17.7 17.7 3.1 
3 78.2 35.0 18.1 16.9 3.0 
4 57.1 30.1 13.5 16.6 2.9 

A-12 I 52.8 29.9 13.4 16.4 2.9 
A-18 I 47.5 29.0 12.1 16.9 3.0 

2 88.8 35.3 19.3 16.0 2.8 
3 72.8 35.1 19.3 15.8 2.8 
4 72.3 32.7 16.7 16.0 '2.8 

Averages I 3.1 
by 2 3.0 

depths 3 2.5 
4 2.5 

C-2 I 50.9 26.8 11.1 15.7 2.8 
2 54.3 26.1 10.8 15.3 2.7 
3 44.0 21.5 7.9 13.6 2.4 
4 39.7 18.4 7.5 10.9 1.9 

C-9 I 44.5 26.2 10.2 16.0 2.8 
2 47.7 23.6 10.2 13.4 2.4 
3 50.9 25.2 10.6 14.6 2.6 
4 45.8 23.0 10.3 12.7 2.2 

C-15 I 48.5 26.5 10.5 16.0 2.8 
C-16 I 50.7 23.4 9.4 14.0 2.5 

2 55.5 25.9 11.5 14.4 2.6 
3 47.8 24.9 10.2 14.7 2.6 
4 41.2 19.9 7.7 12.2 2.2 

C-18 I 47.3 24.1 9.4 14.7 2.6 
C-20 I 51.9 24.3 9.4 14.9 2.6 

Averages 1 2.7 
by 2 2.6 

depths 3 2.5 
4 2.1 
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Table 3. (Continued) 

I 2 3 4 5 6 7 

One-third 
One-third minus 

Satura- atmos- fifteen at-
tion ph ere Fifteen at- mosphere Available-

Site and plot Soil moisture moisture mosphere moisture water 
no. depth content content* contentt content capacil)'t 

feet percent percent percent percent inches 

D·l I 61.6 34.1 19.8 14.3 2.5 
D·2 I 63.2 34.4 19.6 14.8 2.6 

2 50.1 28.0 12.8 15.2 2.7 
3 36.2 13.4 5.5 7.9 1.4 
4 33.7 11.9 4.8 7.1 1.3 

D-3 I 66.4 33.0 18.8 14.2 2.5 
D-9 I 63.6 32.5 18.3 14.2 2.5 

2 48.2 25.9 11.1 14.8 2.6 
3 38.8 16.2 6.5 9.7 1.7 
4 38.1 14.8 5.8 9.0 1.6 

D-15 I 64.2 35.3 20.7 14.6 2.6 
D-17 I 69.8 36.0 19.4 16.6 2.9 

2 66.3 32.9 17.7 15.2 2.7 
3 47.1 24.2 9.1 15.1 2.6 
4 49.4 24.5 9.4 15.1 2.6 

Average I 2.6 
by 2 2.7 

depths 3 1.9 
4 1.8 

*The one-third atmosphere moisture percentage ·approximates ,field moisture 
capacity, or the upper limit of usable soil moisture. 

tThe fifteen atmostphere moisture percentage falls within the wilting range for 
most plants and approximates the wilting percentage, or lower limit of 

. available soil moisture. 
tCalculated from the following expression which is based on: an assumed soil 

specific gravity of 1.47: (j.S atmosphere percentage -15 atmosphere per­
centage) X .177 = inches of available water. 



· TnbltJ .J.. Soil snlinily~ yi~lrls~ imd {u.ft ~vei"ghiJ n/ wh,.at fwtrt l~"clzi11g j1lols 

--------~~------~~~2-~~~3 . 4. 5 7 8 9 10 
Site A Site C SiteD 

I Soil· I Soil· · . II Soil salinity* ' Yicldt Test ·· salinity . . . Yidd Test snlini Yield Test ' weight (ECeX?'o') Plot no. Treatment (ECeX10"). weight (ECeX 10') weight 
It, waltr llmillimhos/ em. bu/ac lbs/bu I millimhos/em bu/ac lbs/bu I millimho.t/cm bu/ac lbs/bu 

I 0 41.2 0.1 ··- 24.2 . 7.0 . 7.0 29.2 61.2 
6 .· 42.1- 0.3 .... 27.4 9.1 . 61.7 7.3. .~ 20.2 62~0 

13 31.(J .. 2.0 . 36.0. 
.. 0.6 . .6.2 39.3 62.7 · . . ... 

16 20.6 ·.· . 0.4. . 59.3 29.2 .. 4.0 .9.8 26.2 60.0 .. . ... 
Average 33.7 ' . ,. .. 0. 7. . 59.3 II 29.2 5.2 61.7 11 7.6 '28.7 61.5 

3 1 '• 24.2 7.1 ... 20.0 21.1 63.0 6.8 18. I 60.7 
8 22.1 14.1 8.0 33.3 63.0 5.7 26.2 .62.0 

11 - . 14.1'. 17.1 59.0 22.4 • •. 12.1 5.4 32.2 62.5 -
20 13.5 16.1 . 59:0 14.5 .. . 28.2 62.2 5.6 . 27.2 62.0 

Average II 18 5 13 6 59 o II · 16 2 23 7 62 1 II 59 25 9 618 
2 2 17.3 . 16.1 

57.5 r . 9.2' . .. .49.4 63.0 5.2 22.2 63.0 
7 9.7 ' 30.2 . 62.71 14.2· '21.2 . 62.5 4.2 37.3 62.0 

12 8.7 21.2 .: 61.2. 13.8 .· •37.3 62.0 4.0 36.3 62.5 
15 13.5 -... 26.2 ·61.0 . 22.1. ·- . 17.1 '61.5 4.1 39.3 63.0 

AveragC 12.3 . 23.4 60.6 I 14.8 -31.3 62.3 II 4.4 33.8 62.6 
5 4 10.0 34.2 61.8 - 11.5 37.3. 62.8 4.8 38.3 ,. . 63.2 

10 7.0 47.4 63.0 .. 6.3 . ' ·~ . 51.4 62.5 3.5 43.3 63.2 
18 I 5.7 '49.4. 63.0 10.5 : 45.4 . ' 62.8 3.3 37.3 62.8 
19 6.0 39.3 62.5 9.9 '' 38.3 61.5 3.2 45.4. 63.0 

Average I 7.2 42.6 62.6 II 9.6 43.1 62.4 II 3.7 .. 41.1 63.1 
4 4 - 11.5 . 33.2 60.0 6.7 41.3 62.5 5.1 34.3 63.5 
9 plus gypsum 9.9 38.3 62.2 . 8.2·. 35.3 63.0 4.9 39.3 63.0 

14 (5 tons 7.7 . 42.3 63.0 7.6 34.3 62.5. 3.8 44.4 63.0 
17 per acre) 5.8 37.3 62.3 11.7 40.3 62.5 3.3 46.4 63.7 

Average 8.7 37.8 61.9 I 8.6 37.8 . 62.6 II 4.3 41.1 63.3 

*SoU salinity is given in tenns of i:onductivity of the saturation ext;,et of the soil from 0 - 2 ft. depth in miUimhos per C:m. . 
(ECcX10'). The values given ue averages of determinations made at the beginning of the !W>Wing season (March 1947) and 

· at the tim~ of harvest (July 1947). · . · -' · · 
tYicld values arc based upon the standard test weight of 60 lbs./bushel. 

"' .. 
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