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Introduction 
Several rather extensive areas of alkali3 soils occur in the Yakima Valley 

of Washington. From the standpoint of topography, texture, and profile 
depth, these soils are highly suitable for irrigation agriculture and, were it 
not for their alkali nature, would probably be among the most productive 
soils of the area. Attempts are being made to farm many of these soils, 
but at best, production is uncertain and reduced because of the alkali "spots" 
where crops fail to grow. 

T h e purpose of the experiment reported in this paper, which is part 
of a more comprehensive research program, was to determine the effect of 
leaching and gypsum treatments upon the removal of exchangeable sodium 
and soluble salts and finally the effect of these treatments upon crop growth. 
Ultimately, the goal of the research program is to determine the most direct 
and economical means of bringing the alkali soils of this area into useful 
production. 

Sugar beets were used as an indicator crop. Because of their high cash 
value, salt tolerance, and possible benefit from the sodium ion as a nutrient, 
they should be a desirable crop for farmers of the area to produce. 

Procedure 
T h e experimental plots were located about three miles south of Top-

penish, Washington, on Umapine fine sandy loam. Sixteen 20- by 30-foot 
plots were established on alkali spots which were reasonably uniform and in 
all cases devoid of vegetation. T h e surface six inches of soil in the plots 
had a pH of 9.5 to 10.0, an exchangeable sodium-percentage of 60 to 70, 
and an electrical conductivity of the saturation extract greater than 10 
millimhos per centimeter. All of these saline and alkali properties decreased 
gradually with depth and approached values characteristic of a normal soil 
in the 24-36 inch layer. 

During 1949, eight of the 16 plots were diked and flooded with water 
in six-inch increments until a total of 30 inches of water had been applied. 
T h e effect of this flooding upon exchangeable sodium and salt removal was 
followed by analyses of soil samples taken before, during and after the 
flooding operations. 
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In the spring of 1950, the plot dikes were broken down and the entire 
field planted to sugar beets. T h e customary cultural practices for the area 
were followed except that pre-emergence irrigation (2) was applied. Previ
ous to planting, one-half of the flooded plots and one-half of the unflooded 
plots were treated with agricultural gypsum at a rate of 10.4 tons per acre. 
Thus four treatments were established: (a) no treatment, (b) leaching-
without-gypsum, (c) leaching-plus-gypsum, and (d) gypsum alone. Soil 
changes resulting from these treatments during the growing season were 
followed through analyses of soil samples taken before plant ing and at 
harvest time. T h e effect of the treatments upon sugar beet growth was 
determined by stand counts before thinning, after thinning, and at harvest 
time, and by tonnage yield. 

Results and Discussion 

Effects of Leaching, Gypsum, and Furrow Irrigation upon 
Soluble Salts, Soil Reaction, and Exchangeable Sodium 

Effect of Leaching.—Soluble salts were rapidly removed from the sur
face three feet of soil as a result of leaching (Figure 1) . After flooding 
with 12 inches of water, the surface foot of soil had been reduced to a non-
saline condition, but a considerable port ion of these salts had accumulated 
in the 12-36 inch layer. Following another 12 inches of flooding, however, 
the salts had been moved beyond the 36-inch depth, leaving the upper three 
feet of soil free of excess salinity. T h e final six-inch application of water 
produced no significant change in salt content at any depth; the electrical 
conductivity of the saturation abstracts tends to approach a rather high 

Figure 1.—Soluble salt 
content (conductivity of 
saturation extracts) of 
four soil layers as affected 
by leaching (averages of 
four plots). 
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minimum of around two and five-tenths millimhos per centimeter. Essenti
ally no change in pH occurred at any depth as a result of leaching. 

T h e effect of leaching upon the replacement and movement of exchange
able sodium is shown in Figure 2. Exchangeable sodium was not readily 
removed by leaching, and even after 30 inches of flooding only about 17 
percent of the exchangeable sodium in the surface six inches had been dis
placed. Sodium moved gradually through the profile and the action of a 
given six-inch addition of water was to move sodium only a short distance 

Figure 2.—Exchangeable 
sodium of four soil layers 
as affected by leaching 
(averages of four plots). 

downward, where it was readsorbed in a zone of lower exchangeable-sodium-
percentage. Thus the initial 12 inches of flooding, which reduced the ex
changeable sodium in the surface six inches substantially, caused a marked 
increase in exchangeable sodium in the six-24 inch layer; and even after 
24 inches of flooding, little, if any, sodium had been removed from the upper 
36 inches of soil. Had the leaching operations been continued, sodium 
would eventually be moved beyond the 36-inch depth, but leaching efficiency 
in the surface layer would undoubtedly decrease as the soil reached a lower 
exchangeable-sodium-percentage. This is indicated by the leveling off of 
the curves in Figure 2. 

Effect of Gypsum and Furrow Irrigation.—The soluble salt content of 
the surface layer of all plots increased during the cropping phase of 1950 
(Figure 3 ) . Those plots which had been leached in 1949 returned to a 

saline condition. Where gypsum had not been applied the increase was 
almost entirely in the surface six inches and reflected the normal upward 
movement of salts during the summer months. T h e gypsum-treated plots, 
however, increased in soluble salts throughout the three-foot sampling depth 
as a result of the sodium sulfate formed as a product of the reaction between 
calcium sulfate and the exchangeable sodium. 
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Gypsum caused a substantial decrease in soil pH (from 10.10 to 8.70 
on gypsum plots and from 9.53 to 8.47 on leaching-plus-gypsum plots) in 
the surface six inches but had very little effect below that depth. In con-

Figure 3.—Salt distribution at the beginning and finish of the cropping 
season (averages of four plots). 
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trast, over the same period, no pH change occurred in the plots where 
gypsum had not been applied. 

On all gypsum-treated plots the exchangeable sodium content of the 
soil decreased (Figure 4) , markedly in the surface six inches and to a 
smaller but significant extent in the six-12 inch layer. These decreases in 

Figure 4.—Distribution of exchangeable sodium at the beginning and 
finish of the cropping season (averages of four plots). 
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the zero-six and six-12 inch layers were accompanied in every case by in
creases in the 12-24 and 24-36 inch depths. Thus the changes in exchange
able sodium were primarily redistribution within the upper three feet of 
soil and transformation from exchangeable to soluble forms. Data obtained 
during the study indicate that little if any of the sodium originally in the 
exchangeable form was moved below the three-foot depth. In comparison, 
there was no measurable change in the content of exchangeable sodium in 
any plots which did not receive gypsum (Figure 4) . 

The Effect of Leaching and Gypsum Treatments 
Upon the Stand and Yield of Sugar Beets 

Table 1 gives the average stand counts and yield of beets as affected 
by the various treatments. Seedling emergence was greatly enhanced by 

Table 1.—The Effect of Leaching and Gypsum Treatments upon the Stand and Yield 
of Sugar Beets1 

1Averages of four plots. The number following the + is the standard deviation of the 
mean. Actual counts before and after thinning were on 144 feet of row. The count at har
vest time was on 168 feet of row. Only beets over two inches in diameter are considered here. 

the presence of gypsum, either with or without previous leaching, to the 
extent that plots with gypsum had approximately twice as many plants 
before thinning as did those with leaching only. Although the emergence 
of beets on plots receiving leaching but no gypsum was comparable to that 
on gypsum-treated plots, the soil condition was such that many of the plants 
had died by thinning time (Table 1) and only a few beets reached maturity. 
Gypsum not only increased the number of seedlings but also increased the 
vigor of the plants, with the result that wherever gypsum had been applied 
a good stand of beets remained unti l harvest. 

Essentially no beets were harvested from plots not treated with gypsum, 
whereas all of the plots which had gypsum produced significant tonnages 
of beets. Of the two treatments which received gypsum, leaching-plus-
gypsum was far superior to gypsum alone, the average yield of marketable 
beets for the two treatments being 18.0 tons per acre and 10.7 tons per acre 
respectively. This difference in yield was caused primarily by a difference 
in beet size rather than number. T h e weight of individual beets from the 
gypsum plots averaged only one and twelve one-hundredths pounds as com
pared with one and forty one-hundredths for the leaching-plus-gypsum treat
ment. As a consequence of their small size, a high percentage of the beets 
from the gypsum-treated plots were considered unmarketable (less than 
two inches in diameter) . Figure 5 illustrates the marked effects of gypsum 
on the growth of sugar beets. 

This study would indicate that leaching this soil without use of a 
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chemical amendment, applied either before or after leaching, would be an 
undesirable practice for the farmer to follow. Not only would the removal 
of exchangeable sodium be extremely slow, but also the soil dispersion which 
occurs following the removal of soluble salts would leave the soil too puddled 
for plants to grow. T h e factors limiting seed germination, seedling emerg
ence, and subsequent growth of plants on saline-alkali soils are complex, 
as are the effects of gypsum in overcoming them. Both chemical and physical 
factors are involved. Gypsum may function in several ways. It provides 
calcium ions for the replacement of exchangeable sodium and for the for
mation of a more desirable calcium-sodium ratio in the soil, and reduces the 
dispersion and puddling which is usually associated with alkali soils. 

Figure 5.—A view of a portion of the experimental field at harvest 
t ime: A. Leaching-plus-Gypsum, B. No Treatment , C. Gypsum alone, D. 
Leacbing-without-Gypsum. 

Summary and Conclusions 

T h e effects of leaching and gypsum treatments on the reclamation of 
an unproductive saline-alkali soil (Umapine fine sandy loam) in the Yakima 
Valley of Washington were followed by periodic soil analysis and by mea
suring yields of sugar beets. T h e results can be summarized as follows: 

1. T h e productivity of this saline-alkali soil can be raised from virtu
ally nothing to reasonable levels by treatment with large quantities of 
gypsum. A satisfactory germination was observed on the check and leached 
plots but the beet seedlings failed to survive and no beets were harvested. 
On all gypsum-treated plots full stands of mature beets were obtained. T h e 
difference between the 10.7 tons per acre of beets obtained from plots 
treated with gypsum alone and the 18.0 tons per acre obtained from plots 
leached prior to treatment with gypsum was due to a greater average beet 
weight on the leached plots and is attributable to the removal of excess 
salinity by leaching. 
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2. Leaching without gypsum will effect some removal of exchangeable 
sodium but the rate of removal is too slow to be of practical significance. 
Once the soil salinity is reduced, penetration of water becomes extremely 
slow and an undesirable puddled surface structure develops. 

3. Xhe presence of gypsum greatly accelerates the removal of exchange
able sodium. Although plots leached prior to treatment with gypsum pro
duced greater tonnages of beets than did those receiving only gypsum, their 
exchangeable sodium status at the end of the growing season was not sub
stantially different. Xhe beneficial effect of leaching on the yield of beets 
is due to removal of excess salinity. Treatment with gypsum followed by 
normal irrigation is far more effective in removing exchangeable sodium 
than is leaching through diked plots without gypsum. 

4. Although the leaching and gypsum treatments greatly improved the 
soil condition and permitted a satisfactory crop of beets to be grown on 
certain plots, they did not fully reclaim the soil during the course of a single 
crop year. As the exchangeable sodium in the surface soil is reduced, there 
is an increase in exchangeable sodium in the subsoil. Removal of exchange
able sodium from the entire root zone is a slow process. 
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